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THE COGNITIVE MODELING FOR THE ANALYSIS  
OF THE INFORMATION-EDUCATIONAL ENVIRONMENT 

A.N. VETROV, E.E. KOTOVA, N.N. KUZMIN 

“The Saint-Petersburg state electrotechnical university "LETI"” 

For  the complex solut ion of  the problem of creat i on and subsequent  analysi s 
o f  t h e  i n f o r m a t i o n - e d u c a t i o n a l  e n v i r o n m e n t  ( I E E )  o f  t h e  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 )  s y s t e m  w i t h  t h e  e l e m e n t s  o f  a d a p t a t i o n 
b a s e d  o n  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 s  ( C M )  b l o c k 
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 ) 
and the technique of using of the technology for  the formation of  CM are offered. 

C M T  a c t s  a s  t h e  u n i v e r s a l  i n  r e l a t i o n  t o  t h e  o b j e c t  o f  r e s e a r c h  a n d  i s 
t h e  i t e r a t i v e  c y c l e ,  i n c l u d i n g  t h e  s e q u e n c e  o f  s t a g e s ,  a l l o w i n g  n o t  o n l y 
to obtain the primary representations in the context of the spectrum of scientific aspects of consideration, 
but  and to  carry out  the s t ructural  analysis .  CMT includes the fol lowing s t ages : 
the identification (the obtaining of primary representations about the researched situation), 
the conceptualization of situation (the conceptual scheme of the researched situation in the subject area), 
the structuring of situation (the structured knowledge about the situation in the subject area) , 
the formalization (the construction of the first and second levels  of the structure of CM), 
the structural analysis (the verification of the first level of the structure of the obtained CM), 
the parametric analysis (the verification of the second level of the structure of CM, its parameters), 
the realization (the placement of the obtained CM in the basis of the environment of research), 
t h e  m o d e l l i n g  ( t h e  m o d e l i n g  b a s e d  o n  t h e  h o l i s t i c  a p p r o a c h ) , 
the  ana lys i s  ( the  s t a t i s t i ca l  p rocess ing  of  ob ta ined  da ta  wi th  t he  he lp  o f  CM) , 
the substantive interpretation (the interpretation of the obtained dependencies and knowledge), 
the synthesis (the accumulation of new knowledge about the dynamics of situation in the subject area). 

For the difficult  objects of research CMT provides the invit ing of  consultants : 
a n  e x p e r t  –  t h e  s u b j e c t  s p e c i a l i s t  ( t h e  m e t h o d o l o g i s t  f o r  I E E  a n d  e t c . ) ;  
a  c o g n i t o l o g i s t  –  t h e  s p e c i a l i s t  i n  t h e  a r e a  o f  k n o w l e d g e  e n g i n e e r i n g ; 
a system analyst  –  the specialist  in the area of the systems analysis and modeling, 
a programmer – the qualified specialist, oriented in the methods and approaches to the realization 
modern program means by means of the high-technological environments of programming. 

The technique of use of technology (pic. 1) and the algorithm of formation of C M  
(not presented in the article) are designed for the formalization of a sequence of us e 
of CMT with the purpose of formation of CM for the tasks of analysis of IEE of ART with the elements of adaptation 
b a s e d  o n  t h e  p a r a m e t r i c a l  C M . 
For the research of the structurally difficult objects, it is recommended to use the presentation of CM 
in the view of the oriented graph, the vertices of which form a row of sets (pic. 2, above) . 
t 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  a n a l y s i s . 
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  i t  i s  r e c o m m e n d e d  t o  u s e 
t h e  s c h e m a t i c  r e p r e s e n t a t i o n  o f  C M  ( p i c .  2 ,  b e l o w ) . 
C M  –  t h e  p a r a m e t e r i z e d  r e p e r t o i r e ,  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  o n  a  r o w  o f  s e t s  ( t h e  p r e s e n t a t i o n  C M  i n  p i c .  2 ,  a b o v e ) . 
F o r  I E E  o f  A R T  C M  r e f l e c t s  t h e  m o s t  i m p o r t a n t  a s p e c t s 
and parameters  of  information interact ion of  the subjects  and means of  t ra ining , 
e n s u r 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  e d u c a t i o n a l  i n f l u e n c e s 
wi th  the  personal  characte r is t ics  ( fea tures)  of  the  subjects  of  t ra in ing  (PChT) , 
and also allowing to reveal the reasons of difficulties in the process of the formation of knowledge. 

The contour of adaptation in IEE of ART based on the block of CM is technologically realized 
at the possibility of generation of the training influences based on CM of educational means 
i n  c o o r d i n a t i o n  w i t h  P C h T ,  c o n t a i n e d  i n  C M  o f  t h e  s u b j e c t  o f  t r a i n i n g . 
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At the stage  

of identification 

At the stage  

of conceptualization 

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

At the stage  

of structuring 

The key concepts (properties Prk and parameters Pm), related to the features 
of the object of research in the subject area are distinguished. The classes of concepts 
(portr. PRi, kinds of prop. KPj) and the subgr. of param. (vectors of param. VPl) of res. are set, AAV are set 

At the stage  

of formalization 

The relationships and connections between the selected key concepts (properties and parameters) 
and their classes (portraits and kinds of properties), and also the subgroups of param. (the vectors of param.), 
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 cognitive model is provided 
by  means  of  us ing  of  one  f rom the  fo rmal  (nonformal )  model s 
of presentation of data and knowledge from the area of theory of intelligent systems 

It is necessary to carry out the analysis of the relationships and correlations between 
the highlighted concepts (parameters). Each portrait (PR i) in the structure 
of cognitive model should include a set of the vectors of parameters (VP l) 

At the stage  

of realization 

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

At the stage  

of modeling 

Sets of parameters within the limits of various portraits should not intersect and be 
contradictory, and the resulting structure of the cognitive model should meet 
the purposes, requirements and limitations, developed in relation to the object of research 

At the stage  

of the analysis 

The accumulation of information is carryied out about the condition of the object of research 
as an integral system and its elements in particular, and also the analysis of the adequacy 
and 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 carried ou t 
and the conclusions are formulated about the efficiency of functionin g 
of the object of research in general  and i ts elements in particula r 

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

of research in the subject area a row of conditions must be met at each stage 

The objective conclusions are formulated based on the obtained dat a 
from the point of view of the various subject areas (according t o 
the selected spectrum of aspects of the consideration of the object of research) 

At the stage  

of the synthesis 

With taking into account of the results of subject interpretation and dynamics 
(progressive and regressive) of the development of situation in the process of research 
the tasks are formulated to improve the structure of cognitive model in width and depth 

 
Pic. 1. The technique of use of the cognitive modeling technology 

Accordingly CM is differentiated on CM of the subject (the parameters, characterizing PChT) 

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

t y p e s  a n d  k i n d s  o f  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 ) .  

CM of the subject of training (pic. 3) concentrates the parameters of physiological, 

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

CM of the means of training (pic. 4) contains the parameters, characterizing the potentially possible 

t y p e s ,  k i n d s  a n d  f e a t u r e s  o f  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 . 
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The first aspect 

The selected object of research is considered within the limits 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  

aspect of research 

The cognitive model characterizes the specific features of functioning (behavior)  

of the object of research in the considered environment (area) from the point of view of the selected aspects 

The second aspect The ith aspect … 

… 

… 
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the set of portraits I 

the set of the kinds of properties J 

the set of parameters M 
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the set of properties K 

the set of the vectors of parameters L 
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characterizing  

the properties of the first  

portrait 

The first vector  
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The first portrait of model The ith portrait of model The second portrait of model 
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Parameter 2-1 
The lth vector  

(group) of parameters 

 
Pic. 2. The basis for the formation of the structure of cognitive model,  

presented in the view of graph (top) and structural scheme (bottom) 
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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 the three scientific aspects 

 

 
 
 
 

Private physiology  

of analyzers 

Applied  

linguistics 

Cognitive  

psychology 

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

by the subject from the flows of information, generated 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 the outer,  

middle  

and inner ear 

ab. sensitivity 

thresholds of sensitivity 

maximum sensitivity 

The language aspects  

of communication 

the level of the proficiency  

in the language of statement 

the level of proficiency  

in the dictionary of terms 

the level of proficiency  

in the elements  

of interface 

The mental  

abilities 

 

verbal intelligence 

mnemonics and memory 

deduction 

combinatorics 

reasoning 

analyticity 

induction 

planar thinking 

volumetric thinking 

associativity 

originality 

uniqueness 

selectivity 

 
associativity 

originality 

uniqueness 

selectivity 

The learning-ability 

implicit 

explicit 

The divergent 

verbal creativity 

figurative creativity 

The cognitive styles 

field-dependence/  

field-independence 

impulsivity// 

reflexivity 

rigidity/  

flexibility 

concretization/  

abstraction 

cognitive simplicity/ 

cognitive difficulty 

categorical narrowness/  

categorical widthness 

The convergent 

tritanopia 

 
Pic. 3. 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 the 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 with taking into account of 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 color 

The parameters of font 

type of font 

size of point-type of symbol 

color of symbol 

The color schemes 

at achromasia 

at protanopia 

at deuteranopia 

The parameters of sound  

representation 

 

volume 

timbre 

type of flow 

The language aspects  

of communication 

the level of statement  

of material 

a set of keywords  

and definitions 

a 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 presentation 

the automatic  

switching/manual 

constant type  

of information/variable 

deep concretization/  

abstract presentation 

simplicity of presentation/  

difficulty of presentation 

wide set of terms/  

narrow set of terms sound scheme 

The features of playback  

of audio stream 

sound (main) 

sound (accompanying) 

combined 
correction of sequence 

selection of the style of present. 

special scheme 
navigation on course 

addition of modules 

selection of the kind of 

information 

selection of the speed of pres. 

creative tasks 

additional modules 

additional literature 

at tritanopia 

 
Pic. 4. The cognitive model of the means of training 
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For the automation of the tasks of research of the vectors of parameters in the structure of the portraits 

of CM of the subject used the software tool, developed on the basis of the architecture 

of the expert system and containing a set of applied methods in the basis of knowledge base. 

on the scientific basis of the private physiology of sensory systems, cognitive psychology and linguistics. 

The estimation of efficiency of the introduction of the results of research was carried out 

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

𝐾 = {𝑘1; 𝑘2; 𝑘3} = {𝑌2 − 𝑌1;
𝑌2
𝑌1
;
𝑌2 − 𝑌1
𝑌1

100%} 

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  t h e  a b s o l u t e , 

c o m p a r a t i v e  a n d  r e l a t i v e  i n d i c a t o r s  o f  e f f i c i e n c y , 

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

d a t a  o f  a  s e r i e s  o f  e x p e r i m e n t s  a r e  s u m m a r i z e d  i n  t a b l e  1 . 

Table 1.  

The results of statistical processing of the data of experiment 

The name  

of indicators 
The number of the experimental group of examinees 

 1 2 3 4 5 6 7 8 

The experiment №1 (without the use of technology) 

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

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

The experiment №2 (with the use of technology, personal adaptation) 

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

AQD of. 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 

Change of AQD -0,144 -0,051 -0,215 -0,136 -0,131 -0,129 -0,141 -0,061 

The proposed approach al lows  to real ize  the  addit ional  contour  of  adaptat ion 

b a s e d  o n  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 s  b l o c k , 

and also to carry out the analysis of the efficiency of functioning of the information-

e d u c a t i o n a l  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 . 



  K =  {   k 1 ;   k 2 ;   k 3 } =  {   Y 2 −   Y 1 ;     Y 2    Y 1 ;     Y 2 −   Y 1    Y 1 100 % }

