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Abstract

The study aims to reveal autism vectors that are inherent in 3-4-year-olds with ASD. Three
hundred eighty-three children with ASD took part in the research. An online questionnaire
developed earlier by our research group was used. In the first stage, with the repeated use
of exploratory factor analysis, the task of identifying the simplest factor structure was solved.
As a result, a 7-factor system was obtained, including from 9 to 14 items in each factor (78
items in total): 1) "Persistence on sameness" (Sam); 2) "Emotional dysregulation" (Em); 3)
"Alienation" (Al); 4) "Speech understanding" (SU); 5) "Disinhibition/Hyperactivity" (Hyp); 6)
"Echolalia" (Ech); 7) "Sensory disintegration" (Sen). Next, a "parcel approach" was applied:
binary items included in each factor were randomly distributed into 3 packages, from 3 to 5
items in each box. Thus, instead of 78 binary things, 21 quantitative variables were analyzed.
At the second stage, a multi-group confirmatory factor analysis was applied to verify the
factor validity and structural and measurement equivalence of the obtained 7-factor model
to the parts of the sample that differ by gender (m, f) and age (3 and 4 years). The factor
validity of the 7-factor model was confirmed: the factors Em, Al, Su, and Ech correlated with
each other (correlations from 0.33 to 0.65), forming a group of communication disorders,
the second group consisted of factors Sam and Sen (r = 0.66), the factor Hyp did not
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correlate with other elements. The equivalence of this 7-factor model was confirmed with
respect to samples differing in gender (m, f) and age (3 and 4 years). According to all 7
calculated factors-scales, the example of children with ASD statistically significantly differed
from other children with the magnitude of the Coen's d effect from 0.688 to 2.088. However,
it can be supposed that the factor dimension of autism symptoms can be even more
significant, because the revealed structure is based on 436 initial hypothetical symptoms of
autism.
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1. Introduction

Autism spectrum disorder (ASD) is a neurological developmental disorder characterized by
abnormalities in social relationships and repetitive or restricted behaviors [1]. The problem of
autism is as acute as ever due to the high prevalence of this complex neurodevelopmental
disorder [2] and the severe consequences it causes for social adaptation and quality of life for
those affected [3]. There is an excellent diversity of autistic symptoms and scenarios of its
manifestation however, it is expected to distinguish a few core features such as impaired social
communication, restricted and repetitive behavior, and sensory disintegration [4]. An etiology of
autism is heterogeneous and includes both genetic risks [5] and atypical brain maturation
reflected in altered development of the social brain with distinct abnormal features in the fronto-
temporo-parietal cortex and cerebellum [6], which makes a differential diagnosis and an early
intervention a challenging task [7]. At the same time, it is known that the earlier signs of ASD are
detected, the faster rehabilitation is started and the better the expected results in correcting the
core symptoms of autism and improving language and cognitive skills [8]. Even though numerous
studies of ASD have been conducted, attributing the etiology of ASD to genetic, environmental,
immunological, perinatal, neuro-anatomic, and biochemical factors [9], the structure of autism
symptoms is still unclear, and even the DSM-5 doesn't provide us with a precise description, just
stating that a child must have persistent deficits in each of three areas of social communication
and interaction [1]. Besides, existing diagnostic screening tools have known limitations [10, 11].
Also, there is a gap in the literature regarding the factor structure of autism, an understanding of
which is crucial for studying the mechanisms underlying ASD. Therefore, additional research is
needed to identify the system of ASD in early childhood and to detect predictors of autism
manifestation and development. In this regard, in 2020-2022, we surveyed 926 children (383 with
ASD, 200 with developmental delay (DD), 343 typically developing (TD)) to elaborate a screening
scale for rapid diagnosis of ASD in 3-4-year-olds. An extensive online questionnaire designed by us
was used for the examination to identify 436 possible symptoms of autism. The main result of the
study was the creation of an Autism Scale based on 40 autism symptoms (items) representing 4
vectors of its manifestation: "Emotional disorders", "Sensory disintegration", "Communication
disorders" and "Hyperactivity/Disinhibition". The scale has a prediction accuracy of 88.91%
(sensitivity 92.1%, specificity 87.2%) [12, 13]. The multi-group confirmatory factor analysis of
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structural and measurement equivalence confirmed the 4-vector structure of ASD for a sample of
children with ASD, its structural and measurement invariance was established with respect to
children with ASD differing in gender and age for 3-4-year-olds boys and girls. However, with
respect to children without ASD, the presence of such a structure was not confirmed, and thus,
our initial assumption that selected factors were vectors common to all children, at one pole of
which there was a conditional norm, at the other - ASD, was not proved. The obtained scales
reflect the vectors of ASD in which children with ASD differ significantly from typically developing
children and children with developmental delay (DD) [14]. Therefore, this study aimed to identify
the autism vectors, which are typical in 3-4-year-olds children with ASD, based on the survey data
of 383 children with ASD using an online questionnaire including 436 points - possible symptoms
of ASD. We believe that identifying autism vectors will allow us to reach individual phenotypes
within the framework of these neurodevelopmental disorders, which in turn could allow us to
improve the quality of diagnostics and create targeted correction programs.

1.1 Previous Research of the Factor Structure of Autism

Attempts to explore factor structure of autism have been made before. Although studies are
sparse and their results are not unambiguous, nevertheless, they are essential for interpreting
patterns of ASD and identifying its heterogeneous phenotypes. In this regard, attempts to build a
factor structure of autism have already been made by various research groups, including ours.
Below, we present factor models of autism obtained as a part of the scientific exploration of this
problem. First, we consider the models obtained fbased on diagnostic tools, and, accordingly,
bearing significant limitations due to the predetermined structure of the tools themselves on
which they were built. Then, we consider comparative models that explore vectors of differences
between ASD and norm groups or between ASD and other developmental disorders.

Constantino and his research group studied the factor structure of autistic features using the
data from 226 children with and without developmental disabilities, applying cluster analysis of
the data from the revised Autism Diagnostic Interview (ADI-R) and factor analysis of the main
components of the data from the Social Responsiveness Scale (SRS) [15]. Their results showed the
existence of a single, permanently distributed main factor associated with disparate phenotypic
manifestations in three classic areas of autistic disorder (communication deficit, language deficit,
and repetitive/stereotypical behavior). Accordingly, their results did not confirm the existence of
independent sub-domains of dysfunction in autistic spectrum conditions. However, the obvious
limitation of the study is the reliance on existing screening. Similarly, an attempt was made to
study the factor structure of ASD based on the ASD-DC [16]. The study was conducted on a sample
consisting of 149 2-16-year-olds who met the criteria of ASD. A 4-factor solution was obtained:
social relations, nonverbal communication/socialization, verbal communication, and limited
interests/persistence in sameness. Further, the authors compared the results obtained on 125
typically developing peers according to the identified four-factor structure. It was found that
children with ASD showed significantly more symptoms on all four factors of the scale. Several
studies have been devoted to attempts to obtain the factor structure of autism, based on the
guestionnaire "The Autism Spectrum Quotient". Thus, Auyeung and co-authors [17] in a sample
consisting of 540 4-11-year-olds children with ASD and 1225 normal-typical children received a 4-
factor model of autism, which included the following factors: communication, attention to detail,
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social skills and imagination. Another example is a study conducted by Hoekstra and co-authors
[18]. They revealed the factor structure of the Dutch translation of the questionnaire "The Autism
Spectrum Quotient", which makes it possible to quantify the severity of autistic traits. They also
received a two-factor model consisting of the factors of "Social interaction" and the factor of
"Attention to detail". A later study was also devoted to detecting the factor structure of autism
through the same questionnaire on a sample of 522 participants [19]. Using confirmatory factor
analysis, a partially validated 5-factor model was obtained, including such factors as: (1) social
skills, (2) communication/mind reading, (3) limited/repetitive behavior, (4) imagination and (5)
attention to details. Finally, a recent study conducted on the same questionnaire but on a Chinese
sample allowed researchers to obtain a 5-factor model of autism, which included the following
factors: imagination, attention bias, communicative competence, atypical attention to detail, and
interest limited to unusual objects [20]. A similar study was conducted earlier by Snow and co-
authors [21]. Again, an attempt was made to reach the factor structure of autism through the
definition of the factor structure of the revised Diagnostic Autism Interview (ADI-R), one of the
most widely used assessment tools. They studied the factor structure of the interview and its
compliance with indicators of adaptive, linguistic, and intellectual functioning. The study sample
consisted of 1861 4- to 18-year-old patients diagnosed with ASD. The ADI-R estimates were
subjected to confirmatory and exploratory factor analysis. The analysis was carried out according
to the verbal status of children (n = 1329 verbal, n = 532 nonverbal) and separately only for the
elements of the algorithm and all elements. ADI-R scores correlated with scores on adaptive,
linguistic and intellectual functioning indicators. The data obtained indicate that the symptoms of
autism can be explained statistically using a two-factor model consisting of social and
communication behavior and limited and repetitive behavior. However, the study has a significant
limitation due to the ADI-R structure itself. In another study based on the accumulated collection
of reports on quantitative signs of autism using the social responsiveness scale (N = 9635), a five-
factor structure of ASD was obtained, in which three factors were associated with impaired social
communication (emotion recognition, social avoidance, and interpersonal relationships). Two
factors were associated with repetitive behavior (persistence in monotony and ritualism) [22].
Another five-factor structure of ASD obtained from the survey data of 275 participants with ASD
aged 3 to 23 years (the Developmental, Dimensional and Diagnostic Interview) consisted of limited
and repetitive behavior and interests, shaking hands and nodding (motor stereotypes), as well as
three factors that represented a lack of social interaction and communication [23]. In another
study, based on the analysis of data obtained using the ASD-DC questionnaire (the Autism
Spectrum Disorders-Diagnostic for Children) on a sample of 149 2-16-year-old children, a four-
factor structure was obtained consisting of  social relations, nonverbal
communication/socialization, verbal communication, and limited interests/persistence in
sameness [16]. It is obvious that the obtained factor structures of ASD correspond to the two-
factor structure in the updated DSM-5, but it also opens up some new aspects in the
understanding of autism and its vectors.

Some factor models of autism deserve special attention, especially those trying to separate
autistic traits and patterns from other developmental disorders by identifying vectors of
differences and thereby delineating the factor structure of ASD. Thus, limited interests and
repetitive behavior were studied in a large sample of children with ASD and ADHD (N = 1082) using
exploratory factor analysis and factor invariance analysis by diagnostic status (ASD vs ADHD) [24].
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The "Revised Repetitive Behavior Scale" (RBS-R) measured restricted interests and repetitive
behavior. A 4-factor model was identified consisting of (1) Stereotyping, (2) Self-harm, (3)
Obsessions and (4) Ritualism/Need for Sameness. Interestingly, the level of intellectual
development was negatively associated with stereotypes, self-harm and obsessions in ASD, as well
as negatively associated with obsessions and ritual/identical behavior in ADHD. A similar study of
restricted and repetitive behavior subtypes was conducted on a sample of 827 preschoolers with
and without ASD [25]. The authors identified 3 factors in the obtained factor model for the group
with ASD, such as sensorimotor behavior, craving for sameness, and stereotyped speech.

Our research group also studied the vectors by which children with ASD differ from children
with ASD and typically developing peers in a sample consisting of 863 children [26]. The most
significant differences between children of the norm group and children with ASD were obtained
in the "Logical thinking" and "Motor skills" scales. However, the study showed that initially a wide
range of tasks used was insufficient to diagnose children with ASD. A preliminary data analysis
showed that readings suitable for children with developmental delays gave an uncertain result for
children with ASD. In our recent publications devoted to the elaboration of a scale for early and
accurate differentiation of 3-4-year-olds children at risk for ASD, a 4-factor model of autism was
obtained in a sample consisting of 828 children (294-with ASD, 334-TD, 200-with DD), which
included the following four vectors: sensory disorders, emotional disorders, communication
disorders, hyperactivity/disinhibition [12]. These vectors, consisting of 40 items (points on the
autism scale), were the directions that most accurately (88%) separated children with ASD from
other children. However, a subsequent check of this model's structural and measurement
equivalence in relation to different parts of the sample showed that the equality is maintained for
only samples of children with ASD (boys and girls, 3 and 4 years old). Still, for other children (not
ASD) the model is not equivalent [14]. Thus, our initial assumption was not confirmed that the
selected vectors are common to all children, at one pole of which there is a conditional norm, at
the other - ASD.

2. Materials and Methods
2.1 The Sample

The initial data were 436 binary variables - the results of using an Autism Markers
Questionnaire implemented as an online survey. Our research group developed an autism
questionnaire at the previous stage of our research project [12]. The tasks' content (situations,
areas of activity, behavioral pattern, and possible signs of ASD) was obtained by interviewing
experienced practitioners engaged in psychological, behavioral, and pedagogical support of
children in ordinary and extraordinary preschool institutions. The surveyed specialists selected the
signs of ASD that are key for assessment by observing the child's behavior and interviewing their
parents. As a result, an array of distinctive signs was collected, including well-known ones used in
CARS and ADOS and features specific for the Russian sample. In total 926 children were examined
during the period 2020-2022 (383-with ASD, 200-with DD, 343-TD). At the stage of identifying the
factor structure of ASD symptoms, the data from a survey of 383 children with ASD was used. Data
was collected bya group of experienced practitioners engaged in psychological and pedagogical
support of children in specialized and ordinary preschool institutions of St. Petersburg. These
specialists accumulated experience in collaboration with the main executors of this project in the
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past as part of research or training groups. The project executors invited specialists to take part in
the online survey by email, providing a link to the survey website and indicating which groups of
children should be examined. The assignment of children to the groups of ASD, DD, or TD was
based on a previously obtained opinion from other official assessments (e.g., presented upon
admission to a preschool educational institution, established by a special commission consisting of
psychiatrists, neurologists, speech therapists, psychologists). Thus, the data was collected for
children who special commissions had already classified as belonging to either ASD, DD, or TD
before the study began.

2.2 Identification of the Factor Structure

Using exploratory factor analysis (EFA), the simplest factor structure of ASD symptoms was
identified by the following requirements: a) factor loads of items included in each factor should be
more than |0.35|; b) each factor should include at least 9 items with maximum factor loads for
this factor c) each factor should have a clear, meaningful interpretation of the items included in it;
d) a set of items included in each factor should ensure acceptable reliability of the corresponding
scale (Cronbach's alpha is not lower than 0.7). The listed below methods were used: Extraction
Method: Principal Axis Factoring, Rotation Method: Equamax with Kaiser Normalization. Statistical
analysis was performed using IBM SPSS Statistics 28 version (Armonk, NY: IBM Corp.). 7 factors
were identified, including a total of 78 binary items.

2.3 The Parcels Formation

The number of samples homogeneous by gender and age is insufficient for the confirmatory
factor analysis (CFA) application to 78 initial binary items of the scale because 78 articles and 7
factors in the CFA will require an assessment of at least 156 parameters (78 error variances, 71
regression coefficients, 7 factor variances). However, even a 5-fold excess of the sample size over
the number of estimated parameters (N/T) is insufficient [27]. In addition, the ratio of the number
of indicators to the number of factors (P/F) affects the value of the model's compliance indices
with the initial data: the value of the consent indices tends to worsen as the number of indicators
per factor in the CFA increases [28, 29]. The optimal number of items per factor remains debatable
[30]; however, using at least three items for each factor is often recommended [28, 30].

The solution to these problems is a "parcel" approach, which implies combining (parcelling)
items included in one factor into several parcels of items [31]. Usually, a random distribution of
items by parcels is used, or their forced distribution by a priori assumptions about the content of
constructs [22]. In addition to solving the problems of sample size (N/T) and the number of
variables per factor (P/F), the parcel approach allows "strengthening" the scale of measuring from
binary to quantitative.

2.4 Exploratory Factor Analysis of Parcels

At this step, the EFA was carried out 7 times with the number of factors from 1 to 7 to identify
structures subject to factor validation with the help of CFA at the next step. The following
methods were used: Extraction Method-Principal Axis Factoring, Rotation Method-Promax with
Kaiser Normalization.
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2.5 Confirmatory Factor Analysis of Parcels

A confirmatory factor analysis was used to verify the factor validity of the structures obtained
in the previous step (CFA). Statistical analysis was performed using IBM AMOS 28 version (Amos
Development Corporation 3000 Village Run Road Unit 103, #315 Wexford, PA 15090 USA).
Confirmatory factor models were evaluated using the following indices: Chi-square ratio to the
number of degrees of freedom (x?/df), Comparative Fit Index (CFl), Tucker-Lewis index (TLI), Root
mean square error of approximation (RMSEA) and its accuracy (Pclose). CFl and TLI values from
0.90 to 0.92 were considered adequate, from 0.92 to 0.95 good and >0.95 excellent. RMSEA values
<0.070 were deemed adequate, and <0.05 were evaluated as excellent compliance, Pclose values
greater than 0.1 were evaluated as acceptable compliance, and about 0.4 and higher were
assessed as excellent compliance [27, 32]. The comparison of the original and nested models (with
fewer degrees of freedom) was carried out with the determination of the statistical significance (p)
of the "improvement" by the Chi-squared difference (Ax?) of the nested model, compared with the
original one, by the corresponding difference in the number of degrees of freedom (Adf). The
nested model (with a smaller df) was recognized as better corresponding to the data if p <0.05 [27,
32].

2.6 Checking the Structural and Measurement Invariance of the Model

The structural and measurement invariance of the multifactorial structure obtained in the
previous step was checked against two pairs of samples: a) 3-4-year-olds b) boys and girls. The
multi-group CFA was applied using IBM AMOS 28 version. Comparison of models for the
measurement invariance analysis was based on empirical studies showing that a decrease in CFl or
TLI > 0.01, or an increase in RMSEA > 0.01 implies nonequivalence of measurements [32, 33]. For
the present study, if any of these indices went beyond this limitation, it was considered that the
more limited model has an unacceptable fitness.

2.7 Comparison of ASD, TD and DD Samples by Selected Factors

Robust Walch Tests of Equality of Means were used to compare the samples with multiple
comparisons (Post Hoc Tests Gams-Howell).

Ethical review and approval were waived for this study due to no disclosure of any personal
information. Written consent from the parents was obtained for all subjects involved in the study.

3. Results
3.1 Preliminary Selection of Items and Scales Formation

First, those items for which the answers to one of the two alternatives were less than 10% were
excluded, 273 items remained. According to Scree Plot, 12 factors were initially set. But 3 factors
after rotation included less than 9 items with more than |0.35]|. At the next iteration, the number
of factors was consistently reduced so that each factor included at least 9 items with loads greater
than ]0.35|, and 9 such factors remained. However, three elements did not have a distinct
interpretation after rotation. The first included a mixture of items related to asthenia and sensory
disintegration, the second of active speech items and speech comprehension, and the third of
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items related to self-care and communication. Items pertaining to functional speech, asthenia, and
self-care have been removed. The number of factors was reduced to 7, after which items with
factor loads less than |0.35| were removed. As a result, a 7-factor structure was obtained,
including from 9 to 14 items in each factor (78 items in total). Each factor was clearly interpreted
according to the items included in it: 1) "Persistence on sameness" (Sam); 2) "Emotional
dysregulation" (Em); 3) "Alienation" (Al); 4) "Speech understanding" (SU); 5)
"Disinhibition/Hyperactivity" (Hyp); 6) "Echolalia" (Ech); 7) "Sensory disintegration" (Sen) (Table 1).
Some of the items were inverted so that all the items included in each factor had the same signs of
factor loads. The items in each element formed fairly reliable scales for the internal consistency of
Cronbach's Alpha (from 0.730 to 0.871).
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Table 1 Factor loadings for seven-factor solution (EFA) and reliability check on Cronbach's alpha scales.

Rotated Factor loadings of 78 Items (n = 383), 36.31% of Variance FL!
Factor 1 (Sam3): “Insistence on sameness” (11 items; 6.22%, a = 0.871)

F2304 It is difficult to make a child put on some new clothes, he/she gets used to old clothes 0.687
B6503 When it is necessary to change clothes, problems arise - a child refuses to wear unfamiliar clothes (for example, when the 0.678
weather or the season changes).

B6402 It is difficult for a child to change his/her mind (for example, if he/she decides that he will wear red socks, or take his own, and 0.638

not someone else's car, it is difficult to convince him/her otherwise).
B6401 Insists on completing tasks in the same way every time. 0.590
N6704 He/she protests against wearing clothes that strongly fit the body, intolerable to hard seams, certain fabrics are unpleasant

. . . 0.571
for him, refuses wearing mittens or hats.
F2303 He/she is capricious, and demands to change into the clothes that he/she likes. 0.561
B2801 Experiencing stress due to changes (in the daily routine, walking routes). 0.539
N4602 The child is sensitive to touching the mouth or an area around the mouth (does not like brushing teeth, speech therapy 0.520

massage, dentist's examination).
B2802 Experiences difficulties with switching (for example, from one type of activity to another). 0.469
N6702 The child does not like being touched (avoids hygienic procedures, especially haircuts, combing, and cutting nails), tends to

break out of the embrace. 0.467
N4201 The child is sensitive to light, squints in the sun, covers his/her eyes with his/her hands, prefers subdued light. 0.434
Factor 2 (Em3): “Emotional dysregulation” (11 items; 6.08%, a = 0.849)

L7704 When the child hears his/her name, he/she immediately turns and looks at the speaker. 2 0.643
E0301 He/she smiles as soon as she sees an adult's friendly attitude.? 0.627
L1103 The child draws the attention of another person to some object or event in search of emotional responses (empathy). 2 0.600
C8003 The child reacts to a sudden somewhat tangible touch (for example, a foot under the table) by looking under the table, 0.589
checking what exactly is interfering with his/her leg. 2 '
E7402 The child reacts to the positive emotions of others "gets infected" with them, demonstrating a positive mood shift, laughs. 2 0.577
L0903 Immediately looks at the person who is addressing him/her. 0.532
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L1003 Showing something to another person positions the object so that it can be viewed, checking whether the person sees what

he/she is showing. 2 0.528
E7401 It is difficult for a child to recognize emotions in other people and react accordingly to them. -0.501
L8204 Communicates with friends and family often (almost every day, for 1-2 hours). 2 0.491
E0304 Does not smile in response to the smile of another person (adult or child); the social smile is limited. -0.466
E7403 When watching a cartoon, the child understands what is happening on the screen and emotionally reacts adequately in the 0.375
same way in familiar situations.? '
Factor 3 (Al3): “Alienation” (14 items; 5.87%, a = 0.862)

L7701 When called by name or asked a question, the child does not react in any way, it seems that he/she does not hear. 0, 593
L1001 Does not use pointing gestures in communication with another person. 0.576
L7703 When he/she hears their name, the child casts a cursory glance at the speaker. Further actions depend on the presence of 0.555
interest in the speaker (or what he has in his hands) - either turns around or continues to go about his business. 2 '
L1501 He/she does not imitate other people's actions: the child is busy with his/her own business and does not pay attention to 0.539
people.

L8201 Practically does not communicate with family and friends 0.526
L1002 When showing something to another person, the child does not care whether the person has seen this object (including 0.502
pointing with a finger, glance, naming or otherwise). 2 '
C8001 He/she does not react to a sudden, quite tangible touch in any way, continues to do his/her business. 0.492
N6802 Facial expressions are impoverished, facial muscles are too relaxed. 0.467
G2102 Usually prefers to play by him/herself, but can play NEXT to another child (children), watching them, but not interacting. 2 -0.457
G2101 As a rule, he/she plays him/herself, aloof and does not allow other people into his/her game - neither adults nor children. 0.457
L1302 Ignores the presence of others does not respond to the attempts of others to establish contact. 0.449
L1102 The child tries to share emotions but does it clumsily, incomprehensibly for another person; for example, turns a cursory 0.439
glance in their direction or inaccurately points to an object (event). 2 '
C7802 At a sudden loud enough sound, the child briefly turns around, does not find anything interesting for themself and returns to 0431
his/her occupation.

C3201 It seems that the child ignores the surrounding reality - they wander around the room, studies the space, takes objects, does 0.413

not focus on them and immediately throws them, sometimes behind his/her back.
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Factor 4 (Su3): ” Speech understanding” (11 items; 5.56%, o = 0.868)

S0502 Distinguishes between the words "big" and "small", "short" and "long", "wide" and "narrow". Put a large and small ball (a
cube, a doll, a toy car) in front of the child. Can the child show where the BIG ONE is (ball, cube...)? The statement is true if the child  0.625
demonstrates a steady (repeated) distinction in at least one pair of words.

S4703 He/she can fulfill a double request: "Bring dad the keys and then close the door!" or "Pick up the ring from the floor and give

it to mom." 0.564
S0506 The child correctly points at the geometric figures when the adult calls them: square, rectangle and triangle. 0.563
S0503 The child can show where his arm, leg, eye, ear is (two answers are enough). 0.553
S4708 Indicates an object of the same color that the adult calls. 0.537
S0508 Distinguishes between sounds made by different animals. Put figures or images of animals in front of the child. Pronounce the 0.521
sound of an animal hiding behind a screen. Ask the child to show which animal "sounded". Check if the child can distinguish (show).

S0507 Distinguishes between sounds made by different objects. Introduce the child to different sounds (bell ringing, pencil tapping

on the table, clapping). Hide the object behind the screen and repeat the sound. The statement is true if the child can distinguish 0.521
(show) at least two different objects.

S4701 Understands the request "Give me another one". 0.514
S4707 Shows where the right/left hand is, (eye, leg, ear) (even if wrongly). 0.502
S4705 Finds objects or their images when an adult calls a generalizing word (for example, "Show a piece of furniture", "Show a 0.477
fruit").

S0505 Fulfills the request: "Give me one/many ...". 0.476
Factor 5 (Hyp3): “Hyperactivity/Disinhibition” (13 items; 4.68%, a = 0.813)

P3905 The child cannot sit still, he/she leaves his/her place in class or elsewhere, jumps up and wanders around. 0.610
N6901 There are "too many unnecessary movements" in the activity, the child is fussy, seems "hyperactive". 0.572
B2502 Can't play quietly, the child is inadequately noisy. 0.545
B2503 The child is difficult to control. External stimuli control his/her behavior. 0.541
B6202 The child strives to achieve his/her goal, easily loses his/her temper. 0.541
B2605 Does not obey and refuses to follow the rules set by adults. 0.527
B2603 He/she is often angry and irritable. 0.522
B2901 Aggressive, pugnacious, prone to physical violence against animals and others. 0.485
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N4106 Usually the child talks loudly, makes strange sounds like humming, buzzing. 0.485
B6201 Loses self-control, the child is prone to emotional "explosions". 0.471
B2404 The pace of the child's activity is high if he/she likes the activity, and low if it is something he/she does not like (for example, 0.428
the child does everything slowly in class, "falls asleep"”, and as soon as the activity stops, he/she runs briskly). '
N7103 Often and for a long time jumps on the bed or any other elastic surface. 0.412
B2403 A uniform pace in different types of activities - walking, classes, entertainment.? -0.408
Factor 6 (Ech3): “Echolalia” (9 items; 4.25%, a = 0.778)

S5304 If the child hears a question, instead of answering, he/she repeats it. 0.670
S5404 The child's speech is "repetitive", there is echolalia: he/she repeats the words of other people, just for repeating but not for 0.649
communication purposes.

S5405 The child "talks" using words and phrases from cartoons or words and phrases previously heard from adult conversations. 0.520
M7203 The child can say what he/she wants in one word. 0.484
M1802 Verbally addresses a close adult only in situations of nervous tension or a certain need. The child does not use speech in 0.461
other cases.

S5403 The child can say words (even very complex ones, for example, "excavator") in a certain situation, but then he/she never 0.445
repeats them at the request of an adult. '
S5305 Uses memorized phrases, without meaning, out of context, it seems that there is no speech of his/her own. 0.443
S0602 Imitates individual words spoken by an adult or another child. 0.430
M1604 When you name the objects that you think the child wants, he/she responds by repeating the word you have just said 0.417
(immediate echolalia).

Factor 7 (Sen3): “Sensory disintegration” (9 items; 3.66%, o = 0.730)

N4205 Likes to watch the lights switch on and off, doors opening and closing, wheels turning, fan, blinds opening and closing, shiny 0.522
objects, pacing pages when flipping through, etc.

C3304 Visual and mechanical skills are well developed (for example, making puzzles and constructors, working with electronic 0.490

devices, and understanding the essence of the work of various mechanisms).
N4303 Shows an extraordinary need to touch certain textures of surfaces, toys; studies objects groping them. 0.440
C3205 The child's attention is selective: it can be focused on a favorite activity (lining up objects in a row, spinning wheels, playing

0.431
with constructors and puzzles), at the same time, he/she is absent-minded and inattentive when it comes to "unwanted" activities.
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N4406 Leans or presses vibrating or sounding objects to the face and other parts of his/her body. 0.428
G2003 The child is interested in the parts, and details of the object, but not the whole object (obsession with the wheels of cars, 0.419
details of human clothing).

B2805 The child is very picky about food, he/she has a limited range of favorite dishes, constant demands to consume the same 0.407
meal, and special requirements for food (color, consistency, execution). '
S0806 Visual-motor skills are ahead of speech skills (for example, he/she puts puzzles together deals with gadgets, while there is no 0.372

speech and communication with other people).
L1405 The child can safely stay alone in the room for 10-15 minutes. 0.364

L_Factor loadings; 2-inverted items; 3-the scales' designation used below in the text.
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3.2 Parcels Formation

In our case, we used an a priori strategy of distributing packages by factors, in accordance with
the 7-factor result of the EFA (Table 1), 3 packages per factor, and a random distribution of items
by packages within each factor. In each of the 7 factors, the items were randomly distributed in 3
packages, at least 3 items in each package. Thus, 78 items were distributed in 21 packages, 3 for
each factor and 3-5 for each package. The value of the package for each case was calculated as the
average value of the items included in it. As a result, 21 new variables corresponding to the
packages were presented in a 4-6-point quantitative scale (depending on the number of items in
the package), and each value represented the proportion of affirmative answers to the items
included in this package. Then, these 21 new variables were analyzed, three variables for each of
the 7 hypothetical factors.

3.3 Exploratory Factor Analysis of Packages

The analysis was carried out 7 times, specifying the number of factors from 1 to 7. The
following methods were used: Extraction Method: Principal Axis Factoring, Rotation Method:
Promax with Kaiser Normalization. The structure was considered quite simple if the factor load of
each package was more than |0.4| for only one factor, and for the rest, it was no more than |0.3].
Structures with 3, 6 and 7 factors turned out to be simple. In the 3-factor structure, the first factor
included packages of factors Em, Al, Su, Ech (factors related to problems in communication), the
second factor - packages Sen and Sam (sensory disintegration and insistence on sameness), the
third - all 3 packages of Hyp. In the 6-factor structure, Sen and Sam packages were combined into
one factor whilst the remaining packages were distributed according to the corresponding factors.
In the 7-factor structure, each factor was formed by three related packages. Thus, according to the
results of the EFA, there are no formal grounds to determine which of the 3 models is more
consistent, with 3, 6 or 7 factors.

3.4 Confirmatory Factor Analysis: Comparison of Models with a Different Number of Factors

For comparison, 3 models with 3, 6 and 7 factors were formed, following the results of the EFA
at the previous stage. Covariances between factors whose statistical significance was within the
range of p < 0.01 were added to each model. The results are shown in Table 2.

Table 2 Factor loadings for seven-factor solution (EFA) and reliability check on
Cronbach's alpha scales.

X2 df  CFI TLI RMSEA Pclose Ax*(Adf) p
3-factor 1315.055 187 0.714 0.679 0.126 <0.001 - -
6-factor 461.251 184 0.930 0.920 0.063 0.002 852.804(3) <0.001
7-factor 361.736 183 0.955 0.948 0.051 0.441 99.515(1) <0.001

The 6-factor model matches the initial data statistically better than the 3-factor model.
However the 7-factor model should be recognized as the best in terms of consent indices, all the
estimated parameters of which are statistically reliable (p < 0.001) (Figure 1). The identified factors
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form 3 groups of symptoms: problems in communication (Em, Su, Ech, Al), persistence on
sameness and sensory disintegration (Sam, Sen) and hyperactivity/disinhibition (Hyp). It is
noteworthy that Echolalia is positively associated with Speech understanding and negatively with
Alienation.

Chi-square=361.736; df=183; p=.000; CFI=.955; RMSEA=.051; Pclose=.441.
Figure 1 The 7-factor model of ASD symptoms for 3-4-year-olds children.

Pearson correlations between age and factors were also calculated (Table 3). With age, the
values of the factors "Persistence on sameness", "Sensory disintegration", "Speech understanding"
and "Echolalia" increase statistically significantly.

Table 3 Pearson correlations of age (in days) and factors for ASD sample (N = 383).

Sam Em Al Su Hyp Echo Sen
r 0.233 0.014 -0.013 0.259 0.022 0.237 0.220
<0.001 0.780 0.804 <0.001 0.661 <0.001 <0.001

Age (Days)
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3.5 Testing the Structural and Measurement Invariance of the Model
3.5.1 Testing the Invariance of Models for 3-4-Year-Olds Samples

The results of this stage are presented in Table 4.

Table 4 Model agreement indices for 3-4-year-olds.

Model X df CFI TLI RMSEA
Unconstrained 593.627 366 0.940 0.931 0.041
Measurement weights 604.457 380 0.940 0.934 0.040
Structural covariances 640.786 393 0934 0.930 0.041
Measurement residuals 668.582 414 0.933 0.932 0.041

The model without restrictions (Unconstrained) corresponds fairly well to the initial data for all
the following indicators: x%/df < 2; CFl > 0.95 and TLI > 0.90; RMSEA < 0.05. However, the
differences are crucial for deciding on equivalence at one or another level of CFI, TLI, and RMSEA
parameters fixation for the preceding and subsequent unconstrained models. If this difference
exceeds 0.01, the equivalence at the appropriate level is not confirmed. Based on these
considerations, the equivalence of models for 3-4-year-olds samples is certainly and established
for all levels of restriction: a) measurement level of explicit variables (Measurement weights); b)
the level of covariance between factors (Structural covariances); c) strict invariance: equality of
the residuals of explicit variables (Measurement residuals). Thus, the measurement model's high
configuration, metric, scalar and strict invariance for 3-4-year-olds samples is confirmed.

3.5.2 Testing the Invariance of Models for Samples of Boys and Girls
The results of this step are presented in Table 5.

Table 5 Model consent indexes for boys and girls.

Model X2 df CFI TLI RMSEA
Unconstrained 610.443 366 0.938 0.929 0.042
Measurement weights 620.109 380 0.939 0.933 0.041
Structural covariances 639.613 393 0.938 0.933 0.041
Measurement residuals  666.124 414  0.936 0.935 0.040

All models, starting from the configuration (Unconstrained) and ending with strictly limited
(Measurement residuals) correspond well to the initial data for all the following indicators: x?/df <
2; CFl > 0.95; TLI > 0.97; RMSEA < 0.05. The CFI, TLI and RMSEA difference for each preceding and
subsequent of the limited models does not exceed 0.01. Thus, the equivalence of measurement
models for samples of boys and girls is confirmed at all levels: from configuration to strict
measurement equivalence.
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3.5.3 Comparison of Samples of ASD, TD, and DD by Identified Factors

The values of the factors were calculated for all the samples (ASD, DD, and TD) as the average

values of the items included in these factors. Descriptive statistics are given in Table 6.

Table 6 Descriptives of the values of the selected factors for the ASD, TD, and DD

samples.
Std. Std. 95% Confidence Interval for Mean
N Mean e
Deviation Error Lower Bound Upper Bound
ASD 383 0.3889 0.31936 0.01632 0.3568 0.4210
D 330 0.0631 0.12051 0.00663 0.0500 0.0761
M 5D 201 01931 017247 001217 0.1691 0.2171
Total 914 0.2282 0.27456  0.00908 0.2104 0.2460
ASD 383 0.8002 0.24998 0.01277 0.7751 0.8253
Em TD 330 0.1888 0.18392 0.01012 0.1689 0.2087
DD 201 0.4203 0.28009 0.01976 0.3813 0.4592
Total 914 0.4959 0.36016 0.01191 0.4725 0.5193
ASD 383 04777 0.29166 0.01490 0.4484 0.5070
Al TD 330 0.2758 0.07468 0.00411 0.2677 0.2838
DD 201 0.2588 0.14136 0.00997 0.2392 0.2785
Total 914 0.3567 0.22933 0.00759 0.3418 0.3715
ASD 383 0.3385 0.30103 0.01538 0.3082 0.3687
D 330 0.8339 0.25787 0.01420 0.8060 0.8618
Su DD 201 0.4690 0.26024 0.01836 0.4328 0.5052
Total 914 0.5461 0.35502 0.01174 0.5230 0.5691
ASD 383 0.3252 0.24989 0.01277 0.3001 0.3503
Hyp D 330 0.1110 0.11295 0.00622 0.0987 0.1232
DD 201 0.2605 0.20971 0.01479 0.2314 0.2897
Total 914 0.2336 0.22242 0.00736  0.2192 0.2481
ASD 383 0.2385 0.25397 0.01298 0.2130 0.2640
Echo TD 330 0.0545 0.09810 0.00540 0.0439 0.0652
DD 201 0.1786 0.17881 0.01261 0.1537 0.2034
Total 914 0.1589 0.21009 0.00695 0.1452 0.1725
ASD 383 0.4029 0.27077 0.01384 0.3757 0.4301
D 330 0.1303 0.10701 0.00589 0.1187 0.1419
" 5D 201 01774 016894 001192 0.1539 0.2009
Total 914 0.2549 0.23912 0.00791 0.2394 0.2704

The results of Robust Walch Tests of Equality of Means application are presented in Table 7,
and the comparison of samples with multiple comparisons (Post Hoc Gams-Howell's Tests) is in

Table 8.
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Table 7 Robust Walch's Tests of Equality of Means.

Factors Statistic® dfl df2 Sig. Eta-squared
Sam 189.716 2 481.571 <0.001 0.278
Em 702.644 2 480.524 <0.001 0.572
Al 89.385 2 433.228 <0.001 0.202
Su 300.776 2 529.609 <0.001 0.391
2
2
2

Hyp 137.064 451.818 <0.001 0.184
Echo 110.945 448.798 <0.001 0.151
Sen 164.186 467.989 <0.001 0.282

2Asymptotically F distributed.

Table 8 Pairwise comparisons (Gams-Howell's Post Hoc Tests).

D dent
ep?en en (I) Group  (J) Group  Mean Difference (I-J) Std. Error Sig. Cohen's d

Variable
TD 0.32582 0.01762  <0.001

Sam ASD 1.161
DD 0.19578 0.02035 <0.001
TD 0.61142 0.01630 <0.001

Em ASD 2.088
DD 0.37992 0.02353  <0.001
TD 0.20192 0.01546 <0.001

Al ASD 1.016
DD 0.21883 0.01793 <0.001
D -0.49541 0.02093  <0.001

Su ASD 1.159
DD -0.13054 0.02395 <0.001
D 0.21419 0.01420 <0.001

Hyp ASD 0.756
DD 0.06464 0.01954 0.003
D 0.18392 0.01406  <0.001

Echo ASD 0.688
DD 0.05992 0.01810 0.003
D 0.27262 0.01504 <0.001

Sen ASD 1.252
DD 0.22548 0.01826 <0.001

The ASD sample differs statistically significantly from the other two samples in each factor. An
illustration of the differences is shown in Figure 2. For all the factors, except Speech understanding,
the average values for the ASD sample are statistically significantly higher than for the TD and DD
samples. The average values for ASD are statistically significantly lower than for the TD and DD
samples in the factor of Speech understanding.
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Figure 2 Average values of ASD symptoms factors for 3-4-year-olds.
4. Discussion

As the result of this study 7-factor structure of autism for 3-4-year-olds was obtained. Our first
factor was Insistence on sameness (Sam) because all the points with the largest factor loads
included in this factor are related with persistence on the same routines, clothes, routes,
performing tasks in the same way and experiencing stress as a response to changes. Our second
factor was named Emotional dysregulation (Em) because all the points with the most significant
factor loads included in this factor are connected with emotional responses in social interaction
and include typical and atypical emotional reactions or the lack of adequate emotional responses.
Our third factor is Alienation (AL) because all the points with the largest factor loads included in
this factor are linked with the reactions of social withdrawal, the lack of social motivation for
communication, and reactions of social avoidance. The fourth factor was called Speech
understanding (Su) because all the points with the largest factor loads included in this factor are
connected with speech understanding tasks, performing tasks as a response to verbal instructions.
The fifth factor was named Hyperactivity/Disinhibition (Hyp) because all the points with the largest
factor loads included in this factor are related to jumping, swaying, wandering around, performing
lots of unnecessary movements, and restlessness. Our sixth factor is Echolalia (Ech) because all the
points with the largest factor loads included in this factor are linked with repeating words and
phrases heard from other people or from cartoons. The seventh factor was named Sensory
disintegration (Sen) because all the points with the most significant factor loads included in this
factor are related to increased or decreased sensitivity in various sensory modalities, manifested
in the child's need for sensory self-stimulation or avoidance of specific sensory impressions.

Discussing the results obtained, it should be emphasized that we used the exploratory
approach in identifying factor structure of ASD by processing initially very wide range of symptoms,
whilst the most common approach is the confirmatory one, based on exploring factor structure of
autism by using existing screenings or questionnaires with a priory predetermined structure. Our
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main result is the identification of 7-factor structure of autism in 3-4-year-olds and the finding of
statistically significant differences of ASD sample compared with the samples of TD and DD in each
factor. Confirmatory factor analysis confirmed the configuration and measurement invariance of
the revealed 7-factor model of ASD to different parts of the sample: boys and girls, children 3 and
4 years old. This is convincing evidence in favor of the validity of the results obtained. The
identified factors form 3 groups of symptoms which can be summed up under common
denominators, such as problems in communication (Em, Su, Ech, Al), persistence on sameness and
sensory disintegration (Sam, Sen), and hyperactivity/disinhibition (Hyp). We will discuss and
interpret them based on the received groups of symptoms.

The first group of symptoms can be named problems in communication and includes 4 factors
(Em, Su, Ech, Al). Unsurprisingly, one of the obtained factors is Emotional dysregulation (Em). It is
known that emotional regulation is impaired in ASD because children with ASD experience
difficulties with emotion recognition in self and others, reading emotional clues, and inhibiting
emotional responses [34]. Many researches directly link emotional dysregulation in ASD with its
core symptoms such as social difficulties and repetitive behaviors [35, 36]. According to the results
of the observational studies, children with ASD show stronger and longer adverse emotional
reactions when facing the necessity to perform structured tasks. They tend to use negative
behavioral strategies, including avoidance, yelling, and aggressive reactions as compared to
typically developing children [37]. It is also known that children with ASD are more prone to self-
harm reactions [38]. It is also believed that emotional dysregulation in ASD is connected with
higher probabilities of co-occurring psychiatric disorders and mental health problems [39]. Some
research groups claim that the heavier the symptoms of emotional disinhibition in ASD, the more
serious the psychiatric burden, and the less favorable the forecast for those children's further
development and adaptation [40, 41].

Concerning verbal development and speech understanding in autism (our second factor in this
group) it is well known that communication impairment is a core feature of ASD closely associated
with difficulties in the integration of verbal and nonverbal communication in affected children [42].
There is an enormous diversity of language impairment in the population of children with ASD
regardless of cognitive abilities, but early language abilities and their development can predict
social adaptation, academic achievements, and psychiatric outcomes in late childhood and
adulthood [43]. Speech impairment is also one of the core autism symptoms because even highly
functioning children with ASD are likely to experience impairments in language pragmatics when
the components of structural language are unimpaired [44]. It is not surprising that children with
ASD experience difficulties in speech understanding because it was shown that they demonstrate
low sensory responses to single speech sounds [45], atypical neural responses on lexical stimuli
connected with increasing motivation and task complexity compared with typically developing
peers [46], restricted spontaneous attentional orienting to spoken words [47], specific difficulties
with categorical speech sound discrimination which remains for lifespan [48], and reduced
processing of semantic content [49].

The third factor in this group of symptoms was Echolalia, which is a salient speech disturbance
commonly found in children with ASD [50] and which can be considered as a defining
characteristic of ASD [51]. It is believed that approximately 75% of children with ASD manifest
echolalia at a certain stage of speech development [52]. Though the exact etiology and
pathogenesis of echolalia are not entirely clear, it is known that in typically developing children,
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sound imitation and verbal echo reactions disappear by the age of three years [53], whilst in
children with ASD echolalia persists much longer and can last for long years [54]. Some of the
offered neurophysiological explanations of this phenomenon are impairment in the mirror neuron
system [55] and dysfunction of the frontal lobe leading to the lack of inhibitory control [56]. It is
common to distinguish several types of echolalia in ASD, such as immediate and delayed echolalia
[57]; also, there is ambient echolalia, which is typical for children with ASD and refers to the
repetition of words or sentences they learn from the environment [58]; in addition there are
verbal and vocal stereotypies [59]. Interestingly, according to our results, Echolalia is positively
associated with the factor of Speech understanding and negatively with the factor Alienation. Our
results correspond to the previous findings. Thus it was discussed that Echolalia in ASD should be
considered as a specific type of communicative behavior [60] and can be communicatively
purposeful [61]. So, indeed, Echolalia may facilitate speech understanding and contribute to
communicative behavior, whilst totally non-verbal children with ASD more often show severe
impairments in communication [62], which stands for the fourth factor Alienation included in the
first group of symptoms according to our results.

Alienation or social withdrawal is another core autistic symptom [63] in its extreme
manifestation known as hikikomori, a form of pathological social withdrawal [64]. It is not
surprising that one of the factors included in the 7 factor structure of autism was alienation.
According to the results of the previous studies, this phenomenon is closely related to loneliness
and emotional problems such as anxiety and depression [65]. It is well known that even adult
highly functional individuals with ASD tend to be involved in fewer social relationships [66].
Following the social motivation theory of autism, it is claimed that people with autism have both
less desire for social interaction and gain less pleasure from it [67]. It is also understood that for
the most highly functional people with ASD with Asperger's Syndrome, children and adults, it is
tough to maintain high-quality friendships, which results in less enjoyment and leads to the best
extent rather than social proximity than emotional connectedness [68, 69]. It is discussed that
those specific communicative patterns are correlated with different brain activations in people
with autism [70]. Thus, obtaining the factor Alienation as a part of the factor structure of autism
was expected.

The second group of symptoms obtained in our research was formed by such factors as
persistence on sameness and sensory disintegration, which correspond to universally
acknowledged core features of autism. According to DSM-5 [1], repetitive behaviors and restricted
interests may be reflected in the following main domains: stereotyped and repetitive movements,
insistence on sameness, fixed and restricted interests, and sensory disintegration (hyper-
/hyporeactivity). Sensory disintegration is, to date, the most frequently detected impairment in
children with ASD [71]. It is proved that repetitive behaviors and sensory processing problems
negatively affect the daily functioning of children with ASD by altering their social, cognitive, and
motor development [72]. It is assumed that children with ASD can manifest repetitive behaviors as
a response to sensory overloads. Such behaviors can be considered a coping mechanism aimed at
reducing the excessive hyper-sensory stimulation and lowering the child's arousal level [73]. It is
also discussed that in case of hyporesponsiveness, repetitive behaviors and stereotypical
movements could serve as a form of self-stimulation, providing a desirable level of sensory
comfort [74]. It is noteworthy that in our findings, the factors of persistence on sameness and
sensory disintegration were linked together, which also goes in accordance with DSM-5 [1].
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However, some researchers proposed that repetitive behaviors and insistence on sameness are
two different aspects of the same phenomenon [75]. Nevertheless, the connection between
sensory profiles and repetitive behaviors in ASD has long been known. Indeed, in accordance with
previous studies, sensory disintegration often leads to repetitive behavioral patterns [76].
Furthermore, it was revealed that hyperresponsiveness in children with ASD predicted high levels
of repetitive behaviors, whilst sensory-seeking behavior was connected with rituals and
persistence on sameness [77].

And eventually, the third group of symptoms was included only one-factor hyperactivity or
disinhibition (Hyp). Hyperactivity or disinhibition is a rather specific symptom known to
deteriorate inhibitory control deficits and is linked with more severe repetitive behaviors [78]. In
our model, this factor did not correlate with other factors, which corresponds to the results of the
previous studies. Even though hyperactivity is not considered as a core autistic trait and is not
included in DSM-5 [1] it is believed that approximately 30-80% of children with ASD have
concurrent symptoms of inattention and hyperactivity [79]. It is discussed that hyperactivity in
autistic children can be explained by violations in frontal cortex maturation, resulting in executive
function deficits [80]. It is often accompanied by a lack of inhibitory control and impairments in
working memory [81]. However, the alternative explanation of hyperactivity in autism can be a
neurochemical imbalance caused by the prevalence of excitatory neurotransmitters [82]. Notably,
the dysfunction of the nigrostriatal circuit manifesting in an imbalance of dopamine in the
subcortical nuclei also led to disinhibition and stereotyped behaviors [83]. It is believed that
hyperactivity in children with autism is an unfavorable symptom that aggravates the severity of
ASD core symptoms [84].

Thus, as the result of our study, the 7-factor structure of autism for 3-4-year-olds was obtained.
Correlations between 7 factors allow us to talk about 3 groups of ASD symptoms (Figure 1): 1)
communication disorders (factors Em, Su, Ech & Al), 2) sensory disintegration and persistence on
sameness (Sam & Sen), and 3) hyperactivity/disinhibition (Hyp). It is important to note that there
is no correlation between these three groups of symptoms - they manifest independently of each
other. Perhaps this can be explained if we assume the presence of various phenotypes of autism
with the dominance of specific symptoms to each subtype. The most numerous group of
symptoms refers to communication disorders. It is pretty clear that Emotional dysregulation (Em)
is positively associated with Alienation (Al), and both are negatively associated with Speech
understanding (Su). It is also interesting that Echolalia (Ech) is positively associated with Speech
understanding (Su), and negatively with Alienation (Al). This may be explained by Echolalia's
communicative function, which was discussed earlier. It seems that Echolalia can be a specific
stage on developing language skills and speech understanding, whilst Alienation, on the contrary,
should be less pronounced for mastering verbal abilities because it implies the accumulation of
communicative experience. The apparent contradiction of the negative connections of Echolalia
with other communicative symptoms is eliminated when comparing the group of ASD and two
other groups (TD and DD) by the severity of 7 factors of autism symptoms (Tables 6-8). In children
with ASD, the seriousness of all 7 groups of autism symptoms, including Echolalia (Ech), is
significantly higher (p < 0.01) than in each of the other two groups. According to our results, the
models of the actual ASD have larger dimensions. It can also be assumed that this structure
changes with age - both in extent and in the content of symptoms, which is the subject of further
investigation.
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5. Conclusions

The main problem of this study was to identify the factor structure of ASD in 3-4-year-olds
using the exploratory approach and initially wide range of autistic symptoms, which is part of a
multidimensional mathematical model of autism. The 7-factor structure of autism was obtained,
forming 3 groups of the core symptoms, such as problems in communication (Em, Su, Ech, Al),
persistence on sameness and sensory disintegration (Sam, Sen), and hyperactivity/disinhibition.
On the one hand, these vectors may determine the directions that most clearly distinguish ASD
from the TD or DD groups. On the other hand, as a practical implication of the results obtained,
those vectors could set the directions for the most optimal correction of ASD depending on its
subtype and prevalence of one or the other autistic-like symptoms. We plan to develop the same
models for different age groups of preschoolers to assess the likelihood of ASD and, ultimately,
predict the trajectories of ASD manifestations, which in turn allow for determining the subtypes of
ASD. For future research, the methodological recommendations for the correctional programs
creation will be developed for each identified subtype of ASD, including a detailed description of
the optimal interventions during rehabilitation.

6. Limitations

The revealed 7-factor structure of ASD for 3-4-year-olds is based on 436 initial hypothetical
symptoms of autism, i.e. on a relatively significant number of them. Nevertheless, it can be
assumed that the factor dimension of autism symptoms is even greater. Initially, we set a
condition - at least 9 items per factor, so some potential factors might not be included in our
model due to the limited amount of items.
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