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OF ACADEMIC SUBJECTS STRUCTURING
AND ITS APPLICATIONS TO PRACTICAL DIDACTIC ISSUES

The paper is devoted to author's technology of the projecting academic subjects modular structure
which is based on scientific knowledge integration. The bases of scientific knowledge integration are de-
termined basing on the retrospective investigation of influence of integration tendencies in science on the
formation of the professional education content. Forms of revealing scientific knowledge integration in
education content are clarified what allows to elaborate the projecting technology of structure of an aca-
demic subject: special didactic and technological procedures to be done on each stage of the projecting in
order to get as a result the modular structure of a subject keeping and spreading links between knowledge
both inside a module and between modules and subjects of curriculum. The paper also considers possible
ways of this technology application to the various didactic issues, in particular, in using in the systems of
intelligent adaptive learning.
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IHTET'PATUBHA TEXHOJIOI'TSA CTPYKTYPYBAHHS
HABYAJBHUX JUCHUILIIH TA Ii 3ACTOCYBAHHSA J10
PO3B’SI3AHHSA TIPAKTUYHHUX ITPOBJIEM JUJJAKTUKHN

B pobomi po3kpumo asmopcbKy mexHono2iio npoekmysanHs MoOYIbHOI CMpPYKmMypu HA84a1bHOT Ouc-
YUNnIiHU HA OCHOBI IHmezpayii HayKosux 3nans. Po3podneno KonKpemHi Ou0aKmuumi ma mexHono2iuHi
npoyeoypu, ujo Maromv Oymu UKOHAHI HA KOJICHOMY 3 11020 emanie 3 Memoio 00epilcants 6 pe3ynbmami
MOOYIbHOT CMPYKMYpU OUCYUNTIHU 13 30€PENCCHHAM MA PO3NOECIOONCCHHIM 38 SI3KI6 MIJIC eNeMeHMAaMu
3Hamb. Texnonoeito ma pesyivmam ii 3acmocy8ants NPOLIIOCMPOBAHO HA NPUKAAOI KOHKPEMHOI Oucyu-
NIHU 00HO20 3 YUKIE NIO20MOGKU MAIGYMHIX 6uumenie Mamemamuxy ma ingopmamuxu. Busnaueno
WIIAIXU 3ATYYeHHS 3anPONOHOBAHOT MeXHON02Il 00 HAOINbW AKMYAIbHUX NPOOIEM OUOAKMUKU, 30KpeMa
00 CMBOPeHHs cucmem adanmueHo20 HAGUAHHSL.

Knrouogi cnosa: nasuanvna oucyuniing, MooyibHa CIMPYKMypa OUCYUNIIHU, IHmMe2payis 3HaHb, mex-
HONLO2ISL CMPYKMYPYSAHHSA, 3MICH 0C8IMU, CUcmemMu a0anmueHo20 HAGUANHSL.
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Ileaarorika
HUHTETPATUBHAS TEXHOJIOTHUSA CTPYKTYPUPOBAHUSA YUEB-
HbIX JUCHUIIJINH 1 EE NIPUMEHEHUME K PEHIEHUIO
MNPAKTUYECKHUX MPOBJIEM IUJAKTUKHA

Paboma packpeisaem agmopckyio mexHoi02uio npoeKmupoSanus. MOOYIbHOU CIMPYKMypol Y4eOHOU
OUCYUNIUHBL HA OCHOGE UHmMezpayuu 3nanull. Paspabomansl Konkpemmoie OUOAKMUYecKue u mexHon02u-
yeckue npoyedypol, 6bINOIHEHUE KOMOPLIX NO360Sem NOLYYUMb 8 Pe3VAbMame MOOYIbHYIO CIMPYKMYPY
OUCYUNTUHDBL, COXPAHSIOWYIO U PACAPOCMPAHSIOWYIO UHMEZDAYUOHHBLE CES3U MENCOY DNeMEHMAMU 3HA-
Hutl. J{annas mexnono2us u pe3yibmanm ee npuMeHeHus. RPOULIIOCMPUPOSAHbL HA NPUMepPe KOHKPEMHO
yuebHou oucyuniunsl. Paccmompervt nymu npunodicenust mexnoio2uu K peuleHuio akmyaibHux npoonem
OUOAKMUKU, 8 YACIMHOCMU, K CO30AHUIO CUCTEM A0anMUEHO20 00yHeHUsl.

Kniouesvie cnosa: yuebnas oucyuniuna, MooyIbHas Cmpykmypa OUCYUNIUHbL, UHMe2PayUsl 3HAHUL,
MEXHON02UsL CMPYKMYPUPOBAHUSL, COOPIHCAHUE 0OPA3068AHUSL, CUCEMbl AOANMUBHO20 0OYUEHUSL.

Jum. 10.

Problem statement and research analysis. Nowadays evidence testifies that world is
currently experiencing the age of deep changes concerning all branches of our life. It is dis-
played in quickly renewing technologies, incredible mobility of social life, new forms of com-
munication, new means of world vision and world realizing. Indeterminacy and non-linear
character of these objective processes are reflected in modern science whose leading tenden-
cies nowadays are knowledge synthesis, mutual enrichment of sciences both inside separate
branches and between other scientific areas. It is developing conversion to really interdisci-
plinary research under which interpenetration of knowledge and cognitive methods is taking
place. Under the circumstances requirements to modern education are getting tougher. It is
clear that global science needs researchers capable to solve integrative problems, and global
labour market demands qualified employees who have flexible and operative knowledge sys-
tem to be used in related branches, who are able to adapt quickly to technological changes,
who are ready for renewing their educational level [1; 2; 9].

Under such conditions it is natural that education on all its levels and in all forms of
provision undergoes considerable changes. It has to response with appropriate and relevant
improvements, and, first of all, with formation of adequate content of education reflecting
integrative processes in different branches of science [9]. As the content of education is real-
ized via curriculum subjects, it is a paramount problem to build the coordinated system of
academic subjects structured with preserved links between elements of knowledge [9; 10].

As it was mentioned above problems of curriculum development for all forms and levels
of learning are crucial and cause necessity of deep investigations. It can be explained by in-
creasing demands to contemporary graduators from universities, to their formed abilities of
professional mobility and knowledge flexibility. Credit-modular system of students’ training
is based on the system of modular structured curriculum subjects. It is necessary to emphasize
that approaches to modular structuring of a subject and their results play an important role
in subsequent process of learning and mastering material accepting by students, in formation
of students’ knowledge and skills system. An academic subject is considered to be a mean of
implementation of certain education content, and relevant modular structure of the subject can
facilitate and improve these processes [3; 4].

On the other hand, any academic subject, especially in higher professional education, is
an embodiment of some scientific branch adapted to teaching and learning. Hence, it is to
reflect correctly and adequately the branch’s structure preserving main links between notions,
concepts, facts, theories that really exist both inside the scientific branch and between sciences
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in a whole. It will promote and contribute to creation holistic and flexible system of students’
knowledge. Such system of knowledge can be characterized by optimal information capacity,
by readiness for implying in related areas, for mobile rising of students’ educational level in
their future lives.

However, very often the modular structuring of curriculum subjects does not preserve
or does not convey necessary essential links between scientific knowledge what can cause
negative consequences for trainees’. According to pedagogical studies, among such conse-
quences there are forming of separate and uncoordinated system of trainees’ knowledge, ac-
quisition of purely specific skills instead of generalized ones, breaking of general wholeness
and logic of a subject as well as destroying of links between related subjects etc. Therefore
investigating of knowledge integration mechanisms in scientific branches as well as search-
ing of ways of these mechanisms embodiment at modular structuring of curriculum subjects
is really urgent for higher education development, and was one of the major tasks of our
investigation.

The aim of the paper is to represent the author’s technology of the projecting a curricu-
lum subject modular structure which is based on scientific knowledge integration as well as to
outline the possible ways of this technology application to the various didactic issues.

The basis of scientific knowledge integration were determined in our research basing on
the retrospective investigation of influence of integration tendencies in science on the forma-
tion of the professional education content in general and on a curriculum subject in particular
[4]. It was theoretically grounded that didactic component of an academic subject (in order
to reflect scientific knowledge integration) besides traditional functions has to realize such
didactic procedures:

- revealing a subject specific characteristics, measures of implementation of its conceptual
and methodological arsenal;

- forming of fundamental all-over-scientific notion potential;

- detecting integration potential of a subject, learning cross-discipline methods of research;

- providing adequate types and mechanisms of knowledge arrangement which are able to
reflect variety and complication of cross-discipline links;

- carrying out three-aspect mutual penetration of academic subjects via formed fundamen-
tal notion apparatus, cross-discipline means of cognitive activity, and information content of
subjects.

Forms of revealing scientific knowledge integration in education content were clarified.
Logical sequence and stage-by-stage fulfilling of above didactic procedures were grounded
and determined, what in total composed the integration basis of the subject modular structure
projecting.

Using this knowledge integration basis we elaborated the projecting technology of struc-
ture of an academic subject: we developed special didactic and technological procedures
(based on the ideas of the 1) different levels of the education content formation; 2) different
levels of knowledge generalization; 3) models of knowledge representation of the Artificial
Intelligence theory) to be done on each stage of the projecting in order to get as a result the
modular structure of a subject keeping and spreading links between knowledge both inside a
module and between modules and subjects of curriculum [4-7].

To represent these procedures in brief we would like to emphasize the following. There
are some levels of education content formation, and correspondently — some levels of knowl-
edge generalization, which actually correspond to cybernetic approaches to the creating of
meta-model of knowledge system.
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The highest level of knowledge generalization contains «over-discipline» general sys-
tem of knowledge, skills, abilities, ways of activity. This «over-discipline» content is con-
centrated as a network of «key-points» which are to be learnt in order to provide for a
student unified image of reality. These «key-points» are defined basing on the analysis of
a) the system of professional functions of a pre-service specialist; b) the structure of his
activity; c) essence of his typical professional tasks. As a result we obtain on this step a
semantic network which reflects «over-discipline» system of knowledge, skills, abilities,
ways of activity. It is important to emphasize the dependence of the obtained network (and,
consequently, the whole structure of the subject) on the target trainees’ professional goals
and tasks.

The next, following levels of knowledge generalization (the level of the specific disci-
pline, the level of learning material and types of learning activity) provide comprehensive
analysis of the discipline (author’s procedure of the analysis and revealing didactic character-
istics of academic disciplines is developed [4]) and technical procedures of building its frame-
based structure and content. Frames as one of the classical models of knowledge representa-
tion has embedded properties of knowledge elements connections and spreading. As a result
the modular structure of the subject designed as frame-based structure provides keeping and
spreading links between knowledge both inside a module and between modules and subjects
of curriculum in a whole. More over such a structure is sensitive to the changes of the cur-
riculum and to the social demand.

To visualize the idea of our technology we would like to give a specific example. In the
Fig. 1-2 there is a fragment of the modular structure of the discipline «Discrete mathematics»
obtained on the base of described technology. Let us assume that this discipline is taught for
pre-service Mathematics teachers. So, key-points of the highest level of knowledge general-
ization (and content of education respectively) must reflect and cover different professional
functions of a Math teacher, the structure of his activity, essence of his typical professional

KP1- system of mathematical facts, notions and their properties

KP2 — methods of mathematical problems solutions

KP3 — essence and methods of mathematical modeling

KP4 — IT instruments of mathematical modeling and investigation

KPS5 — applied aspects of mathematics to various branches of science and life

KP6 — historical facts

KP7 —IT instruments of abstract notions visualizations

KPn — methodological knowledge and skills

K'_:QKW ke, |

K
| K K

Fig.1. Fragment of the network, which represents «over-discipline» general system of
knowledge, skills, abilities, ways of activity of a pre-service Mathematics teacher
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After step-by-step knowledge generalization on the level of the discipline, on the level of
learning material and types of learning activity, and using rules and methods of frame-based
knowledge representation we obtain the modular structure of the discipline «Discrete math-
ematicsy» which is capable to realize knowledge links and integration. In the Fig. 2 you can see
the place of the discipline among other subjects of different cycles of professional training as
well as a structure of its modules. Due to frames structure, their Inheritance pointers automati-
cally provide links between knowledge (or learning elements — LE) and their spreading inside
each module, between modules of this specific subject and other subjects. These Learning
Elements (LEs) and links between them were determined as a result of didactic procedures on
different levels of knowledge generalization.
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Fig. 2. Fragment of the modular structure of the discipline «Discrete mathematics» ob-
tained on the base of described technology
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More over almost all LEs correspond to certain key-points (KPs) of the «over-discipline»
level (Fig. 1): LE1-LE4 of the Modulel are grouped around the KP, and KP_; LE1 of the
Module2 corresponds to KP, and KP, etc. So, if KPs of the highest level are changed (for
example, due to social demand or professional requirements), these changes flexibly and natu-
rally will be reflected in the structures of the academic disciplines.

It is clear that using the same procedures we can obtain coherent, coordinated system of
all disciplines of all cycles of professional training.

In order to automatize realization and spreading of determined links it is possible to build
this structure of the subject using some software. The most available one seems to be database
systems. Using their built-in facilities we can realise mechanisms of knowledge integration in
the curricula subjects, immediately detect links between learning elements, calculate degree
of infiltration, optimise sequence and coherence of learning etc. Such attempts were under-
taken in MS Access environment.

Our projecting technology also includes determination of the kind and type of expertise
for the subject modular structure designed on the basis of scientific knowledge integration:
internal scientific-methodical expertise of the pedagogical project by the models of estimate
and diagnostic types. Appropriate criteria system was developed for the expertise of each
model practical realization. With the aim of verification of the designed projecting technology
on the basis of scientific knowledge integration empirical investigation was carried out which
proved high quality of the ready-made project as well as its positive influence on the planning
and results of academic process [4].

As long as we used at the subject modular structure projecting models of knowledge rep-
resentation (in particular, semantic networks and frames) taken from the Artificial Intelligence
theory to realize integration mechanisms among knowledge, our technology has practical ap-
plication for coordinated and consistent projecting of modular structure of subjects on all lev-
els of formation of education content. Such an approach might help to solve some important
didactic problems of education like: forming students’ integral knowledge system of optimal
information capacity capable to be used flexibly in related branches; automatic control of cog-
nitive processes in education; creating optimal educational trajectory from the standpoint both
of a student and the situation on labour-market; determination of equivalence degree of relat-
ed specialities and others. Solving these problems seem to be beneficial from the prospects of
facilitating public professional and social mobility; education services delivery arrangements;
developing optimal hybrid forms of education provision and governance and others.

Nowadays one of the most practical and urgent applications of the described technology
of subjects structuring seems to be its using in the systems of Intelligent Adaptive Learning
(IAL). Intelligent adaptive learning is defined as digital learning that immerses students in
modular learning environments where every decision a student makes is saved, considered in
the context of learning theory, and then used:

to guide the student’s learning experiences; to adjust the student’s path and pace within
and between lessons; to provide formative and summative data to the student’s teacher. Ac-
cording to the researchers, main components of the adaptive learning system includes Modu-
lar Curriculum, Learning activities, Continuous Assessment, designed pedagogically to en-
gage students, and Database of student data. All these components together provide adaptive
learning and data analysis necessary for both a teacher and a student [8].

It is obvious that one of the most important tasks of adaptive learning implementation
is development and provision of all these components among which crucial role belongs to
Modular Curriculum. As long as it is built according to our integrative technology of subjects
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structuring, it is really beneficial for adaptive learning implementation as it helps students to
obtain flexible structure of integrated knowledge depending on their previous level and expe-
rience, and give them a basis for their future education trajectory.

The system of knowledge obtained as a result of our modular structuring of the subject
can be used as a basis for the development of didactic-methodical complex for adaptive learn-
ing activity. This didactic-methodic complex must include the chain of tasks which expects
students’ activity which is directed on using their system of knowledge in order to obtain
integrated system of skills.

The elements of adaptive learning system supported by the author’s integrative technol-
ogy of subjects structuring were created and used in learning of some subjects of professional
training of pre-service Mathematics and Informatics teachers at Kharkiv national pedagogical
university named after G. S. Skovoroda.

Conclusions. The paper is devoted to author’s technology of the projecting academic
subjects modular structure which is based on scientific knowledge integration. The bases of
scientific knowledge integration were determined basing on the retrospective investigation of
influence of integration tendencies in science on the formation of the professional education
content. Forms of revealing scientific knowledge integration in education content were clari-
fied what allowed to elaborate the integrative technology of structure of an academic subject.
Possible ways of this technology application to the various didactic issues were offered. In
particular, it was determined the mean of the technology application in the systems of intel-
ligent adaptive learning.
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