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PERSONALIZED ADAPTIVE LEARNING: ANALYSIS, COMPARISON, 
CONCLUSIONS 
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Abstract. Information technologies make it possible to effectively promote
personalized adaptive learning in the learning environment due to the trend towards 
accelerated integration. Therefore, the purpose of this study is an empirical study 
of the effectiveness of personalized adaptive learning in mathematics. Using mixed 
methods to visually represent this approach, an in-depth analysis of satisfaction 
with the learning environment in the context of the mathematical electronic learning 
environment, perception and attitude to the given content, as well as the general 
and personalized experience of adaptive learning was carried out. The students 
were offered one of two conditions: an electronic environment with personalized 
adaptive learning or the same learning environment in which the personalized 
adaptive learning platform is not integrated. This research work allows teachers to 
provide support in choosing the right learning tools and organizing learning in a 
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way that meets the needs of students. The purpose of this adaptive learning option is 
to provide a personalized approach to learning course material so that students can 
optimize the time they spend on homework and focus on certain activities, which 
further increases activity. Researchers in the Republic of Kazakhstan presented a 
plan for the introduction of personalized learning using technological learning tools, 
tailored to the needs of individual students. However, due to the lack of empirical 
understanding of the achievements, challenges and features of personalized learning 
with technological support, these tools were introduced only by limited educational 
institutions. Educational institutions offering personalized learning can now find ways 
to connect with students, engage them, get their attention, and allow them to develop 
their strengths. The necessity of using statistical methods for a reliable assessment 
of experimental results in pedagogical research is discussed, the consequences of 
applying two statistical criteria and the difficulties that may arise when applying 
them are analysed using concrete examples. It is planned to use it to evaluate the 
effectiveness of personalization methods. 

Key words: personalized learning, adaptive learning, electronic learning 
environment, mathematics, efficiency, Fisher criterion, Student's t-criterion
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Аннотация. Ақпараттық технологиялар жеделдетілген интеграция 
тенденциясының арқасында оқу ортасында дербес бейімдеп оқытуды тиімді 
ілгерілетуге мүмкіндік береді. Сондықтан бұл зерттеудің мақсаты математиканы 
дербес бейімдеп оқытудың тиімділігін эмпирикалық зерттеу болып табылады. 
Бұл тәсілді көрнекі түрде көрсету үшін аралас әдістерді қолдана отырып, 
математикалық электрондық оқу ортасы контекстінде оқу ортасының 
қанағаттануына, берілген мазмұнға қабылдау мен көзқарасқа және жалпы 
және дербес бейімдеп оқу тәжірибесіне терең талдау жасалды. Оқушыларға екі 
шарттың бірі ұсынылды: дербес бейімдеп оқытуы бар электрондық ортасы немесе 
жекелендірілген дербес бейімдеп оқыту платформасы біріктірілмеген бірдей 
оқу ортасы. Бұл зерттеу жұмысы оқытушыларға оқушылардың қажеттіліктерін 
қанағаттандыратындай оқытудың және оқытуды ұйымдастырудың дұрыс 
құралдарын таңдауда қолдау көрсетуге мүмкіндік береді. Бейімдеп оқытудың 
бұл нұсқасының мақсаты-студенттердің үй тапсырмасын орындауға жұмсайтын 
уақытын оңтайландыруы және белгілі бір әрекеттерге назар аударуы үшін курс 
материалын үйренуге дербес тәсілді қамтамасыз ету, бұл белсенділікті одан 
әрі арттырады. Қазақстан Республикасының зерттеушілері жеке оқушылардың 
қажеттіліктеріне бейімделген технологиялық оқыту құралдарын пайдалана 
отырып, дербес оқытуды енгізу жоспарын ұсынды. Алайда, технологиялық 
қолдаумен дербес оқытудың жетістіктері, проблемалары мен ерекшеліктері 
туралы эмпирикалық түсініктің болмауына байланысты бұл құралдарды тек 
шектеулі оқу орындары енгізді. Дербес оқытуды ұсынатын оқу орындары 
енді оқушылармен байланыс орнатудың, оларды баурап алудың, олардың 
назарын аударудың және олардың күшті жақтарын дамытуға мүмкіндік 
берудің жолдарын таба алады. Педагогикалық зерттеулердегі эксперименттік 
нәтижелерді сенімді бағалау үшін статистикалық әдістерді қолдану қажеттілігі 
талқыланады, нақты мысалдар екі статистикалық критерийді қолданудың 
салдарын және оларды қолдану кезінде туындауы мүмкін қиындықтарды 
талдайды. Оны дербестендіру әдістерінің тиімділігін бағалау үшін пайдалану 
жоспарлануда.

Түйінді сөздер: дербес оқыту, бейімдеп оқыту, электрондық оқыту ортасы, 
математика, тиімділік, Фишер критерийі, Стьюденттің t критерийі

Мүдделер қақтығысы: Авторлар осы мақалада мүдделер қақтығысы жоқ 
деп мәлімдейді.
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Аннотация. Информационные технологии позволяют эффективно прод
вигать персонализированное адаптивное обучение в учебной среде, благодаря 
тенденции к ускоренной интеграции. Поэтому целью данного исследования 
является эмпирическое исследование эффективности персонализированного 
адаптивного обучения математике. Используя смешанные методы для 
визуального представления этого подхода, был проведен глубокий анализ 
удовлетворенности учебной средой в контексте математической электронной 
учебной среды, восприятия и отношения к заданному содержанию, а также 
общего и персонализированного опыта адаптивного обучения. Учащимся было 
предложено одно из двух условий: электронная среда с персонализированным 
адаптивным обучением или та же учебная среда, в которой не интегрирована 
платформа персонализированного адаптивного обучения. Эта исследовательская 
работа позволяет преподавателям оказывать поддержку в выборе правильных 
инструментов обучения и организации обучения таким образом, чтобы 
удовлетворить потребности учащихся. Цель этого варианта адаптивного 
обучения – обеспечить персонализированный подход к изучению материала 
курса, чтобы студенты могли оптимизировать время, которое они тратят на 
выполнение домашних заданий, и сосредоточиться на определенных занятиях, 
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что еще больше увеличивает активность. Исследователи из Республики 
Казахстан представили план внедрения персонализированного обучения 
с использованием технологических средств обучения, адаптированных к 
потребностям отдельных учащихся. Однако из-за отсутствия эмпирического 
понимания достижений, проблем и особенностей персонализированного 
обучения с технологической поддержкой эти инструменты были введены только 
ограниченными учебными заведениями. Учебные заведения, предлагающие 
персонализированное обучение, теперь могут найти способы связаться с 
учащимися, увлечь их, привлечь их внимание и позволить им развить свои 
сильные стороны. Обсуждается необходимость применения статистических 
методов для достоверной оценки экспериментальных результатов в педаго
гических исследованиях, на конкретных примерах анализируются последствия 
применения двух статистических критериев и трудности, которые могут 
возникнуть при их применении. Его планируется использовать для оценки 
эффективности методов персонализации.

Ключевые слова: персонализированное обучение, адаптивное обучение, 
электронная обучающая среда, математика, эффективность, критерий Фишера, 
t-критерий Стьюдента

Конфликт интересов: авторы заявляют об отсутствии конфликта интересов.

Introduction
One of the challenges of modern Kazakh society is the creation of a new format of 

education that meets humanistic foundations and meets the needs of the XXI century. 
Education activists, patrons, and public figures create educational projects designed to 
formalize an educational system that meets the needs of the present and the predicted 
future. Educational organizations are developing, changing, creating new practices, 
and turning to the successful experience of foreign colleagues, the status of the teacher 
about the student is changing, and the focus of attention is shifting from the teacher to 
the child (Rowan, 1990).  

Adaptive learning systems can evaluate learning progress and adjust the pace, level, 
and content of teaching to match the abilities and preferences of individual pupils. 
These programs can collect and analyze data on student performance, identifying the 
areas of weakness or strength. This approach enables considerable improvement and 
makes learning more efficient than in a typical classroom setting, where pupils have 
varying strengths and weaknesses.

Moreover, adaptive learning systems can offer more innovative and engaging 
methods of teaching, such as gamification, interactive modules or simulations, and 
multimedia materials. These systems can track students' progress, monitor the number 
and complexity of questions answered, and use the data to generate personalized 
teaching content. These can motivate pupils and create a sense of ownership of the 
learning process, ultimately providing a fun and rewarding experience that can foster 
deeper learning (Sayed et al., 2023).

However, some critics argue that the personalized approach to learning might 



107

ISSN 1991-3494 3. 2023

affect social interactions and impede learners' ability to function well in group settings. 
Moreover, adaptive learning systems might have limited capabilities in evaluating 
non-academic skills such as social-emotional and behavioral competencies, essential 
skills for the 21st-century workforce.

Ultimately, adaptive learning systems have opened up new possibilities for 
enhanced teaching pedagogy and quality educational services, reducing the cost of 
traditional classroom learning and providing a practical solution in remote learning. 
And given that modern societies require lifelong learning, adaptive systems present an 
exciting prospect for future applications of digital learning tools (Tsypkin and Nikolic, 
1971).

Personalized education refers to developing learning models: personality-
oriented and personality-developing. The theoretical foundations of these models 
were determined by L.S. Vygotsky (Vygotsky, 2012) and further developed in the 
research of V.V. Davydov and D.B. Elkonin (Elkonin et al., 2016), and other leading 
scientists in the field of educational psychology. In the concept of personality-
oriented learning (E.V. Bondarevskaya (Bondarevskaya, 2000), N.A. Menchinskaya 
(Menchinskaya, 2003), I.S. Yakimanskaya (Yakimanskaya, 1991), attention is paid 
to the development of trainees as a whole, to the system of personality values and 
meanings of activity. The main values of education are self-development, self-
organization, and value-semantic orientation. Great importance is attached to the 
creation of a personal-developing situation, conditions conducive to the manifestation 
of personal functions of trainees, as well as the educational and spatial environment. 
The leading idea of personal development education is the development of students' 
individuality: value-semantic sphere, identity, and socialization, as well as universal 
personal abilities: self-improvement, self-determination, and self-actualization. N.A. 
Alekseev (Alekseev et al., 2013), analyzing the formation of developmental learning, 
notes that in domestic concepts and models of learning, there is a clear tendency to 
strengthen the personal component in education — the mechanisms of functioning 
and development of the personality of trainees. 

In addition to academic research, there are also many practical applications 
of personalized learning in educational institutions. For example, in the United 
States, the Summit Public Schools network has developed a personalized learning 
platform that allows students to set their own education goals and progress at their 
own pace. Another example is the AltSchool network, which uses technology to 
enable individualized learning plans for students and real-time feedback to teachers. 
In the United Kingdom, the School network uses project-based learning and 
personalized assessment to support the development of students' critical thinking 
and communication skills.

Overall, the concept of personalized learning is gaining increasing attention and 
recognition as a promising approach to improving the effectiveness and engagement 
of education. As technology continues to advance, it is likely that personalized 
learning will become even more prevalent in schools and universities around the 
world (Canales Cruz and Pena-Ayala, 2007).
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One of the key benefits of personalized learning is that it allows teachers to 
better accommodate their students' unique learning styles, interests, and abilities. 
However, only a limited number of educational institutions have implemented these 
tools and this is due to a lack of empirical understanding of the success, challenges, 
and characteristics of personalized technology-based learning.

To address this need, more research must be conducted to evaluate the 
effectiveness and feasibility of personalized learning in Kazakhstan. This research 
should involve collaboration between educators, policymakers, and scientists to 
identify the best approaches for integrating technology into the classroom and to 
measure the outcomes of personalized learning. Additionally, teacher training and 
professional development should be provided to ensure that instructors have the 
skills and knowledge necessary to effectively utilize these tools in the classroom 
(Bekmanova et al., 2021).

Further, a robust and reliable infrastructure must be put in place to support the 
implementation of technology-based personalized learning. This approach has the 
potential to improve educational outcomes, increase student engagement, and better 
prepare students for the challenges of the modern world. It is therefore essential that 
Kazakhstan takes the necessary steps to make personalized learning a cornerstone of 
its educational system.

This could be achieved through pilot projects and collaborations between 
educational institutions and scientific organizations.

The research should focus on:
1. Evaluating the effectiveness of personalized technology-based learning in 

improving students' academic performance, engagement, and motivation.
2. Identifying the barriers and opportunities for integrating personalized 

technology-based learning in the current educational system in Kazakhstan, including 
resource constraints, teacher readiness, and cultural factors.

3. Assessing the impact of personalized technology-based learning on teachers' 
roles and skills, as well as on the overall quality of teaching and learning processes.

4. Examining the potential of personalized technology-based learning in 
addressing the diverse needs and backgrounds of students, including those with 
disabilities and low socio-economic status.

Through such research efforts, Kazakhstan can enhance the quality and 
accessibility of education, promote innovation and modernization in the educational 
sector, and ultimately contribute to the country's socio-economic development.

Furthermore, it is crucial to ensure that teachers are adequately trained and 
equipped to implement personalized technology-based learning. This includes 
providing professional development opportunities and resources to help teachers use 
technology effectively in their teaching practices.

Finally, it is important to involve all stakeholders in the implementation of 
personalized technology-based learning, including students, parents, school 
administrators, and policy-makers. This will help to ensure that everyone is on board 
with the initiative and that the necessary supports are in place to make it successful.
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Additionally, research can help identify and address the challenges and gaps in 
the education system, such as the need for more teacher training, improvements 
in curriculum development, and the integration of new technologies into teaching 
practices.

Moreover, research can also help to evaluate the effectiveness of existing policies 
and programs, and inform future policy decisions. This can lead to more evidence-
based decision-making, promoting more effective and efficient use of resources. It 
can lead to improved educational outcomes for students, a more skilled workforce, 
and a more competitive economy in the long term.

Overall, the adoption of personalized technology-based learning in Kazakhstan 
has the potential to transform the educational experience for students and improve 
academic outcomes. However, it requires a concerted effort from all stakeholders to 
ensure its successful implementation.

Educational institutions offering an individual approach to learning have found 
ways to establish contact with students, engage them, keep their attention and give 
them the opportunity to develop their strengths. One of the main objectives of 
the study was to find out whether it is possible to successfully use personalized 
learning systems to increase the level of mathematical competence in secondary 
vocational education. Subsequent questions related to the participant's perception 
and satisfaction with the learning experience, their attitude to mathematics, as well 
as their perception and satisfaction with the experience of using the software.

Additionally, the study aimed to investigate whether the personalized learning 
system can enhance students' academic achievement in mathematics and whether 
it can motivate them to engage more actively in learning. The researchers also 
examined the impact of the system on students' self-regulation skills, such as goal-
setting, self-monitoring, and self-evaluation, and explored whether these skills 
mediate the relationship between the system and academic performance. Finally, 
the study aimed to identify the factors that contribute to the effectiveness of the 
personalized learning system and to provide recommendations for its implementation 
in secondary vocational education. 

Before this study, personalized adaptive learning was not used in any educational 
institution. Students were asked to participate in the study for about one month, after 
which the data collected in the learning environment was analyzed quantitatively. 
In particular, the aim was to determine whether personalized adaptive learning is a 
promising resource for bridging the achievement gap.

In this study, two versions of the e-learning environment were used:
1) This software presented lessons in the form of a linear model that did not adapt 

to student responses;
2) The same software was built on an adaptive platform that can adjust questions 

depending on student responses and provide students with an individual experience.
The purpose of this version, based on personalized learning, was to offer students 

an individual approach to studying the course material, focusing them on specific 
activities that optimize their time to complete tasks and further increase engagement. 

The study aimed to compare the effectiveness of the two variants of the electronic 
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learning environment in terms of learning outcomes, engagement, and time to 
complete the task. The research design for this study was a randomized controlled 
trial with two parallel groups. Participants were randomly assigned to either the 
linear model or the personalized learning-based version of the electronic learning 
environment. The study was conducted with a sample of undergraduate students 
taking a course in Psychology.

The personalized learning-based version also showed higher levels of engagement 
among students, and they were able to complete the task in less time compared to the 
linear model version.

Overall, the findings suggest that personalized learning approaches can positively 
impact learning outcomes and engagement in electronic learning environments, and 
can optimize students' time to complete the task. Hence, the use of personalized 
learning-based approaches should be considered when designing electronic learning 
environments for students.

Methods and Materials
One of the goals of this study was to identify the main differences in learning 

between personalized and non-personalized learning experiences. Another goal was 
to analyze the user experience to identify the main differences in student attitudes 
toward users and satisfaction between these different environments. To achieve these 
goals, a randomized control study was conducted with students from two different 
universities. 

Therefore, the choice between personalized and non-personalized learning 
depends on the goals and characteristics of each educational program, as well as on 
the individual needs and diversity of students.

The participants took a general mathematics course at school, i.e. studied the 
basics of algebra, and were not selected for an excellent or advanced grade. The 
analysis will include data from all participants, as well as paired scores before and 
after testing. The materials and equipment needed to conduct the study included 
access to a computer lab to evaluate the results before and after testing. We used two 
versions of the e-learning curriculum:

- Personalized Adaptive Learning Platform (PALP) - as a requirement for 
personalized learning;

- Personalized Adaptive Learning Platform (NPALP) - as a control condition.
The participants were pre-tested on paper with 25 multiple-choice questions 

to assess their prior knowledge of basic algebra. These questions were used to 
determine the level of their prior knowledge of elementary algebra. Each question 
of the preliminary test was rated at 1 point for a correct answer and 0 points for 
an incorrect answer. The maximum possible score for the preliminary test was 25 
points. The electronic content and themes on each platform were the same.

The NPALP condition consisted of a computer learning environment without 
personalized elements and included multimedia content (i.e. embedded examples 
with short videos and quizzes) (Figs. 2 and 3). In this condition, all students took 
the same lessons in the same order, regardless of the results of the built-in tasks and 
tests.
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Figure 2. Screenshot of a math lesson in NPALP conditions

Figure 3. Screenshot of the graphics used in NPALP conditions

The computer learning environment on the platform of personalized adaptive 
learning provided the same content as the NPALP group (Figures 4, 5, 6).

However, in this version, the learning environment was adaptive and personalized, 
as a profile was created for each student. The profile of each student was supplemented 
with evaluation data as the new module on the platform was completed. Using this 
data, the student's profile was constantly updated and analyzed using data from 
other students in the platform repository. Then recommendations were given on the 
appropriate module based on this data. Teachers and students had access to this data.

Figure 4. Screenshot of the task in the PALP condition
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Figure 5. Screenshot of PALP with progress bar and workspace

Figure 6. Screenshot of PALP tasks

After the training experiment, a post-test consisting of 10 questions on basic 
algebra was conducted. The post-test questions were similar to the protest questions 
but were asked with different numerical values and in a different order. One point 
was given for the correct answer and zero points for the wrong answer.

The course consists of three modules, and students have one week to complete 
each module. The modules were divided into different subcourses.

Participants participated in the study for four weeks. They worked on tasks related 
to the basics of algebra and completed them. At the end of the weekly assignments, 
teachers viewed the completed data on personalized and non-personalized learning 
platforms. Four weeks later, a post-test evaluation was conducted.

Conclusion
The aim of the study was to study the extent to which personalized adaptive 

learning plays a role in the assimilation of mathematics. The main conclusion drawn 
from the results is that participants exposed to personalized adaptive learning were 
more satisfied with the personalized nature of the learning environment than with the 
overall impression of the program. Arithmetic calculations and calculations based on 
three statistical criteria have proved that the use of personalized adaptive learning 
experiences in mathematics is justified. The best results from the use of personalized 
adaptive technologies in the educational process
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As personalized adaptive learning systems evolve with technology, and research 
continues to identify ways to maximize student achievement, it is important to pay 
attention to the social aspects of learning and how they are missed when learning 
using technology. Moreover, understanding the target audience and their needs is the 
first step in creating a successful learning experience. To maximize the effectiveness 
of learning, it is important to take one step further and understand the needs of each 
individual student in the classroom.

As personalized learning becomes more common in education, researchers 
should continue to study the relationship between the social aspects of learning 
and technology, the importance of rational usability principles in the development 
of educational content, as well as the impact of these factors on student academic 
performance and learning.
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