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EDUCATIONAL TRAINING SIMULATOR FOR MONITORING READING

TECHNIQUE AND SPEED BASED ON SPEECH-TO-TEXT (STT) METHODS

Abstract. The work is devoted to a relevant issue — gamification of the educational process of
primary school students with the use of digital mobile devices using the example of educational
trainer developed to control the technique and speed of reading. The practical novelty of the study
lies in its potential to optimize the process of controlling reading techniques for children with various
speech disorders, such as lisping, rhotacismus, and dyslalia, which remains an unsolved problem for
existing computer linguistic models. The practical significance lies in the fact that the use of
information and communication technologies and gamification of the learning process motivates to
gain knowledge and encourages learning not only due to the game strategy, but also due to the fact
that the child receives approval and the opportunity to perform the task again so to improve skills.
The proposed and tested trainer for monitoring the technique and speed of reading of primary school
students for a mobile digital device recognizes the child’s voice with high accuracy (up to 94.84%),
detects misread words and counts the number of words read in the given time period. The
architecture of the proposed system consists of the following modules: preparation module, which
ensures the correct functioning of the system regardless of the existing speech disorders; the speech-
to-text converter directly converts the voice of the child reading the text on the gadget screen into
text; The text comparison module is responsible for comparing the text read aloud with the text
obtained as a result of conversion. The results of testing children with lisping and rhotacismus
problems showed that the Jaro algorithm has a slightly higher accuracy of comparing two texts (by
an average of 1.14%), and, at the same time, a shorter comparison time for large text arrays (by
39%). The results of testing children with dyslalia, meaning the rearrangement of sounds in words
when reading, also showed that the Jaro algorithm has a shorter line comparison time for large text
arrays (by 7%). The reduced operation time in methods for comparing texts in dyslalia cases is
attributed to the absence of text array variations, with evaluations solely focusing on potential
permutations of sounds.

Keywords: computer game; reading technique; mobile devices; editorial distance; speech-to-text.

1. INTRODUCTION
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The problem statement. Modern conditions of the education system require teachers to
possess qualities such as mobility, creativity, practical orientation, and others. However,
perhaps in the age of digitalization, one of the necessary conditions for successful pedagogical
activity is a high level of information culture. One of the trends in education is to encourage the
allowance for mistakes. Therefore, it is crucial in the application not to highlight task failures,
whether through character dialogues or sounds, and instead provide opportunities for hints or
explanations. It is also important for development to be able to replay the level to correct
mistakes.

Thus, the use of a computer program increases motivation not only due to the game
strategy on which the program is based, but also because the child receives approval and praise
not only from adults, but also from the computer [1].

Game classifications

Goals and genre Realization Platforms
skill based real time PC
gambling finite or endless consoles
: random chase or . N
logic Admte mobile devices
educational singleplayer o
multiplayer
variable difficulty

Figure 1. The place of educational games on mobile devices in the general classification of
games

A modern smartphone or tablet can completely replace all the functionality of home
computers. In this regard, the development of educational applications is becoming relevant not
so much for personal computers but for mobile devices (Figure 1) [2], [3]. It should be noted
that both specially designed apps and web-based implementations can operate on mobile
devices.

Analysis of recent studies and publications. Digital learning is an educational practice
that helps students and yields tangible results [4] — [8]. The use of information and
communication technologies has become an obligatory part of the educational process. Making
learning interesting is facilitated by such a development as gamification — the use of gaming
rules and approaches to achieve educational goals [9]. In other words, boring tasks become
interesting, presented material becomes desirable, and complex becomes simple. Trends in the
development and prospects for the growth of the mobile gaming market are shown in Figure 2.

However, the complete reliance on interactive educational materials is not acceptable,
as/since gaming platforms have disadvantages highlighted by psychologists:

— lack of communication and social aspects of learning, such as information exchange

and emotional involvement in the process;
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— insufficient level of control in terms of discipline.

To prevent negative consequences, it is necessary to combine gamification techniques
with classical methods. Gamification should not play the main role but rather serve to motivate
students to gain knowledge [10], [11].

The statistics shown in Figure 2 confirm that the development of mobile games is now in
its most active phase, which confirms the relevance of research and improvement of methods
used in a number of educational applications for mobile devices. The mobile gaming market
size is expected to grow from $141.71 billion in 2023 to $300.47 billion.USD by 2028 at a
CAGR of 16.22% during the forecast period (2023-2028).
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Figure 2. Trends and Growth Prospects of the Mobile Gaming Market

The diagram is provided to show the place and demand for educational games on mobile
devices, as a justification for the relevance of the work performed.

When developing interfaces for children’s gaming applications, one may encounter the
following general recommendations: a straightforward interface, vivid graphics, sound
accompaniment for every action within the game, the ability to replay levels [12] (see Figure
3).
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Straightforward and simple rules

Visualization of processes

Gamification guidlines for 1

elementary schools J Simple actions and algorithms

Lack of competition and punishments

Duration is determined by the
difficulty

Figure 3. Gamification rules for primary school

The most important advice is to focus on the age and characteristics of the child’s
development during this period [13], [14]. First of all, you need to ask yourself the following
questions: whether the user can read, whether he can play the game on his own, whether parents
should perform tasks with him. Developers of children’s games believe that users play the app
the same way they interact with the world around them. In the outside world, there is a reaction
to any of our actions, for example, a sound or the movement of other objects. And in the game,
the child will wait for the program’s reaction to his actions. Therefore, it is better to accompany
the entire game with sounds, ensuring that even button presses produce a notifying sound.

The research goal. The objective of this work is to develop an educational training
simulator for monitoring the reading technique and speed of elementary school students on a
mobile digital device. To achieve this goal, the following tasks must be addressed:

— analysis of requirements and principles for creating a mobile game for children, taking
into account the age-specific characteristics of the target audience;

— development of a model for an automated reading technique monitoring system for
young school-aged children;

— investigation of Speech-to-Text (STT) services based on criteria such as accessibility,
dependency on internet connectivity, and computational resource requirements;

— study of methods for determining string similarity based on character-level comparison;

— analysis of the obtained results.

The research object is an educational application for mobile devices that can be used
during the educational process of elementary school students to monitor reading technique and
speed. The research subject is the STT methods applied to analyze the text read by the child.

The proposed educational game should recognize the child’s voice, accurately detect
incorrectly read words, and accurately count the number of words read within the allotted time
frame.

2. RESEARCH TASK RATIONALE

Reading is a key position of successful learning for any student. Experiments conducted
in recent years have shown that speed reading activates thinking processes and is one of the
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means of improving the educational process for different levels of education, from primary to
high school.

Optimal reading is at the speed of spoken language, that is, at a pace of 120 to 150 words
per minute. That is the speed that the human articulatory apparatus has adapted to over many
centuries, it is at this speed that a better understanding of the text is achieved.

Every day, new manuals, games, and recommendations emerge, which eventually lead to
the achievement of the goal — a child begins to read. Next, it is necessary to teach the child to
read quickly, expressively, and with a good comprehension of the text, thus developing "reading
technique".

During the reading technique test, the following are evaluated:

— reading speed — the number of characters a child can read per minute;

— reading method — whether the child reads words syllabically or as whole units, smoothly;

— accuracy — the absence of errors and hesitations made by the child while reading;

— comprehension — the ability to understand the meaning and idea of what has been read;

— expressiveness — the skill to correctly place emphasis, follow intonation, and maintain
pauses during reading.

Analyzing the listed criteria, we can say that the reading technique test is based on the
assessment of two components: content and technique. Meaning, the technical side — tempo,
expressiveness, correctness — is subordinated to the content, that is, the ability to understand the
meaning of the text.

Thus, the application under development is a training simulator to improve technigue and
reading speed.

Al methods and technologies for speech-to-text (STT) and text-to-speech (TTS)
conversion are essential for creating effective, accessible, and inclusive educational simulators
not only for monitoring and training reading skills but also for gamifying the learning process
in general, because they:

— promote personalized learning, increasing interaction and engagement among children;

— provide support for children with special educational needs;

— enhance the efficiency of the learning process and contribute to the development of
technical and communication skills.

These technologies make them indispensable tools in modern education.

Integration of voice commands and feedback makes educational simulators more game-
like (gamification of the learning process), helping children better absorb material in an
environment they perceive as entertainment.

The use of Al methods and STT and TTS technologies [15], [16] allows for the adaptation
of content and teaching methods, ensuring the optimal development of technical skills and
reading speed. This includes adapting educational content to the linguistic characteristics of the
child, which is crucial for children with different accents, dialects, or speech impairments.

Computational and artificial intelligence methods, which utilize artificial linguistic
models, are actively used in modern educational applications and simulators. They are adapted
for the needs of people of different ages as well as for the tasks set before the application. These
range from learning foreign languages [17], virtual training avatars for gaining experience in
interviewing children subjected to abuse [18], controlling the impact of Al methods on critical
thinking skills [19], language competence skill enhancement simulators for learning foreign
languages [20], in systems of testing and monitoring students’ knowledge, which are part of
LMS [21] and others.

Among the reviewed applications available on the Ukrainian market and designed to
improve the speed and technique of reading, the following were considered: Readlax, Speed
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Reading — Brain Development, Reedy — Intelligent reader, Reading Trainer, Balto Speed
Reading (Table 1).

Readlax is an app for people who want to read faster and with the better comprehension.
Readlax is an online brain workout for speed reading. The main goal is to help you gain
knowledge faster, improve your reading speed and improve your reading speed and
comprehension.

Readlax has developed two products: speed reading games and a chrome extension with
integration of Google Books, Scribd, and Kindle Cloud Reader.

The developers of the Speed Reading — Brain Development app have combined training
exercises with the ability to read books directly in the app. All workouts are divided into blocks
and levels. The advantage of the application is its training course. It will include blocks for
memorization, expansion of the visual window, training of the point of concentration and
reading speed.

In Reading Trainer, there are built-in games that are aimed at training quick recognition
of numbers, letters, and words; the user can train free eye movement; increase the ability to
concentrate and expand visual range. The developers have built personal user statistics into the
app, where you can evaluate your own progress.

The English-language Balto Speed Reading application implements the functionality of
a trainer and a reader of all formats. At its core, this is a reader with advanced functionality for
training speed reading.

Table 1

Comparative analysis of existing analogues

Application Advantages Disadvantages

- 7-day trial period - subscription cost after the trial

- exercises are designed in the form of short games period is $9.99 USD per month
with gamification integration (points, | - there is no player rating
achievements, badges)

- the Chrome extension has integration with
Google Books, Scribd, Kindle Cloud Reader

- the ability to choose difficulty levels

Readlax

- training in different languages

- itis possible to upload your own text for training
- speed testing and progress monitoring

- simplicity and accessibility of the interface

- free access - lack of player rating

Speed Reading - the ability to train using books from your own | - itisnot possible to choose your
— Brain library level

Development - training available in books of any language

- variety of exercises

- the ability to track your own progress - paid access
Reading Trainer | - available in 10 languages - unintuitive and overloaded
interface

- lack of Ukrainian language

Balto Speed - manual navigation of the e-reader - lack of Ukrainian language
Reading

- primitive interface
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the ability to load a large number of formats and | - all reading control options are
web pages available with the purchase of

intelligent division into paragraphs for ease of the paid version

reading

After reviewing the available applications, we can conclude that none of them analyze
reading technique, reading attentiveness and speed in the early stages, when the child is just
learning to read, instead, they are aimed at improving acquired skills. This once again confirms
the relevance of the topic of the research and the study of voice analysis methods.

To test reading technique, texts used should meet several requirements:

— they should be unfamiliar to the child yet age-appropriate and not too complicated;

sentences should be short and free from dialogues or excessive punctuation;
texts without pictures are preferable;

font size should be large enough for easy readability;

the text should not be divided across two pages.

Of course, the reading technique should not be tested using the instructions for household
appliances or technical manual. The best option is short stories about nature, animals, and
seasons. According to the requirements of the elementary school student academic achievement
monitoring and assessment system, by the end of the first semester, students are expected to
read the following number of words per minute: 2nd grade — 35-45 words per minute, 3rd grade
— 65-70 words, 4th grade — 80-85 words.

During the development of the proposed reading technology control system architecture,
the selection of the platform for further development and the software services available for
said platform were justified. Comparing the characteristics of mobile operating systems
Android, i0OS (Apple), Windows Mobile (Microsoft), HarmonyOS (Huawei), and KaiOS is
beneficial for determining user needs and is based on statistical indicators of market penetration
internationally and in the European market [22], [23]. Android is the world’s largest operating
system for mobile devices, supported by numerous data sources confirming its dominance. i0OS
holds the second position, although the difference in market share is notably significant.
Android’s market share exceeds 70%, while i0S holds the second position with nearly 25% of
the market share.

Based on the comparative analysis of Android, i0OS, Windows Mobile, HarmonyOS and
KaiOS mobile operating systems according to various criteria, the development will be adapted
to the Android mobile operating system, as Android is an incredibly versatile platform that
works on smartphones, tablets and a variety of embedded devices such as smartwatches and
Internet of Things devices.

3. THE RESULTS AND DISCUSSION

During the development of architecture for the proposed reading technique control
system, it was important to take into account not only speed, but also other criteria, such as the
correctness of the text read. All errors made must be documented and analyzed during the
process of correcting reading skills. Based on this, the following architecture is proposed, which
consists of modules (Figure 4):

— preparation module, which ensures the correct functioning of the system, regardless of
the existing speech disorders;

— speech-to-text converter directly converts the voice of the child reading the text on the
screen into text;
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— the text comparison module is responsible for comparing the text read aloud with the
text obtained in the conversion result.

The described architecture is universal, suitable for different platforms, the difference lies
in the internal organization and software used for a particular platform.

text for detecting

speech disorders timer control text
detected
speech recognized
voice { _ disorders fext the number of words
| Preparatwn TeXt correctly rvead during
'l||'||"|| —_— STT Engine Comparison
t Module Module the time period

Figure 4. Architecture of the proposed system — simulator training simulator for control of
technique and reading speed

When examining the functionality of the first module in more detail, it is worth noting
which specific speech impairments are identified at this stage (see Table 2). The tasks selected
at this stage aim to detect the accuracy of pronunciation of individual sounds. The necessity of
identifying speech impairments before using the application arises from the fact that speech-to-
text (STT) systems may have limited adaptability to various types of speech impairments.
Enhancing the effectiveness of STT can be achieved through prior adaptation to specific types
of speech impairments (such as stuttering, aphasia, dyslalia, background noise).

Immediately prior to assessing reading speed, the presence of pronunciation defects is
examined using a series of examples presented sequentially on the screen.

Moving to the second stage — speech-to-text conversion, it is advisable to explore existing
software services and their peculiarities, focusing specifically on their utilization on Android
devices.

Table 2
Types of violations that are determined at the first stage (preparatory)

Is it fixed at the
Type of violation Manifestation of the violation preparatory
stage?

problems with the clarity and accuracy of pronunciation of | yes
sounds (lisping, rhotacism)
sound errors or incorrect arrangement of sounds in words; | yes

Avrticulatory disorders

Dyslalia (dyslexia)

slow motion
. speech that is too fast, which can affect clarity and no
Tachylalia .
comprehension
. interruptions in the rhythm and fluence of speech, such as no
Stammering

repetitions, delays, or blocks

Let’s highlight the following criteria for comparing STT services (Figure 5):
— access mode — online or offline;

— working principle — real-time speech-to-text or batch speech-to-text (streaming
speech recognition and batch speech recognition).

Streaming Speech Recognition is used for real-time speech recognition, where text is
transmitted to the server in parts, gradually, as the audio arrives. This approach allows you to
get recognition results almost instantaneously, which is useful for applications such as voice
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assistants, recognition of control commands, and other scenarios where processing speed is
important.

Service type

Access mode Working principle
salfizz Real-time streap}ing speech
recognition
/ STT Engine \

[ Start Speech Recording

Output

STT Core

text Start Streaming Speech
dala Recognition
f
Stop Speech Recording

! Config data

STT services for mobile

operating systems Output Text File
> Uploading
Input voice Output text

Cloud STT Server

offline

/ STT Processor \

Batch speech recognition ’
Start Speech Recording b
Stop Speech Recording ]
Input Output
voice rext
data Store Uploaded Audio File
d Start Speech Recognition
Output Text File Uploading

Figure 5. Overview of STT mobile platform services

—

Offline Vocabulary

——

Batch Speech Recognition is used to process audio files or large amounts of data in batch
mode. Here, the audio files are completely transferred to the recognition system, and the results
are obtained after the processing of the entire file is complete. This can be effective for large
tasks or analyzing an audio archive, but it’s not as effective for real-time.

Based on the system’s requirements for the possibility of use in the absence of an Internet
connection, an offline voice-to-text conversion approach was chosen, based on a batch voice-
to-text conversion approach.

The last module is the Text Comparison Module, designed to perform character-by-
character comparison of two texts while ensuring the precise consideration of word and
character order. This task is closely related to substring search and textual similarity
determination, crucial in information retrieval, document clustering, disambiguation, machine
translation, and text summarization tasks, where measuring similarity between words,
sentences, paragraphs, and documents is paramount.

There are many algorithms for determining string similarity — character-based and term-
based. Examples of string similarity algorithms based on character-by-character comparison
are:
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Longest Common Substring (LCS) — the algorithm of the longest common substring,
takes into account the maximum length of a continuous chain of characters that exist in
both lines;

Levenshtein distance — determines the distance between two lines by calculating the
minimum number of operations (insertion, deletion or replacement of one character or
moving two adjacent characters) required to convert one line to another;

the Damerau-Levenshtein distance is an extension of the Levenshtein distance, which
further takes into account the transposition operation (permutation of two symbols);
the Jaccard similarity index is used for sets of characters and defines the common part
of characters in two texts. The similarity coefficient is calculated as the number of
characters in common divided by the total number of unique characters in the two texts;
Jaro similarity is calculated based on the number of characters shared and the number of
transpositions between characters. This method is often used to compare texts that may
contain errors or typos;

the Needleman-Wunsch and Smith-Waterman algorithms are designed to compare
biological sequences, but are successfully used to compare text strings by treating each
string as a sequence of characters and creating a matrix in which the rows and columns
correspond to the characters in your text to further populate the matrix, capturing
matches and non-matches when comparing characters.

Table 3
Comparison Table of Levenstein and Jaraud Algorithms
Types of
Operations for
Algorithm Advantages Disadvantages Calculating
Editorial
Distance
- takes into account editing, | - doesn’t always reflect | - remove
insertion, and deletion of similarity well, unless the .
. TR - insert
characters, allowing you to number of edits is critical
Levenshtein geger;r;;)nnes ﬂr]: Si):igt Pourzgi:/ec;]: - requires computing " replecement
P q resources, especially for

one text to another longer texts

- it can be useful if the number of
edits is important to determine
the similarity of texts

- takes into account the difference | - may be less sensitive to | - permutation

Jaro Similarity

in character order and gives
weight to the similarity of the
sequence sought

takes into account the scalability
of the length of texts, while less
depends on the specific size of
the text

insertions and deletions, so it
may not identify them as
clearly

By analyzing the existing algorithms of Levenshtein, Damerau-Levenshtein, Jaccard, and
Jaro based on criteria such as the accuracy of comparing two texts, execution time, performance
on large texts, performance on small texts, handling different languages, types of operations for
calculating edit distance (including deletion, insertion, substitution, transposition), and the
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specificity of the existing task, the decision was made to investigate the methods of Levenshtein
and Jaro (see Table 3).

Start

no yes

Load the map of
detected speech
disorders (SD)

Speech disorders

Load input text were detected?

Load transcribed text )
Load input text

Formation of input
text with variable
pronunciations of
words for different
types of SD

Calculate text similarity

Load transcribed text

A report with the number of
words read correctly

End

Figure 6. Algorithm of the system at the stage of comparison of text arrays

The general operational algorithm of the system, following the detection of speech
impairments and the conversion of a child’s voice reading the provided text, is structured as
follows: upon identifying speech impairments, a map of these impairments is constructed, upon
which variations of input text are formulated, taking into account various possible
pronunciations of words. Subsequently, text comparisons are conducted. If no impairments are
detected, the transcribed text is compared with the input. However, if impairments are
identified, the transcribed text is compared with texts formulated considering the identified
impairments (see Figure 6).

For the user, the system looks as follows: after adjusting the system to his voice and fixing
the existing pronunciation defects or their absence, the user must enter the class in which the
child studies to download the text of the appropriate complexity, click the "Start voice
recording™ button and start reading the text on the screen. After 1 minute, the child will be
informed with an appropriate sound signal. After clicking on the "End Voice Recording" button,
the page with the displayed text will be reloaded and the user will see a report with the number
of correctly read words per minute and a list of words that were read incorrectly.

The evaluation of the methods used at the stage of converting voice to text was based on
a comparison of the two approaches described above — online STT service (Google Cloud
Speech API) and offline STT service (Android Speech to Text API (Speech Recognizer class).
The results are shown in Table 4.
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Analysis of the results showed that the use of the free service Android Speech to Text

API (Speech Recognizer class) allows you to use the proposed system quite accurately with
small time delays.

Table 4

Study of STT services according to the criteria of voice-to-text conversion speed, cost of
use, requirements for computing resources, the need for Internet connection

Online STT service Offline STT service
Google Cloud Speech-to-Text Android Speech-to-Text
Voice-to-text speed almost !nstantaneously, depends on the delay up to 36 seconds
quality of the Internet connection
no prior up to 87.6% up to 81.9%
Voice Recognition | training
Accuracy with prior up to 96.7% up to 92.3%
training
Cost of using the service $0.009 per 15 seconds of audio free
. has no requirements for the computing from 5 MB per record of
Compute Resource Requirements : :
resources of a mobile device read text

The evaluation of methods employed during the stage of comparing text arrays was
conducted across user categories with various speech impairments. The first category of
children exhibited difficulties with lisping and rhotacism, while the second category of users
experienced dyslexia-related issues, specifically involving sound permutation in words during
reading. Consequently, the research results are presented in two independent tables.

The findings, outlined in Table 5, indicate that the Jaro algorithm demonstrates a slightly
higher accuracy in comparing two texts (on average by 1.14%), while also exhibiting shorter
comparison times for large text arrays (by 39%).

Table 5

Results of comparison of Levenstein and Jaro methods for a group of users who have
problems with lisping and rhotacism

T —r L i
TEXT B (89 words) JLa?clnenShtem 9921.635(Z;> 22'.4993S
T — o

The average accuracy of comparing two texts was calculated for all variants of texts
generated based on the original text for specific speech disorders.

Sensitivity to permutations refers to the percentage of correctly identified permutations
out of a total of 100%. Thus, if a child is diagnosed with dyslalia, the Jaro method helps assess
words where sound permutations were detected during reading as correctly pronounced,
highlighting the identified problematic words in a different color in the output of the child’s test
results.

The results presented in Table 6 demonstrate that the Jaro method is capable of detecting
sound permutations characteristic of children with dyslalia, significantly expediting text
comparisons and enabling the identification of problematic words for the child, which
constitutes a key advantage of this algorithm.
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Table 6

Results of a comparison of the Loewenstein and Jaraud methods for a group of users
who have problems with dyslalia

Average Mean Time to Compare Sensitivity to
Text Algorithm Comparison | Two Texts When Dyslalia Is ermutatiyons
Accuracy Detected P
Levenshtein 91,3 % 1.47s -
TEXT A (60 words) 771 92,5 % 125 93%
Levenshtein 90,15 % 1.75s -
TEXTB (89 words) 77 90,7 % 165 92,4%
TEXT C (135 Levenshtein 86,3 % 2.1s -
words) Jaro 85,9 % 1.95s 91,8%

For the second experiment, it is shown that the Jaro algorithm also has a shorter
comparison time for large text arrays (by 7%). The total time of operation of methods for
comparing texts when dyslalia is detected in a child is due to the fact that in this violation
variants of text arrays are not generated, but only possible permutations of sounds are evaluated.

The dependence of the time of text comparison on the size of the text using
the Levenshtein and Jaro methods for children with lisping and rhotacism
(LR), as well as with dyslalia (D)

—

3.500

3.000

2.500

2.000

1.500

Time of comparison, s

1.000

—___——

60

e | R Levenshtein

89 135

The number of words in the text

e |_R Jaro

D Levenshtein

Figure 7. Analysis of the results obtained

) Jaro

Therefore, as a general conclusion, it can be stated that for short texts in the absence of
speech disorders in children, or in cases of detected lisping and rhotacism, the Levenshtein
method is preferable (Figure 7). In all other instances, the method of comparing texts by Jaro
should be chosen.

The developed Clean Reading system has a simple interface understandable for children
(Figure 8). The first step is to identify the child’s speech defects by reading control words or
texts. To start working with the child’s voice, it is necessary to provide access to the
microphone, after which the user can start direct testing. The user can choose the next action in
the left menu (Figure 8a). The progress of recording the child’s voice is displayed in the form
of a microphone and a timeline, which is calculated for 1 minute of text reading (Figure 8b).
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XToCh 3ary6ue ManeHbkoro 6y6nuka.
Mepuwow nobaunna Horo XosTorpyaa
CUHULA.

[sbobHyna 3Haxifky pas, sopyre i
PO34apoBaHO NUCKHY1a — OYBnK GyB
TBERAWIA, AK KaMIiHb.
Mianetinvw aBa ropobui. | Tex He
3MOFNK CKYLUTYBATU
3a nrawkamu ia camol BepxisKH
rpyGesHoil Bepou crnocTepiras
cTapuii rpak. OTox BiH NOBINbHO
aneTiB Ha 3eMno. [opobui W CHHWLL
BIACTYNUANCA NEPES CUABHIWNUM i
OBpAXEHO 3aneMeHTYBanu.
[pak HaBiTb OKOM He 3MOPrHYB
Ha naiky ApiGHOTH. BiH ainosuto
nigidwos no 6y6nvka i 43606HYB
Woro. MpoTe Horo AOBrUi | MiLHKWIA
A3b06 ByG/MKa TEX HE PO3KOSOB.
Mpak Tpoxu nogymas, Toal 3NeTiB Ha
napkaH, NocKAiB TaMm i3 XBUAUHY i
3HOB OMYCTUBCH A0 Nacol sHaxigKK
BaAp 6yonuKa y A3bo6 | KMHYB ¥
HarBnvKk4y Kantoxy. Moxoave,

1B o6path rexer
B crammermka

£ Hanawrysanen

OYIKYHOUY, MOKKN BYBNNK HabpskHe y
BOAI, i, KONV TOM Nom'Akwae, 318 Moro
3 aneTUTOM.

FopobLi Bif 3AMBYBaHHA a OHIMINK.

MPaK BaXKo 3MaxHYB BEMUKI
KpyUnamMu, cnvucae ayry Hajp Ka.
| ONYCTUBCH Ha CBOE 3BUYHE M

XTOCh 3aryGus ManeHsKoro 6yBnuka
Mepluotc nobaunna WOra XKOBTOrpyAa

CUHULA.
[NabobHyna aHaxigky pas, eapyre i
po34apoBaHoO NUCKHYNa — BYBNUK GyB
TBEPAVIA, AK KamiHb.
MNignetinu nBa ropobui. | Tex He
3MOTNIM CKYLITYBATH
3a nTawkKamu i3 camoi Bepxisku
rpyGeaHol Bepod cnocTepiras
CTapWiA rpak. 0T BIH NOBIbHO
3M1ETIE Ha 3emM1H0. [OpoBL I CHHML
BiACTYMUINECA NEPe CHMbHIWLWM | 82
oBpaxeHo 3anemMeHTyBanM.

TeiiA pesynbTat:

[pak HaBiTb OKOM HE 3MOPrHyB CNOBa 33 XBUHHY
Ha naiky ApiEHoTH. BiH ginosuTo
nipiiwos no 6yénuka i A3b06HYs
Aoro. MpoTe horo AOBrUA | MILIHWIA

306 BYGNHKA TEX HE PO3KONOB.
[pak TpCXW NoAyMaB, TOAi 3NeTiB Ha
napKaH, NOCKAIB TaM i3 XBUNKHY |
3HOB ONYCTUBCA A0 N1aCoi 3HAXIAKN
BaAg Gy6nuka y A3bo6 i KNHYB ¥
HanBnvmuy Kanowy. Noxoaue,
OuIKYIO4H, NOKKM ByBNUK HaBpakHe y
BOAI, i, KaNW TOW NnoM'AKLLIAE, 378 oro
2 aneTUToM
TopoGy Big, 3AMBYBAHHA a3 Of .

TpaK BaKo 3MaxHYB BeNUKMM

c) d)

Figure 8. User interface: a) next action selection menu, b) the process of testing a child’s
voice recording, ¢) analysis of the correctness of the words read, d) the number of words read
per minute

The control words are generated differently each time. They are specific, recommended
to identify problems with the pronunciation of certain sounds, which are often inherent in
children of younger grades. For example, the sounds [p], [p'], [1], [I'], [sh], [s]. [S], etc.

The last step is the analysis of the read text and the calculation of the result — the number
of correctly and incorrectly read words (Figure 8c).

The results of the test are stored for the formation of statistics and the progress of
improving the technique and reading speed (Figure 8d).

4. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

Within the scope of this work, a simulator for an educational training tool was developed
to monitor the technique and reading speed of elementary school students for a mobile digital
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device. The proposed educational game incorporates voice recognition technology with a high
level of accuracy (up to 94.84%), identifying incorrectly read words and calculating the number
of words read within a specified time frame.

The architecture of the proposed reading technique control system consists of the
following modules:

— preparation module, which ensures the correct functioning of the system, regardless of
the existing speech disorders;

— speech-to-text converter directly converts the voice of the child reading the text on the
screen into text;

— the text comparison module is responsible for comparing the text read aloud with the
text obtained in the conversion result.

In order to achieve the set objectives, an analysis of the requirements and principles for
creating a mobile game for children was conducted, taking into account the age-specific
characteristics of the target audience and potential speech impairments (articulation disorders,
dyslalia, tachylalia, stuttering). The architecture of the proposed system was developed,
services of Speech-to-Text (STT) were explored based on criteria such as accessibility,
dependency on Internet connectivity, and computational resource requirements. Methods of
STT for analyzing the accuracy of text read by a child were investigated by determining the
similarity of strings through character-by-character comparison, specifically utilizing the
Levenshtein and Jaro methods.

The evaluation of methods employed during the comparison of text arrays was conducted
across user categories exhibiting diverse speech impairments. The first category comprised
children experiencing lisping and rhotacism issues. The second category encompassed users
with dyslexia, particularly concerning sound rearrangement within words during reading.
Therefore, the analysis of research findings is segmented into two distinct conclusions:

— during the testing of children with lisping and rhotacism issues, it was observed that the
Jaro algorithm exhibits slightly higher accuracy in comparing two texts (on average by
1.14%) and, concurrently, requires less time for comparison with large text arrays (by
39%);

— during the testing of children with dyslalia issues, particularly in terms of sound
rearrangement in words during reading, it was also found that the Jaro algorithm exhibits
a shorter comparison time for large-scale text arrays (by 7%). The reduced operational
time of text comparison methods in detecting dyslalia in children is explained by the fact
that this disorder does not generate variations of text arrays, but only evaluates possible
sound permutations.

Therefore, as a general conclusion, it can be stated that for short texts in the absence of
speech disorders in a child, or in cases of detecting lisping and rhotacism, the preferable choice
is the Levenshtein method (Figure 7). In all other instances, the method of text comparison by
Jaro should be selected.

The prospects for further research in this work involve further improvement of machine
learning algorithms aimed at understanding different accents and dialects, not just the speaker’s
speech impairments. The personalization and adaptability of intelligent models will be
expanded by incorporating multimodal data learning, leading to improved training modules,
relevant feedback, and adjustment of exercise difficulty based on user performance.

The simulator’s functionality is planned to be expanded with modules for mentoring
control, collaborative learning, and social features, where peers can be involved in collaborative
learning, group projects, and discussion forums.
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AnoTanisg. PoOoTy mpHCBSUEHO aKTyalbHOMY TMHTaHHIO — TeiMigikarlii HaBYaIEHOTO MPOIECY
MIKOJISIPIB MOJIOJIINX KJIACiB i3 3aCTOCYBaHHSIM LU(PPOBUX MOOUIBHUX MPUCTPOIB Ha MPHKIAI
PO3pOOKH CHMYJISITOpa HABYAIBHOTO TPeHa)kepa JIsi KOHTPOJIIO TEXHIKM Ta MIBUAKOCTI YHTAHHS.
[TpakTHyHa HOBM3HA JIOCII/DKEHHS IIOJSITa€ B MOXKJIMBOCTI ONTHMI3yBaTH IPOLEC KOHTPOIIIO
TEXHIKM YMTaHHS JiTeHd 3 PI3HMMH BaJaMH MOBJICHHs, a caMe — JICHIHIOM, POTalU3MOM Ta
JICIIANIEI0, LIO € HEBUPILICHOK NPOOJEMOI0 JUIs ICHYIOYMX KOMII IOTEPHUX JIIHTBICTHYHUX
mojeneld. IlpakThyHa 3HAYyNIiCTh TMOJSra€ B TOMY, IO BHUKOPUCTaHHs iH(popMaliiiHo-
KOMYHIKAI[IITHUX TEXHOJIOTIH Ta reiimMigikalis nporecy HaB4aHHSI MOTHBYE 10 OTPUMAaHHS 3HaHb Ta
320X04Yy€ /10 HaBYaHHS HE TIJIKM 332 paxyHOK irpoBOi CTparerii, a i 3a paxXyHOK TOTO, 110 AUTHHA
OTPUMYE CXBAJICHHS, MOXKJIMBICTh BUKOHATH 3aBIAaHHS HAHOBO, YJOCKOHAJIOIOUM CBOI HaBHYKH.
3anpornoHOBaHM Ta MPOTECTOBAHUN CUMYJISITOP HABYAIBHOTO TPEHaXKepa JI KOHTPOJIIO TEXHIKH
Ta MIBHIKOCTI YHTAHHS LIKOJAPIB MOJIOALIMX KJAaciB /Ui MOOUIBHOTO IM(POBOTO INPHCTPOIO
PO3Mi3HAE TOJNOC ITUTHHH, i3 BUCOKOIO TOUHICTIO (10 94,84%), BUsBIIAE HEIPABIIBHO MPOYHTAHI
CJIOBa Ta BHKOHY€ IiJIPaxyHOK KUIBKOCTI HMPOYMTAHUX CIIB 32 BiABEICHWH dac. ApXITEKTypa
3aMpoINOHOBAHOI CHCTEMH CKJIQAA€THCS 3 HACTYNHHX MOMYJNIB: MOJYJb IMiATOTOBKH, SIKHH
3a0e3mneuye KOPEKTHICTh (PYHKIIIOHYBaHHS CHCTEMH HE 3aJIe)KHO BiJl HAsSBHUX MOBJIEHHEBHUX
nopyiuens; speech-to-text neperBoproBad OGe3mocepeiHbO KOHBEPTYE TOJOC JUTHHHU, KA YHTAE
TEKCT Ha €KpaHi TaJpKeTy, Y TeKCT; MOJLyJIb TIOPIBHSHHS TEKCTIB BiIIOBIAA€ 3a OPIBHAHHSA TEKCTY,
MPOYMTAHOTO BrojioC, i3 TEKCTOM, OTPUMAHUM Y pe3yJibTaTi KoHBepTauii. Pesynbrarn TectyBaHHS
JiTed 3 mpoOiieMaMu JICHIHTY Ta poTauu3My IOKas3alH, 10 auroput™ JKapo Mae TpoXW BHUILY
TOYHICTH IOPIBHSHHS JBOX TEKCTIiB (y cepeaHboMy Ha 1.14%), i BogHOUYaC OUIBII KOPOTKHH 4ac
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MOPIBHAHHA U BETMKUX PO3MIpiB TeKCTOBUX MacuBiB (Ha 39%). PesynpraT TecTyBaHHS HiTeH 3
npoOJIeMOI0 ANCIIEKCi], a caMe MepecTaHOBKa 3BYKIB Y CIIOBAX IPH YUTaHHI, TAKOX MMOKa3aJH, 110
anroput™ JKapo Mae OibII KOPOTKUH Yac MOPIBHAHHS PAIKIB JUIsS BEJIMKHUX PO3MIpIB TEKCTOBUX
MmacuBiB (Ha 7%). Butem KOpoTkuii yac poOOTH METOAIB IOPIBHSHHS TEKCTIB HPH BUSBICHHI
JUcHanii y JAWTHHU TIOSICHIOETHCS TUM, IO NPH IIbOMY IOPYIICHHI HE T'€HEpYIOThCS BapiaHTH
TEKCTOBHMX MaCHBIB, a JIMIIE OLIHIOIOTHCSI MOKIIMBI IEPECTaHOBKHU 3BYKIB.

KoarouoBi ciioBa: xoMI'10TepHa Ipa; TeXHIKa YUTaHHS; MOOUIbHI IPUCTPOI; pelaKiliiiHa BiJICTaHB;
STT.
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