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Using Python and JavaScript, a web application has been created to improve the development
of children with special needs, including children with autism and hearing impairments. To im-
plement this task, the best and most effective method of presenting information for children — a
game — is chosen. The part of the program designed for the development of children with autism
contains games using a technique of visual presentation of cards with accompanying information.
These games use real-time videos of children’s movements to improve their physical activity and
memorize letters of alphabet. In addition to images of pictures, the game used to learn a sign lan-
guage also employs audio and video materials. During implementation of our application, some of
the approaches used in artificial intelligence systems are used. In particular, these are the methods
of expert systems and pattern recognition based on computer vision. The databases and the
knowledge required to run the program are created in JavaScript, and their application manage-
ment is implemented using a Django framework. Software implementation of the program also
uses the capabilities of specialized computer libraries, including PoseNet and p5.js.
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Introduction

The upbringing of the new generation has always been a priority of any society, because it
is decisive in its development and future. Therefore, the methods and paradigms of education
used at each level of its development absorb all the best which has been achieved at any given
time — both scientifically and technically. Nowadays, when our lives and activities are simply
impossible to imagine without computers, information technologies and everything related to
intelligent systems and artificial intelligence, more and more attention is paid to their use in the
process of raising children. Especially important is the use of new technologies in the
education of children with special needs [1, 2]. These include children who have problems with
autism, as well as hearing, vision and some other problems. It is important for such children to
develop the approaches that would facilitate their entry into society, and accelerate and
improve their development.

An important method for children’s development is games which are natural and inherent
in their age and are best perceived, while the results obtained in any play situation are easily
assimilated by children. After all, play is the main form of children’s activity [3], a method of
immersion and transfer of a child to the world around him, a kind of key to the development of
his emotional intelligence. Through games, children learn to communicate with each other,
obey certain rules of conduct and communication, and be able to yield, as well as prove their
right to choose a game.
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According to the tasks that are solved in the upbringing and development of children with
their help, games can be divided into creative, mobile and didactic. Their content and features
change both with the age of the child and with the main purpose of their use, the plot used and
the means of implementation. However, despite a large variety of specific approaches to organ-
ization of different types of games, their common feature is that they mainly reflect the sur-
rounding reality and are based on independent activities of children, are emotionally rich and
bring children joy, pleasure, and deeper knowledge of the world.

The latest achievements of science are used in the development of games, in particular —
pedagogical and psychological [1-3], as well as the possibilities of modern technology, first of
all — computer technology. After all, without the widespread use of computer programs, com-
puter analysis today is virtually no field of human activity; moreover, the possibilities of using
computer tools and the results achieved with their help are steadily increasing. That is why the
world of modern cognitive, educational and developmental games without the use of computer
and intellectual technologies is simply unthinkable and their use is constantly growing. The use
of modern computer games and memorization exercises has become one of the important
methods of child development; they should also be seen as an effective tool for developing and
supporting children’s creative activities. Computer games help children to better learn the ma-
terial, to master the necessary practical and intellectual skills, to acquire new knowledge and
identify and overcome gaps in it, to improve their level of intellectual development. And this
can be effectively achieved by using new methods of creating such games, using modern ad-
vances in science and technology. In particular, artificial intelligence tools are increasingly
used in their creation [4] — both through the use of expert systems [5] and with the use of other
approaches, including computer vision, natural language recognition, use of elements of aug-
mented and virtual realities, etc.

This paper presents the results of creating a computer program that contains games of
several different types that can be used to develop and educate children with and without spe-
cial needs. In particular, a game has been created for the development of children with autism,
in which decisions are made on the basis of the use of expert knowledge; the child’s learning is
carried out through the visualization of the corresponding cards, and voice recognition is used
to check what has been learned. For children with hearing impairments, a set of sign language
memorization games can be used by watching videos that are classified by topic, as well as by
searching for the words or letters of the alphabet being studied and presenting them by display-
ing appropriate pictures. Voice recognition is used to test what has been learned and to improve
learning outcomes. A game that uses visual pattern recognition can be used to work with both
children with special needs and children without such needs. The game is based on the recogni-
tion of key points of the human body that correspond to the position to which the letter of the
alphabet is attached (a game for physical activity). The essence of this game is that when mov-
ing the child changes position; according to each body position, the letter of the alphabet corre-
sponding to the specified position is displayed on the screen. This game helps to improve both
the coordination of movements and mental activity of the child.

The application is implemented in the integrated development environment PyCharm [6],
and for convenience and ease of use created as a website. JavaScript [7] and Python [8] are the
main drivers of its creation. Python was used to create databases for the program’s games, as
well as to connect the machine learning libraries TensorFlow.js [9] and PoseNet Model [10].
PoseNet is a method of computer vision that allows you to identify the poses of people in im-
ages and videos and determine the position of key points of the human body [11]. The ad-
vantage of this method is ease of use, as its practical application requires only a webcam on a
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computer or smartphone [11]. The coordinates of key points of the human body obtained as a
result of PoseNet recognition were used to visualize the letters of the Ukrainian alphabet using
the p5.js library [12]. The Django web programming library [13], HTML markup language and
CSS stylesheets were also used to create the web application.

Program implementation

The application created for the development of preschool children with special needs
contains games of three types: games for memorization, learning sign language and to improve
physical activity while learning the letters of the alphabet. The principle of operation of games
is based on the use of the approach of expert systems, so first it was necessary to create
appropriate databases that provide factual information used in games and knowledge, which
form links between relevant data and factors that search games .

A. Creating of Databases of Games

Game databases contain images to memorize, as well as audio recordings for better
learning, divided by criteria and created using JavaScript. A fragment of the created image
database for a game to improve memory is shown in Fig. 1.
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Fig. 1. Fragment of the image database code for the game to improve children’s memory.

The sign language learning database was created using the SQLite library and contains
sets of video as well as images of alphabet letters to facilitate sign language learning. The
database is managed using the Django library through the administrative panel (Fig. 2). To
access the database repository that contains all the added video games, you need to click the
"Games" button. You can use the function keys to edit the contents of the repository and add
new objects (Fig. 3).
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Fig. 2. Django control panel.
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Fig. 3. View of the Django game control panel after pressing the "Games" key.

B. Creating of Knowledge Bases for Games to Memorize and Learn Sign Language

The functional of these knowledge bases is formed in the form of product rules of the "if-
then" type ("if-then" rules) and is implemented using JavaScript.

The game’s knowledge base, designed to improve the memorization process, uses image
data and audio files and is designed to perform voice checks on the correctness of learning.
Fragments of database codes using audio and photo data are presented in Fig. 4 (panels a and
b, respectively). The appropriate check begins with entering the appropriate words in the
control panel.
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if (result[@].transcript == "Tak"){
window.location = "http://127.0.0.1:63323/audio/%D0%A2%D0%BO%0DA%BA.mp3" ;
}
if (result[@].transcript == "wi"){
window.location = "http://127.08.0.1:63323/audio/%D0%9D0%D0%86.mp3" ;
}
if (result[@].transcript == "He xouy" ){
window.location = "http://127.0.0.1:63323/audio/%D0%BD%D0%B5%20%D1%85%D0%BE%D1%87%01%83.mp3" ;
}
a)
if (result[@].transcript == "nanyra"){
window.location = " H B
}
if (result[@].transcript == "open"){
window.location = "http://127.0.0.1:63323/images/animals/birds/%D0%BE%D1%80%08%B5%D0%BB. jpg" ;
}
if (result[@].transcript == "kauka" ){
window.location = "http: ;
}

b)

Fig. 4. Some fragments of the knowledge base codes which used in the game to improve the process of
memorization: a) fragment of the knowledge base code that uses audio data; b) fragment of the
knowledge base code that uses photo data.

The knowledge base for voice and text testing for a set of games for learning sign
language forms connections and factors that allow you to look for the right picture during
training, as well as allows you to check the material studied by entering the appropriate names
of pictures. Examples of rules are presented below (Fig. 5).

Fig. 5. Fragment of the knowledge base code that uses photographic data to verify the study.

The same methodology is used for better study by entering the appropriate names of
objects or letters by searching for the words or letters being studied (a fragment of the relevant
knowledge base is shown in Fig. 6).
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Fig. 6. Fragment of the knowledge base code that uses photo data for better language acquisition.

C. Use the PoseNet Library in the Game to Improve Physical Activity and Memory.

One of the approaches that are often used in artificial intelligence systems, namely image
recognition, was used in the implementation of this game. In particular — the recognition of
images by key points of the human body [9].

The essence of the game is that, while playing, the child changes positions when moving;
the changed poses are analyzed by the corresponding recognition program and, using positions
of key points of a body of the child, to them the certain letter is put; thanks to this, the letter of
the alphabet corresponding to a specific pose is highlighted on the screen. Thus, the child,
while playing, can consciously learn the alphabet, while also improving their motor skills and
improving their own mental activity.

The PoseNet library was used to implement pose recognition [10]. This library is an
implementation of the method of computer vision, which evaluates the figures of people in
images and videos and determines where the main (key) points of the body.

The definition of posture occurs in two stages [11]:

— input RGB image of body position is fed to the input of the neural network;

— decoding algorithm is used; the assessment of poses and confidence in them is carried
out — the condition and confidence in key points from the initial data of the model is
estimated.

The assessment of posture confidence determines the overall confidence in the correct
recognition of the posture and is in the range from 0 to 1. Key point — part of a person’s posture
(e.g., nose, right ear, left knee, right leg); it contains both the position itself and the assessment
of confidence in it.

PoseNet recognizes 17 key points of the human body [11] and the coordinates of their
position (X, y) are exactly the initial data with which the game program works when visualizing
letters.

Thus, to implement the game of physical activity, the input data are used, which are video
frames that are recorded in real time using a video camera in a browser in the application
program. To process them, the PoseNet library is used, the source data of which are the
coordinates (X, y) of the corresponding key points of the body of the input image; according to
the corresponding position (i.e. the values of the coordinates of the key points of the human
body defined by PoseNet), the letter of the alphabet corresponding to the depicted position is
displayed on the screen.

The game, designed to develop the physical activity of the child, especially when learning
the letters of the alphabet works in real time through the use of the library p5.js. This is a
JavaScript library with a special focus on image processing [12], which has a full set of
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drawing functions, which allows you to create a large number of options for displaying
information - from web format, static images for printing to animated schemes.

Results

The application program contains three types of games used for the development of a
child with special needs. For convenience of work, a graphic interface (Fig. 7) allows one to
operate the work of our application. In the upper right part of the interface there are navigation
tools that allow you to go from the main page to the games.
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Fig. 7. View of the main page of the application.

When switching to a memorization game (recall that decisions in this game are made on
the basis of expert knowledge, and the child’s learning in it is carried out through visualization,
using cards), the interface of this game will appear on the screen (Fig. 8) explaining the
peculiarities of its use. Thus, the transition to the study of other categories of words with the
help of cards is carried out using the buttons p. 1. The button "Verification of the studied"
(item 2) allows you to check the quality of learning; when you press it through the connected
microphone, you need to say a word or letter and a picture with the corresponding image will
open, which is very useful for repetition and memory development. The use of the button 3 is
required for better memorization of the word; for this purpose audio with examples of
sentences in which the given word is used is used.
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Fig. 8. Appearance of the page’s game to improve memory of child.

When you select a game to improve physical activity, the image of the interface of this
game will appear on the screen (Fig. 9), which allows the child, by changing his posture, to
learn the letters of the alphabet, each of which corresponds to a certain posture.

Clicking on the last button in the navigation tool (see Fig. 7) allows you to enter the game
to learn sign language, watching interactive videos and testing the knowledge gained. The main
page of this game is shown in Fig. 10. Here, as in the game of memorization, there is an
opportunity to test the knowledge acquired by the child. You can use the input field to enter the
words or letters you have learned (Figure 10, point 3) to test your child’s knowledge or to
memorize them better.
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Fig. 9. Appearance of the page’s game for physical activity with the image of the letter that corresponds to
the position of the child in the picture.
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Fig. 10. Appearance of the page’s game, which contains materials for learning and memorizing sign
language: 1 — transition to the study of other categories; 2 — by clicking on the "Test" button; 3 — field
"Input” to enter the words or letters being studied; 4 — video materials for studying the topic.
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The result of entering the name of the corresponding object under study in the field
"Input”, which is used to enter the studied words or letters, is shown in Fig. 11 (here shows the
result of the program when entering the word "snail" in Ukrainian).

Poboma knonku nowtyky kapmunku abo cnoea

[

|
O wm

Fig. 11. The result of the data entry in the record field "Input™ (the word "snail" was entered).

Conclusion

An application program for the development of children with special needs has been de-
veloped. For its implementation, the best and most effective method for presenting information
to children (i.e., games) has been chosen.

The application for improving the development of children with autism contains games
that use the technique of visual presentation of cards with accompanying information. Voice
command recognition was used to check the learning outcomes, which improves its results.
The game used a webcam to improve motor activity and memorize the letters of the alphabet,
the use of which allows the child to better remember the letters of the alphabet and improve
their mobility in the game mode. In the implementation of games (in particular, in the language
of signs), along with images of pictures, audio and video materials were also used.

In implementing the work, some methodologies used in applications in the field of artifi-
cial intelligence were used. In particular, the methods of expert systems are used in games to
improve the memory of a child and the development of children with autism, as well as com-
puter vision is used in the game to recognize images by the position of key points of the human
body.

The created program can be used by both parents and educators of children’s institutions.
Its use can be useful not only for the development of children with special needs, but also to
increase the individual abilities of children without such needs.
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ITPOBA IIPOT'PAMA J1JI51 PO3BUTKY JITEM 3 OCOBJIMBUMMU IIOTPEBAMU
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BukopucroByroudn MoOBH mporpamysanus Python, JavaScript, HTML ta CSS, B kpoc-

wiarOpMHOMY cepefioBHII po3pobku PyCharm cTBopeHo 0[aTok y B BeG-calTy s
MOKPAIIEHHS! PO3BUTKY AiTeH 3 OCOONMBHMH HOTpeOaMy, HacaMmIepen — IiTed 3 ayTH3MOM Ta
BajlaMu ciyxy. Jlo1s pearizarii isoro 3aBIaHHs 0OpaHO HaWKpamuii Ta Haifie(hEeKTHBHIIINN METON
mofaHHs iHMopMaIil I JiTel — rpa.

[Ipu po3pobui MmOTpiOHMX i PO3BUTKY IUTHHH irop OymM BHKOPUCTaHI SK OCTaHHI
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JIOCSTHEHHSI MeJaroriyHol Ta IICHXOJIOTIYHOI HayK, TaK I MOMJIMBOCTI CydacHOI KOMII IOTEpHOI
TexXHIKH. B pesynbrari, CTBOpEHUI JONATOK MICTUTD IrpH AEKUIBKOX Pi3HUX THIIB. 30Kpema, Uit
PO3BUTKY AiTel 3 IpodiieMaMy ayTH3My CTBOpEHaA I'pa, PIillleHHS B Kil MPUIMAIOTHCS Ha OCHOBI
BUKOPHUCTAHHS €KCIIEPTHUX 3HaHb, a HaBYAHHS AUTHHHU TYT 3IIHCHIOETHCS uepe3 Bizyasi3amilo
BIAMOBIAHUX KapTOK 3 300pakeHHAMHU. s 1iTell 3 TOPYLICHHSAMH CIyXy MOXe OyTu
BUKOPHUCTaHUI Habip irop 3 3amaM’STOBYBaHHSM MOBH JECTiB uepe3 Meperisa Bifeo, sKi
KIacu(iKyIOThCS 3a TEMaMH, a TAaKOXK Yepe3 MOIIYK CIiB 4 JIiTep aidasiTy, 110 BUBIAIOTHCS, 3 1X
NPEICTABICHHAM LUIIXOM IOKa3y BiJMOBIIHUX KapTMHOK. B OCHOBY rpu, B sKiii BMBYaIOThCS
miTepu andasiTy, MOKIaAeHa iNeHTH(IKamid KIIOYOBUX TOUOK Tia AWTHHHM, IO BiIIOBIIAIOTH
KOHKPETHIH 1031, sIKy BOHa IPUHMAaE IPH CBOEMY PYCi; 3 KOXKHOIO 3 TaKHX 1103 IOB’si3aHa IIEBHA
mitepa aberku. Taka rpa nomoMarae MOKPAIIUTH SK KOOPAMHAIIIO PYXiB, TaKk i PO3yMOBY
AKTUBHICTD AUTHHH.

INepeBipka BUBUCHOTO Ta IOKpALICHHS PE3yJIbTaTy HAaBYAHHS JOCSTA€THCS 3 BUKOPHCTaHHIM
TEXHOJIOT1H pO3Mi3HAaBaHHS TOJOCY.

[Ipu cTBOpeHHI AOmaTKy Ta Uil opraHizamii Horo poOOTH 3aCTOCOBaHI AEAKI MiIXOIH, IO
BUKOPUCTOBYIOTBCS B CHCTEMaX IITYYHOTO IHTEIEKTy. 30KpeMa, BHUKOPHCTOBYIOTbCS EKCIEPTHI
3HaHHA Ta pO3Mi3HaBaHHA O0Opa3iB Ha OCHOBI KOMI'IOTEPHOTO 30py, @ TaKOXK TEXHOJOTii
po3mi3HaBaHHA ronocy. ba3su maHWX Ta 3HaHb, HEOOXimHI A poOOTH MpPOrpaMH, CTBOPEHI B
JavaScript, a ynpaBmiHHA IIMMH JOAATKaMHU Peaji3yeTbes 3a AOMOMOTOI0 ¢peiiMBopky Django.
[Ipu cBoiit pobOTI mporpama TakoK BHKOPHCTOBYE MOKIUBOCTI CICIiali30BaHUX KOMII'TOTEPHUX
6i6mioTek, y Tomy umciti PoseNet (MeTomy KoMIT'IOTEpHOTO OadeHHs, SIKUil J03BOJISIE OL[IHIOBATH
¢irypu smoneil Ha 300paXeHHSX Ta BiJie0 | BH3HAYae, € 3HAXOMATHCS KIIFOYOBI TOYKH Tija
nronuHK) Ta pS.js (6i6miorexu JavaScript i3 0COONMBUM aKIEHTOM Ha 00poOIl 300paXkeHb, sKa
HaJla€ KOPHCTyBauy HaOip (yHKIIH A7 MalroBaHHS Ta J03BOJISE CTBOPUTH BEIUKY KUTBKICTh
BapiaHTIiB BimoOpaxeHHs iH(popManii — BiJ CTaTHYHHX 300pa)keHb I OPYKY 10 aHIMOBaHHX
cXeM Ta BeO-(popmary).

CTBOpeHHUil 3aCTOCYHOK MOXe OyTH BHKOPHCTAaHHU JJISI PO3BUTKY AIiTEH SK 3 OCOONMBUMH
morpedaMu, Tak i 6e3 TakuX.

Knrouosi cnosa: JavaScript, PoseNet, p5.js, Django, Be6-10o1aTok, KOMIT FOTEpHI irpy.

Cmamms: nadituina 0o pedaxyii  06.04.2021,
doonpayvosana  20.04.2021,
nputinama oo opyxy  22.04.2021



