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Abstract. A further increase in the quality of the pedagogical systems is directly related to the level of their control. The application of 
knowledge-based systems is one of the modern and effective tools for the teacher’s intellectual support while making control solutions.  
Research methodology is based on the synergetic approach at the intellectual control of complicated organizational and technical systems 
and the application of knowledge engineering methods. The results of computer experiments are also given. The proposed approach al-
lows formulating the main components of the knowledge base for the implementation of personalized teaching in various forms of e-
learning.  
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Introduction. The problem of increasing efficiency of educa-

tion process in modern society does not lose its relevance; it 

is inextricably linked with the need to take into account the 

increasingly didactic, socio-economic and other require-

ments. A whole range of the principles of formation and 
development of the information society, its consistent 

transition to the knowledge society, the role and place of 

information and communication technologies in this process 

are defined in accordance with the international programs. 

Thus, the summit of UNESCO determined that the main 

direction of the development of the information society at the 

present stage is high-quality education for all. It involves all 

categories and segments of the population that maximizes the 

use of all benefits of the information society. On the other 

hand, high-quality education in modern conditions, under 

which the rate of knowledge renewal outstrips the frequency 

of the people’s generation change, and changes in the labor 
market are also extremely intense, is a continuous process. 

This necessitates constant renewal of the achieved education 

based on new knowledge. Consequently, the promising 

direction of the development of means that support education 

is research and construction of models of high-quality 

continuous education on the basis of which it is possible to 

develop technologies that meet the requirements of the 

information society. 

A special role in the implementation of this direction is 

the creation of a highly organized information environment 

as the basis for informatization of continuous high-quality 
education. Theoretical researches and practical experience 

in the formation and implementation of individual elements 

of such environments confirm the relevance of the im-

provement and application of intelligent information tech-

nologies. They mean technologies implementing some ele-

ments of human intelligence and acting as representation 

and processing of knowledge, reasoning and communica-

tion [1]. The main purpose of the application of intelligent 

technologies is to provide the teaching environment with 

adaptive properties that allow individualized education. 

Development of the cybernetic approach to the control of 

education, based on the synergetic paradigm, is focused on 
the account of the vector of individual’s self-development 

while producing regular management and control actions on 

the part of the teacher and determines the specific require-

ments for information support [3]. Solution to the problems 

of structuring training material and automated generation of 

individual learning sequences of separate training elements 

is not possible without the integration of modern technolo-
gies of knowledge engineering into the general scheme of 

intelligent control of adaptive teaching systems. 

Adaptive teaching environment as an environment that 

strives to adapt to the maximum extent to the individual 

student with his/her individual features and to respond to its 

own socio-cultural changes determines the need for 

knowledge-based intelligent control technologies. 

The purpose of this article is to analyze the features of 

adaptive teaching control in the system of continuous high-

quality education, study the requirements for information 

support of such control systems with the focus on the fea-

tures of work with knowledge for its functioning. 
Features of the adaptive learning control. In modern 

sense, adaptation means not only adapting to the successful 

functioning in the given environment, but also the ability of 

further psychological, personal and social development. 

When creating an adaptive teaching environment, it is also 

important to adapt it to the conditions of the internal 

environment, i.e., adaptation to the intellectual, emotional-

evaluative and behavioral areas of each member of the 

pedagogical process. However, the defining characteristic of 

adaptability is development of individual’s ability to self-

improvement based on the account of his/her age 
characteristics, internal resources and capabilities [2]. 

Implementation of the concept of adaptive control of 

educational systems is based mainly on the supports of 

modern control theory, psychotherapy and psychological 

therapy, enables the transition from the dogmatic 

authoritarian system of education to the creation of the 

intellectual and psychological environment that encourages 

the activities of the educational process participants. Howev-

er, from our point of view, the focus on psychotherapeutic 

control functions is necessary, but not sufficient for complete 

adaptive teaching control of each individual throughout life. 

The task of teaching is naturally formulated as a task of 
control [4]. In this case, the student acts as a controlled ob-

ject, and the teacher – as a control device. The simplest con-
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trol scheme of interaction between the student and the teacher 

in the automated learning is shown in Figure 1. The system of 

education is identical to the overall control scheme for any 

object. Here, the controlled object is the object of study 

(«student»), the control device is the training system («teach-

er»), X – the state of the environment that affects the teach-

ing process. The teacher is informed about the state of the 

environment X  by means of a «sensor» xD ; 'X – infor-

mation about the state of the environment X , which is ob-

tained by the teacher; Y – the state of the student, which is 

determined by a «sensor» 
yD , at the output of which we re-

ceive 'Y – status information, which the teacher obtains as a 

result of control measures; U - control commands that come 

from the control device (education U  means learning itself 

in the form of portions of educational information or control).  

Transformation of the role of computer-based teaching 

from passive auxiliary to active primary means of implement-

ing an automated method of generation of learning control 
actions led to the modification of the previously discussed 

scheme (Figure 1), which led to the automatic control scheme 

(Figure 2). The main difference of the proposed scheme is a 

change in the structure of the control device, which consists 

of the allocation of a separate part of the control device – an 

automated teaching control system designed to develop indi-

vidualized teaching actions, as well as a specialized Infor-

mation Support unit for ACS-E (IS ACS-E). 

The synergetic approach is selected as a methodological 

basis of system analysis of the teaching process control. 

This is due to the features of the automated teaching control 
system as an organizational and technical system, which is 

characterized by non-linearity, dissipativity, dynamics and 

openness, and corresponds to a steady trend in the develop-

ment of the control theory to the accounting of the internal 

processes of the controlled system self-development.  

The proposed scheme based on the synergetic model of 

learning control is implemented as a multi-level nested chart 

(Figure 3). 

Learning objectives
*Z , available resources R , the stu-

dent’s status 
'Y  and his/her environment

'X  are typically 

reported to teachers. The task is: to organize learning U  

that will change the student’s status Y  in such a way as to 

meet the teaching objectives. 

Adaptive processes aimed at the formation of control ac-

tions taking into account the synergistic principle of their 

consistency with the characteristics of the student’s self-

development are implemented within each of the presented 

levels of control. Thus, at the lowest level of control – with-

in the functioning of CS LE (Control System of Learning 

Element – CS LE) based on the source (values of the pa-

rameters of the intelligence vector of the student’s model) 

and the target (designated by a superior system – CS LD of 

the current studied LE, target values of the target vec-

tor planC , learning time planT ) status, teaching time manage-

ment and selection of corrective teaching control actions. 

Features of input, output and control parameters include 

their weak formalization, absence of methods of accurate 

measuring, heuristic nature of the relations between the stu-

dents’ achievements and decisions on time management. 

Therefore, the most effective means of controlling such 

scheme is neuro-fuzzy control. Automation of the learning 

process control LE through the use of intelligent compo-

nents is aimed to obtain the individualized time allocation, 

accounting parameters of the student’s intelligence vector 

that improves the efficiency of control actions. 

 

 
Figure 1. Scheme of teaching as a controlled process 

 

 

 
Figure 2. Scheme of the automatic control 

 

 

 
Figure 3. Automated multi-level teaching control scheme 
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The next level of control within the functioning of CS LD 

differs from the previous one because of containing a pro-

cedure for determining allowable sequences of LE study, 

selection of the current LE on the basis of accounting logi-

cal relationships, time constraints. Necessary structural and 

functional elements of this system are learning chart and 

unit of forecasting of the achievement of the teaching objec-

tive in a given time by a particular student with the known 

characteristics of material digestion (parameters of the sta-
tus vector). Structural adaptation within the functioning of 

this system is control by exception based on the forecast, 

analysis and planning followed by the operational control – 

selection of the current LE, transfer and activation of access 

to CS LE. Input information is transferred from the higher 

system – CS CMP as a logical structure of LD: a list of in-

coming LEs with the vector of the specified learning objec-

tive and the time allotted for learning. 

A feature of the competences formation control scheme 

is adaptive adjustment of the formation of sequence LE, 

belonging to different LDs, as well as the ability to control 

the degree of relationship in the process of their formation. 
Structural and functional unit performing this adaptive 

mechanism is the interaction between the system of inter-

disciplinary connections and the model of competences car-

ried out with the help of an intelligent transmitter based on 

the neuro-fuzzy clustering. 

The control system for competencies formation (CS 

SCMP) is superior to the previous ones. Adaptability of this 

system is the formation for each quantum of learning time of 

the selection of CS CMP depending on the input and target 

control parameters. In this case, control actions on the part of 

CS SCMP are reduced to switching between calls of the re-
spective inferior CS CMP. One of the main tools of adapta-

tion is the automated formation of the system of interdiscipli-

nary connections, which, according to experts, is the most 

appropriate in the formation of this system of competencies. 

Thus, the implementation of control over the integrity of 

the teaching process is carried out on the basis of the nested 

structure of calls of the inferior control systems that imple-

ment the structural and parametric adaptation to the stu-

dent’s characteristics in accordance with the synergetic con-

trol model. 

Decomposition of the generalized teaching control scheme 
determined the basic procedures, operation of which ensures 

the production of the individualized control actions for the 

student. These procedures include: identification of the pa-

rameters of the intelligence vector and the status vector; 

learning process support by the expert system; formation of 

the learning chart based on the model of a discipline; forecast 

of the parameters of the status vector and planning the suc-

cession of educational elements; operational planning; con-

trol; calling a control subsystem; transfer of the parameters 

between units in the system and to the control super-system. 

Learning process is characterized by a significant number 

of parameters (including input ones), which must be taken 
into account in control according to the didactic require-

ments. However, the determination of these parameters has 

several problems: 

a) the process of determining the most important parameters 

to be considered from the didactic positions is not com-

plete. The list and methods of the estimation of the model 

parameters are constantly changing as a result of the cir-

cumstances of different types. The authors used the list 

of parameters of the diagnostically specified learning ob-

jectives as a basis; 

b) the vast majority of parameters are non-metrized; there-

fore, there are no unambiguous measurement procedures. 
That is why qualitative indicators prevail over quantita-

tive ones; 

c) the primary mean to obtain values of the parameters is 

subjective evaluation on the part of the teacher. In the 

traditional teaching, most of the parameters do not usual-

ly subject to any form of verbalization; therefore, they 

remain in the unformalized form in the teacher’s mind. 

Thus, most of the means to estimate the parameters are 

based on expert judgment; 

d) expert estimation of the parameters is characterized by 

uncertainty, imprecision, fuzziness, ambiguousness and 

incompleteness; 
e) linguistic uncertainty or fuzziness arises in learning con-

trol systems in connection with attempts of quantitative 

estimation of the qualitative indicators used in the logical 

inference. 

Thus, decomposition of the teaching control scheme and 

the subsequent analysis of the degree of fuzzy parameters, 

as well as the selection of smart tools of their converters, 

determine the need to create a specialized information 

support for ACS-T. 

Information support. All necessary information 

processes, which support ACS-T, can be divided into internal 
and external ones. External processes include interconnec-

tions with the ACS-T itself, with the user and the external 

environment. Internal information processes include 

preprocessing (logical inference or calculation, search and 

transfer). Internal information processes are largely related to 

the support of information for smart converters of the control 

system, which requires to organize knowledge bases (KB). 

Openness and synergistic principle of its operation determine 

the need to maintain information interaction with the external 

environment as the source of additional information for 

establishing of information equilibrium. 
The presence of intellectual components in ACS-T is 

provided as a basic component of information support of the 

knowledge base (KB). The life cycle of ACS-T involves 

collection, preservation, presentation and update of several 

types of knowledge, which are determined by their function 

in the control process. Among them are the following: 

1. subject knowledge is knowledge of the subject field, 

which is a reflection of scientific knowledge in relevant 

academic disciplines and relationships between them; 

2. strategic and methodological knowledge is knowledge 

relating to organization, planning and control of the 

teaching process. It includes general objectives, strategies 
and scenarios for teaching, rules for combining of different 

academic disciplines and forms of studies, methods of 

formation of teaching strategies, etc.; 
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3. didactic knowledge is knowledge related to trainees 

operations control. For example, knowledge about a group 

of trainees, knowledge about the methods of professional-

pedagogical influence on trainees; 

4. meta-knowledge is knowledge about methods of computer 

integration of knowledge. 

Let us consider the information model of an integrated 

system of obtaining and structuring of knowledge for 

support functioning of ACS-T. 
Subject field knowledge contains a description of concepts 

of this subject field and relationships between them. There is 

a conceptual scheme of KB, which comprises meta-

knowledge about KB structure and KB content. There are 

two main trends in training: teaching of concepts and 

formation of abilities (skills). While forming abilities, the 

focuse is on creation of problematic situations. Therefore, the 

knowledge base of teaching material should contain both 

knowledge of the subject field concepts, and procedural 

knowledge, that is knowledge about problem-solving. 

Effectiveness of training largely depends on structuring 

and contents of KB subject field (Figure 4) shows the scheme 
of translation of knowledge from scientific one to the 

specialist’s mental model of knowledge, as a result of 

teaching. The scheme reports the main stages of knowledge 

translation: 

The first stage (I1) displays perception and interpretation 

of the content of professional activities, its projection on LD, 

through the implementation of mental operations on the 

information received and one’s own professional knowledge. 

Thus, the result of the teacher’s mental activity is his own 

visuality of teaching material NiMi ,1,  , where N  is the 

number of teachers. Source of formation of this knowledge is 

teacher’s own imaginative models, scientific knowledge of 

the subject field (mainly in the form of text), normative 

model of the future specialist’s knowledge in the form of 

regulatory text documents (curricula, working programs, 

textbooks, manuals). 

The second stage (I2) is translation of the teachers’ 

knowledge from the imaginative model to the verbalized one, 

which results in preparation of a work program, an entire 

academic package for LD (text of learning and teaching aids, 
texts of lectures, assignments for various forms of control and 

so forth). The result of these transformations is the selection 

and structuring of teaching material in the form of generation 

of a set of LEs and their combining into learning blocks (LB), 

or learning objects (LO) - for e-learning. 
 

 
Figure 4. Scheme of knowledge translation for ACS-T 

 

The third stage (I3) is translation of subject knowledge into 

KB of ACS-T by structuring of LEs and their combinations 

on the basis of grouping in terms of the following classes: 

objects, processes, significant actions of work methods. Thus, 

for example, the following minimum set of object classes can 
be determined for engineering specialty: apparatus, machine, 

assembly, sensor, communication channel, information dis-

play device, controller, actuating mechanism, regulating unit. 

The significant activities of this specialty include: designing, 

technological, operational and organizational one. Thus, the 

result of this knowledge translation is the structural model of 

the subject field for each LD. 

The fourth stage (I4) is translation of knowledge of sub-
ject KB on the basis of interaction between ACS-T and all 

the necessary KBs by means of specially developed algo-

rithms into the knowledge on individual teaching paths as 
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sequences of LEs. As a result of acquisition and assimila-

tion of this knowledge with a certain effectiveness each 

future specialist forms his own mental model, which, in 

turn, is a certain visuality of mental models of the teachers  

While designing ACS-T structural and functional scheme 

and implementation of its individual elements, it was de-

termined that the formation of parent matrix of relations 

between LE and LD is carried out based on the survey of 

experts. 
It is known that the main procedures for evaluation of a 

teacher-expert in his professional field form two classes. 

Class A includes expert evaluation procedures which ensure 

quality and effectiveness of the teaching process, such as 

assessment of correspondence of teaching material of a dis-

cipline to the curriculum, teaching material novelty, corre-

spondence of practical studies to lectures and so on. The 

other class (B) is comprised of expert evaluation procedures 

related to the study of characteristics of the teaching process 

itself. This class consists of two subclasses: routine (B1) 

and special (B2) researches. 

Judging from such classification, it can be determined 
that expert procedures of Class A are of paramount im-

portance for ACS-T functioning. They include the following 

assessment procedures: 

a) determination of the ratio of membership of new infor-

mation in the subject field of the academic discipline; 

b) determination of the ratio of agreement or disagreement of 

new information with the main supports of the curriculum; 

c) determination of the ratio of preference of alternative vari-

ants of new information with the purpose of including it 

into the course of study; 

d) determination of the relationship between available teach-
ing material and new information in LD hierarchical struc-

ture, i.e. determination of the relation of inclusion or strict 

order; 

e) determination of fuzzy binary relations between LE, LB 

and LD at the level of interdisciplinary connections; 

f) determination of fuzzy binary relations between the vectors 

of integration degrees and the system of competences. 

In fact, class A characterizes qualitative assessments. In 

determining these procedures, the expert uses linguistic 

criteria, and evaluation operations involve establishing rela-

tions between the objects of evaluation. Let us consider 
contents of a formal model of expert evaluation for ACS-T. 

The set of objects in this case is formed by the LE sets, the 

vector of integration coefficients and the system of compe-

tences. Since the binary relations are assigned on finite pre-

defined sets, we will use the matrix representation method. 

The limitations set is the amount of LDs under the curricu-

lum, the amount of LE being considered and the resource 

parameters (time). The set of experts forms a group, which 

in the general case consists of k  of teachers with a set of 

professional characteristics. As the basic method for estab-

lishing the relation on the set of objects, one of two ap-

proaches can be chosen. The first one is based on the statis-

tical processing of the opinions of the expert group. The 

second one is based on pairwise comparisons, performed by 

one expert. 

To construct the membership function by the first meth-
od, each expert fills in a questionnaire, in which he express-

es his opinion as to the presence of  mjl j ,1  fuzzy set 

property in iu , ni ,1
 
elements. If by k

ijb ,  
we denote the 

opinion of k-expert about the presence of jl  fuzzy set prop-

erty in iu
 
element, we will consider expert evaluations as 

binary  1;0, 
k

ijb , then, according to the results of a ques-

tionnaire, the degree of membership to the fuzzy set is de-

fined as follows:  

  



Kk

k

ijil b
K

u
j

,1

,

1
 , ni ,1  

For example, determination of the ratio of membership of 

new information of the subject field to the academic disci-
pline can be determined on the basis of such questionnaire 

and processing of results of the interrogation of several 

teachers. In the same way it is possible to determine the 

correspondence of new information to the main supports of 

the curriculum. 

Let us define the membership functions of terms: UC is 

“unimportantly corresponds”, PC is “partly corresponds” 

and LC is “largely corresponds”, which are used for linguis-

tic assessment of “correspond” variable.  

The following table (Table 1) shows the results of the ex-

pert survey processing: the quantity of votes cast for mem-
bership of the corresponding element of the universal set in 

the fuzzy set is shown above the dashed line. Numbers below 

the dashed line indicate the calculated degree of membership. 

Graphs of membership functions are shown in Figure 5. 
 

Table 1. The results of the expert survey processing 

Term [0,0.1) [0.1,0.2) [0.2,0.3) [0.3,0.4) [0.4,0.5) [0.5,0.6) [0.6,0.7) [0.7,0.8) [0.8,0.9) [0.9,1] 

UC 
5 4 3 0 0 0 0 0 0 0 

1 0.8 0.6 0 0 0 0 0 0 0 

PC 
0 2 4 5 3 2 0 0 0 0 

0 0.4 0.8 1 0.6 0.4 0 0 0 0 

LC 
0 0 0 1 2 3 3 4 5 5 

0 0 0 0.2 0.4 0.6 0.6 0.8 1 1 

 

Based on the processed data, the graphs for membership 
functions of terms of “Correspond” linguistic variable are 

constructed (Figure 5). Form of the graphs differs from 
standard triangular membership functions. 
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Figure 5. Graph of membership functions of the „Correspond“ variable 

 

In forming the membership function using the other meth-

od, the expert evaluates the advantages of one element over 

another with respect to the fuzzy set property, for each pair 

of elements of the universal set. Such pairwise comparisons 

are presented by the matrix of the following form: 









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11211

2

1
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, 

where aij is the level of preference of element ui over uj(i,j 

=1.n), which is defined by the nine-point Saaty scale. The 

matrix of pairwise comparisons is diagonal and antisymmet-

rical. Then we take membership degrees equal to the corre-

sponding coordinates of the eigenvector W = (w1, w2, ..., 

wn)T of A pairwise comparisons matrix: μ(ui) = wi, i = 1,n. 

It makes sense to apply this method for the formation of 

«degree of integration» linguistic variable, for which three 

levels are didactically important: the occasional use of in-

terdisciplinary connections, the system of interdisciplinary 
connections and the integrated course. The degree of inte-

gration of teaching material between two LDs is defined as 

follows: 

,

/
1

,

1

,

int
nb

nene

S

nb

i

ji

ne

j

s

ji

i

 
 















  

where nbi ,1 is LB number, inej ,1  is LE number in i  
block; 

s

jne  is amount of LEs, which have interdisciplinary connec-

tions; 

jne  is total amount of LEs in the block; 

nb is total amount of LBs. 

However, it is possible to determine the corresponding 
situation of teaching integrity according to the obtained 

values only on the basis of expert opinions. Therefore, let us 

form the membership function for «integrated course» term 

of «integrated connection» fuzzy set on  1,,2.0,1.0,0   

universal set. Based on the interrogation of the teachers-

experts, the following results of paired comparisons per 

Saaty scale [5] are known: 

- no advantage of 1 over 0.9; 

- substantial advantage of 1 over 0.7; 

- absolute advantage of 1 over 0.6; 

- almost substantial advantage of 0.9 over 0.7 and others. 

Pairwise comparisons obtained from the experts, are rep-

resented by the following matrix: 

























11359

11348

3/13/1146

5/14/14/115

9/18/16/15/11

A  

Eigenvalues of the matrix of pairwise comparisons are 

calculated in the Matlab system. So, 2691.5max  . The 

calculated membership degrees are given in Table 2. 

 

Table 2. Membership functions of “integrated course” fuzzy set 

i
u

 
0.6 0.7 0.8 0.9 1 

 icourseegrated u""int  for subnormal fuzzy set 0.0563 0.1541 0.3263 0.6380 0.6779 

 icourseegrated u"int"  for normal fuzzy set 0.0831 0.2279 0.4813 0.9411 1 
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The fuzzy set turned out to be subnormal. To normalize it, it 

is necessary to divide all the membership degrees by the 

maximum value, i.e. by 0.6779. Please, note that the ap-

proach to expert evaluation and processing of collective 

opinions is suggested, which is based on the features of the 

training management task. Thus, the matrix of pairwise 

comparisons which contains binary ordering relations is 

used in the basis of the survey. Expert evaluation is a means 

of obtaining information for ACS-T functioning. 

 

 

Conclusions. The creation of conditions for high-quality 

continuous education is connected with the development of 

automated learning management systems, which are based 

on the model of the adaptive approximation of the control 

vector to the student’s intelligence vector. This multistage 

discrete iterative process is implemented by means of intel-

ligent control and is impossible without specialized infor-

mation support unit for the ACS-T. Analysis and subse-

quent grouping major intellectual transformation which 

provide basic phases of automated individual learning path 
determine that information support unit for the ACS-T is 

based on a combination of knowledge, data, statistics and 

expert information and includes methods of their prepara-

tion and processing. The KB structure was determined; a 

holistic system of structuring and obtaining knowledge to 

support the functioning of ACS-T was developed. The basic 

stages of broadcasting the knowledge for the system were 

explored and represented.  

 

The research of features of the expert evaluation tasks for 

ACS-T was done; the requirements for the formation of the 

methodology of expert analysis were formed. The main 

elements of a general model of expert evaluation were con-

cretized. The advisability of forming FS based on the views 

of the expert group on the basis of the matrix of pair com-

parisons was proved. The efficiency of given methods for 

generating membership functions based on a survey of the 

expert group using the Saaty scale was shown.  
The scientific novelty of the research is to build an inte-

grated subsystem dataware, which unites disparate sources 

of information, performs the functions of extraction, preser-

vation and transmission of information flows for ACS-T. 

The practical significance is that the structure of specialized 

information support was developed; its knowledge-based 

component was highlighted; the methods for generating 

membership functions for non-formalized criteria of adap-

tive teaching control were proposed. 

The perspective direction for further development of au-

tomated adaptive learning systems is to improve procedures 

of knowledge extraction using cloud services based on pro-
cessing surveys of the wide range of experts (teachers); it 

allows increasing the objectivity and adequacy of the 

formed knowledge for control systems. 

Implementation of modern methods of knowledge engi-

neering creates a solid basis for implementing open systems 

of the continuous and accessible education and improving 

of automated intelligent control of individual learning pro-

cess for all. 
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синергетическом подходе к интеллектуальному управлению сложными организационно-техническими системами совместно с 
применением методов инженерии знаний. Приведены результаты компьютерных экспериментов. Предлагаемый подход 
позволяет сформировать основные компоненты базы знаний для реализации индивидуализированного обучения в различных 

формах электронного обучения. 
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