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BASIC PRINCIPLES FOR DEVELOPING AN ADAPTIVE LEARNING SYSTEM

Abstract. The work focuses on the basic principles of developing an adaptive learning system. The
modern concept of open education assumes multilevel character of training, and also possibility of
a choice of means, a place and time of training corresponding to its inquiries by trainees . This
implies the availability of alternative teaching aids (courses) and application software for their
creation, support of training and adaptation to a particular student. A significant challenge is to
reduce the cost of developing e-learning courses and to increase their use in online learning. In
addition, despite the availability of automated tools to simplify the development of pedagogical
rules, it is impossible to generate rules suitable for any situation. These reasons have led to the search
for a solution to the problem of developing e-learning courses that implement adaptive learning. The
principles laid down in the concept of designing such a system are formulated. The structure of the
system, including the model of the subject area (educational content), the model of the user, the
model of adaptation and the model of evaluation of learning outcomes are presented. Within the
framework of the proposed system, it has been developed and is at the testing stage. It is justified
that the successful use of such a system by students contributes to the formation of their specific
competences. In the adaptive system the roles of a teacher and a trainee are changing: a teacher is
an organizer of the initial activities, and the responsibility for the results is shared with students. In
this system, the democratic management style, not authoritarian one, is taken into account. A student
is a performer of educational process and not a passive recipient of information (an object of the
process). With the help of a teacher they acquire knowledge, actively involve into thinking process
and plan own educational and cognitive activity. The central place in the adaptive learning system
is occupied by a student with their individual features: biological potential and abilities, specifics of
the organization of the cognitive process, the level of activity and independence in practical and
cognitive activity, as well as efficiency, etc. The result of this system is a qualitative change in their
individual features. Active independency of a student in the process of cognitive activities promote
the development of individual qualities, the formation of intellectual and spiritual growth, as well as
self-knowledge of a learner’s personality. This is the way the system is adapted to the formulation
of competence of individual self-improvement.

Keywords: adaptive learning system; traditional learning system; education; pedagogy;
psychology; methods of adaptive learning system

Introduction. Active development of information and communication technologies has
a great impact on the global education system. Traditional educational technologies are being
replaced by e-learning, actively developing. The active use of e-learning courses in teaching
the modern “digital generation™ living in the world of electronic culture, applies to all
disciplines in educational institutions.

It should be noted, however, that the organization of training in the electronic
environment is a difficult pedagogical and instrumental-technical task. This is due, in particular,
to the fact that e-learning methodologies are not yet sufficiently developed. In addition, the
implementation of e-learning, unlike traditional e-learning, does not provide for direct
participation in the educational process of the teacher, taking into account the individual
characteristics of the learner. We believe that this teaching function can be greatly enhanced by
an adaptive e-learning course.

Taking as a basis the definition of the electronic educational resource given in the national
standard of Ukraine, under the adaptive electronic training course of disciplines we understand
the educational resource presented in the electronic-digital form and including the structure and
the subject content, which allows the possibility of adaptation for students depending on their
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individual characteristics. The use of adaptive e-learning courses in the learning process helps
to personalize learning and increase its effectiveness. It should be noted that ensuring
personalization of education is a global trend in modern education.

The purpose of the article is to build a mobile adaptive learning system in an electronic
environment, the description of the structure and components of this system, as well as the
principles of its development.

Within the framework of the proposed system, a mobile adaptive learning system is being
developed for the popular Android mobile platform.

A specific feature of the current stage of education development is the transition from
traditional education to new pedagogical directions, which create a favorable environment for
the development of a fully developed personality.

Modern didactics has a large number of pedagogical innovations that take into account
the social demands of society. Examples include models of full assimilation (J. Carroll, B.
Bloom), programmed learning (N. Crowder, B. Skinner, S. Pressy), person-centered learning
technology (Y. Malashchenko), modular learning (J. Russell), developing learning (L.S.
Vygotsky), etc. The adaptive system of education has also gained a certain popularity in the
national pedagogy. It was formed at the intersection of the theory of gradual formation of mental
actions and the activity approach to learning. Features of the use of this system can be presented
in the works of N. Morse, O. Spirin, V. Bykov, M. Zhaldak, etc.

Adaptive learning involves a flexible system of training sessions tailored to the individual
characteristics of the learners. Special attention is paid to the learner, his or her activity, the
qualities of his or her personality and the formation of his or her learning skills. When applying
an adaptive learning system, the teacher must clearly understand what tasks can be
accomplished by using it. In addition, the educator should take into account the age
characteristics of the students.

Taking into account the humanistic approach, adaptive technology provides a
differentiated approach to learning, taking into account the level of intellectual development of
the student, his level of training and abilities. In particular, the adaptive learning technology
proposed and implemented in the educational process is based on independent work, self-
control, design and research activities aimed at developing and improving the skills of
independent work for intellectual activity and formation of basic competences. The proposed
technology is aimed at maximum adaptation of the educational process to the individual
features and needs of students. The essence of adaptive technology is the simultaneous work of
the teacher to manage the independent work of all students, work with individual students
(individually), accounting and implementation of individual characteristics of students in the
learning process, the maximum involvement of all students in the individual.

Taking into account the informatization of education and peculiarities of the modern
educational process, it is expedient to apply information and educational systems based on
adaptive technologies of education in the educational process. (Brusilovsky, 1998, pp. 1 - 43).

Ideas of adaptive learning in the environment of information systems, provides for the
creation of conditions for individualization of learning, differentiation of tasks, taking into
account the individual educational needs of students, were first discussed in the works of G.
Easter and A. Berg. Scientists have investigated adaptive learning as the creation of an adaptive
mechanism to manage the activities of the subject of learning, which supports interest, attention
and motivation.

An adaptive learning system using information systems has a number of advantages,
including:

1. provides students with a wide range of opportunities to choose their own learning
trajectory of mastering a certain topic: the choice of individual pace of study, level,
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period of mastering educational material, planning of independent and individual work,
etc;

2. provides a differentiated approach based on the fact that different students have different
experience and level of knowledge on a certain topic, each student learns the educational
material of the topic in accordance with this level of knowledge and depending on its
individual type of perception (visual, audio or kinesthetic) and the pace of learning, that
I, the transition of the learning system from the study of the same material by students
to the study of different material by different students;

3. increases the efficiency and objectivity of monitoring and evaluation of learning
outcomes;

4. includes diagnostic monitoring of the topic and correction of the training trajectory
according to individual characteristics;

5. promotes individualization of learning activities (differentiation of the pace of learning,
complexity of learning tasks, type of learning tasks, etc.);

6. increases cognitive motivation;

7. promotes the development of productive, creative thinking functions in students, the
growth of individual abilities, etc;

8. creates conditions for partnership and cooperation between students and the instructor.

Here is an example of the roles of a student and a teacher in adaptive learning (Table 1).

Table 1.
Teacher and student roles in adaptive learning

Teacher Student.

The subject of the training, with the help of

Organizer of cognitive activities of students a teacher, obtains knowledge

Directs the cognitive process, providing
independent activity of students within the Included in the active thinking process
framework of social interaction

An active participant in the pedagogical
process in which self-fulfillment and self-
affirmation take place

Democratic style of relations dominates,
based on cooperation, cooperation

Included in the responsibility for the results
Shares responsibility for the results of the | of the learning process, being aware of their

educational process with students importance for their promotion and
development
Motivational training is provided Internal motivation dominates
The dominant methods of independent Performs research work, applying
work, brainstorming knowledge in similar and changed situations
Uses reflexive management of students' Included in self-reflection, self-assessment
cognitive activities of thinking activities

Therefore, Table 1, it would be correct to describe the lesson in more detail in an adaptive
learning system, taking into account the presence of students with "mixed abilities".

1. All subjects are taught in "mixed ability” groups because, with rare exceptions, we
cannot identify children's aptitudes so early. That's why, speaking out against early
external differentiation of education, we prefer to differentiate it internally, through
specially organized remedial and development work and selection of pedagogical
technologies for a specific student.

2. Presentation of educational material in portions.
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3. Diagnostic tests to identify the success of students' acquisition of learning material at
the end of the basic unit of study. Those who have learned are offered additional,
enriched material. Those who have not mastered the main content are encouraged to re-
examine the corrected material.

4. Organization of work on tasks individually or in groups during the correction or
additional period.

5. Correction or additional groups are allocated within the class.

6. Special attention is paid to working with a small group of children and individual
differentiation.

7. All students start studying the new basic unit at the same time.

8. Fixing an understanding of the knowledge requirements of the students in the absence
of any time limits for the study of a particular base unit.

9. Diagnostic testing as the most important feature of this model.

10. Models of good functioning of attention as a condition of student management, because
children must acquire skills of working in a group.

11. Ensuring good relations between students and the working environment of the
classroom, with constant regrouping as a condition for effective learning.

The problem of adaptive learning in modern information training systems is considered
in methodological and technical aspects. In particular, planning and organization of the
educational process, determination of types of tasks, levels of their complexity, the sequence of
presentation of the material, the conduct of various types of control: preliminary, current,
periodic, final, self-monitoring, the definition of criteria for evaluating each type of task are
referred to the methodological aspects of adaptive learning in information training systems.
(Brusilovsky, Peylo, 2003, pp. 159-172).

Technical aspects include:

1. An algorithm that proposes to move to a new level when most tasks are completed
correctly, or to return to the previous level, taking into account mistakes made during
the execution of tasks;

2. The algorithm of forming a number of tasks in accordance with the level of knowledge
of the student;

3. An algorithm for evaluating students' academic achievements, and so on.

Let us consider the methodological aspects of adaptive learning in the information
learning system.

The principle of adaptability of education in modern information and training systems is
aimed at building individual educational programs, aimed at psychological correction of the
stereotype of a person's actions, his thinking and mechanisms of implementation.

The main didactic principles of adaptive learning in modern information systems are the
principles of activity, independence, individuality, consistency and consistency.

1. The principle of activity assumes that the activity based on adaptive technology should
contribute to the development of students' skills not only to solve problems according
to a given algorithm, but also to independently build algorithms for performing creative
tasks.

2. The principle of independence is expressed in the fact that students are able to navigate
independently in new topics, think independently and find algorithms to perform new
tasks.

3. The principle of individuality implies individualized ways of interaction between the
student and the teacher. The use of adaptive learning based on this principle, taking into
account the individual characteristics of the student, contributes to the formation of a
high level of intellectual development.
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4. The principle of consistency and consistency implies a logical, consistent formation of
knowledge, skills and knowledge from both the same topic and the logical connection
between different topics.

An information training system for adaptive learning should have a number of features:

1. The information system should provide the conditions for achieving learning objectives;

2. The information system should include a combination of different types of presentation
of training data aimed at individual characteristics of material perception (visual,
auditory or kinesthetic);

3. The information system must be adapted to the different forms and methods of learning.

Thus, in an adaptive learning system, the teacher includes all students in the learning
process, regardless of their abilities and aptitudes, and differentiation occurs only internally, on
the basis of diagnostic testing, through individual and group corrective and developmental
work. Internal differentiation allows for a number of years not to break the existing teams,
which is certainly an additional health-saving factor. In addition, there is an opportunity, based
not only on testing, but also on years of pedagogical observation of students, to identify who
will feel comfortable in the traditional cognitive paradigm of education, in the conditions of
increasing its content, and who will be better educated in the affective-emotional-volitional
paradigm. (Devedzi¢, 2004, pp. 29-39).

We offer a concept of adaptive learning in an electronic environment based on the
following principles

1. Personalization - providing personalization of the educational process in the electronic

environment, allowing the student to build an individual educational trajectory and
create an individual space for learning materials;

Content variability - learning content has different forms of representation;

Cyclicality of learning - automatic return to the material of the studied topic presented
in another form;

Filling in gaps in knowledge and skills previously acquired;

Motivational and intellectual involvement of students in the learning process;

Aiming to achieve learning outcomes;

Integrity - the formation of a holistic perception of the discipline by students;
Relevance - the content of the training is relevant to the learners and is in the context of
their future professional activities;

9. The trainer does not act as a translator of knowledge, but organizes, manages and
advises students.

These principles are implemented in the construction of an adaptive learning system in
an electronic environment, which consists of a model of the subject area, a user model, an
adaptation model and a model for assessing learning outcomes.

When including the concepts in the term, we apply the following criteria in our
microtraining strategy:

1. Volume limitation - each term contains no more than five concepts; if the concept is
information-rich, it can be distinguished in a separate term;

2. Completeness - the principle of investing small structural units in large ones is
implemented in the formation of the term, i.e., along with the concept of small volume,
smaller concepts are included;

3. Verifiability - all concepts of the term allow the possibility to check their assimilation.

The individual characteristics of the learners are described in two groups of parameters.
The first group includes the student's learning style and the results of each term. The second
group of parameters includes the results of monitoring the learning process of the student in the
electronic environment: his current position, the time spent on the study of the terms and tasks,
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the number of effective logins to the system, which allows the teacher to manage the activities
of the student.

Thus, the user's model allows taking into account the individual parameters of the student,
as well as the need for personal support for him/her by the teacher. (Bykov, 2008).

The model of adaptation of the training system in the electronic environment includes an
automated navigation system and adaptation of training content taking into account the
individual characteristics of the trainee. Each element of the learning content (thermo material,
test or task) has its own settings depending on the capabilities of the learning management
system.

To adapt the learning content, three versions of each term are provided, which differ in
their level of detail and presentation: text, graphics, tables, audio and video materials, and
interactive resources. On the basis of experimental data it is established that three versions of
the terms are enough to master the discipline material and achieve the required learning
outcomes.

When studying the current term, the student has access to the educational material in the
version corresponding to its current parameters in the user model. The first term is selected
based on the results of the input testing. Specifically, students with low scores have access to
the third level editorial office, students with average scores have access to the second level
editorial office, and students with high scores have access to the first level editorial office.

After studying the material of the thermo in the automatic mode the transition to the check
of its assimilation is carried out in the form of testing. If the result reaches the threshold in the
first attempt, this allows the student to move on to the next term. At the same time, the student
may decide to improve his or her performance. He has access to the material term in another
version of the presentation, after which he is tested again. If both attempts are unsuccessful, the
student will seek advice from the teacher. Aggregated algorithm of transition from one term to
another.

The learning process organized in this way leads to the formation of the individual
educational trajectory of the student and his or her individual learning materials space.

The model of assessment of learning outcomes in the adaptive system is designed to
determine the level of formation of subject competence of a student through the assessment of
all its components.

The following control and measurement materials have been developed for the evaluation
of training results:

1. An entrance test designed to determine the individual characteristics of a student and
his or her level of preparedness for mastering the discipline;
Thermal tests to test knowledge and understanding of current material,
Tasks for independent decision making with answers for forming skills;
Skills development tests, i.e. limited time to complete tasks;
Applied and professionally directed tasks designed to identify readiness to apply the
knowledge gained in the future profession;
Tests for intermediate attestation for each module of the discipline;
7. The final test.

The process of evaluating learning outcomes is automated and begins with the control of
the assimilation of the contents of the terms (cognitive component of competence), which is
implemented through the performance of tests for terms. The ability to operate with concepts
(activity component) is tested with the help of final tests on the modules of the discipline.
Formed skills are confirmed by performing test simulators for a limited time.
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To assess the motivational component of competence, applied and professionally directed
tasks are intended, the solution of which indicates the readiness of the student to apply the
knowledge gained in the future profession. (Morze, Hlazunova, 2008).

To evaluate the reflexive component, all tests for terms have two attempts. After the first
attempt, the student receives an immediate response to his or her decision. If there are any
mistakes, he or she will reflect on them and will have the opportunity to be retested after
studying the material in another version of the narrative.

As a result of evaluation of all components, it is possible to draw a conclusion about the
level of formation of subject competence in the student's learning in the electronic environment.
Thus, the developed system consisting of interconnected models of the subject area, user,
adaptation and assessment of learning outcomes allows to implement adaptive learning in the
electronic environment, as well as assess the level of formation of subject competence among
students.

During the implementation of adaptive learning, the instructor (or group of instructors)
develops educational content and acts as facilitator and coordinator of the learning process,
monitors learning outcomes, manages impacts and advises students. Management actions
include messages that set the standard pace of learning, gamification elements, task
performance indicators and achievement ratings that help to increase motivation to learn.
(Shyshkina, Spirin, Zaporozhchenko, 2012).

One of the important aspects of the organization of training in the electronic environment
is the communication of students with each other and with the teacher, which is implemented
by means of online and offline communication: forums, chat rooms, feedback mechanisms in
the elements of the electronic course.

Conclusion. The author proposes a unique system of training in the electronic
environment using all possible platform technologies. Methods and algorithms of adaptation of
educational materials, structuring of the subject area in the form of a hierarchy of terms, as well
as the model of assessment of learning outcomes, which provides an assessment of the level of
formation of the subject competence of students. The proposed approach to building a model
of the subject area is based on the integration and development of methods of logical and
gnosiological analysis of concepts.

The development process has identified a number of benefits for both the learner and the
teacher. Namely, the use of an adaptive system in the study of the discipline allowed each
student to build an individual educational trajectory and to form a personal space of educational
materials corresponding to his or her individual characteristics. Primary testing in the
educational process gave the students an opportunity to organize a flexible study schedule with
constant self-control of learning outcomes, to improve the quality of learning of the discipline.
The survey among students has shown that learning with the use of adaptive learning system
has contributed to the formation of a holistic perception of the discipline, increasing motivation
to study it and minimizing psycho-emotional stress.

Also, according to the results of work in the adaptive system, students noted the following
positive factors: the ability to study the material in a form that is easy to understand; improving
the efficiency of classroom work, because the student comes to practical classes, knowing the
theoretical material; the ability to engage in comfortable time and at their own, individual
pace. At the same time, some students admitted that they had difficulties with self-organization.
For the teacher, the introduction of an adaptive system in the educational process has reduced
the volume of broadcast learning material and routine processing of learning outcomes.
Although the system is labour-intensive and time-consuming, its use in the learning process has
led to a reduction in the teacher's classroom workload and the release of hours that can be used
for his or her professional development.
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During the testing, the required additions to the adaptive learning system were identified,
or more precisely, when using smartphones based on Apple, Android, Tizen, Ubuntu OS,
special library packages are required to work with multimedia. Each of these systems uses WEB
3.0, Flash technology based on PhoneGap, OpenCL 2.0, Box 2D, LibGDX, PhysX. For WEB
technologies, HTML, PHP, JS, FLASH, WEBGI components are sufficient, for older versions
of WEB Action Script 3.
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AmHoraunis. Po6oTta npucBsueHa OCHOBHUM IPHHIMIIAM PO3POOKH aIallTUBHOT CUCTEMH HAaBYAHHSL.
CyuacHa KOHLEIIsl BIIKPUTOI OCBITH nependayae OaraTopiBHEBHH XapakTep HaBYaHHSI, a TAKOX
MOXIIMBICTh BUOOPY yuHEM 3aco0iB, MiCIlsl 1 4acy HaBYaHHs, BiJNOBINHUX ioro 3anurtam. Lle mae
Ha yBa3l HasBHICTb aJIbTEPHATUBHUX HABYAJIbHHUX MOCIOHMKIB (KYpCiB) 1 IPUKIIAIHOTO IPOrPaMHOTO
3a0e3neueHHs JUIs 1X CTBOPEHHsI, CYNPOBOJY HaBUaHHS Ta ajanTauii JO KOHKPETHOTO, SKOTO
HAaBYaIOTh. Ba)XIMBOIO TPOOJIEMOI0 € 3HIKEHHS BApPTOCTI PO3POOKH ENEKTPOHHHX HaBYaJIbHUX
KypCiB 1 pO3IIUPEHHS MOXIIMBOCTEH iX BUKOPHCTaHHS B paMKaxX MepexeBoro HaBuaHHsA. Kpim Toro,
HE3BaXKAI0OYM Ha HasBHICTH aBTOMAaTH30BAHUX 3aco0iB, IO JO3BOJAIOTH CIPOCTHTH PO3POOKY
MearoriyHUX MPaBHil, HEMOJKJIMBO 3T€HEPYBATH NPaBUIIA, SKI MAXOAATH A OyIb-sIKO1 CHTYaIlii.
[lepepaxoBani (akTopy NpH3BENH IO TOIIYKY BHUPIMIEHHS NPOOJIEMH PO3pOOKH EJIEKTPOHHUX
HaBYaAJILHUX KYpPCiB, 110 peallizyloTh afanTiuBHe HaB4aHHA. CHopMynb0BaHO NPHHIUIN, 3aKIaJICH]
B KOHILETII0 MPOEKTYBaHHS Takoi cuctemu. IlpeacrtaBieHa CTpyKTypa CHCTEMH, IO BKIIOYAE
MOJIeTIb TIPEAMETHO1 001acTi (OCBITHBOTO KOHTEHTY), MOJIe]h KOPUCTYBada, MOJIEIb aianTallii Ta
MOJIENTb OIIIHKHM pe3yNbTaTiB HaBUaHHA. B paMKkax 3amponoHOBAaHOI CHCTEMH PO3pOOIeHHH i
3HAXOOWTHCS Ha cTaiii TectyBaHHSI. OOIpyHTOBaHO, MIO YCIIIIHE BUKOPHCTAHHS TaKOi CHCTEMH
HABYAIOTKCS CTIpuUsie (OPMYBAHHIO Y HUX 3arajbHO creru(ivHrX KOMIIETeHTHOCTeH. B aganTtuBHIl
CHUCTEMi 3MIHIOIOTHCSI POJIi BUMTENSA 1 y4YHS: YUYHTENb BHCTYIIA€ OPraHi3aTOpPOM HABYAIBHOI
JUSUTBHOCTI, a IO CTOCYETHCS BIAMOBINANBHOCTI 32 pe3yJbTAaTH, TO BiH PO3MUIIE 1X 3 YUHAMU. Y i
CHCTeMI IepeBara BiTA€ThCS AEMOKPAaTUUHOMY CTHIIIO KEPIBHUITBA, @ HE aBTOPUTAPHOTO. YUEHb
€ cy0'eKTOM HaBYaHHs, a HE NACHBHUM oOJiepKyBaueM iHpopmarii (To6To 00'ekTom). 3aBasku
BUMTENIO BiH BHAOOyBa€ 3HAHHsS, AKTHMBHO BXOAWTb B PO3YMOBHMH IIpolec 1 3aliMaeTbCs
IUIaHYBaHHSM BJIACHOI HaBUYAJILHO-TI3HABAJIBHOI JisuTbHOCTI. L[eHTpanbHe Micue B aJanTHBHIH
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CHUCTEeMi HaBYaHHS 3aiiMae ydeHb 3 HOro IHAWMBIMyadbHUMH OCOOJHBOCTSIMH: Oi0JOTIYHUMHU
3aJaTKaMM 1 3110HOCTSIMH, criel]ikolo opraHizauii po3yMOBOro MpoIecy, PiBHEM aKTUBHOCTI i
CaMOCTIMHOCTI B IPaKTHYHIH 1 Mi3HABAIBHIH IISUIBHOCTI, TAKOXK NPALE3IaTHICTIO i T.JI. Pe3ynpratom
JIaHOT CHCTEMH CTae€ sIKiCHAa 3MiHa HOTO 1HIAMBIZyalbHHX OCOONMBOCTEH. AKTMBHA CAMOCTIHHICTD
Y4Hs B TIpOIEC Mi3HABAIBHOI JISUIBHOCTI CIIPHSIE PO3BUTKY OCOOMCTICHHX SIKOCTEH, ()OpMyBaHHS
YMiHb IHTEJIEKTYaJIbHOTO 1 [yXOBHOTO CAMOPO3BHTKY, a TAKOXX CaMOITI3HaHHS 0COOMCTOCTI Y4HS.
TakuM 4YMHOM, aJanTHBHA CHCTEMa HaBYaHHS CIpsMOBaHa Ha (OpMyBaHHS KOMIIETEHII]
0COOMCTICHOTO CAMOBIOCKOHAJICHHS.
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KA2 CBHE — 586098-EPP-1-2017-1-UA-EPPKA2-CBHE-JP This project has been funded with support from the European Commission. The
content of the article reflects the views only of the author, and the Commission cannot be held responsible for any use which may be made
of the information contained therein.

31



