
ISSN 1063-7710, Acoustical Physics, 2024, Vol. 70, No. 3, pp. 586–591. © Pleiades Publishing, Ltd., 2024.

ACOUSTICS OF LIVING SYSTEMS. 
BIOLOGICAL ACOUSTICS
Recognition of the Psychoneurological State of Children with Autism 
Spectrum Disorders Based on Speech Signals:

Acoustic and Perceptual Characteristics
A. S. Nikolaev*

St. Petersburg State University, St. Petersburg, 199034 Russia
*e-mail: al.nikolajew@gmail.com

Received March 20, 2023; revised December 5, 2023; accepted April 24, 2024

Abstract—Recognition by adults of the psychoneurological state of children with autism spectrum disorders
(ASD), n = 35, and typically developing (TD) children, n = 47, aged 5–14 years, was studied. A perceptual
analysis was carried out, in which adult native Russian speakers (auditors) took part, n = 206. For perceptual
analysis, test sequences (audio tests) were created containing words and phrases of children with ASD and
TD children, selected from spontaneous speech recordings. The auditors were faced with the problem of
determining the psychoneurological state of a child based on auditory perception: typical–atypical develop-
ment. A spectrographic analysis of the speech material of children with ASD and TD children was carried out.
The phrases of children with ASD are characterized by a lower speech rate compared to the phrases of TD
children, as well as fewer words, longer duration of stressed and unstressed vowels in words, higher values of
the frequency of the fundamental tone in the phrase, word, and stressed and unstressed vowels.
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INTRODUCTION
One of the areas of speech research is the study of

the possibility of identifying, from voice and speech
characteristics, and the individual characteristics of
the speaker, such as the speaker’s age, gender [1, 2],
height and weight [3], and race and ethnicity [4].
Numerous studies are aimed at identifying pathologi-
cal conditions based on speech characteristics. These
studies attempt to identify specific acoustic character-
istics that could be used as additional diagnostic fea-
tures and study speech perception by listeners. The
speech characteristics of people with various diagnoses
are analyzed, such as dysarthria, Parkinson’s disease,
Down syndrome, and mental retardation [5–9]. A num-
ber of studies using material from different languages are
devoted to describing perceptual [10–12], prosodic [13],
and acoustic [14–16] characteristics of the speech of
children with autism spectrum disorders (ASD).

ASD combines a set of common symptoms called
the autistic triad and includes disturbance or atypical-
ity of social behavior (especially interpersonal com-
munications), limited forms of behavior, and a ten-
dency towards stereotypical actions, impaired lan-
guage, and speech [17].

One of the main features of ASD is the underdevel-
opment or absence of spoken language skills in chil-
dren compared to typically developing (TD) peers [18,

19]. Depending on the severity of the disorder, speech
impairments can manifest themselves at different lev-
els of its organization (articulatory, grammatical,
pragmatic) and vary from fairly well-formed speech in
children with high-functioning autism [20] to its com-
plete absence (mutism). Common pathological fea-
tures of the speech of children with ASD include
echolalia, poor vocabulary, and impaired grammatical
structure of phrases.

The speech of children with ASD is represented
mainly by individual words and short phrases [18, 21],
and the vocabulary is dominated by nouns [22, 23].
There is peculiar use of words in children with ASD, in
particular, with the wrong meaning. Children with
ASD lag behind TD children in mastering a number of
grammatical categories: prepositions, pronouns, plu-
rals, and auxiliary and modal verbs [24–26].

Most children with ASD exhibit articulation disor-
ders: incorrect or atypical pronunciation of pho-
nemes, unformed affricates, incorrect pronunciation
of consonant clusters, etc. [16, 24, 27].

In Kanner’s classic work [28], the speech of chil-
dren with autism is described as monotonous; how-
ever, modern studies of the speech of children with
ASD based on material from different languages indi-
cate high values of the fundamental frequency (FF)—
one of the main characteristics of sounded speech
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[29]—and its variability [14, 30–32]. There are also
works that show the absence of significant differences
between the values of FF of children with ASD and
children with TD [33], which, apparently, is due to
speech recording situations. Children with ASD have
abnormal prosody, and atypical word and phrase stress
[13, 14, 34], and a lower speech rate [35]. The
described acoustic features of the speech of children
with ASD are universal and appear in children regard-
less of age [36].

The aim of this work was to study adult recognition of
the psychoneurological state of children with ASD aged
5–14 years when listening to their speech material.

1. METHOD
The study involved 82 children aged 5–14 years: 35

children with ASD (30 boys, 5 girls) and 47 TD chil-
dren (37 boys, 10 girls). The children’s speech material
was obtained during testing using the CEDM method
[37] and was additionally selected from the
AD_Child.Ru database [38] and included words and
phrases cut from recordings of spontaneous speech.
The AD_Child.ru database, from which the speech
material was selected, contains all the necessary med-
ical information about children.

Children with ASD who participated in the study
had a child psychiatrist-confirmed diagnosis and
CARS scores [39] of 31–43, which corresponds to
mild to moderate severity of autistic disorder. The
sample of children with ASD is represented predomi-
nantly by boys, which corresponds to the frequency of
manifestation of autistic disorders in the population
[40], so the group of TD children was formed in a sim-
ilar way.

For the perceptual experiment, 10 test sequences
(audio tests) were created, each of which contained 30
fragments of speech material; each signal in the tests
was presented once, and the interval between signals
was 5 s. Five test sequences contained phrases from
children: four tests included speech material for each
age group (5–7 years old, 8–9 years old, 10–11 years
old, and 12–14 years old), one test included speech
material from children 5–14 years old. Test sequences
containing children’s words were similarly organized.

A perceptual experiment was conducted in which
adult native Russian speakers (auditors; n = 206;
25 ± 4.5 years; men 99, women 107; with experience
interacting with children, 139 adults; without experi-
ence, 67). The auditors were faced with the problem of
determining the psychoneurological state of children
based on auditory perception: typical–atypical devel-
opment.

Instrumental analysis of children’s speech signals,
correctly classified by auditors, was carried out in the
Cool Edit Pro 2.0 program. The analysis included
determination of the duration of a phrase, length of
pauses, and speech rate (number of syllables per sec-
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ond). In the phrase, the word on which the semantic
stress falls in the phrase was highlighted. For the
selected word, the length, the duration of stressed and
unstressed vowels, and the FF value for the word and
vowels were determined.

Statistical data processing was carried out using the
“STATISTICA 10” program.

2. RESULTS

In the perceptual experiment, auditors listened to
tests containing children’s words and tests containing
phrases. In tests containing words from children, audi-
tors classified 46.8% of signals from children with
ASD as “atypical development” and 81% of signals
from children with TD as “typical development.” In
tests containing phrases from children, auditors classi-
fied 65.3% of the signals from children with ASD as
“atypical development”; 92.8% of signals from TD
children were attributed to the “typical development”
category. Male auditors were better at recognizing the
condition of children with ASD than female auditors
(p < 0.01); no significant differences were found in
recognizing the state of TD children. There were no
significant differences in the classification of chil-
dren’s condition between auditors with experience
interacting with children and auditors without it.

Auditors are better at recognizing the neuropsychi-
atric state of children in tests containing phrases than
in tests containing children’s words: the average recog-
nition completeness (UAR) for tests containing chil-
dren’s words is 0.64; the average recall for tests con-
taining children’s phrases is 0.79. Auditors best recog-
nize the condition of children 5−7 and 12−14 years
old. The values of average completeness were maxi-
mum in tests for determining the state of children aged
5−7 (0.67, words; 0.82, phrases) and 12−14 years
(0.65, words; 0.83, phrases). The minimum values of
average completeness were in tests to determine the
condition of children 8−9 years old: 0.62, words; 0.72,
phrases (Fig. 1).

The duration of phrases, words, and pauses
between words does not differ between children with
ASD and TD children. Phrases of children with ASD
are characterized by a smaller number of words
(5−7 years, p < 0.001; 8−9, 10−11 years—p < 0.01;
12−14 years, p < 0.05—Mann–Whitney test) and
lower speech rate (5−7 years, p < 0.01; 8−9 years, p <
0.05; 10−11 years, p < 0.01; 12−14 years, p < 0.001)
compared to the phrases of TD children (Fig. 2).

Stressed vowels of children with ASD aged 8−9,
10−11, and 12−14 years have a longer duration (p <
0.05, p < 0.001, and p < 0.001, respectively) compared
to the vowels of TD children (Fig. 3a). Unstressed
vowels of children with ASD aged 10−11 and
12−14 years have a longer duration (p < 0.05) com-
pared to vowels of TD children (Fig. 3b).
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Fig. 1. Average completeness of recognition of psychoneu-
rological state of children by auditors.
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Fig. 2. Speech rate in phrases of children with ASD and
TD children; * p < 0.05; ** p < 0.01; *** p < 0.001, Mann–
Whitney test.
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In children with ASD aged 10−11 and 12−14 years,
the FF values for the phrase and word are higher (p <
0.01) than in TD children (Fig. 4).

The FF values of stressed vowels in children with
ASD aged 8−9, 10−11, and 12−14 years are higher
(p < 0.05, p < 0.05, p < 0.001, respectively) than in TD
Fig. 3. Duration of stressed (a) and unstressed (b) vowels from
*** p < 0.001, Mann–Whitney test.
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children (Fig. 5a). The FF values of unstressed vowels
in children with ASD aged 8−9 and 10−11 years are
higher (p < 0.05, p < 0.01, respectively) than in TD
children (Fig. 5b).

Speech material of children with ASD classified by
auditors as belonging to TD children is characterized
by higher FF values for words and phrases (p < 0.05)
and higher values of the duration of the stressed vowel
(p < 0.01) compared to speech material of TD chil-
dren, as well as lower durations of stressed vowels
compared to the speech material of children with ASD
correctly classified by auditors (p < 0.01).

Based on correlation analysis (after Spearman, p <
0.05) shows the relationship between classifying chil-
dren’s speech signals as “atypical development” and:

(1) number of words in a phrase (r = −0.47);
(2) speech rate (−0.5);
(3) duration of phrase (−0.35);
(4) duration of stressed (0.47) and unstressed (0.24)

vowel and pauses (0.18);
(5) FF values for a phrase (0.39), word (0.36), and

stressed vowel (0.3);
(6) maximum FF values for a phrase (0.46), word

(0.45), stressed vowel (0.3), and FF range for a phrase
(0.42).

Based on regression analysis data, there is a rela-
tionship between classifying speech signals as “atypi-
cal development” and:

(1) speech rate F (6, 113) = 8.3045, p < 0.0000
(R2 = 0.269, β = −0.552);

(2) maximum FF values for a phrase F (7, 112) =
7.7005, p < 0.0000 (R2 = 0.283, β = 0.548);

3) minimum values of FF for the phrase F (7, 112) =
7.7005, p < 0.0000 (R2 = 0.83, β = −0.472);

(4) FF range of stressed vowel F (6, 79) = 8.7813,
p < 0.0000 (R2 = 0.355, β = 0.477);
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Fig. 4. FF values for phrase (a) and word (b) in children with ASD and TD children; ** p < 0.01, Mann–Whitney test.
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Fig. 5. FF values of stressed (a) and unstressed (b) vowels from phrases of children with ASD and TD children. * p < 0.05;
** p < 0.01—Mann–Whitney test.
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(5) duration of unstressed vowel F (6, 79) = 8.7813,
p < 0.0000 (R2 = 0.355, β = 0.267).

3. DISCUSSION

The study showed adults' ability to correctly clas-
sify the psychoneurological state of children based on
speech signals. Adults determine the condition of TD
children better than the condition of children with
ASD. The age of children with ASD does not affect
how adults recognize their condition, but the organi-
zation of the test material does: auditors recognize
children’s condition better from phrases than from
individual words. The data obtained agree with the
results of studies conducted on speech material of
children with ASD aged 11–12 years [10].

The speech material of children with ASD, classi-
fied by auditors as belonging to children with atypical
development, is characterized by high FF values and
its variability in phrases, words, stressed vowels, and
low speech rate. These acoustic characteristics are dis-
tinctive features of the speech of children with ASD
[11, 14, 31, 35]. The speech material of children with
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ASD, classified as belonging to children with typical
development, also differs from both the speech signals
of TD children and from the signals of children with
ASD, correctly recognized by auditors. In particular,
these are differences in the duration of stressed vowels
and the FF values in words and phrases.

Auditors also classified speech signals of children
with ASD with a small number of words in a phrase as
“atypical development.” This may indicate that audi-
tors, when recognizing a child’s psychoneurological
state, rely not only on voice characteristics, but also on
the grammatical structure of the utterance.

CONCLUSIONS
The study obtained data on recognition by adults,

based on auditory perception, of the psychoneurolog-
ical state of children with ASD and the acoustic char-
acteristics that influence auditors’ classification of
children’s speech signals into the category “atypical
development.”

The likelihood of auditors recognizing the psycho-
neurological state of children is higher when listening
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to test material containing phrases of children com-
pared to test material containing individual words.
The speech signals of children with ASD, correctly
classified by the auditors, are characterized by a lower
speech rate compared to the speech signals of children
with disabilities, fewer words in phrases, longer dura-
tion of stressed and unstressed vowels, higher FF val-
ues for a phrase, word, stressed and unstressed vowel,
and a wider FF range for a stressed vowel.

Applications are currently being developed to sup-
port people with atypical development, their social-
ization, and education, e.g., [41]. The creation of such
applications requires determination, first of all, of the
psychoneurological state of people in order to further
recognize their emotional state, taking into account
the diagnosis and status. The data obtained in the
study on the possibility of adults recognizing the psy-
choneurological state of children with ASD, the
selected acoustic characteristics of children’s speech,
on which auditors rely, can be taken into account when
developing automatic speech recognition systems.
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