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Abstract

This study aims to observe the differences in the shared intentionality magnitude in mother-
child dyads with neurotypical (NT) children and neurodivergent (ND) children aged 3-6
years. The quality of shared intentionality in infancy is associated with cognitive
development. Our results showed that ND children scored six times higher (on average) in
quiz-test than NT children. Children with difficulties in interaction (ND children) are more
likely to use shared intentionality in conversation than NT children. We believe that this
knowledge can contribute to developing computerized assessment methods which can
diagnose developmental disabilities in such children.
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1. Introduction

The assessment of cognitive development, especially in preschool-aged children, is one of the
contemporary challenges in recent times. According to Zablotsky et al. [1], developmental
disabilities were found in about 17% of 88,530 children, aged 3—-17 years during a study from
2009-2017. Moreover, they reported 9.04% of children with attention-deficit/hyperactivity
disorder (ADHD), 7.74% with learning disabilities (LD), 1.10% with intellectual disability (ID), and
1.74% of children with autism spectrum disorders (ASD). Under the umbrella of developmental
disabilities, many disorders are often comorbid with each other. For example, 20% to 40% of
children with ADHD have dyslexia [2, 3], and children with ASD are also at increased risk of having
dyslexia [3, 4]. Children with dyscalculia [3, 5] and dysgraphia [3, 6] are more likely to have
dyslexia than those without dyscalculia [3]. Subsequently, about 95% of the total children with
developmental disabilities are associated with ADHD and LD, while 82% of children with
developmental disabilities suffer from either ADHD or LD or both.

ADHD is a debilitating mental health disorder most frequently diagnosed during school years
and is characterized by persistent symptoms of inattention and/or impulsivity and hyperactivity
[7-9]. Early preventative approaches are less common for ADHD than other disorders [7, 10].
According to the most recent edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5TM), the age of symptom onset was increased from 7 to 12 years [11]. Various diagnostic
tools are used for identifying ADHD: MRI, EEG, questionnaires, motion data, performance tests,
etc. [12]. However, parents play a central role in recognizing such behavioral problems early in
their children by their perception, awareness, and acceptance of the disease and prompt decision
to accompany the child to a specialist [9, 13].

LD is a term used by both the educational and legal systems. In medicine, a specific learning
disorder (SLD) diagnosis refers to an impediment in the ability to learn or use certain academic
skills [14]. An accurate diagnosis of SLD requires the detection of persistent difficulties in listening,
thinking, speaking, writing, spelling, arithmetic, or mathematical reasoning skills [14]. Various
types of learning disorders like dyslexia, dysgraphia, and dyscalculia are diagnosed in early school-
aged children [3, 14-16]. A diagnosis is made through a combination of observations, interviews,
family history, and school reports [17]. In order to be diagnosed with SLD, the difficulties in
developing the above-mentioned skills should persist for at least six months in a child, despite
targeted assistance [17].

Henceforth, early prediction of developmental disabilities in preschool children is an urgent
issue as it provides efficient intervention in their growing years [3, 15, 18-23]; otherwise, these
diseases impact lifelong health and well-being [21]. However, we can diagnose a children's
developmental delay by verbal-perceptual expertise of their skills only at school. Diagnosing ADHD
and LD in children requires both the high professionalism of the specialist along with the parent’s
perception and awareness of the disease for calling a specialist. If the disease assessment could be
simpler and the results understandable and convincing to parents, parents could identify the
disease early and understand the need to report it to a specialist.

A recent study has proposed a new assessment paradigm, other than the assessment of verbal-
perceptual skills, to diagnose cognitive delay at an earlier stage. According to Danilov and
Mihailova, this new approach could be based directly on the evaluation of caregiver-child
interactions [24]. To the best of our knowledge, the social environment is a key factor in cognitive
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development. Vygotsky [25] stated that a child's cognition develops in the social environment
through internalizing external relations and actions fixed in the meanings of these actions and
relations. Interactions with other people enable the internalization of cognitive processes first
achieved in the social context [25]. Recent evidence suggests that a deficit in basic communication
and social interaction skills can indicate a developmental delay in children [18, 26-29]. Specifically,
ADHD is caused by many factors, including environmental and behavioral factors [21]. According
to Grigorenko et al. [22], environmental factors are strong predictors of SLDs. Although the
etiology of developmental disabilities is multifaceted (genetic, neurobiological, perceptual, and
cognitive factors, etc.), the social interaction deficit is a key factor in most developmental
disabilities.

It is suggested that children acquire knowledge at the sensorimotor stage of development up to
8-9 months, as stated by Piaget, through protoconversations with their mothers [30, 31] and
shared intentionality [32]. Recent research [33] showed the ability of young children aged 18, 28,
31, and 33 months, indwelling with their mothers, to display the bond between unfamiliar sounds
(numbers in an unfamiliar language) and the appropriate items without any sensory clues. Their
performance rose from 33% to 125% higher than random results by chance. Moreover, we
suggest that the quality of shared intentionality remains unaffected in older children and adults
since mothers can also share their intentionality of similar quality with the child. Furthermore,
literary insights showed coordinated neuronal activity in subjects during meaningful social
interactions [34, 35]. However, increased neuronal activities [36, 37] and improvement in learning
skills were observed [33, 38-42] in the absence of sensory cues (without communication) between
the subjects. Another study [43] showed 32% increased performance in 13 dyad experiments
conducted on 58 mothers and 68 children, aged 8-10 years, who were asked to solve unintelligible
tasks without sensory clues, although familiar to the mothers. A recent theoretical analysis [44]
discussed this non-perceptual interaction modality at the onset of cognition from perspectives of
communication theory, embodied dynamics, and genetics which inferred that shared
intentionality complements a set of interaction modalities. However, a lack of shared
intentionality in infancy can lead to cognitive delay [44]. We suggest that an assessment of the
shared intentionality magnitude can show cognitive development trajectory. Easy assessment of
social interaction and presentation of accurate results can make parents aware of the disease at
an early stage and understand the need to go to a specialist. The current study attempts to
observe the differences in the shared intentionality magnitude in mother-child dyads with
neurotypical (NT) children and neurodivergent (ND) children aged 3-6 years.

2. Materials and Methods
2.1 Method

For testing protoconversation in 3- to 6-year-olds, we modeled the mother-newborn biological
system, in which the child-caregiver interactions happen without sensory cues as occurring in
newborns. During the experiments, the children were asked to categorize several unknown
phenomena. We asked them unfamiliar questions that could not be solved independently without
clues and excluded all casual associations. We received their answers to a 10-task quiz designed
on the same principle. The study registered the deviation of the intellectual testing results by
comparing the children's correct answers (events) with the probability of random choices. Due to
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unfamiliar and unintelligible tasks, children were not able to solve the problems rationally.
Therefore, if they did not get any clues (without shared intentionality), their results corresponded
to the results of a random choice. Equation (1) of the R-effect coefficient presented the
experimental data in a universal, relative format. The R-effect shows a relative child's score; the
resultant score is a compilation of several events (correct answers), depending on the probability
score X(e), relying on the probability of random choice in a specific case. This coefficient is positive
when the total number of events exceeds the number of chances. The R-effect coefficient denotes
a child's result deviation from the random choice value X(e); the higher its positive value, the
stronger the mother-child interaction and higher coherent intelligence.

Z”: (X(0) — X(e))

ol
" n X(e)

n

(1)

n=0

We applied probability theory to assess children's performance. The tasks were unfamiliar and
unintelligible to children. During the experiments, the dyads were not provided with an evaluation
of the children's results. Moreover, children did not know the correct answers and could not learn
the symbols' meanings of these tasks during the test execution. After each task (question-and-
answers), the subjects did not know whether the given answer was correct or not. Due to
feedback lack in solving problems, any rational solution in problem-solving was excluded.
Therefore, even though the subjects could apply different strategies in problem-solving, these
tasks were independent trials. In this case, each probability of the event’s occurrence was not
affected by the occurrence of the other events. The probability of occurrence of an event in a
single trial of the experiment is p, the probability that the event occurs exactly & times out of n
independent trials is equal to:

P(k) = Ckp¥*q"~* (2)

The Bernoulli equation (2) shows the probability of a number of events (correct answers) made
in independent trials, where: C— number of combinations n by & p— the probability in each task;
n — independent trials (tasks), the probability of each is p (0 < p < 1); k— events, how many tasks
the child answers correctly; g =1 - p.

The R-effect is calculated depending on the trial number completed by each child. According to
the Bernoulli equation (2), the number of events (the random success choices set) yields a higher
probability (o = 0,28) to the set of 2 events in 10 independent trials appearing in a bigger number
of subjects (Table 1). A set of 3 events bears a probability of p=0,25. These 2 event sets (2 and 3)
yield a close probability, significantly exceeding others for all 10 trials. Therefore, the mean value
of scores of the two most significant sets, 2 and 5, is applied to the value of X(e) while calculating
the data for ten trials. For subjects who completed 9 and 8 trial sets, the mean value of these most
significant sets was 2.
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Table 1 The probability of the different sets of events from 0 to 6 due to the Bernoulli
equation (2).

Trails/Events 0 1 2 3 4 5 6

p(e)in 10 trials 0.06 0.19 0.28 0.25 0.14 0.06 0.016
p(e)in 9 trials 0.07 0.22 030 0.23 0.11 0.04 0.009

p(e)in 8 trials 0.10 0.26 031 0.21 0.08 0.02 0.004

2.2 Subjects

Nineteen mother-children dyads participated in the study. Although the results of the two
dyads were rejected due to procedural errors, the other two children manifested attention deficit
during the quiz; their results were rejected for answering only the four and five questions of the
quiz instead of the demanded ten answers. Therefore, the outcomes of nine NT and six ND
children were presented.

2.3 Stimuli

The mobile phone software showed ten unfamiliar tasks having four possible responses to all
the subjects. Unfamiliar tasks were provided, numbering from 1 to 6, represented in different
bicolor circles. Each of these six different bicolor circles is related to a specific number from 1 to 6
(Figure 1). Furthermore, the subjects did not know the relevance of the specific bicolor circle to a
certain number during the test.

o WINDTRE = 16105

i. Please select the number 5

30

AA @ acciquiz.github.io &

G (K s I 1)

Figure 1 The task with four possible responses.
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While the mothers and the children examined the questions on their smartphones (the
mothers responded mentally without providing clues to the children), only the children
independently responded to items by choosing options on the screen. The software showed the
quiz items and collected the input from the children. Simultaneously, the smartphone produced
an electromagnetic field in the visible range of the spectrum. The human-computer system
software stimulated interpersonal dynamics by rhythmic changes in the light (wavelengths of 700
and 400 nm alternately with 80 bpm) [24]. In this manner, the software stimulated shared
intentionality in the study’s bioengineering system (Figure 2).

The dyad

The mother

The quiz-test E.-M. Field
The child  |: 4
Smartphone >
—

%

Results Software

Figure 2 The scheme of the bioengineering system of the experiment.
2.4 Procedure

Before the initiation of the quiz, Republican Pedagogical-Psychological Center (RPPC) specialists
explained the research goal and procedure to the parents who signed the multiple consent forms.
The quiz was scheduled as per the convenience of the child and was conducted when the child
was not tired, hungry, or agitated.

Ten minutes before the scheduled quiz, RPPC specialists carried out a short interview with the
mother to clarify her role in the task (without her child). The most important quiz rules were
watching the screen, following the instructions, and not telling the child about correct answers.

For children >3 years, a surprise gift was presented.

At the beginning of the scheduled quiz, RPPC specialists explained all the rules of the quiz to
the dyads and told the story about a Wizard and his garden with colored figures in the trees.

At the beginning of each task, the RPPC specialist told the mother: "Mamma, please read the
instructions at the top of the screen silently." After observing each question for 3-5 s, the RPPC
specialist asked the mother: "Mamma, please ask your baby to choose one of the circles
corresponding to the number "X" (from 1 to 5). Mamma and baby, | kindly ask you both to look at
the screen carefully during the whole test. After the child's response, while expecting the end of
each task, the RPPC specialist repeated: "Please look at the screen carefully, the new task is
coming soon" as well as "Baby, please do not respond very fast on the next task to help the
Wizard to find colors for his numbers. If you follow my instructions and achieve the best results,
you will receive a gift when the game ends."
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When completing the quiz tasks, the RPPC specialist refrained from evaluating the child's
results from the current task and providing any verbal or non-verbal reaction to the child's actions
and task responses.

3. Results
The results are presented in Table 2.

Table 2 The test results of Neurotypical vs. Neurodivergent children.

b Sex, age D'iagno Scores: Xe) Xo) R-effect R-effect R-effect

sis Correct/Incorrect NT ND

1 91971 girl, 4 NT 3/6(9) 2 3 0,5 0,5

2 74971 girl, 3 ND 4/5 (9) 2 4 1 1

3 59971 boy,3 ND 3/7 (10) 2,5 3 0,2 0,2

4 50614 boy,5 ND 5/5(9) 2 5 1,5 1,5

5 96614 boy,5 ND 2/7(9) 2 2 0 0

6 75614 girl, 6 NT 3/7 (10) 2,5 3 0,2 0,2

7 30971 girl, 5 NT 2/8 (10) 2,5 2 -0,2 -0,2

8 26971 girl,5 NT 3/6(9) 2 3 0,5 0,5

9 23554 girl, 5 NT 3/5(8) 2 3 0,5 0,5

10 72124 boy,5 ND 3/6(9) 2 3 0,5 0,5

11 81187 girl, 4 NT 2/7(9) 2 2 0 0

12 97614 boy,4 ND 3/6(9) 2 3 0,5 0,5

13 41681 boy,3 NT 3/6(9) 2 3 0,5 0,5

14 12207 boy,5 NT 1/9 (10) 2,5 1 -0,6 -0,6

15 63681 boy,3 NT 1/9 (10) 2,5 1 -0,6 -0,6

Total NT=3 325 41 45 0,8 3,7
ND-6

Notes. The numbers are children's ID; NT — Neurotypical children; ND — Neurodivergent
children; X/e) — expected scores, i.e., the number of events with the highest probability of
occurring, calculated by the Bernoulli equation (2); X{o)— observed scores.

4. Discussion

This section discusses the method for assessing shared intentionality. Firstly, this discussion
encompasses the reasoning of methodological components. Secondly, as method validity and
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reliability are crucial for providing quantitative measurements, we have discussed method validity
and reliability to satisfy the dependability in cognitive development assessments.

4.1 Methodological Components
4.1.1 Objective

The assessment objective is shared intentionality. Since this is an implicit variable, the study
identifies its indicator—the manifested variable of shared intentionality that could be precisely
assessed. When young children are asked to solve unintelligible tasks (to categorize the unknown
symbols), they do not know the responses and cannot solve these problems independently.
Hence, they need help from caregivers, who know the correct answers. This research procedure
stimulated insight or intuition in children; however, for children, it was the only possible way to
answer all questions correctly. During the study, children were asked to guess the answers
intuitively in the presence of caregivers. It was expected that the dyad's intentionality would be
shared under this condition since the children could only intuit the correct options, which were
known to the caregivers. From this perspective, the indicator of shared intentionality was the
child's intuition or the response to the request to intuit the correct answers during the quiz.
Therefore, the assessment objective was to evaluate the child's intuition by answering the
unintelligible problems and indwelling with the caregiver.

4.1.2 Data Collection Process

Stimuli were unintelligible and unfamiliar symbols. Children were asked to guess answers
intuitively, and the data collection process was completed by registering the children's answers to
the test items. Since all their answers were unfamiliar and pseudo-random, this was one of the
reasons why probabilistic theory tools could fit the data analyses. Just before the quiz, the
children were instructed to guess the correct answer for each task, following the "like/dislike"
feelings, and were asked to make decisions based on their intuition or knowledge from sudden
insights. The supervisor suggested that children should not adhere to any strategy while
answering the quiz, and the data was recorded for further processing if the children answered
70% of the questions and did not follow any rational strategy, i.e., if decisions made by the child
were pseudo-random. The deviation of the result from random choice showed the magnitude of
the shared intentionality effect.

4.1.3 Method

The literature analysis shows that the period of the appearance of intentionality in infants
depends more on social interaction features rather than the child's age [24]. Confronting the
"observational" and "experimental" research methods reveal different outcomes—a similar task
shows different performances. Danilov and Mihailova [24] argued that the "observational"
research design differed from the "experimental" design by two variables: emotional stimulation
and child-caregiver interaction without sensory cues that enabled children to respond accurately
to the test by using shared intentionality. Hence, the social environment and social interaction
deficit are potential factors in cognitive development and a majority of developmental disabilities,
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respectively. The core idea of the method for assessing children's cognition relies on estimating
the social interaction magnitude between the mother and child.

Quality must be preserved to some extent throughout its life if appearing at birth. Therefore,
we suggest that shared intentionality should accompany other interaction modalities during
various life processes. The bioengineering system (human-computer system) re-created the
"experimental" mother-newborn model to induce this interaction modality in more mature
organisms. For this reason, the human-computer system formed interpersonal dynamics in the
dyad by stimulating their interactional synchrony and emotional contagion.

4.2 Validity and Reliability

Rigorous research designs require reliable and valid psychometrically sound measurement
tools for maintaining the integrity of study findings [45]. When study variables are abstract, it is
not easy to measure quantitatively, which requires close attention to construct validity [45, 46].
Construct validity is the degree to which an instrument measures the construct about to be
measured [45, 47]. Various ways exist to evaluate an instrument's construct validity, including
contrasted groups [45] and methods—verification of a statistical method's validity by confronting
results with estimation from another valid method. While statistical methods are widely applied in
psychological research, the within-subject research design with two conditions seems more valid.
This data collection mode is based on confronting the "primed" and "unprimed" conditions—where
caregivers knew correct responses only in the "primed" condition. The current study repeated a
recent research design [33, 38, 43]. While we evaluated results by comparison with the random
choice, two of the above-noted research studies also verified the performance under within-
subjects design, comparing the difference between the correct responses in the two conditions for
caregivers: the "primed block" and "unprimed block" of items. The obtained data in both designs
are consistent with the hypothesis and relevant to each other. Comparing the outcomes of two
designs reveals the data correspondence that enables the usage of both designs for assessing
intuition. Even though the within-subjects research design with two conditions seems more valid,
the following arguments explain the reason for applying the research design based on a
comparison with a random choice to assess young children.

Very young children have shorter attention spans. Focused attention proves effective if the
situation involves the intake and processing of information or the completion of some goal-
directed activity [48, 49]. The chosen studies contained unintelligible tasks in the form of ten quiz
items without any feedback. However, recent evidence reveals that task difficulties affect
performance [50-52], limit feedback, and reduce the incidence of trial-and-error problem-solving
strategies [53, 54]. Scores in low-stakes tests correlate with motivation [55] whereas complex
problems reduce motivation and attention during problem-solving, thereby decreasing
performance. A longitudinal study on 2-2.5-year-old children's attention spans reported the timing
of focused attention during free play. In a comparison of two research conditions of 5- and 10-min
free play periods, no significant difference was observed in the number of focused attention
episodes (about 12 episodes for the entire period in both conditions) and the mean duration per
episode (5.36 and 6.1 s), respectively. The young children performed in the same duration of
focused attention in both the 5-minute and 10-minute free play periods, thus, suggesting that 5
min sessions were aptly suitable for testing 3-year-old children since the extended testing time
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length can suppress the performance. Although the above claims are correct, the method with the
double research conditions (within-subjects design) decreases the quantity of the quiz items from
10 to 5 due to limited time length, thereby challenging its validity. Therefore, recent studies have
applied the research design based on a comparison with a random choice to assess young
children.

Another argument supports this method's validity. Probabilistic models are increasingly used
across the cognitive and neuroscience fields [56]. It is suggested that the children rely on statistical
learning mechanisms at the onset of cognitive development [57, 58] and acquire initial social skills
by keeping track of the statistical information available in the environment [59]. If this is correct,
cognition develops due to statistical and probabilistic patterns in the initial stages. It is also
possible that the tools of the probabilistic theory are appropriate for the phenomenon being
measured; they are relevant to statistical learning mechanisms. Hence, this method for estimating
the magnitude of shared intentionality in dyads is valid.

The above-noted validity verification modality is closely linked to an assessment of the
method's reliability. According to DeVon et al. [45], unlike retest reliability, the alternative form’s
reliability corresponds to scores from two tests, each with different modes to evaluate the same
concepts. The verification of a statistical method's validity contributes to its equivalence reliability.

5. Limitations
5.1.1 Limitation 1: Caregiver-child Biological System is a Dynamical System

Reliability describes how far a method will produce similar results, assuming nothing else has
changed [60] and presenting all aspects of coherence, stability, equivalence, and homogeneity [61,
62]. However, in psychology, the true score can never be known because no measure is
considered perfect [45], assuming nothing else has changed [60]. Stability reliability is tested when
the study’s attributes are not expected to change [45]. Test-retest reliability is relevant for those
variables that are not expected to change over time. However, shared intentionality is not one of
them. Many endogenous and exogenous factors impact the dynamic caregiver-child biological
system and require shared intentionality assessments for collecting dynamic data inputs. Recent
studies have noted that shared intentionality is not a constant feature in all interpersonal
dynamics [24]. Furthermore, these five factors challenge the interaction ability: social
entrainment, motivation, emotional arousal, intellectual stimuli, and interactional synchrony [24].
Apart from the quiz results, this dynamical data should also contain information about the crucial
factors defining the current psychophysiological states of the biological system. Based on this, a
dynamical system should be developed for collecting timely inputs and reproducing reliable
results. This limitation of our study suggests that any association of observed outcomes with
factors of shared intentionality is undone until an understanding relating all factors to this
modality of social interaction becomes clear.

5.1.2 Limitation 2: Small Sample Size

The following limitation suggests that dyads cannot strengthen a shared intentionality
magnitude to the same extent in routine life since endogenous and exogenous factors
continuously vary, depending on social and biological rhythms. Furthermore, this modality of
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social interaction emerges almost randomly and accomplishes the child's success in keeping track
of statistical information available in the environment. This is a probabilistic mechanism of
statistical learning and needs more empirical data for the statistical power of the data analysis.

5.1.3 Limitation 3: Exotic Concept Constitutes a New Paradigm for Assessing Cognition

In contrast to the verbal-perceptual method of assessing cognitive development in children
(dominant in contemporary pediatrics), the article proposes a new paradigm for assessing
cognition development, based on data obtained from the non-verbal and non-perceptual
methods. Even though the current study, along with recent evidence, shows a shared
intentionality effect, we do not know the nature of its appearance. Additionally, the magnitude of
the effect in a certain case is not predictable, even after the appearance of effects in this case.

This empirical evidence requires the establishment of a precise theoretical foundation.
According to Danilov and Mihailova [63], shared intentionality is an outcome of evolutionary
development that facilitates the ability to select only one shared cue for the entire group. This
type of interaction modality is the elementary and archetypical modality that appears before
communicating via sensory cues. Shared intentionality facilitates the training of newborns and
ensures efficient cooperation among all group members without any communication. A
hypothesis proposed protein molecules an agents for engaging neurons of different organisms in
cooperative reactions to shared stimuli. However, only one hypothesis of neuronal coherence
agent for shared intentionality [63] cannot constitute a hypothesis' competition that might
facilitate knowledge development on the topic. This limitation challenges the current method,
mainly based on assessing shared intentionality. Since any research design needs a well-developed
theoretical approach to the studied object, further studies should develop hypotheses of
neurobiological processes occurring during social interactions.

6. Future Research Perspectives

This section discusses the limitations of the contemporary approach to assessing
developmental disabilities for revealing improved perspectives, different from the verbal-
perceptual assessing paradigm. Perspectives pertaining to this approach for assessing
developmental delay in children are also discussed.

6.1 Limitations of Verbal-perceptual Assessing Paradigm

Assessing individual differences has been one of the challenges faced by science since the
beginning of the 19th century. After Binet et al., the verbal-perceptual psychological testing
paradigm was widely developed and distributed and was also applied to screening cognitive
development in young children. The diagnosis of developmental disabilities in children uses the
factors in the verbal-perceptual paradigm as the main tools: observation, interviews, family
history, and school reports. It is widely accepted that cognitive ability can be gauged from verbal
expressions and behavior of the subjects due to sensing and perception skills. The following
limitations encourage researchers to find other possibilities in the assessment of cognitive
development different from the usual verbal-perceptual paradigm.
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6.1.1 Limitation 1

In recent decades, several studies have been undertaken to develop new methods for
diagnosing SLD by observing early signs in the initial growth phase. For instance, early signs of
mathematical learning difficulties can be detected by assessing difficulties in numeracy [64, 65],
subitizing [66-68], etc. Sometimes, speech processing skills both phonologically and
morphosyntactically may show early signs of future reading and writing difficulties even in 30-
month-old children: in perception or duration, in the prosody and phonotactics of word
production attempts and word structures, as well as in the complexity of morphosyntactic
features of expressions [23].

These new verbal methods should be studied well for sufficient application in pediatrics.
However, it can be suggested that the verbal-perceptual assessment of developmental delay in
many preschool children is questionable. Although there is no specific period for the
manifestation of behavior markers or their "early signs" in a child; a window of opportunity can be
utilized for cognitive reforms [69]. Again, detecting early signs of developmental disabilities in
children requires both the high professionalism of the specialist as well as a parent’s perception
and awareness of the disease, in reporting to a specialist. Subsequently, parents play the key role
here and should be aware of the disease in its early stages and understand the need for medical
intervention.

6.1.2 Limitation 2

The development of verbal-perceptual methods for detecting earlier signs of learning
disabilities in children, such as numeracy checking skills, is limited by the flexible borders of
developmental periods. Incongruence between dynamics of personal development and universal
ranges of markers' application yields an extent of uncertainty in developmental diagnosis [69].
However, these screening tools can prematurely detect only the most visible or severe difficult
cases in LD. A verbal-perceptual inspection (through observations, interviews, and learning
exercise reports) of children's reading, writing, and mathematical skills helps in deriving significant
cognitive findings in school (not before).

6.2 Perspectives of Non-verbal and Non-perceptual Assessing Paradigm

Developmental disabilities in children can significantly affect many areas of life, including work,
daily activities, social and family relationships, as well as psychological and physical well-being.
The unbiased computerized assessment method for evaluating social interaction magnitude in
dyads could help in rapid screening of early signs of delay, thus, complementing other diagnostic
tools. Combined with the verbal-perceptual assessment tool (e.g., parents' interview), this
knowledge about the social environment may provide early detection of developmental delay in
children, even in online mode. Additionally, this method could yield a more effortless, unbiased
procedure for parents and can become an additional control for improving the effectiveness of
verbal-perceptual screening methods.

Another advantage is the socio-cultural tolerance of this approach. Indeed, this new method
can develop great perspectives for diagnosing children in a multi-cultural environment (e.g.,
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bilingual families, migrants, etc.) and in conditions where parents cannot fully explain behavior
markers because of social, cultural, and linguistic differences.

Consequently, parents can correct a child's developmental delay by improving the exogenous
factor of the social environment on time. The parents can also improve the child’s social skills by
assessing the previous social interactions and their outcomes if social interaction would be easily
assessed and their outcome would be cogently presented. The unbiased assessment of social
interaction power in caregiver-child dyads may contribute to understanding social environment
problems for its timely improvement because his method's assessment outcome shows the
quality of the social environment by assessing social interaction magnitude.

A few research directions for developing knowledge on this topic can be suggested. First, the
discussion of the current study shows that a caregiver-child biological system is a dynamical
system. It continuously evolves and changes shared intentionality magnitude due to exogenous
and endogenous factors. The application of the dynamical assessment system of children's
cognition abilities could do the needful. This human-computer dynamical assessment system
collects information about crucial psychophysiological factors for defining the current biological
system's states and provides reliable assessment results in collecting inputs in time and space.
Therefore, further research should encompass the following components of the dynamical
assessment system: (i) the methodological components, including factor analysis of shared
intentionality magnitude; (ii) an algorithm for monitoring a dynamic biological system, clarifying
the efforts of this human-computer dynamical assessment system in processing dynamic data that
refer to the causality between the time of change in input value and the time denoting the steady-
state value given by the system; (iii) metrological component, research should elaborate
standardized assessment units for developing metrological components that determine the
efficacy of these assessment units and provide a norm for universal correlation of all assessment
results in practice. Secondly, future research should discuss elements for providing quantitative
measurement to satisfy dependability in the cognitive development assessment, and it needs
more empirical data for the statistical power of the data analysis. Thirdly, further theoretical
research should develop hypotheses on neurobiological processes occurring during social
interactions. These theoretical grounds allow us to precisely tune our research designs for
developing a dynamical assessment system of children's cognition.

7. Conclusions

The neurodivergent children achieved an R-effect of 3.7 in contrast with an R-effect of 0.8
obtained by neurotypical children with average values for neurodivergent and neurotypical
children of 0.62 and 0.09, respectively. Our results showed that children with difficult interactions
apply shared intentionality more in conversations than neurotypical children. Future research can
improve our understanding of the relevance of all factors for the shared intentionality magnitude
if more empirical data are obtained for the statistical power of the data analysis. This knowledge
could develop a hypothesis on neurobiological processes occurring during social interaction that
could initiate further research on shared intentionality. We believe that the current study
encourages further research for developing the assessment method of diagnosing children's
cognition at an earlier age based on estimated shared intentionality. Additionally, future research
on this new method can develop great perspectives for diagnosing children in a multi-cultural
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environment where parents cannot explain behavior markers due to social, cultural, and linguistic
differences. This unbiased computerized assessment tool for evaluating social interaction
magnitude in dyads could become a part of rapid screening of early signs of delay, thereby
complementing other diagnostic tools.
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