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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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AHHOTanuUsl. AKNAaparThlK TEXHOJOTHSJIAp JKSACNACTUIICH HMHTEerpalus
TEHJICHIMSICBIHBIH apKacbhlHAa OKYy opTachlHIa aepOec OeiimMIen OKbITYAbl THIMI
inrepineryre MyMKiHIik Oepeni. COHIBIKTaH Oy 3epTTEYAiH MAKCAThl MATEMaTHKAHBI
nepOec OeHimMIer OKBITYIBIH THIMIIUTITIH AIMITUPUKAIBIK 3€PTTEY OOJIbIN TaObLIAIbI.
Byn tocingi kepHeki Typme KepceTy YIUiH apajac 9ficTepii KojaaHa OTBHIPHII,
MaTeMaTUKaIBIK JJIEKTPOHIBIK OKY OpTachl KOHTEKCTIHAE OKY OpTaChIHbIH
KaHaFaTTaHyblHA, OepiIreH Ma3MyHFa KaObLilay MEH Ke3KapacKa XOHE >KalIlbl
XKoHe JiepoOec Oerimaer oKy ToxXiprOecine TepeH Tanaay kacanabl. OKylbIiapra exi
LIapTTHIHOipiYCHIHBULABL: JepOecOeiiMaeTOKBITY bl 0ap 3IEKTPOHABIKOPTACBI HEMECE
XKeKeleHaipinren nepoec Oedlimaen okpITy Iuardopmackl Oipikripinmeren Oipaei
OKY OopTachl. byt 3epTTey >KYMBICH OKBITYIIBUIAPFa OKYIIBUIAPABIH KAKETTITIKTEPIiH
KaHaFaTTaHAbIPAThIHAAH OKBITYIBIH »OHE OKBITYIbl YWBIMIACTBIPYABIH IYPHIC
KypajiJIapblH TaHAayaa KoJIAay KepceTyre MyMKiHAIK Oepexi. bediMaen oKbITyabIH
OyJ1 HYCKaChIHBIH MaKCaThI-CTyACHTTEPIiH Y1 TallChIPMaChIH OPBIHAAYFa )KYMCANTHIH
YaKbIThIH OHTAMIaH BIPYBI )KOHE OIITLIl Oip opeKeTTepre Ha3ap ayJiapysbl YIIiH Kypc
MaTepuanblH YHpeHyre aepOec TOCUIl KaMTaMachl3 eTy, Oyl OelCeHIUTIKTI oJaH
opi aprTeipansl. Kasakcran PecnyOnuKachIHBIH 3epTTEYLIIEP] )KEKE OKYIIbLIapAbIH
KaXETTUTIKTepiHe OeiiMIenTeH TeXHOJOTUSUIBIK OKBITY KypajJapblH MNaijanaHa
OTBIPBIIN, AepOec OKBITYAbI €HTIi3y >KOCHAapblH YCHIHIBL. Ajaliia, TEeXHOIOTHSUIBIK
KOJJJayMeH JiepOec OKBITY/BIH JKETICTIKTEepi, MpodiaeMaiapbl MEH epeKIIeiKTepi
TypaJibl SMIMPHUKAJIBIK TYCIHIKTIH OonMayblHa OaiIaHbICTBl OYJ1 Kypaugapabl TEK
LIEKTEYJI OKY OpBIHZApbl eHrizai. JlepOec OKBITYIAbl YCHIHATBIH OKY OpPBIHIApHI
eHIi OKylbUIapMeH OaiilaHbIC OpHATYABIH, ONapAbl Oaypam ayyAblH, OJapAbIH
Ha3apblH ayJapyAblH >KOHE OJIapAblH KYIUTI JKaKTapblH JaMBITYFa MYMKIHIIK
OepyaiH xonmapbH Taba ananbl. [lenarorukansik 3epTTeyaepaeri SKCIepUMEHTTIK
HOTIKENEP/Ii CeHIMII Oaraliay YIIiH CTaTUCTHKAIIBIK 9ICTeP/l KOJIAaHy KaKeTTUTIIr1
TaNKbUIAHA/bl, HAKTBl MBICAIJAP €Ki CTaTHCTHKAIBIK KPUTEPUIII KOJIIaHYyAbIH
CaJIJapblH JKOHE OJaplbl KOJNJaHy Ke3iHA€ TYBIHAAybl MYMKIH KHBIHABIKTAp.IbI
tangaiael. OHbl AepOecTeHaipy 9AiCTEepiHiH THIMIUTIrH Oaranay yIIiH mainanany
XKocraplaHyza.

Tyiiinai ce3nep: nepdec OKpITY, OCHIMIET OKBITY, 3JE€KTPOHABIK OKBITY OPTachI,
Maremaruka, THiMaitik, @umiep kpurepuiii, CTbIONEHTTIH t KpUTEPHIAi

Mynaenep KakThIFbICHI: ABTOPJIap OChl MaKajgana MYAenep KaKThIFBICHI )KOK
JIeT MAIIMAEH .
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AnHoTanmus. MHpOpMAIIMOHHBIE TEXHOJIOTMH MO3BOJISIOT 3()(HEKTUBHO TPOJI-
BUTaTh NEPCOHAIM3UPOBAHHOE aJJalITUBHOE 00y4eHHEe B yUeOHOM cpefie, Oiaronaps
TEHJCHLIMU K YCKOpPEeHHOW MHTerpanuu. [103ToMy 1enbio JaHHOTO MCCIIEIOBaHUS
SIBIISIETCSl AMITUPUYECKOE HCclieoBaHHE (PPEKTUBHOCTH IEPCOHATN3UPOBAHHOTO
aJanTuBHOrO OOy4YeHUs] MareMaruke. VIcmomb3yst CMelIaHHble METOIbl IS
BU3YaJIBHOTO TPEJICTABICHHUS 3TOTO MOAXONA, OBbUI MPOBEIEH IIyOOKWH aHaim3
YJOBJICTBOPEHHOCTH Y4€OHOW CPeod B KOHTEKCTE MareMaTHYeCKON 3JICKTPOHHOMN
y4eOHON cpelibl, BOCTIPUATHS M OTHOIIEHUS K 3aJJaHHOMY COJEp)KaHUIO, a TaKkKe
00IIIero U MePCOHATM3UPOBAHHOTO OIBITA aJAIITUBHOTO O0YYEHHUs. YYaluMcst ObLIO
MIPEIOKEHO OJTHO M3 JIBYX YCJIOBHUIA: 3JIEKTPOHHAS cpesia ¢ epCOHAIN3UPOBAHHBIM
aIanTHBHBIM 00yYeHHEM WIIM Ta ke yueOHas cpena, B KOTOPO He MHTerpHpOBaHa
iaTgopMarepcoHaTM3UPOBAHHOT0IAIITHBHOT0 00YYeHHUS. DTAUCCIIEI0BATEILCKAS
paboTa MO3BOJISET MPENOAABATENAM OKa3bIBaTh MOIIEPKKY B BEIOOpE MPaBUIIbHBIX
WHCTPYMEHTOB OOY4YEHHsI W OpraHu3aliu OOydYeHHsS TaKUM O0Opa3oM, YTOOBI
YAOBJIETBOPUTh TOTpeOHOCTH Yywamuxcs. Lleap 3Toro BapuaHTa ajanTHBHOTO
o0ydeHUs] — 00ecneYnTh MePCOHATM3UPOBAHHBIA MMOIX0A K W3YyYEHHIO MarepHaia
Kypca, 4TOOBI CTYAEHThI MOTJIM ONTHMH3HPOBATH BPEMs, KOTOPOE OHM TPaTAT Ha
BBITTOJIHEHUE TOMAIIHUX 33JJaHUH, M COCPEAOTOUNTRCS Ha ONPEICIEHHBIX 3aHIATHSAX,
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4yTo emie OoNbllIe yBETMYMBAECT aKTUBHOCTH. McciemoBarenu u3 PecnyOnmku
Kazaxcran mnpencraBuiM IUTaH BHEIPEHUS TEPCOHATU3UPOBAHHOTO OOyUEHHS
C HCIMOJBb30BAaHUEM TEXHOJIOTMYECKHX CPEICTB OOyuYeHHs, aAanTHPOBAaHHBIX K
MOTPEOHOCTSIM OTHACNBHBIX ydammxcs. OfHAKO M3-32 OTCYTCTBHS SMIHPHUYECKOTO
MOHUMAaHUsl JOCTHXKCHUH, MpodieM M OCOOCHHOCTEH IMepCOHATM3UPOBAHHOTO
00y4eHUsI C TEXHOJIOTMYECKOM MOAEPIKKOM 3TH HHCTPYMEHTHI OBbUTN BBEJCHBI TOJILKO
OTpaHMYCHHBIMU Y4YeOHBIMH 3aBEACHUSMH. YueOHbIC 3aBEelICHHS, MpeJlaraoime
MEPCOHANN3UPOBAaHHOE OOyYeHHUe, Terepb MOTYT HaWTH CIIOCOOBI CBS3AThCA C
yUYallUMHKCS, YBIEYb WX, MPHUBJICYb UX BHUMAHWE U IMO3BOJUTH UM Pa3BHTh CBOH
cuibHBIE cTOpOHBL. OOCykIaeTcs HEOOXOAMMOCTb MPUMEHEHHUS! CTaTHCTHYECKUX
METOZIOB Il JOCTOBEPHOW OLIEHKHM SKCHEPHMEHTAJIbHBIX PE3yJbTaToOB B IEAaro-
THYECKHX UCCIIE0BAHUX, HA KOHKPETHBIX IPUMEpax aHAIU3UPYIOTCA MOCIEACTBHS
NPUMEHEHUS JIByX CTaTUCTHUYECKHX KPUTEPUEB M TPYJHOCTH, KOTOPbIE MOTYT
BO3HUKHYTh MpPHU UX NMpUMEHEHUH. Ero rutaHupyercs HUCIONB30BaTh Ul OLIEHKH
3G PEKTUBHOCTH METOAOB MEPCOHATH3ALINH.

KiiioueBble cioBa: nepcoHaan3upoBaHHOE oOydeHHe, aJanTUBHOE oOydeHue,
aNeKTpoHHAas o0yyJaromias cpena, MareMaTnka, 3pQeKTUBHOCTh, KpuTepuil Puiepa,
t-kputepuii CTbrofeHTa

KonduukT nHTEpEcOoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(IMKTA HHTEPECOB.

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
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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), 1.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. ldentifying 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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; TOPIC 1. 2 PROPERTIES OF FUNCTIONS (EVEM, ODD, MONOTONITY, ZERO
FUNCTIONS, DEFINITION DOMAIN, VALUE DOMAIN)

Figure 2. Screenshot of a math lesson in NPALP conditions
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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.

@ stepik

Litsmat Agerte s Pl
and Methads

2 Subepaces

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