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The study aimed to empirically investigate the effectiveness of personalized adaptive learning in
mathematics. To clearly explain this approach, we have deeply analyzed and used a mixed methodological
approach to analyze satisfaction with the learning environment, perception, and attitude to the content
provided, as well as general experience and personalized adaptive experience in the context of an electronic
learning environment in mathematics. The students were distributed according to one of two conditions: an
electronic learning environment known as personalized adaptive learning, and the same learning
environment without the integration of a personalized adaptive learning platform. The necessity of using
statistical methods for a reliable assessment of the results of experimental work in pedagogical research is
considered, as well as the results of using two statistical criteria, and the difficulties that may arise during
their implementation are analyzed on a practical example. To evaluate the effectiveness of adaptive
personalized technologies, it was planned to use the Fisher criterion and the Student's t-criterion. They were
chosen because they are based on two different types of scales: ordinal and interrelated.

Key words: personalized learning, adaptive learning, electronic learning environment, mathematics,
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Llenbio uccriedosaHus 6biri0 aMrupudecku uccriedosamb 3ghheKmueHOCMb MNepcoHau3upo8aHHO20
adanmueHoao oby4yeHusi Mamemamuke. Ymobsl yemko ob6bsCHUMb 3mom no0xo0d, Mkl 21yboKo rnpoaHasnu-
3upoeanu U ucrionb3oeanu cMmewaHHbIl mMemodudeckul nodxod Ons aHanusa y0osremeopeHHocmu
y4ebHol cpedol, socrnipusimusi U OmHoweHuUs K npedocmasniseMoMy KOHmeHmy, a makxe obuje2o onbima
U repcoHanu3uposaHHo20 adarnmueHo20 Ofbima 8 KOHMEKCme 3f1eKmMpPOHHOU cpedbl 0by4YeHus
Mamemamuke. Ydauwuecs bbiniu pacripedesieHbl 1o 00HOMY U3 38yX ycrioguli: 351eKmpoHHas y4ebHas cpeda,
u3gecmmHasi Kak repcoHanusupogaHHoe adanmueHoe obyyeHue, u ma xe y4yebHas cpeda be3 uHmezpayuu
repcoHanusupogaHHolU adanmuseHol y4ebHolu rnnamagopmbl. PaccmompeHa Heobxo0uMOoCmb UCMOIb308a-
HUs cmamucmu4eckux memodoeg 0519 00CmMo8epHOU OUEHKU pe3yribmamos 3KcrepumMeHmarsbHoU pabomei
8 nedazoauyecKkux UCCned08aHUsIX, @ makxe Ha MpakmMu4YecKoM MpuMepe npoaHanu3upoe8aHsl Pe3yrlb-
mambi UCMO/Ib308aHUsI 08yX cmamucmuyeckux Kpumepuee u mpy3dHocmu, KOmopble Mo2ym 803HUKHYMb
npu ux eHedOpeHuu. [Ina oueHku aghghekmusHocmU adanmueHbIX NepCOoHaIuU3UuUpPO8aHHbIX MmexHosoaul
rnnaHuposasnock ucronb3osame Kpumepuli Quwepa u t-kpumepuli CmbrodeHma. OHu 6binu ebibpaHbI
r10MomMy, 4mo OCHOB8aHb! Ha 08yX pa3fuYHbIX murax WKajs: nopsiOKo8bIX U 83aUMOCES3aHHbIX.

Knodyesble cnoesa: nepcoHanu3uposaHHoe o0byqeHue, adanmueHoe O0by4eHue, 3r1eKmMpPOoOHHas
obyyarwuwas cpeda, Mamemamuka, 3¢hhekmusHocmb, Kpumeput Puwepa, t-kpumeputi Cmbrod0eHma.

MATEMATUKAHbI OEPBEC BEMIMAEN OKbITYAbIH TUIMAINITH 3EPTTEY

XKunmazambemosa P.3.* — binim 6epydeai uHghopmamuka kaghedpacniHbiH PhD dokmoparHmel, "1. H.
l'ymunee ambiHOarbl Eypasusi ynmmsik yHUgepcumemi',AcmaHa.
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ynmmelIK yHUgepcumemi" uHghopMamuka kaghedpachiHbIH pogheccopbi, AcmaHa.
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3epmmeydiH makcambl MameMamukaHbl 0epbec belimdern OKbimyObiH muimMOinieiH aMuUpUKarsIK
mypde 3epmmey 6ondel. byn mecindi Hakmbli myciHOipy ywiH 6i3 OKy opmachiHbiH KaHarammaHybiH,
bepinzeH masmyHra Kabbinday MeH Ke3kapacmbl, COHOal-aK mMamemamukaHbl OKblMyObiH 311EKMPOHObIK
opmacbl KOHmekcmiHOezai xarnrnbl maxipube meH Oepbec belimOeny maxipubeciH manday ywiH apanac
adicmemernik mocindi mepeH mandadbiK xoHe KorndaHObiK. Okywsblnap eki wapmmbiH 6ipiHe 6eniHdi:
Oepbec belimdenzeH okbimy Oern amasiambiH 351eKMPOHObIK OKy opmachkl xoHe depbec belimOerieeH OKy
nnamgopmaceiH KondaHbalmbiH OKy opmackl. [ledacozukanblKk 3epmmeyriepdeai 3KCrnepuMeHmmik
XKYMbICMbIH HamuxesnepiH ceHiMOi baranay ywiH cmamucmukarnslk adicmepdi KondaHy Kaxemminiai
Kapacmbipbinadbl, coHOal-aK npakmukanbik Mbicanda eki cmamucmukarnbiK Kpumepultdi KondaHy
Homuxesnepi xoHe onapdbl eHei3y Ke3iHde mybiHOaybl MYMKIH KubiHObIKmap mandaHadsl. [epbec
beliimdenzeH mexHonoausnapobiH muimoinieiH baranay ywiH @uwep kpumepuli meH CmbroOeHmmiH t
KpumepuliH kKondaHy xocnapnaHfaH 6onamsiH. Onap eki mypni Mmacwmabka HezizdereeHOikmeH
maHOandbl: pemmik xoHe e3apa balisiaHbiCMabl.

TytiHOi ce30ep: depbec okbimy, belimOern OKbimy, 31EKMPOHObIK OKbImMy opmachkl, Mamemamuka,
muimdinik, @uwep kpumepudi, CmbroO0eHmmiH t Kpumepudi.

Introduction. In the last few decades, one of the main innovations has been the use of computers as
interactive learning devices that adapt to the student based on the student's responses. In a world where
education has traditionally been "universal for everyone," adaptive systems provided the opportunity to
customize learning or personalize it.

Currently, personalized learning approaches are discussed in the scientific community mainly in the
context of the development of distance learning technology, individualization, and differentiation of learning.
Among foreign scientists, the works of Canales Cruz A., Pena-Ayala A. (development of a web-based
education system focused on the learning needs of an individual student) [1, p. 1076], Worsley D., Fox E.,
Landzberg J., Papagiotas A. (personalization of high school students learning through shift groups) [2, p.
136], Wilson S., Liber O., Johnson M., Beauvoir P., Sharpies P., Milligan C. (design of personal learning
environments) [3, p. 27], Martin M. (personalized learning as a means of professional development) [4, p.
112], A.A. Vlasenko (development of an adaptive distance learning system, creation of a student model for
an adaptive learning system) [5, p. 165]. Such Russian scientists as E.Y.Bidaibekov [6, p. 88842],
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D.N.Isabayeva [7, p. 27], and N.Oshanova [8, p. 34], made a great contribution to the development of the
information environment of training and applied ideas of personalization and individualization. V.V.
Grinshkun [9, p. 89], G.B.Kamalova [10, p. 14] (informatization of secondary education, the effectiveness of
knowledge informatization tools, modern information technologies of education), G.G. Erkibayeva
(technology of individually differentiated learning based on homogeneous groups) [11, p. 1], 1.0.Sayfurova
(personalized approach as a basis for improving the methodology of teaching programming) [12, p. 72],
G.Samigulina, A.S. Shayakhmetova (intelligent IT distance learning for people with disabilities) [13, p. 109],
G.Bekmanova (personalized learning model in a mixed format in universities) [14, p. 668], etc.

Taking into account the individual needs of students, scientists of the Republic of Kazakhstan have
proposed plans for the introduction of personalized learning using technological learning tools. 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.

Educational institutions offering an individual approach to learning were able to better connect with
students, find ways to engage them, keep their attention, and help them benefit from their strengths.

One of the main goals of this study was to study whether a personalized learning system can be
successfully used to improve competence in mathematics in secondary vocational education. Subsequent
questions focused on participants' perceptions and levels of satisfaction with their learning experience,
attitudes to mathematics, perceptions, and levels of satisfaction with their experience using the software.

Prior to this study, personalized adaptive learning was not used in an educational institution. The
students were invited to participate in the study, which was conducted for about one month, after which the
data collected from the learning environment were analyzed quantitatively. In particular, this study aimed to
investigate whether a personalized adaptive learning experience is a promising resource for bridging the gap
between learning progress.

Two variants of the electronic learning environment were used for this study:

1) the software presented the lessons in a linear model, which meant that the software did not adapt to
the student's answers;

2) the program was the same software built on an adaptive platform that allows you to ask questions
adapted to students based on their answers, which gives them an individual experience.

The purpose of this personalized learning-based version was to provide students with an individual
approach to learning the course material, allowing them to focus on those specific actions that optimized
their time to complete the task and further increased engagement.

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.

A personalized learning experience involves an individual approach to the student. This means that
the teacher or program adapts to the needs and abilities of each student. For example, if a student manages
to easily complete tasks, he is given more complex tasks, or if a student has difficulties with a certain topic,
teachers change the teaching methodology and give more time to study this topic.

A non-personalized learning experience, on the other hand, applies the same approach to all students.
Teachers follow unified programs and methods, regardless of the exact level of knowledge and abilities of
students.

Highlighting the main differences between these two approaches, it can be noted that the personalized
learning experience is more flexible and takes into account the characteristics of a particular student, which
allows him to achieve higher learning results. The non-personalized learning experience, in turn, is more
structured and is aimed at creating a uniform experience for all students, which ensures a more uniform
learning outcome but does not always contribute to the maximum disclosure of the potential of each student.

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

A total of 103 first-year college students participated in this study (Table 1).

Table 1 — Age of students

Age of students Middle age Median age
15-17 years old 15,86 years old 16 years old
(SD =0,97)

The participants completed a general mathematics course at school, which means that they were
introduced to basic algebra, which means they were not selected with honors or with an advanced level of
training. Data from all participants, including matching scores before and after testing, were included in the
analysis. The materials and equipment needed to complete this study included access to computer labs for
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classes and assessments before and after testing. We used two versions of the electronic curriculum, which
were called:

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

- Non-Personalized Adaptive Learning Platform (NPALP) — as a control condition.

Participants were given a paper-based preliminary test assessment containing 25 multiple-choice
questions to measure their prior knowledge of basic algebra. The questions were used to establish levels of
prior knowledge regarding basic algebra. Each question in the preliminary test had a score of 1 for a correct
answer and 0 for an incorrect answer. During the preliminary testing, it was possible to score a maximum of
25 points. The electronic content and themes on each platform were identical.

In this study, the learning environment was divided into three modules (Figure 1).

LEARNING ENVIRONMENT MODULES

Trigonometric
equations and
inequalities

Figure 1. Learning environment modules

The NPALP condition consisted of a computer learning environment without a personalized
component and contained multimedia content (i.e. short videos and embedded examples with tests) (Figures
2, 3). All students in this state passed the same lessons in the same sequential order, regardless of the
results of the embedded tasks and tests.

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

Figure 2. Screenshot of a math lesson in NPALP conditions

ftems teacher News Contests Buy Q & Tocomein

2ms » Maths » Geometry » Planimetry » Coordinates and vectorsonthe plane » Straight line and circle equations

Straight line and circle equations

Figure 3. Screenshot of the graphics used in NPALP conditions
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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.

@ stepi O

Linear Algebra: Problems 2.3 Rank of a matrix
and Methods
Course progress: 0/237

When we solv ns of the form Az = b some equations can turn out to be redundant. For example, the system

2 Subspaces zrt+etry=1,
Q21+ 210+ 223 =2

2.1 Span and other subspac...

in fact has only one real equation (the second one is always just a corollary). In this lesson we'll see that the number of real equations ina

2.2 Operations with subspac...
system Az = b equals to so-called rank of the matrix A. We will leamn

2.3 Rank of a matrix

» what is the rank of a matrix,

« how to compute and how to use it

3 Linear Transformations * how rank is related to linear maps between linear spaces.

2.4 Operations with matrices

3.1 Permutations In particular, we will study a very elegant criteria of solvability of linear systems: Kronecker-Capelli theorem

3.2 Determinants Using these ideas by end of the lesson we will solve the following hard problem:
EHE S Let F' be a finite set of quadric curves on a (2-dimensional) plane. Suppose that any 6 curves from F share a common point. Prove that all the

HH o curves from ' share a common point. (A quadric curve s a set of points of the form { (z, y) : az? + bzy + cy? + dz + ey + f = 0}, where

Figure 4. Screenshot of the task in the PALP condition

@ stepik EEEN DDV ECE A

Basic course of preparation

the OGE in
c ¥
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2
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3.4 Practical application of... t + - ' t v T
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3.5 Modulo 3 test 1
4 Functions and their graphs III e IV
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4.1 lunclion Funclion Anal_.

4.2 Function. Function Ana... » 1stquarter; positive X and Y values
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» Il quarter: negative X and ¥ values

4.4 Quadratic fun + IV quarter: positive X values and negative ¥ values

4.5 Inverse proportion. So. M
H o

Figure 5. Screenshot of PALP with progress bar and workspace

@ stepik CTT T Teleh v w8l =. |

Correct answet from 6,008

Basic course of preparation learne
for the OGE in mathematics Mateh two lists Total 48% of tries are correct
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4.1 function. Fimction Anal_
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B cigh Step9

Figure 6. Screenshot of PALP tasks
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After the training experiment, a test consisting of 10 questions on basic algebra was conducted. The
questions asked after testing were similar to the questions asked before testing, but used different numerical
values and were presented in a different order. Correct answers were given a score of 1, and incorrect
answers were given 0 points.

The course consisted of three modules, and students had one week to complete each module. The
modules were divided into several sub-lessons.

Participants participated in the study for four weeks. They performed tasks related to basic algebra
and worked on them until completion. After each weekly assignment, teachers viewed the data that had
been filled in both personalized learning and non-personalized learning platforms. After four weeks, a post-
test evaluation was performed.

Results.To test the theoretical propositions put forward, a pedagogical experiment was conducted
with two groups of students: experimental (50 students) and control (53 students). Two statistical criteria
were planned to be used to evaluate the effectiveness of adaptive personalized technologies: the Fisher
criterion and the Student's t-criterion. They were chosen because they are based on two different types of
scales: ordinal and relationships. To work with the scale of relations, which took into account the results of
solving tests by the number of correct answers about the number of students who gave such several correct
answers, the Student's t-criterion is used. Fischer's criterion, on the contrary, is designed for an ordinal scale,
which takes into account the number of students who confirmed and did not confirm the availability of the
necessary amount of knowledge. When checking the level of knowledge through testing in the experimental
and control groups before and after the experiment, the following data were obtained (Table 2).

Table 2 — Results of measurements of the level of knowledge in the control and experimental groups
before and after the experiment

The number of The number of students who have passed such a number of correct answers during

correct answers testing

during testing before the experiment after the end of the experiment
control group  |experimental group control group experimental group

Number of 53 50 53 50

students, person

Average number of 10,6 10,3 12,8 17,5

correct answers

It should be noted that the calculation of the average number of correct answers as a calculation of the
average score for a group cannot be correct for making conclusions within the framework of pedagogical
science. In our work, this only allowed us to assume that the changes received may be positive.

For the calculations carried out, the significance level p = 0.05 was determined, which meant the
probability of an error consisting in the rejection (non-acceptance) of the null hypothesis, i.e. the probability
that the differences were considered significant, and they are random, in other words, the probability of error
was not more than 5%.

To correctly calculate the Fisher criterion, we needed to process the data obtained and make a
distribution in the resulting sample according to only two criteria. We used the division into "coped/failed with
the task" based on "coped" — 16 or more correct answers in the test; less than 16 correct answers —
"failed". The critical values of the Fisher criterion and other statistical criteria are presented in publicly
available distribution tables, so there is no need to calculate them additionally, we will use the available data.
According to the table of critical values of the Fisher criterion for our sample, the critical value is 1.64, i.e. if
the obtained criterion is less than this value, then the differences between the two samples are insignificant,
if more, the samples differ significantly.

As a result of the calculations, the following empirical values of the Fisher criterion were obtained
(Table 3).

With the critical value of the Fisher criterion equal to 1.64, we compared the results obtained in the
experimental and control groups before and after the experiment. As can be seen from the calculated data,
before the experiment, the experimental and control groups had no significant differences, which was
necessary for the reliability of the evaluation of the results of the experiment.

However, the Fisher criterion has several limitations and is used to calculate the differences between
two samples only if the results are divided into two groups. Therefore, it seems necessary to check the
difference in the samples obtained additionally by the Student's t-criterion. To apply the Student's t-test, the
following conditions must be met: the measurement can be carried out in a scale of intervals and ratios, and
the compared samples must be distributed according to the normal law. The T-criterion is calculated for
related (dependent) and unrelated (independent) samples.
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Table 3 — Empirical values of the Fisher criterion

The control
group after the
end of the
experiment

The control
group before the
experiment

Group Experimental
group before the
start of the

experiment

Experimental group after
the end of the experiment

The control 0
group
before the
experiment

0,05 0,84 2,79

Experimental
group before the
start of the
experiment

0,05 0 0,79 2,72

The control
group after the
end of the
experiment

0,84 0,79 0 2,41

Experimental
group after the
end of the
experiment

2,79 2,72 2,41 0

In our experiment, related samples are samples of results obtained within the same group (control or
experimental) before and after the experiment. The results obtained in different groups are independent
(comparison of the results in the control and experimental groups before the experiment and comparison of
the results obtained in the control and experimental groups after the experiment).

The results of the Student's t-test calculation are presented in Table 4. The critical values for the
confidence probability of 0.95 are indicated in parentheses when comparing the specified characteristics of
the groups.

Table 4 — Results of Student's t-test calculation

The control

Group

group before the
experiment

Experimental group
before the start of
the experiment

The control group
after the end of
the experiment

Experimental group after
the end of the experiment

The control

0

0,20 (1,98)

4,03 (2,00)

group
before the
experiment

Experimental
group before
the start of the
experiment

0,20 (1,98) 3,75 (2,00)

The control
group after the
end of the
experiment

4,03 (2,00) — 0 3,92 (1,98)

Experimental —
group after the
end of the
experiment

3,75 (2,00) 3,92 (1,98) 0

When analyzing the data obtained, it is difficult to draw an unambiguous conclusion in favor of the
results of the experimental group, since according to the calculated criteria, more significant differences are
observed within the control group before and after the experiment, although the critical value is greater than
when comparing the results between the groups. At the same time, all the values obtained, except for the
comparison of groups before the experiment, exceed the critical values, which indicates a significant
difference.

For a reliable comparison of the data obtained, we additionally used the criterion x2 (chi-square). This
statistical criterion is also intended to compare two statistical samples.

Like other statistical criteria, the criterion x2 (chi-squared) has limitations: it is applicable provided that
for any value of the score in any of the compared samples at least five of its members received this score,
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ie.ni25 miz5i=1,2, .., L. Inadditon, L must be at least three. Due to these limitations, we were forced
to slightly change the table, combining the original data into groups according to the number of correct ans-
wers: 1-5, 6-10, 11-15, 16-20, and 21-25. With the presented samples, the critical value of the criterion x2 for
the significance level a = 0.05 is 11.07. The results of the calculation of this criterion are given in Table 5.

Table 5 — The results of the calculation of the criterion x2 (chi-square)

Group The control Experimental The control Experimental group after
group before the | group before the group after the the end of the
experiment start of the end of the experiment

experiment experiment

The control group 0 2,48 7,61 —

before the

experiment

Experimental

group before the 2,48 0 — 32,20

start of the

experiment

The control group

after the end of 7,61 — 0 13,50

the experiment

Experimental 0 2,48 7,61 —

group after the

end of the

experiment

The above-calculated data convincingly show the presence of significant differences between the
groups after the end of the experiment and also indicate significant differences in the results within the
experimental group before and after the end of the experiment.

Thus, we see that a balanced approach to the use of statistical methods is necessary for pedagogical
research. They should be applied to take into account the available data, the limitations of various statistical
criteria should be taken into account, and actions should be taken (whenever possible) to bring the available
data in line with the requirements of the relevant statistical criteria. In addition, the above calculation
examples demonstrated that using any one criterion, it is not always possible to draw correct and
unambiguous conclusions about the results of the experiment. More reliable is the use of various criteria
designed for different types of scales and different sensitivities.

Conclusions. The purpose of this study was to investigate the extent of the role of personalized
adaptive learning in math acquisition. The main conclusion in the results showed that participants who were
presented with a personalized adaptive learning experience perceived a higher level of satisfaction with the
personalized nature of the learning environment than their overall experience with the program. The
conducted arithmetic calculations and calculations based on three statistical criteria proved that the use of
personalized adaptive learning experience in mathematics is justified. The introduction of personalized
adaptive technologies into the educational process brings positive results, more significant than when using
personalized adaptive technologies in the educational process

As personalized adaptive learning systems continue to evolve along with technology, and research
continues to identify ways to maximize student achievement, it is important to note the social aspect of
learning and how this is lacking in technology-based learning. In addition, understanding the audience and
their needs is the first step in developing a successful learning experience. To get the maximum learning
experience, it is important to take another step forward and understand the individual needs of each student
in the classroom.

As personalized learning becomes more common in education, researchers should continue to
explore the relationship between the social aspect of learning and technology, the importance of sound
usability principles in the development of educational content, and the impact these factors can have on
student achievement and learning.
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