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THE INFORMATION ENVIRONMENT OF THE AUTOMATED 

TRAINING BASED ON THE COGNITIVE MODELS 

In light of the significant globalization of the information environment 

and  the  in tens i f ica t ion  o f  g rowth  of  d iverse  f lows of  in format io n 

as a antiderivative of the aggregate of knowledge in a wide spectrum of subject areas 

actualizes the development of covariant approaches, methods and technologies, 

i n c r e a s i n g  t h e  e f f i c i e n c y  o f  c r e a t i o n ,  d i s t r i b u t i o n  a n d  u s e 

o f  t h e  d i f f e r e n t  i n f o r m a t i o n  r e s o u r c e s ,  p r o d u c t s  a n d  s e r v i c e s 

between the various categories of the subjects of  information process. 

The informatization of establishments of the system of science and education 

initiates the consideration of a wide  spectrum of the diverse aspects: 

r e g i o n a l ,  e c o n o m i c ,  o r g a n i z a t i o n a l ,  t e c h n i c a l , 

i n t r o d u c t i o n ,  p e d a g o g i c a l ,  m e t h o d i c a l , 

p hys io log i c a l ,  p s y cho log i ca l ,  l i n gu i s t i c ,  e rg onom i c  and  o th e r s . 

The institutional bodies, regulating the politics in the sphere of education, 

are  s ignificant ly  concerned in  the  problematics  of  the  personal ized 

( i n d i v i d u a l l y - o r i e n t e d  a n d  a d a p t i v e )  t r a i n i n g  ( a t  d i s t a n c e ) , 

partly by the introduction of the means of training, allowing to take into account 

the  ind iv idua l  fea tu res  o f  pe rsona l i ty  o f  the  sub jec t s  o f  t ra in ing . 
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The  t r ad i t i ona l  in fo rma t ion -educa t iona l  env i ronmen t s  ( I EE) 

of the automated (remote) training systems are practically not take into account 

the individual features (characteristics) of personality of the subject of training, 

which have influence on the level of quality of (re)training of the specialists. 

T h e  i n d i v i d u a l  o r i e n t a t i o n  o f  i n f o r m a t i o n  i n t e r a c t i o n 

be tween  the  sub jec t s  and  means  o f  t ra in ing  in  the  au tomated  IEE 

i s  d i r e c t l y  a c h i e v e d  d u e  t o  t h e  u s e  o f  a  r o w  o f  t e c h n o l o g i e s : 

the technology of individual training – realizes the scheme “subject – means of training”, 

the technology of individualized training – allows to take into account 

the individual features of personality of the subjects of training in the educational process, 

the technology of adaptive training – the generation of diverse information-

educational influences is carried out on the basis of an invariant model . 

At the development and introduction of the technologies of personally-oriented training 

it is necessary to take into account the personal characteristics of the subjects of training (PCT): 

p h y s i o l o g i c a l ,  p s y c h o l o g i c a l ,  l i n g u i s t i c  a n d  o t h e r s . 

As the means of realization of the adaptive generation of the diverse 

i n f o r m a t i o n - e d u c a t i o n a l  i n f l u e n c e s  a c c o r d i n g  t o  P C T 

i n  t h e  e n v i r o n m e n t  o f  a u t o m a t e d  ( r e m o t e )  t r a i n i n g  ( A R T ) 

a c t s  t h e  p a r a m e t r i c a l  c o g n i t i v e  m o d e l  ( C M ) , 

at the development of the structure of which it is necessary to take into account a set of requirements: 

t h e  r e l e v a n c e  ( t o  f o r m  t h e  p a r a m e t r i c a l  m o d e l  w i t h  a  s e t 

of personal characteristics of the subject, taking into account by the means of IEE 

and the essential  for the achieving of a certain purposes of training), 

the adequacy (the compliance of the obtained parametrical model to the original), 

t he  so lvency  ( t he  suppor t  by  t he  means  o f  IEE  of  quas i -dynamic 

s y s t e m  a n a l y s i s  a n d  t h e  u p d a t i n g  o f  t h e  p a r a m e t e r s  o f  m o d e l 

due to the systematic accumulation of data about the condition of the subject of training). 
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IEE of the adaptive training based on the parametrical CM block 

h a s  a  r o w  o f  t h e  s i g n i f i c a n t  s p e c i f i c  f e a t u r e s  ( p i c .  1 ) : 

the organizational units of the information centre of the establishment 

i t  is  needed to  provide the  preparat ion  of tests  and test ing  of  PCT, 

and to trainee needs to perform the tests of PCT and the tasks, developing PCT. 
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Pic. 1. The features of the information environment at the organization  

of the adaptive training based on the parametrical cognitive models 
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The innovative modifications of IEE are also reflected on the structure of training 

as the technological process of the formation of knowledge of the trainee (pic. 2), 

i n c l u d i n g  a  s e t  o f  t e c h n o l o g i c a l  g a p s  ( s t a g e s ) : 

the planning, the preparation of the learning-methodical complex (LMC), 

the stages of training (at distance), the analysis and control of condition. 
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Pic. 2. The technological features at the organization of the automated  

(remote) training based on the parametrical cognitive models 

At the stage of the preparation of LMC it is necessary to prepare the tests of LWC, 

at the stage of the analysis and control of condition of the subjects of training to test PCT, 

and then to identify the recommended way and style of presentation of the information, 

the causes of difficulties of the trainee in the process of training (at distance) 

a n d  t o  r e c o r d  t h e  r e s u l t s  i n  t h e  e l e c t r o n i c  r e c o r d  b o o k  ( E R B ) . 
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The structure of ADO system with the element of adaptation based on CM (pic. 3) 

i s  r e p r e s e n t e d  t h e  c l o s e d  c o n t o u r  ( w i t h  f e e d b a c k ) , 

i n c l u d i n g  t w o  l e v e l s  o f  i n f o r m a t i o n  i n t e r a c t i o n : 

t h e  f i r s t  l e v e l  i s  r e p r e s e n t e d  b y  t h e  c h a n n e l  o f  e n c a p s u l a t i o n 

o f  k n o w l e d g e  a n d  t h e  c h a n n e l  o f  a n a l y s i s  o f  c o n d i t i o n , 

the second level  contains the channel of representation  of knowledge 

a n d  t h e  c h a n n e l  o f  i d e n t i f i c a t i o n  o f  t h e  c o n d i t i o n  o f  t r a i n e e . 
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Pic. 3. The structure of the automated (remote) training system  

with the elements of adaptation based on the parametrical cognitive models block 

In relation to the process of formation of knowledge the subjects of IEE of ART system 

are differentiated by the level of access and act  in the various roles: 

the proficient units (P.E.): an administrator, an author, a tutor and others; 

the  def ic i t  un i t s  (D.E . ) :  a  gues t ,  an  en t ran t ,  a  t ra inee  and  o thers . 

The virtual dialogue between the subjects of training is carried out by means 

of the means of IEE of ART system and therefore has a significant drawback – 

t h e  l i m i t a t i o n  o f  c o m m u n i c a t i o n  i n t e r a c t i o n  ( i n  a  w i d e  s e n s e ) , 

w h i c h  n e e d s  t o  b e  r e s e a r c h e d  a n d  t e c h n o l o g i c a l l y  e l i m i n a t e d . 
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The training (at distance) is considered as the technological process 

of controlled transfer of subject knowledge into the consciousness of trainee 

a n d  i n c l u d e s  a  s e q u e n c e  s t a g e s  o f  i n f o r m a t i o n  p r o c e s s i n g 

(the visual representation, the perception, the understanding, the development of skills, 

the formation of skills and the aggregation of the received information into knowledge), 

therefore the level of residual knowledge of the trainee significantly depends 

on the quality of perception and understanding of the content of information fragments. 

The control of displaying of a sequence of information fragments 

(the electronic book, section, chapter, paragraph and information page) 

b y  t h e  v a r i o u s  w a y s  r e a l i z e s  d i r e c t l y  t h e  i n n o v a t i v e  a d a p t i v e 

representation of information fragments processor of the electronic textbook 

based on the structural (semantic) meta-model of the subject of studying 

a n d  t h e  i n n o v a t i v e  h i g h - t e c h n o l o g i c a l  p a r a m e t r i c a l  C M  b l o c k . 

The structural (semantic) meta-model of the subject of studying is necessary 

and sufficient for the filling by the subject content in the cycle of disciplines. 

The diagnostic module of ART system is intended for the automation 

o f  t h e  i n i t i a l ,  i n t e r m e d i a t e  a n d  f i n a l  c o n t r o l  t e s t i n g 

of the level of residual knowledge of the trainee in the subject of studying, 

and also realizes the automation of the initial and quasi-dynamic research 

of the parameters of PCT for the filling of CM of the subject of training by the nominal values. 

For the automation of research of the level of residual knowledge of trainees 

the program toolki t  (the  basic  diagnostical module)  was developed , 

allowing to carry out the estimation on the basis of two diverse scales: 

“rough” – the calculation of the sum of valid answers to the questions of the method of research, 

“extended” or “exact” – the calculation of the sum of scored (penalty) points 

by each (in)valid variant of answer to the question of the method of research. 
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For the processing of a posteriori  results of research is intended 
the technique of estimation of the level of knowledge of trainee and the analysis of quality of test (pic. 4). 
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and then to carry out the system analysis of the condition of examinee and to estimate the quality of test 

Данная методика позволяет сформировать интервальную шкалу оценки и функцию оценивания, 

осуществить на ее основе тестирование (методика реализована в основе программного инструментария), 

а затем осуществить системный анализ состояния испытуемого и оценить качество теста 
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Pic. 4. The technique of estimation of the level of knowledge of the examinee  
and the analysis of quality of the test based on a posteriori results of testing 
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For the  complex  solu t ion  of  the  scient i f ic  problem of  c reat i on 

a n d  t h e  s u b s e q u e n t  e f f e c t i v e  s y s t e m  a n a l y s i s 

o f  I E E  o f  t h e  p e r s o n a l l y - o r i e n t e d  t r a i n i n g  ( a t  d i s t a n c e ) 

i s  i n t e n d e d  t h e  c o g n i t i v e  m o d e l i n g  t e c h n o l o g y  ( C M T ) , 

the technique of use of CMT and the algorithm of formation of the parametrical CM. 

CMT (pic. 5) is the universal in relation to the object of research 

a nd  i s  r ep r es en t e d  t h e  i t e r a t i v e  c y c l e ,  i nc lud in g  a  s e t  o f  s t a ge s , 

a l l o w i n g  n o t  o n l y  t o  o b t a i n  t h e  p r i m a r y  p r e s e n t a t i o n s 

in the context of the selected spectrum of the scientific aspects of consideration, 

but  and to carry out  the structural  and parametrical  system analysis . 

F o r  t h e  s y s t e m  a n a l y s i s  o f  t h e  d i f f i c u l t  o b j e c t s  o f  r e s e a r c h 

CMT provides the involvement  of a row of consultants  (specialists) , 

w h i c h  a r e  d i r e c t l y  d e s i g n a t e d  b y  t h e  v a r i o u s  l i t t e r s  ( l e t t e r s ) : 

a n  e x p e r t  ( E )  –  t h e  q u a l i f i e d  s p e c i a l i s t  i n  t h e  s u b j e c t  a r e a 

( f o r  I E E  i s  a t t r a c t e d  a  m e t h o d i s t ,  a  t e a c h e r  a n d  o t h e r s ) , 

a cognitologist (C) – the qualified specialist in the field of knowledge engineering, 

providing the correctness of the obtained structure of the parametrical CM, 

a system analyst (A) – the specialist in the field of the system analysis and modeling, 

revealing compliance of the obtained parametrical CM to the real object, 

a programmer (P) – the qualified specialist in the field of languages of programming, 

knowing the methods and approaches to the realization of the modern means of IEE 

by means of the highly-technological integrated environments of programming. 

The technique of use of CMT (pic. 6) and the algorithm of formation of the structure of CM 

are developed for the formalization of a sequence of  the use of  CMT 

with the purpose of formation of the structure of the cognitive model for the tasks of the system analysis 

of IEE of ART system with the elements of adaptation based on the parametrical CM block. 
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Pic. 5. The iterative cycle of the cognitive modeling technology 
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At the stage  

of identification 

At the stage  

of conceptualization 

It is necessary to provide the collection of details (the purposes, tasks and restrictions to IEE) necessary 
and sufficient for the formation of the structure of the cognitive model (it is envisaged 
the involving of experts if necessary), a set of portraits PRi of the model is determined 

At the stage  

of structuring 

The key concepts (the properties Ck and parameters Pm), related to the features 
of the object of research in the subject area are distinguished: the classes of concepts (the portraits PRi, and kinds 
of properties BCj) and the subgroups of parameters (the vectors of parameters VPl) of research are introduced, AAV are set 

At the stage  

of formalization 

The relationships and correlations between the selected key concepts (the properties and parameters) 
and their classes (the portraits and the kinds of properties), and also the subgroups of parameters (the vectors of parameters), 
characterizing the object of research in the subject area – the field of knowledge are determined 

At the stage  
of the structural 

analysis 

At the stage  
of the parametrical 

analysis 

The construction (addition) of the structure of the cognitive model is provided 
by means of  use of  the one from the formal  (nonformal)  model s 
of representation of data and knowledge from the field of the theory of intelligent systems 

It is necessary to carry out of the analysis of relationships and correlation relationships between 
the highlighted concepts (parameters): each portrait (PR i) in the structure 
of the cognitive model should include a set of the vectors of parameters (VPl) 

At the stage  

of realization 

The practical use of the cognitive model in the basis of IEE is carried out: 
for this the obtained structure is filled by the values of parameters, which are 
taken into account at the generation of the information-educational influences 
by the means of training 

At the stage  

of modeling 

The sets of parameters in the context of the various portraits should not overlap and be 
contradictory, and the obtained structure of the cognitive model should meet 
the purposes, requirements and restrictions, developed in relation to the object of research 

At the stage  

of analysis 

The accumulation of information about the condition of the object of research 
as an integral system and its elements is carried out in particular, and also the analysis of adequacy 
and the mutual influence of parameters, characterizing the dynamics of its functioning 

At the stage of subject 

interpretation 

The processing of a posteriori statistical data of modeling is caried out 
a n d  t h e  c o n c l u s i o n s  a b o u t  t h e  e f f i c i e n c y  o f  f u n c t i o n i n g 
of the object of research in general and its elements in particular are formulated 

For the use of the cognitive modeling technology in relation to the object of research  

in the subject area it is necessary to perform a row of conditions at each technological stage 

T h e  o b j e c t i v e  c o n c l u s i o n s  b a s e d  o n  t h e  o b t a i n e d  d a t a 
from the point of view of the various subject areas are formulated (according to the selected 
spectrum of scientific aspects of consideration of the object of research) 

At the stage  

of synthesis 

Taking into account the results of subject interpretation and the dynamics (progressive 
or regressive) of the development of situation in the process of research 
the tasks on the improving of the structure of the cognitive model in width and depth are formulated 

 

Pic. 6. The technique of use of the cognitive modeling technology 

F o r  t h e  r e s e a r c h  o f  t h e  s t r u c t u r a l l y  d i f f i c u l t  o b j e c t s 

it is recommended to use the representation of CM in the view of the oriented graph, 

the vertices of which form a row of mathematical sets (pic. 7, above), 

w h a t  i s  c o n v e n i e n t  f o r  t h e  s u b s e q u e n t  s y s t e m  a n a l y s i s . 
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The first aspect 

The selected object of research is considered in the context of a row of aspects 
 

 
 
 
 

The scientific basis of the first 

aspect of research 

The scientific basis of the second 

aspect of research 

The scientific basis of the ith 
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Parameter 2-1 
The lth vector (group)  

of parameters 

 

Pic. 7. The basis for the formation of the structure of the cognitive model,  

presented in the view of the graph (top) and the structural scheme (bottom) 
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F o r  t h e  s t r u c t u r a l l y  s i m p l e  o b j e c t s  o f  r e s e a r c h 

it is recommended to use the schematic representation of CM (pic. 7, below). 

T h e  p a r a m e t r i c a l  C M  a c t s  a s  a  r e p e r t o i r e  o f  p a r a m e t e r s , 

e c h e l o n e d  o n  a  s e t  o f  p o r t r a i t s  a n d  s t r a t i f i e d 

on a row of mathematical sets (the representation of CM in pic. 7, above), 

r e f l ec t ing  t he  mos t  impor t an t  aspec t s  o f  in fo rmat ion  in t e rac t io n 

of the subjects of training and the means of training in IEE of ART system, 

p r o v i d i n g  t h e  c o n s i s t e n c y  o f  g e n e r a t i o n  o f  t h e  d i v e r s e 

i n f o r m a t i o n - e d u c a t i o n a l  i n f l u e n c e s  w i t h  P C T , 

a n d  a l s o  a l l o w i n g  t o  r e v e a l  t h e  c a u s e s  o f  d i f f e r e n t  d i f f i c u l t i e s 

in the technological process of the formation of knowledge of the contingent of trainees. 

A t  t h e  s a m e  t i m e  t h e  p a r a m e t r i c a l  C M  i s  d i f f e r e n t i a t e d 

on CM of the subject of training  (the parameters, characterizing PCT) 

and CM of the means of training (the parameters, characterizing the potentially possible 

types  and k inds  of  generated  in format ion -educat ional  i nf luences ) . 

The parametrical CM of the subject of training (pic. 8) concentrates the parameters 

of the physiological, psychological and linguistic portraits, characterizing PCT. 

The parametrical CM of the means of training (pic. 9) contains the parameters, 

cha rac t e r i z ing  the  po t en t i a l l y  pos s ib l e  t ypes ,  k ind s  and  f ea tu res 

o f  t h e  g e n e r a t e d  i n f o r m a t i o n - e d u c a t i o n a l  i n f l u e n c e s . 

The contour of adaptation of IEE of ART system based on the parametric CM 

is technologically realized at the possibility of generation of the training influences 

o n  t h e  b a s i s  o f  t h e  p a r a m e t r i c a l  C M  o f  t h e  m e a n s  o f  t r a i n i n g 

in coordination with PCT contained in the parametrical CM of the subject of training. 
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The parameters of the visual 

sensory system 

The anomalies of refraction 

The physiological portrait 

The physiological aspect 

The examinee (model) is considered in the spectrum of three scientific aspects 

 

 
 
 
 

Private physiology  

of analyzers 

The applied  

linguistics 

Cognitive  

psychology 

The cognitive model characterizes the individual features in the process of knowledge formation  

by the subject of training from the streams of information, generating by the means of training 

The linguistic aspect The psychological aspect 

The psychological portrait The linguistic portrait 

astigmatism 

myopia 

hypermetropia 

The anomalies of perception 

acuity of vision 

field of vision 

estimation of distance 

The color vision 

achromasia 

protanopia 

deuteranopia 

The parameters  

of auditory analyzer 

The functions of external,  

medium  

and inner ear 

ab. sensitivity 

thresholds of sensitiv. 

max. sensitiv. 

The language aspects  

of communication 

level of proficiency  

in the language of statement 

level of proficiency  

in the dictionary of terms 

level of proficiency  

in the elements  

of interface 

The intelligent 

abilities 

 

verbal intelligence 

mnemonics and memory 

deduction 

combinatorics 

reasoning 

analyticity 

induction 

plane thinking 

volumetric thinking 

associativity 

originality 

uniqueness 

selectivity 

 
associativity 

originality 

уникальность 

uniqueness 

The learning-ability 

implicit 

explicit 

The divergent 

verbal creativity 

figurative creativity 

The cognitive styles 

field-dependence /  

field-independence 

impulsivity /  

reflecsivity 

rigidity /  

flexibility 

concretization / 

abstraction 

cognitive simplicity / 

cognitive difficulty 

categorical narrowness / 

categorical width 

The convergent 

tritanopia 

 
Pic. 8. The cognitive model of the subject of training 
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The kind of information 

 

The parameters of visual 

representation 

The parameters of background 

The physiological portrait 

The physiological aspect 

The means of training (model) is considered in the spectrum of three scientific aspects 

 

 
 
 
 

Private physiology  

of analyzers 

Applied  

linguistics 

 

Cognitive  

psychology 

The cognitive model of the means of training characterizes the features of generation of the information-

educational influences taking into account the individual features of the subject of training 

The linguistic aspect The psychological aspect 

The psychological portrait The linguistic portrait 

type of pattern 

color of background 

combination of colors 

The parameters of font 

typeface of font 

size of symbol 

color of symbol 

The color schemes 

at achromasia 

at protanopia 

at deuteranopia 

The parameters of acoustic 

representation 

 

volume 

timbre 

type of stream 

The language aspects  

of communication 

level of statement  

of the material 

set of keywords  

and definitions 

set of elements  

in the basis of the interface 

of interaction 

The way  

of representation 

 

textual 

tabular 

schematic planar 

schematic volumetric 

The speed of representation 

fast 

slow 

The additional  

capabilities 

The style of presentation 

holistic presentation / 

detailed pres. 

automatic switching / 

manual 

constant type  

of information / variable 

deep concretization / 

abstract statement 

simplicity of statement / 

difficulty of statement 

wide set of terms /  

narrow set терминов sound scheme 

The features of playback  

of the audio stream 

sound (basic) 

sound (accompan.) 

combined 
correction of sequence 

selection of the style of present. 

special scheme 
navigating on the course 

addition of modules 

selection of the kind of inform. 

selection of the speed of present. 

creative tasks 

additional modules 

additional literature 

at tritanopia 

 
Pic. 9. The cognitive model of the means of training 
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For the automation of the tasks of research of the vector of parameters in the structure 

of the portraits of CM of the subject of training is used the program toolkit, 

developing on the basis of the architecture of the expert system and containing 

in the basis of database a set of applied methods on the scientific basis 

of private physiology of sensory systems, cognitive psychology and linguistics. 

The estimation of efficiency of the introduction of the scientific results of research 

is carried out with using of the generally-accepted indicators of efficiency: 

 






 −

−== %100;;;;
2

21

2

1
21321

Y

YY

Y

Y
YYkkkK  

T h e  c o e f f i c i e n t s  r e s p e c t i v e l y  d e s i g n a t e  d i r e c t l y 

t h e  a bso lu t e ,  c om p a r a t i ve  a nd  r e l a t i v e  i nd i c a t o r s  o f  e f f i c i e ncy , 

and a posteriori results of mathematical processing of the statistical data 

of a series  of automated experiments  are general ized  in the table 1. 

Table 1. The results of statistical processing of the data of experiment 

The name  

of indicator 
The number of experimental group of examinees 

 1 2 3 4 5 6 7 8 

The experiment №1 (without using of CMT) 

The average point Y1 3,850 3,414 3,224 3,678 4,036 3,643 3,790 3,645 

ESD of av. point 0,867 0,178 1,958 0,879 0,577 0,783 1,679 1,047 

The experiment №2 (with using of CMT, personal adaptation) 

The average point Y2 4,041 3,674 3,357 3,786 4,157 3,853 3,821 3,743 

ESD of av. Point 0,723 0,127 1,743 0,743 0,446 0,654 1,538 0,986 

The results of research 

K1 0,191 0,26 0,133 0,108 0,121 0,21 0,031 0,098 

K2 1,049 1,076 1,041 1,029 1,029 1,057 1,008 1,026 

K3 0,049 0,076 0,041 0,029 0,029 0,057 0,008 0,027 

The changing of ESD -0,144 -0,051 -0,215 -0,136 -0,131 -0,129 -0,141 -0,061 

The proposed approach allows to realize the additional contour of adaptation 

b a s e d  o n  t h e  i n n o v a t i v e  p a r a m e t r i c a l  c o g n i t i v e  m o d e l s  b l o c k , 

and also to carry out the analysis of the efficiency of functioning of IEE of ART system. 


