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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
For citation: S.A. Toygabyl, G.K. Sembina. Analysis of the level of digital literacy 

using machine learning//INTERNATIONAL JOURNAL OF INFORMATION AND 
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САУАТТЫЛЫҚ ДЕҢГЕЙІН ТАЛДАУ
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Аннотация. Қазіргі уақытта цифрлық технологиялар адам қызметінің 
барлық салаларына тереңірек енуде. Цифрлық технологиялар әсер етпейтін 
адам қызметінің кез-келген саласын елестету қиын. Ақпаратты берудің 
цифрлық тәсіліне (цифрландыру) көшуді барлық бағыттарда байқауға болады: 
тұлғааралық қатынастарды дамытуда, кәсіби қызметте, қызметтерді алу мен 
ұсынуда, демалыста және т.б. Қазіргі жасөспірімдер ноутбуктерді, гаджеттерді 
қарым-қатынас пен ойын-сауық құралы ретінде ғана емес, сонымен қатар оқу 
құралы ретінде де белсенді қолданады. Келесі зерттеу құжаты халық арасында 
цифрлық мүмкіндіктерді пайдалануды қарастырады. Бастапқы деректер ресми 
сайттан алынған нәтижелер болды stat.gov және сауалнама. Бұл зерттеудің негізгі 
мақсаты шикі деректерді пайдалана отырып, халықтың цифрлық сауаттылық 
деңгейін анықтау үшін бірнеше алгоритмдерді бағалау және пайдалану болып 
табылады. Деректер белгілерін шығармас бұрын үлгі Мұқият өңделді. Іске 
асырылған модельдің дәлдігін арттыру үшін белгілерді алу үшін гибридті 
әдістер қолданылды. Деректерді жіктеу үшін алты классификатор қолданылды. 
Нәтижесінде бірнеше оқытылған модельдер үшін егжей-тегжейлі салыстырмалы 
бағалау жүргізілді. Оқытылған модельдердің барлық нәтижелері гистограммалар 
мен кестелер түрінде ұсынылған. Құжатта 2020-2022 жылдардағы статистикалық 
мәліметтер келтірілген. Статистикалық деректерді талдау негізінде мақаланың 
авторы Қазақстанның цифрлық дамуындағы жаңа үрдістердің қалыптасуы туралы 
айтуға мүмкіндік беретін қорытындылар жасады.

Түйін сөздер: Цифрлық сауаттылық, зияткерлік талдау, машиналық оқыту, 
аймақ

Дәйексөз үшін: Ш.А. Тойғабыл, Г.К. Сембина. Машиналық оқытуды қолдану 
арқылы цифрлық сауаттылық деңгейін талдау//Халықаралық ақпараттық 
және коммуникациялық технологиялар журналы. 2023. Т. 04. № 2. 102–111 бб. 
(Ағылшын.). https://doi.org/10.54309/IJICT.2023.14.2.010
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Аннотация. В настоящее время цифровые технологии проникают все глубже и 
глубже во все сферы человеческой деятельности. И трудно представить себе хоть 
какую-либо сферу человеческой деятельности, на которую не влияют цифровые 
технологии. Переход к цифровому способу передачи информации (цифровизация) 
можно наблюдать во всех направлениях: в развитии межличностных отношений, 
в профессиональной деятельности, в получении и предоставлении услуг, отдыхе и 
многом другом. Современные подростки активно используют ноутбуки, гаджеты 
не только как средство общения и развлечения, но и как инструмент обучения. 
В следующем исследовательском документе рассматривается использование 
цифровых возможностей среди населения. Исходными данными были результаты 
с официального сайта stat.gov и анкета. Основной целью данного исследования 
является оценка и использование нескольких алгоритмов для определения уровня 
цифровой грамотности населения с использованием необработанных данных. 
Перед извлечением признаков данных образец был тщательно обработан. Чтобы 
повысить точность реализованной модели, для извлечения признаков были 
использованы гибридные методы. Для классификации данных было использовано 
шесть классификаторов. В результате была проведена подробная сравнительная 
оценка для нескольких обученных моделей. Все результаты обученных моделей 
представлены в виде гистограмм и таблиц. В документе приводятся статистические 
данные за 2020-2022 годы. На основе анализа статистических данных автор статьи 
сделал выводы, которые позволяют говорить о формировании новых тенденций в 
цифровом развитии Казахстана.

Ключевые слова: цифровая грамотность, интеллектуальный анализ, машинное 
обучение, регион
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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 6–74 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. 
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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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