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Abstract. Currently, digital technologies are penetrating deeper and deeper into all
spheres of human activity. And it is difficult to imagine at least any area of human
activity that is not affected by digital technologies. The transition to a digital way
of transmitting information (digitalization) can be observed in all directions: in the
development of interpersonal relationships, in professional activity, in receiving and
providing services, recreation, and much more. Modern teenagers actively use laptops,
gadgets are not only a means of communication and entertainment, but also as a tool for
education. The following research paper examines the use of digital opportunities among
the population. The input data were the results of the official website stat.gov and the
questionnaire. The main purpose of this study is to evaluate and use several algorithms to
determine the level of digital literacy of the population using raw data. Before extracting
the data features, the sample was carefully processed. To improve the accuracy of the
implemented model, hybrid methods were used to extract features. Six classifiers were
used to classify the data. As a result, a detailed comparative evaluation was carried out
for several trained models. All the results of the trained models are presented in the form
of histograms and tables. The paper provides statistical data for 2020-2022. Based on
the analysis of statistical data, the author of the article made conclusions that allow us to
talk about the formation of new trends in the digital development of Kazakhstan.

Keywords: digital literacy, intellectual analysis, machine learning, region
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Annoramus. Kazipri yakpITTa LOUQPIBIK TEXHONOTHsIAp aJaM KbI3METiHIH
OaprnblK cananapblHa TepeHipek eHyne. L{udpnblk TexHoJorusuiap acep eTHneiTiH
azaM KbI3METiHIH Ke3-KeJIF'eH cajlachlH eNecTeTy KubIH. AKnapartel OepyaiH
UUGpIbIK TocimiHe (UUQpraHAbIpy) Kelrydi OapiblK OarbiTTapaa Oalikayra Oonabl:
TYJIFaapajblK KaTblHACTApAbl AAMBITYNa, KOCiOM KbI3METTE, KBI3METTepAi aly MeH
YCBIHY/A, AeMajbicTa xoHe T.0. Kasipri xacecmipiMiep HOYTOyKTep/i, raKeTTepIi
KapbIM-KaTblHAC TIEH OWBIH-CAyBIK KYpajibl PEeTiHAE FaHa €MeC, COHBIMEH KaTap OKY
Kypaibl peTinie ae OenceHai KonpaHanel. Keneci 3epTTey KyKaThl XalbIK apachlHIa
UUQPIBIK MYMKIHAIKTEpAl MaijanaHyabl KapacTelpalbl. bacTanmkel JepekTep pecMH
CaifTTaH aJbIHFaH HOTHXeJep OOJIbI stat.gov JKoHe cayanHama. by 3epTTeyniy Herisri
MakcaThl MIMKiI AEpPEeKTepAi MaiiianaHa OTBHIPBIN, XaJNbIKTBIH LHUQPIBIK CayaTThUIBIK
JeHI'elliH aHBIKTay YIIiH OipHeIle alropuTMIepAi Oaranay *oHE MaijaiaHy OONbII
Tabbutanpl. Jlepekrep OenrinepiH mbiFapMac OypblH yiari MykusTt enzenai. Icke
aCBIPbUIFaH MOJENBIIH IONIITiH apTThIpy YIUiH Oenrinepni amy yIIiH THOPWATI
ozicTep KonaaHbUINBL. JlepekTepai sKiKTey YLIIH aiThl KIacCH(pUKATOp KOMAAHBLIIBL.
Hotmxecinae OipHelie OKbITBUIFaH MOJETBAED YILiH erKeH-TerKei caabICThIpMAaIbI
Oaranay >Kyprizinai. OKpITBUIFaH MOJAENBAEPIIH OapibIK HOTHXKEIEPi THCTOrpaMmanap
MEH KecTelnep Typinae ycbiabiran. Kyxkarra 2020-2022 xbutaapaarbl CTaTUCTHKAIBIK
MosiMeTTep KenTipinreH. CTaTUCTHKAJBIK AEPEKTEepAl Tajjay Heri3iHae MakajaHbIH
aBTopbl KazakcTaHHBIH HU(PIIBIK JaMyBIHAAFBI )KaHa YPAICTEpAiH KaJIBIITACYBI TYPaJIbl
aiiTyra MyMKiHJIiK OepeTiH KOPBITBIHABLIAP Kacabl.

Tyiiin ce3gep: Lludpnpik cayaTTbUIBIK, 3UATKEPIIK TajAady, MAlIMHAIBIK OKBITY,
aliMak

Joiiexco3 ymin: 1. A. Toitra0si, I'K. CemOnna. MammHambIK OKBITYIBI KOJJaHY
apKbUTbl IU(QPIBIK cayaTTBUIBIK JCHreliH Tannay//XaiblkapaiblK —aKIapaTThIK
XKOHE KOMMYHHKALMSUIBIK TeXHONoTusiap KypHaisl. 2023. T. 04. Ne 2. 102-111 60.
(Arputmbig. ). https://doi.org/10.54309/1J1CT.2023.14.2.010
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Aunnotanus. B Hacrosiee Bpems u(poBbIe TEXHOIOTUU POHUKAIOT BCE TITyOKe U
1yOke Bo Bee cephl uesoBedeckoil aesrenbHoCTH. Y TpyHO nipencTaButh cebe XoTh
KaKyr0-TH00 cdepy uesloBeUecKol NesTeIbHOCTH, Ha KOTOPYIO HE BIUSIOT IH(pOBEIE
texHonoruu. [Tepexon k uudpoBomy criocoly nepeaadn nHpopMarmu (g poBU3aIus)
MOXXHO HaOIIO/IaTh BO BCEX HATPABICHUSX: B PA3BUTHH MEXKIMYHOCTHBIX OTHOLICHUH,
B ITpoeCCHOHATBHOM I TETLHOCTH, B MIOJYYSHUH U TIPEIOCTABICHUH YCIIYT, OTABIXE H
MHOTOM JpyroM. COBpeMEHHBIE MOJAPOCTKH AKTHBHO HCIIOIB3YIOT HOYTOYKH, Ta/IKEThI
HE TOJIBKO KaK CPEICTBO OOIICHHS M Pa3BICUCHUS, HO M KaK HHCTPYMEHT OOy4eHHUsI.
B crnemyromem uccienoBaTeabCKOM JOKYMEHTE pacCMaTpUBAeTCsl HCIOIb30BaHUE
IU(pPOBBIX BOBMOXHOCTEW cpeiu HaceNeHus. VICXOMHBIMU JAaHHBIMU OBLITH PE3yJBTaThI
¢ opUIHANBHOTO caiita stat.gov n ankera. OCHOBHOH LIEJBbIO JAHHOTO HMCCIIEIOBAHHS
SIBIISIETCS] OIICHKA M MICITOJIb30BaHIE HECKOJIBKIX aJTOPUTMOB JIJISl OTIPECIICHHST YPOBHSI
IU(pPOBON TPAMOTHOCTH HACEJIEHHsI C HWCIIOJIb30BaHUEM HEOOpaOOTaHHBIX JaHHBIX.
[lepen n3BneueHUEM MPU3HAKOB JaHHBIX 00pa3el] ObLI TIIATeIbHO 00padoTaH. UToOb!
MOBBICHTh TOYHOCTh PEANIM30BAHHOW MOJIENH, JUIS W3BJICUCHHUS TNPHU3HAKOB OBLIH
HCTIOJIb30BaHbI TMOPHTHBIE METOBI. J{J1s1 Kitaccu(UKaIK TaHHBIX OBLIO UCTIONB30BaHO
miectsh KinaccudukaropoB. B pesynbrare Oblia poBecHa MOAPOOHAs CpaBHUTEIbHAS
OIICHKA JJIsi HECKOJMBKMX 00ydeHHBIX Moneneil. Bee pesynbrarsl 00ydeHHBIX MOIEeH
MPeCTaBICHBI B BUIE THCTOTPAMM U TAOJHIL. B TOKyMeHTe IPUBOAATCS CTATUCTHICCKHE
nmauubie 3a 2020-2022 roxsl. Ha ocHOBE aHaIM3a CTATUCTUICCKUX JAHHBIX ABTOP CTaThU
CcJ/ieNal BBIBOJIBI, KOTOpPhIE TIO3BOJISIIOT TOBOPHUTEH O (JOPMUPOBAHWH HOBBIX TCHIICHIIUI B
uugppoBoM pa3Butun Kazaxcrana.

KiroueBsle c1oBa: nnpoBasi r(paMOTHOCTh, MHTEIUIEKTYaIbHBIH aHAITN3, MAITUHHOE
o0ydeHHe, pernoH

s uutupoBanusi: 1. A. Toiirabeut, ['K. CemOuna. AHanu3 ypoBHS TUPPOBOIi
IPaMOTHOCTH HCIIOJb30BaHHE MANIMHHOTO OOydeHUst// MeXIyHapOIHbIH KypHaI
MH(OPMAIIMOHHBIX U KOMMYHUKAITHOHHBIX TexHomorui. 2023. T. 4. Ne 2. Ctp. 102111
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Introduction

At the present stage of the evolutionary development of the information society,
digital literacy is recognized as a vital skill. At first glance, it seems that modern students
know everything about digital devices, quickly understand technological innovations,
can easily find any information they are interested in, and actively communicate on
social networks. However, the pedagogical practice of the real situation at school
demonstrates the need for additional familiarization of young people with new
opportunities and threats of the digital space. Preparation towards the conscious, safe
and productive use of digital technologies in practical activities to meet their intellectual
and socio-economic needs, the formation of digital literacy should begin from school.
It is advisable to talk about digital literacy as the main resource of digital socialization
of members of digital society and the development of digital civilization. In this regard,
the definition of the content is especially relevant digital literacy and the construction
of a conceptual model of the concept of digital literacy (Boronenko et al., 2020: 47—73;
Glukhov, 2019: 106).

Due to the changes caused by the digital turn, digital literacy has become an integral
part of the agenda of researchers and policy makers around the world. Moreover, the
pandemic acted as a magnifying glass, highlighting regions and communities where
digital access was poor or non-existent (Sharikov, 2016: 87-98). The health crisis has
made both the strengths and weaknesses of education systems obvious, along with
the changing demands of stakeholders. In the current situation, when “the COVID-19
pandemic has made digital technologies the most a lifeline not only for education,
but also for work, information and leisure”, a strategic policy based on an accurate
assessment of digital competencies is a significant way to solve these problems.

In the course of comparative analysis and generalization of the results of domestic and
foreign scientific research on different types of human literacy, the actual components
of digital literacy are identified, seven main areas are identified. These are the basics
of hardware and software, information literacy, communication and cooperation, the
creation of digital content, security, problem solving, career competencies. Their detailed
characteristics are presented, the concept of digital literacy is clarified and a conceptual
model of the concept is constructed digital literacy (Suresh & Bharathi, 2021: 419-425).

Material and methods

Machine learning (ML) is becoming increasingly popular in enterprise data analysis
systems to extract useful information from data. Model development in machine
learning involves collecting data from various reliable sources, processing data to
make them suitable for building a model, choosing a model construction algorithm,
building a model, calculating performance indicators and choosing the most effective
model (Algrani, 2020: 58—77). Machine learning is at the intersection of mathematical
statistics, optimization methods and classical mathematical disciplines, but it also has its
own specifics related to the problems of computational efficiency and retraining. Many
methods of inductive learning have been developed as an alternative to the classical
statistical approach (Shi, 2020; Subhedar & Birajdar, 2020).
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In general, the country has excellent indicators of digital literacy. According to
the research, the level of digital literacy of the population of Kazakhstan is steadily
growing. Thus, the share of respondents aged 674 years who have the skills to use
digital devices and the Internet in 2021 reached 87.3 %. At the same time, in 2020 their
share was 84.1 %, in 2019-82.1 %, in 2018-79.6 %. Regionally, the highest level of
digital literacy of the population was observed in the capital (94.7 %), Almaty (91.5 %)
and Almaty region (91 %). The literacy rate among young people is 99.81 % and 99.87
% for men and women, respectively. The overall literacy rate among young people is
99.84 %. The concept of youth in this case covers the population aged 15 to 24 years
inclusive.

Results

Python libraries are groups of modules that already have useful routines and functions
written in them, so you don't have to. Tens of thousands of Python libraries support those
working in data science, data visualization, and other fields as well as machine learning
developers. Exploratory Data Analysis (DEA) is one of the most important aspects in
any data science or data analysis task. This gives us a deeper understanding of our data
and, perhaps, can reveal hidden ideas that are not so obvious to us. Machine learning
algorithms were used for the analysis (Shpachenko & Okushova, 2021). Data obtained
from the official website https://stat.gov.kz (Figure 1). Preprocessing is an important
task to make the data applicable. The four parameters of the dataset are categorical
data. The Scikit-learn (Python) library provides methods that convert discrete data into
a simple numeric array. It also has models that divide data into datasets for training and
testing.

Fig. 1. Initial data

The presence of unified data in means that there is only one source, so the data is
presented in a single format, which makes them more convenient for analysis (Zakharova
& Demina, 2019: 139—144). The analysis period from 2020 to 2022 was selected, during
which all the necessary data were available. Table 2 presents a preliminary analysis of
the data with the calculation of the main statistical data useful for determining the scale.

Fig. 2. Statistical indicators for input data
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The relationship between variables or features in a dataset is quantified by correlation
coefficients. Python has excellent tools that you may use to calculate these statistics,
which are very important for research and technology. The correlation techniques of
SciPy, NumPy, and Pandas are quick, thorough, and well-documented. A well-known
general-purpose array processing package is called NumPy. NumPy is capable of
processing huge multi-dimensional arrays and matrices because to its wide library
of highly complicated mathematical functions. For handling linear algebra, Fourier
transforms, and random numbers, NumPy is particularly helpful. NumPy is the backend
language used by TensorFlow and other libraries to manipulate tensors.

The SciPy library includes modules for solving ordinary differential equations
(ODE), signal and image processing, rapid Fourier transform, special functions,
integrating interpolation, and other computational issues in science and analytics. SciPy
uses a multidimensional array as its fundamental data structure, which is made available
through the NumPy module. For routines involving array manipulation, SciPy depends
on NumPy. The SciPy library was developed to operate with NumPy arrays and to offer
quick and effective numerical operations. The correlation coefficient or correlation is
the resulting value of the covariance of two random variables divided by the product
of the random variables’ standard deviations (Glukhov, 2020). The relationship
between covariances, standard deviations, and correlations can be seen in the following
expression for the correlation of the returns for variables (Figure 2).

Fig. 3. Correlation between variables

The corr() method returns a table containing numerous integers that illustrate the
strength of the relationship between the two columns. The value ranges between -1 and
1. In this data set, every time a value increased in the first column, the other one also
increased, which is shown by the number 1. 0.9 is a favorable association as well, and if
you raise one value, it's likely that the other will rise as well. - 0.9 would be an equally
beneficial relationship to 0.9, but if you raise one value, it's likely to decrease the other.
If a value is 0.2, there is no good link, so an increase in one value does not guarantee an
increase in the other. The correlation between the variables years and older 2020 and
aged 6 74 2021 growth is 87%, that is, it shows also a good correlation. Variables like
6years_and older 2020 and 6 _years _and older 2021 give a correlation of 21%, that
is, the variables have a perfect positive correlation.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License

107


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2023. Vol. 4. Is. 2.

Fig. 4. Analysis of the correlation matrix for a clearer view of the values

A matplotlib-based Python data visualization library is called Seaborn. It offers a
sophisticated drawing tool for creating eye-catching and educational statistical visuals.
The Pairplot method allows users to visualize the axial matrix. Each numeric element
in the dataset is distributed along the x-axis and the y-axis in a column-by-column
or row-by-row format. A tool called "pair plot" was used to create various pairwise
two-dimensional distributions from the dataset (figure 5). As one-dimensional graphs,
diagonal graphs show the relationship between a number of variables in a data frame as
a matrix of graphs. Figure 4 shows pairwise connections and a distribution graph that
shows the distribution of values in the flow perpendicular.

Fig. 5. Pairplot of variables (the distribution of values in the flow perpendicular)

Numerous supervised and unsupervised learning methods are available in Scikit-
learn, which has a standardized Python user interface. Data mining and analysis
can also be done using the library. For domain classification, regression, clustering,
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dimensionality reduction, model selection, and preprocessing, the Scikit-learn package
is capable of handling these machine learning operations. Four machine learning
algorithms were tested: in general, Random Forests and K Nearest Neighbor algorithms
gave the best results in predicting content. The exported model can be used to predict
new data and results we can see by confusion matrix. The confusion matrix was utilized
for the performance evaluations of the classifiers used after the classification (Figure 6).

Fig. 6. Confusion Matrix of methods Decision Tree, Random Forest and K Nearest Neighbor

Fig. 7. Confusion Matrix of method Logistic Regression

As the analysis shows, to determine the digital literacy of the population using
machine learning, the classifiers showed the highest results of methods like, that is, 83
%, and the logistic regression classifier showed 67 % (Figure 7).
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Fig. 8. Accuracy score of classifiers

Conclusion

In data mining (or machine learning), an algorithm is a set of heuristics and
calculations that creates a model based on data. To create a model, the algorithm first
analyzes the data provided, looking for certain patterns and trends. The algorithm
applies the results of this analysis to a set of iterations to select the optimal parameters
for creating a data mining model. This study was conducted on the basis of data on
the population of Kazakhstan from 2020 to 2022. This showed that digital literacy is
important for predicting social and economic problems. However, the weight of the
number of such functions varies depending on the specific situation. Thus, the State
should pay additional attention to the features indicated here in order to ensure the
successful provision of online services. This may include a dynamic analysis of the
accuracy of the model over time, the selection of the most relevant characteristics by
applying various methods of selecting characteristics, as well as the selection of other
socio-demographic characteristics that may affect economic factors.
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