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THE COGNITIVE MODELING TECHNOLOGY  

IN THE AUTOMATED EDUCATIONAL ENVIRONMENT 

A.N. Vetrov, assistant of the chair “Automatics and control processes”  

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

For the solving of the complex scientific problem of creation, system analysis 

a n d  i m p r o v i n g  i n  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  o f  t h e  a u t o m a t e d 

training with the properties of adaptation based on the cognitive models 

the  new cogni t ive  model ing technology  i s  proposed ,  which  inc ludes : 

the technique of its use, the algorithm of formation of the structure of the cognitive model, 

the techniques of research of the parameters of the cognitive models of the subject and means of training, 

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

and also the complex of programs for the automation of the tasks of research 

The information-educational environment, the cognitive model,  

the automated training system, the cognitive modeling technology 

The introduction and features of the adaptive environment based on the cognitive models 

T h e  s t r u c t u r e  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 ) 

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  s y s t e m  ( A R T ) 

with the properties of adaptation based on the parametrical cognitive models (CM) 

created by the author (pic.1) acts as a closed contour (with feedbacks) and is hybrid: 

it has the 2 levels of information interaction and the 6 channels of information exchange 

between the sources of information and the consumers of information [1, 2, 3, 4, 6]. 
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Pic. 1. The structure of the information-educational environment  

of the automated training systems with the properties of adaptation  

based on the parametrical cognitive models 
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The cognitive modeling technology (CMT) is proposed in the scientific article 

acts as the universal in relation to the object of research and the subject area [2, 6]. 

C M T  –  t h e  i t e r a t i v e  c y c l e ,  p r o v i d i n g  t h e  r e t u r n s 

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

including a sequence of technological stages, realizing the system analysis: 

the identification – the obtaining of information about the object of research, 

the conceptualization – the creating of conceptual scheme or modifying a set of concepts, 

the structuring – the developing of the structural scheme or the modifying of the elements of the conceptual scheme, 

the formalization – the building of the first and second level of the structure of the parametrical CM 

or the changing of the way (model) of presentation of the parametrical CM, 

the structural analysis – the verification of the first level of the structure of the parametrical CM 

or the modification of its diverse information elements (the mathematical sets), 

the parametrical analysis – the verification of the second level of the structure of the parametrical CM 

or the modification of its diverse information elements (the mathematical sets), 

the realization – the placement of the obtained parametrical CM at the basis of the environment of research, 

the revealing of inconsistencies and the causes of difficulties at the integration of the parametrical CM, 

t h e  m o d e 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 solving of problems of measurement and the consideration of the nominal values of parameters, 

the analysis – the statistical processing of data, obtained using the parametrical CM, 

the revealing of diverse tendences, dependencies, regularities and relationships, 

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

the subject interpretation – the interpretation of the obtained dependencies and regularities, 

the scientific substantiation of the obtained scientific results in the context of the subject areas, 

the synthesis – the accumulation of new knowledge about the dynamics of the object of research in the subject area, 

the addition of new scientific aspects (approaches) of consideration of the object of research. 

A posteriori data of use of CMT for the system analysis of IEE of ART system 

a r e  g i v e n  d i r e c t l y  i n  t h e  i n n o v a t i v e  a u t h o r ' s  s c i e n t i f i c  w o r k s  [ 4 ,  6 ] . 

On the different technological stages of CMT the techniques and algorithms are used, 

realizing the various functions and support the stages of system analysis [6, 9]: 

• the technique of use of CMT formalizes the sequence of the system analysis of IEE; 

• the algorithm of formation of the structure of CM based on a row of the ways of presentation of CM; 

• two ways to representation of the structure of the parametrical CM (the graph and structural scheme); 

• the techniques of research of the parameters of CM of the subject of training and CM of the means of training; 

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

of the level of residual knowledge of the contingent of trainees (LRKT) 

and the diagnostics of individual features of personality of the subjects of training (IFPST) 

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

d i a g n o s t i c  m o d u l e s  ( D M ) ,  i n c l u d e d  i n t o  A R T  s y s t e m . 
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For the carrying out of the system analysis of the difficult of IEE of ART system 

CMT provides  the  the  a t t ract ion of a row of  the special is t s-consul tants: 

an expert in the subject area – the teacher, physiologist, psychologist, linguist or methodist, 

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

providing the correctness of the obtained structure of the parametric al CM, 

a system analyst – the specialist in the field of the system analysis and modeling of IEE, 

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

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

to the realization of different high-technological components of IEE of ADO system 

by means of the different integrated environments of programming (Borland C++ Builder). 

At using of CMT, it is possible the addition of new, the removing of obsolete 

and the modernization of the existing methods and algorithms for the realization of the system analysis [6, 9]. 

In general view the structure of ART system can be formalized from the point of view 

of the classical theory of automatic control and presented in the following way (pic. 2). 
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Pic. 2. The structural scheme of the automated (remote) training system  

based the parametrical cognitive models 

In pic. 2 the designations are entered: F0 – the operator of conversion the influence of environment X 

and t ra ining inf luence  (TI)  U*  in to  the  f inal  condi t ion of  the  t ra inee Y , 

SIF – the shaper of information fragment  – provides the adaptive generation 

o f  T I  U *  a n d  t h e  c o n t r o l  q u e s t i o n s  V *  u s i n g  t h e  a d d r e s s e s  i n  D B 

and the parameters of displaying Ui и Vi based on the model of required knowledge I, 

Y* – the resultativity of test tasks is calculated by the operator DY (sensor) 

based on the final condition of the trainee Y and the set of test questions V*. 
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The technique of use of the cognitive modeling technology 

The technique of use of CMT for the system analysis of IEE of ART system (pic. 3) 

formalizes the sequence and features of application of the technological stages 

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

and the increasing of efficiency of the formation of knowledge of the trainees in IEE of ART system, 

and also a set of certain methods and the algorithms used on each from them. 
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      The practical use of the cognitive model in the base of IEE is carried out,  

the received structure is filled by the values of parameters, which are considered  

at the generation of information-educational influences by the means of training 
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For the use of the cognitive modeling technology in relation  

to the object of research in the subject area it is necessary to satisfy a row of conditions at each stage 

 

At the stage  

of identification 

      The collecting of details (purposes, tasks and restrictions to IEE) necessary and sufficient 

for the formation of the structure of the cognitive model (the involvement 

of experts at necessary) is provided, a set of portraits PRi of model is defined 

1 

 

At the stage  

of conceptualization 

       The key concepts (properties Prk and parameters Pm) are allocated, relating  

to the features of the object of research in the subject area, the classes of concepts (portraits PRi 

and kinds of properties KPj) and groups of parameters (vectors of parameters VPl) are defined, APV are set 

2 

 

At the stage  

of structuring 

      The relations and connections between the allocated key concepts (properties and parameters) 

are defined, their classes (portraits and kinds of properties), and also groups of parameters  

(vectors of parameters), characterizing the object of research in the subject area 

3 

 

At the stage  

of formalization 

     The creation (addition) of the structure of the cognitive model is provided 

by  means  o f  t he  use  o f  one  f rom  the  fo rmal  ( i n fo rmal )  mode l s  

of representation of data and knowledge from the field of the theory of intellectual systems 

4 

At the stage  
of the structural 

analysis 

     It is necessary to carry out of the analysis of connections and correlation dependences between 

the allocated concepts (parameters): each portrait (PR i) in the structure 

of the cognitive model must include a set of the vectors of parameters (VPl) 

5 

At the stage  
of the parametrical 

analysis 

      The sets of parameters in the context of various portraits should not be crossed  

and be contradictory, and the received structure of the cognitive model must meet  

to the purposes, requirements and restrictions, developed in the relation to the object of research 

 

At the stage  

of realization 

 

At the stage  

of modeling 

      The accumulation of information about the condition of the object of research is carried out 

as the complete system and its elements in particular, and also the analysis of adequacy  

and mutual influence of parameters, characterizing the dynamics of its functioning 

8 

At the stage  

of the analysis 

      The statistical processing of a posteriori data of modeling is carried out 

and the conclusions about the efficiency of functioning of the object, process 

or phenomenon of research in general and its elements in particular are formulated 

9 

 

At the stage of subject 

interpretation 

     The objective conclusions on the basis of the received data from the point 

of view of various subject areas are formulated (according to the chosen spectrum 

of scientific aspects of consideration of the object, process or phenomenon of research) 

10 

 

At the stage  

of synthesis 

      The tasks on the improvement of the structure of the cognitive model in width and depth 

are formulated with taking into account the results of subject interpretation and dynamics 

(progressive and regressive) of development of the object, process or phenomenon of research 

11 

6 

7 

7 

 

Pic. 3. The technique of use of the cognitive modeling technology 
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The algorithm of formation of the structure of the cognitive models 

The algorithm of formation of the structure of the parametrical CM (pic. 4) 

formalizes the sequence of (re)constructing of the structure of the parametrical CM 

based on the one from the existing models of presentation of the structured data 

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

or  the  au thor ' s  p roposed  models  of  p resenta t ion  of  the  s t ruc tu red  da ta : 

the oriented graph, combining the elements of the theory of sets and the multi-level structural scheme, 

providing the most visible presentation of the structure of the parametrical CM. 

 
At the stage  

of identification 

        Proceeding from the received primary representations, it is required to define the necessary 

quantity of portraits (PRi) in the base of the structure of cognitive model sufficient for the carrying out 

of the analysis of the object of research, considered in the context of a row of scientific aspects 

1 

At the stage  

of conceptualization 

      It is necessary to allocate (to add) a set of the kinds of properties (KP j), 

which characterize the object of research from the point of view of a certain 

scientific aspect and to bring them in the corresponding portrait (PRi) of cognitive model 

2 

      It is required to characterize each kind of properties (KPj) of the object of research 

by a set of elementary properties (Prk): if in the kind of properties it is impossible to mark out 

t h e  e l e m e n t a r y  p r o p e r t i e s ,  t h e n  i t  i s  e l e m e n t a r y  p r o p e r t y 

 

On the first 

step 

2.1 

      E a c h  e l e m e n t a r y  p r o p e r t y  ( P r k )  o f  t h e  o b j e c t  o f  r e s e a r c h  n e e d s  

to be characterized by the vector of parameters (VPl): if in the elementary property 

it is impossible to allocate the vector of parameters, then it is the vector of parameters 

 

On the second 

step 

2.2 

      It is required to determine the elementary parameters (Pm) entering into the basis 

of each vector of parameters (VPl): if in the vector of parameters it is impossible 

to  al locate the elementary parameters ,  then i t  i s  e lementary paramete r 

 

On the third 

step 

2.3 

At the stage  

of structuring 

      It is necessary to unite the received results of previous technological stage  

and to form the structure of cognitive model (newly created or to decompose  

the existing with taking into account the new components and possible restrictions) 

3 

        It is necessary to choose one of the formal (logical, graph, theory of sets and etc.)  

or informal (conceptual model, ontology of the object of research and etc.)  

models  of  representat ion o f  s t ructural  components  of  cogni t ive mode l 

At the stage  

of formalization 

4 

        It is necessary to create the first level of cognitive model: according to the chosen aspects  

o f  r e sea rch  and  rece ived  ea r l i e r  r e su l t s  i t  i s  neces sa ry  t o  fo rm  a  se t  

of portraits of CM (I), then to set up a set of kinds of properties (J) and a set of properties (K) 

 

On the first 

step 

4.1 

       It is required to create the second level of cognitive model: it is necessary to add  

the received structure of cognitive model (the first level), having forme d  

a set of vectors of parameters (L) and having given a set of parameters (M) 

 

On the second 

step 

4.2 

At the stage  
of the structural 

analysis 

      It is carried out the system analysis of structure of received cognitive model  

at the first level – a set of kinds of properties (J) and properties (K): components  

in a corresponding sets qualitat ively characterize the object of research  

5 

At the stage  
of the parametrical 

analysis 

         It is realized the analysis of structure of received cognitive model at the second level –  

a sets of vectors of parameters (L) and parameters (M): values of parameters of the second level  

of structure of cognitive model characterize the IFPST and should not be contradictory 

6 

At the stage of realization 

and subsequents 

        It is carried out the encapsulation of received structure of cognitive model in the basis  

of information-educational environment, the filling of parameters of model by a posteriori  

da ta  of  model ing ,  the i r  s ta t is t i ca l  analys i s  and  subjec t  in terpre ta t ion 

7 

 

Pic. 4. The algorithm of formation of the structure of the cognitive model 



 6 

The concept and ways (models) of presentation of the structure of the cognitive model 

CM – the (re)constructed in width and depth a repertoire of parameters , 

which is echeloned on a row of portraits (PRi) with a certain scientific justification 

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

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

the set of the kinds of properties (KP j), the set of elementary properties (Prk), 

the set of the vectors of parameters (VPl) and the set of elementary parameters (Pm) [6]. 

One  o f  t he  ex i s t i n g  mode l s  o f  p re se n ta t ion  o f  da t a  [5 ]  i s  va l id  to  u se . 

At the same time the two ways (models) of presentation of the structure of CM [6] are proposed: 

• the oriented graph, combining the theory of mathematical sets (pic. 5) – 

d i r e c t l y  a m e n a b l e  t o  a l g o r i t h m i z i n g  a n d  p r o g r a m  r e a l i z a t i o n , 

is presented the collection of vertices connected  by the connections, 

located at  the different levels of the a llocated hierarchy (structure); 

• the multilevel structural scheme (pic. 6) – includes a row of the diverse 

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

located a t  the  different levels of  the  a llocated  hierarchy (structure) , 

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

acts as a convenient way of presentation for the interpretation of the structure of CM. 
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The selected object of research is considered in the context of a row of aspects 
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Pic. 5. The representation of the structure of the cognitive model in the view of the oriented graph 
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Parameter 2-1 
The lth vector (group)  

of parameters 

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

 
 
 
 

 
Pic. 6. The representation of the structure of the cognitive model in the view of the multilevel scheme 

 

The structures of the cognitive models of the subject of training and the means of training,  

and also the techniques of their research and the algorithm of processing of a posteriori data 

The parametrical CM of the subject of training (pic. 7) concentrates the parameters, 

characterizing the individual features of perception, processing and understanding 

by the subject of training of the content of a set of information fragments in the subject of studying [2, 3, 4, 6]. 

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

reflecting the potential technical capabilities of the adaptive electronic textbook 

a t  t h e  r e a l i z a t i o n  o f  t h e  i n d i v i d u a l l y - o r i e n t e d  g e n e r a t i o n 

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

by means of the adaptive representation of information fragments processor 

operating on the basis of the innovative parametrical CM block [3, 4, 6, 8]. 

The technique of research of the parameters of CM of the subject of training (pic. 9) 

a l l o w s  t o  f i l l  a n d  s t o r e  i n  D B  o f  t h e  d e v e l o p e d  c o m p l e x  o f  p r o g r a m s 

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

containing in the formed structure of the parametrical CM of the subject of training, 

to select a set of methods of their research, to provide the staging and to conduct a series 

of experimental researches by means of use of the applied DM [3, 4, 6, 7, 10]. 

The technique of research of the parameters of CM of the means of training (pic. 10) 

a l lows to  configure  the diverse  components  of  the complex of  programs, 

t o  a d d  o r  r e m o v e  t h e  e x i s t i n g  p r o c e d u r e  a t  t h e  b a s i s 

of the adaptive representation of a sequence of information fragments processor, 

and also to calculate the nominal values of the parameters of displaying of the information 

f o r  e a c h  c e r t a i n  t r a i n e e  ( t h e  s u b j e c t  o f  t r a i n i n g ) . 
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1PR “Physiological portrait” 

Physiological aspect 

The examinee (a model) is considered in the range of the three scientific aspects 
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Applied  

linguistics 

 

The cognitive model of subject of training characterizes the individual features of perception,  

processing and understanding of a content of information fragments, generated by the means of training 

Psychological aspect Linguistic aspect 

1

1P “astigmatism” 

1

2P “myopia” 

1

3P “hypermetropia” 

 

1

4P “acuity of vision” 

1

5P “field of vision” 

1

6P “estimation of distance” 

1

3VP “Color vision” 

1

7P “achromasia” 

1

8P “protanopia” 

1

9P “deuteranopia” 

1

4VP “Functions of external, 

middle and inner ear” 

1

11P “absolute sensitivity” 

1

12P “thresholds of sensitivity” 

1

13P “maximal sensitivity” 

1

2KP “Mental abilities” 

 

1

14P “verbalization” 

1

15P “deductive generalization” 

1

16P “associative combination” 

1

17P “classification and reasoning” 

1

18P “the mathematical analysis” 

1

19P “numerical induction” 

1

21P “plane thinking” 

1

22P “volumetric thinking” 

1

3Pr “Convergent” 

1

10P “tritanopia” 

1

2PR “Psychological portrait” 

1

1VP “Anomalies of refraction” 

1

2VP “Anomalies of perception” 

 1

20P “mnemonics and memory” 

“ 

1

5Pr  “Cognitive styles” 

1

3PR “Linguistic portrait” 

 

 
1

23P “associativity” 

1

24P “originality” 

1

25P “uniqueness” 

1

26P “selectivity” 

 
1

27P “associativity” 

1

28P “originality” 

1

29P “uniqueness” 

1

30P “selectivity” 

 

1

43P “implicit” 

1

44P “explicit” 

1

4Pr “Divergent” 
1

6VP  “Verbal creativity” 

1

7VP “Figurative creativity” 

1

5VP “Level properties” 

1

6Pr “Learning ability” 
1

14VP “Kind of learning ability” 

1

7Pr “Language of statement” 
1

15VP “Level of proficiency” 

 

Pic. 7. The structure of the cognitive model of the subject of training  
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2

3KP “Language 

communication” 
 2

7Pr “Language of statement” 

 

 

 
2

3Pr “Type of information” 

2

5Pr “Style of representation” 

 

 

 

 

 

 

 

 

2

47P “ s e t  o f  e l em en t s  

in the base of interface” 

2

46P “ s e t  o f  k e y  

  terms and definitions” 

2

45P “level of statement  

of material of subject” 
 

2

41P / 2

42P “wide set /  

narrow set of terms” ( 2

12VP ) 

 
 

  
2

39P /
2

40P “simplicity /  

   difficulty of statement” ( 2

11VP ) 

 
 

2

37P /
2

38P “specification /  

         abstraction” (
2

10VP ) 

 

 
2

35P /
2

36P “constant /  

          variable type” (
2

9VP ) 

 

   
2

33P /
2

34P “automatic /  

    manual switching” (
2

8VP ) 

 

2

31P /
2

32P “complete / detailed  

      representation” (
2

7VP ) 

 

2

1KP “Representation of information” 

 

2

1Pr “Visual representation” 

 

2

1PR “Physiological portrait” 

Physiological aspect 

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

 

 
 
 
 

Private physiology  

of analyzers 

Cognitive  

psychology 

Applied  

linguistics 

The cognitive model of means of training characterizes the potentially possible kind, style and features of generation  

of information-educational influences in the process of individually-oriented formation of knowledge 

Psychological aspect Linguistic aspect 

2

1P “type of pattern” 

2

2P “color of background” 

2

3P “combination of colors” 

 

2

4P “set of font” 

2

5P “size of symbol pointtype” 

2

6P “color of symbol” 

2

3VP “Color schemes” 

2

7P “at achromasia” 

2

8P “at protanopia” 

2

9P “at deuteranopia” 

2

4VP “Parameters of reproduction 
of sound stream” 

2

11P “volume” 

2

12P “timbre” 

2

13P “type of stream” 

2

2KP “Way of representation” 

2

15P “textual (text)” 

 

2

17P “flat scheme” 

2

18P “volumetric scheme” 

2

19P “sound main” 

2

20P “sound accompaniment” 

2

21P “combined scheme” 

2

22P “special scheme” 

2

10P “at tritanopia” 

2

2PR “Psychological portrait” 

2

1VP “Parameters of background” 

2

2VP “Parameters of font” 

2

16P “tabular (table)” 

 

2

3PR “Linguistic portrait” 

 

 

2

23P “navigation on course” 

2

24P “addition of modules” 

2

25P “choice of kind of inf.” 

2

26P “choice of style of repr” 

2

27P “choice of speed” 

2

28P “creative tasks” 

2

29P “additional modules” 

2

30P “additional literature” 

 

2

43P “fast” 

2

44P “slow” 

2

4Pr “Additional capabilities” 

2

6VP “Additional parameters” 

2

5VP “Kind of information” 

2

6Pr “Speed of representation” 

2

13VP “Speed of display” 

2

14P “sound scheme” 

2

2Pr “Sound representation” 

 

Pic. 8. The structure of the cognitive model of the means of training 



 10 

The techniques of research of the parameters of CM allow to correctly configure 

the program complex for the automation of the tasks of research of IEE of ART system. 

 

       I t  i s  rea l ized  the au tomated  indiv idual ly -or ien ted  representa t io n  

of information fragments by means of the adaptive electronic textbook ,  

funct ioning  on the basi s  of  the  paramet r ical  cogni t ive  models  b loc k 

         The automated (manual) calculation of recommended values of parameters of the cognitive  

model of means of training (types, kinds and ways of display of information) on the basis of the analysis  

of values of parameters of the cognitive model of subject of training (parameters, characterizing the IFPST) 

At the stage  

of testing 

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

of parameters  of the cognitive model  of  subject  of training by mean s  

of the applied diagnostical module, which is in the structure of complex of programs 

At the stage  
of adaptive  

training 

         The diagnostics of parameters of the first portrait of cognitive 

model (PR1) by means of a set of applied methods  

of research, which are contained in the database of tests of the IFPST 

 

On the first 

step 

        The diagnostics of parameters of the i
th
 portrait of cognitive 

model (PRi) by means of a set of applied methods  

of research, which are contained in the base of tests of the IFPST 

 

On the i
th

  

step 

The mode of diagnostics 

of parameters  

of cognitive model 

The database  

of a posteriori  

results of research 

…
 

At the preparatory  

stage 

       It  is made the selection of methods of research (tests) of the IFPS T  

f o r  t h e  a u t om at ed  d i agno s t i cs  o f  p a r am et e r s  o f  co gn i t i v e  m o d e l ,  

and also statement, organization and conducting of experimental researches (pilot studies) 

At the preliminary 

stage 

      The developed structure of parametrical cognitive model by mean s  

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

is transferred and remains in the database of methods of research (tests) of IFPST 

       I t  i s  g o t  o u t  o r  m o d i f i e d  t h e  c e r t a i n  

portrait (PR i) of cognitive model, are processed 

a l l  k i n d s  o f  p r o p e r t i e s  ( K P j )  en t e r i n g  i n  i t 

 

On the first 

step 

       I t  i s  g o t  o u t  o r  m o d i f i e d  t h e  c e r t a i n  

k i n d  o f  p r o p e r t i e s  ( K P j ) ,  a r e  p r o c e s s e d  

al l  e lementary propert ies  ( Pr k )  en tering in  i t 

 

On the second 

step 

       I t  i s  g o t  o u t  o r  m o d i f i e d  t h e  c e r t a i n  

e l e m e n t a r y  p r o p e r t y  ( P r k ) ,  a r e  p r o c e s s e d  

al l  vectors  of  parameters  ( VP l )  en tering in  i t 

 

On the third 

step 

       I t  i s  g o t  o u t  o r  m o d i f i e d  t h e  c e r t a i n  

v e c t o r  o f  p a r a m e t e r s  ( V P l ) ,  a r e  p r o c e s s e d  

al l  e lementary parameters  ( Pm )  enter ing in  i t 

 

On the fourth 

step 

       I t  i s  g o t  o u t  o r  m o d i f i e d  t h e  c e r t a i n  

elementary parameter (Pm) and is established its AAV 

On the fifth 

step 

The mode  

of administrating  

of tests of the IFPST 

Addition / removal  

of a structural component  

of model and / or modification 

of its parameters 

The database  

of tests  

of the IFPST 

         It is carried out the selection and addition in the database 

of tests of the IFPST of a new method of research of parameter(s) 

(Пm)  

On the first 

step 

       I t  i s  p r o v i d e d  t h e  p r o g r a m  r e a l i z a t i o n  

o f  a  method o f  r esea rch  ( t es t )  o f  t he  IFPS T  

in the base of the applied diagnostical modul e 

On the second 

step 

       It is carried out the integration of program realization  

of a new method of research (test) of the IFPST  

into the structure of applied diagnostical module 

On the third 

step 

New procedure  

of diagnostics  

of parameters 

The applied  

diagnostic  

module 

1 

1.1 

1.2 

1.3 

1.4 

1.5 

2 

2.1  

2.2 

2.3 

3 

3.1 

3.i 

5 

 

At the stage  

of the analysis 

4 

 

Pic. 9. The technique of research of the parameters  

of the cognitive model of the subject of training 
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       I t  i s  r ea l iz ed  the  au tomated  ind iv idua l l y -o r i en t ed  represen ta t io n  

of information fragments by means of the adaptive electronic textbook ,  

f u n c t i o n i n g  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 

         It is realized the automated (manual) calculation of recommended values of parameters 

of the cognitive model of means of training (types, kinds and ways of display of information) on the basis 

of the analysis of values of parameters of the cognitive model of subject of training (characterize the IFPST) 

At the stage  

of debugging 

      It is realized the check of nominal values of parameters of the cognitive model 

of means of training used by the adaptive means of training, in order to avoid  

the incorrect display of information in the process of automated trainin g 

At the stage  
of adaptive  

training 

        The verification of values of parameters of the first portrait 

o f  c o g n i t i v e  m o d e l  ( P R 1 )  s e t  u p  m a n u a l l y  

or by means of the procedure of automatic calculation 

 

On the first 

step 

       The verification of values of parameters of the i
th
 portrait 

o f  c o g n i t i v e  m o d e l  ( P R i )  s e t  u p  m a n u a l l y 

or by means of the procedure of automatic calculation 

 

On the i
th

  

step 

The procedure of automatic  

calculation of values  

of parameters of display 

Form for the installation 

of values of parameters 

manually 

…
 

 

At the preparatory  

stage 

        It is carried out the analysis of life cycle of program realization of the adaptive means  

of training and comes to light the functional possibilities of display of information  

on the basis of technical specification for the modification of a set of parameters of the CM of means of training 

 

At the preliminary 

stage 

      The developed structure of cognitive model of means of training by means  

of the mode of administrating of the applied diagnostic module is transferre d  

and remains in the settings of adaptive means of training (electronic textbook ) 

         I t  i s  g o t  o u t  o r  m o d i f i e d  t h e  c e r t a i n  

portrait (PR i) of cognitive model, are processed  

a l l  k i n d s  o f  p r o p e r t i e s  ( K P j )  e n t e r i n g  i n  i t 

 

On the first 

step 

       I t  i s  g o t  o u t  o r  m o d i f i e d  t h e  c e r t a i n  

k i n d  o f  p r o p e r t i e s  ( K P j ) ,  a r e  p r o c e s s e d  

a l l  e lementar y p roper t i es  ( Pr k )  en t er ing  in  i t 

 

On the second 

step 

       I t  i s  g o t  o u t  o r  m o d i f i e d  t h e  c e r t a i n  

e l e m e n t a r y  p r o p e r t y  ( P r k ) ,  a r e  p r o c e s s e d  

a l l  vector s  o f  paramete rs  ( VP l )  en t er ing  in  i t 

 

On the third 

step 

       I t  i s  g o t  o u t  o r  m o d i f i e d  t h e  c e r t a i n  

v e c t o r  o f  p a r a m e t e r s  ( V P l ) ,  a r e  p r o c e s s e d  

a l l  e lementar y paramete rs  ( P m )  en t e r ing  in  i t 

 

On the fourth 

step 

        I t  i s  g o t  o u t  o r  m o d i f i e d  t h e  c e r t a i n  

elementary parameter (Pm) and is established its AAV 
On the fifth 

step 

The mode  

of administrating  

of the means of training 

Addition / removal  

of a structural component  

of model and / or modification  

of its parameters 

The saving  

of parameters  

of configuration 

       The analysis of a possibility of technical realization  
o f  r e p r e s e n t a t i o n  o f  d i v e r s e  i n f o r m a t i o n ,  
c o n s i d e r i n g  t h e  n e w  p a r a m e t e r  o f  d i s p l a y 

On the first 

step 

        It is provided the program realization of procedure 

(algorithm) in the base of the adaptive representation  

of information fragments processor of the means of training 

On the second 

step 

        It is carried out the integration of program realization  

of the new procedure (algorithm) of display into the structure  

of adaptive representation of information processor 

On the third 

step 

The new procedure in the base 

of the adaptive representation 

of information processor 

The adaptive  

means of training 

(electronic textbook) 

1 

1.1 

1.2 

1.3 

1.4 

1.5 

2 

2.1 

2.2 

2.3 

3 

3.1 

3.i 

5 

At the stage  

of the analysis 

4 

 
Pic. 10. The technique of research of the parameters  

of the cognitive model of the means of training 
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The algori thm of processing of a posteriori  data of research (pic.  11) 
a l l o w s  t o  f o r m  t h e  i n t e r v a l  s c a l e  a n d  t h e  f u n c t i o n  o f  e s t i m a t i o n , 
t o  p r e p a r e  t h e  d e v e l o p e d  s o f t w a r e  f o r  t h e  r e a l i z a t i o n 
o f  the  p rocedure  o f  au tomated  t es t ing  o f  the  con t ingen t  o f  examinees , 
to provide the primary and secondary mathematical processing of the obtained samples of data 
o n  t h e  b a s i s  o f  a  s e t  s e l e c t e d  c o e f f i c i e n t s  a n d  s t a t i s t i c a l  m e t h o d s , 
t o  e s t i ma te  the  qu a l i ty  a nd  to  m od i f y  th e  se qu en ce  o f  t a s ks  co n ta in e d 
i n  t h e  u s e d  t e s t s  a n d  t h e  m e t h o d s  o f  r e s e a r c h  I F P S T . 
  

At the preliminary 

stage 

      In the result of the analysis of question-answers structures of test is reached 

the calculation of indicators necessary for the conducting of testing: 

i t  i s  formed the inte rval  scale  and funct ion of  es t imat io n 

         It is defined the maximally and minimally possible  

number of correct answers for the procedure  

of estimation and formation of function of estimation 

 

On the first 

step 





=

=

nb

b

max

0 ;0
 

       There are set up the lower and top threshold values  

of sums of correct answers (points) for the exposure  

of corresponding nominal values of estimates 

 

On the second 

step 

 

On the third 

step 

         There are formed the intermediate borders of intervals  

on the basis of sums of correct answers (points)  

for the set up of intermediate nominal values of estimates  

( is  formed the interval scale of estimation ) 
 

On the fourth 

step 
       On the basis of interval scale the function 

of estimation of the diagnostical module is set up 

 

At the stage  

of testing 

       There is carried out the preparation of software to the testing of targe t  

indicators: the interval scale and function of estimation in the mode of administrating  

i s  brought  fo r  the  support  of  funct ioning of  a lgor i thmic  s t ructur e 

At the stage  
of the analysis  

of results 

       The saved-up a posteriori data are exposed to the statistical processing,  

allowing to carry out the analysis and to formulate the conclusions about current condition  

(level of residual knowledge of examinee and his personal characteristics ) 

        The coefficient of difficulty of task, proceeding from which value is defined: 

a t  K > 0 , 9  –  t h e  t a s k  i s  d i f f i c u l t ,  a t  K < 0 , 2  –  t h e  t a s k  i s  e a s y N

N
K

j

j =  

       Total result of performance  

of all tasks by the ith examinee 

=

=
M

j

ijj xy
1

 

       Total result of performance 

of the jth task by all examinees 

=

=
N

i

ijj xx
1

 

       Average level of testing  

on results of performance of all tasks 
N

y

Y

N

i

i
== 1

_

 

       Average level of performance  

of j t h  task by all  examinees N

x
p

j

j =  

       Dispersion of total points  

of all examinees (subjects of training) 1

)(
1

2
_

2

−

−

=


=

N

Yy
N

i

i

y  

        S t a n d a r d  d e v i a t i o n  

of total points of examinees 

2

yy  =  


















=−=

=−

=−

=−

=−=

543210
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32
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0

;5)(],[

;4)(],[

;3)(],[
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;1)(]0[

bbbbbb

номиналоценкаnbb

номиналоценкаbb

номиналоценкаbb

номиналоценкаbb

номиналоценкаb

 















=









=
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32
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10

nbxb

bxb

bxb

bxb

bxb

x  

        D i s p e r s i o n  o f  r e s u l t s  

o f  t e s t i n g  o n  t h e  j t h  t a s k 1

)(
1

2

2

−

−

=


=

N

px
N

i

ji

j  

        Standard deviation of results 

o f  t e s t i n g  o n  j t h  t a s k 

         Estim. of conn. of the each jth task 

with the sum of points on all test 

            Ave rage  a r i t hme t i c a l  

of independent expert estimates 

         Standard deviation 

o f  e x p e r t  e s t i m a t e s 

         Coefficient of correlation 

o f  r e s u l t s  o f  t e s t i n g 

and independent expert 

estimates (validity of test) 

2

jj  =  

1

)(

2

_
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−


−

=


=

N

N
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N
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N
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=
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1 

1.1 

1.2 

1.3 

1.4 

2 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

3.10 

3.12 

3.13 

3.11 

mark(nominal)=1; 

mark(nominal)=2; 

mark(nominal)=3; 

mark(nominal)=4; 

mark(nominal)=5; 

 
Pic. 11. The algorithm of processing of a posteriori data of research 
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The complex of programs (pic. 12) is intended for the automation of the tasks of research of IEE, 

and a lso  real izes  the  technology of  adapt ive t ra ining  [3,  6 ,  7 ,  8 ,  10,  11] . 
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The interface module 

A trainee (an examinee) 

Interface  

of a trainee 

Interface  

of a tutor 

Interface  

of an expert 

An expert (an consultant) 

 

 

 

 

 

 
 

The applied diagnostic module 

 

 

 

 

 

 
 

The adaptive means of training (ET) 

 

 

 

 

 

 
 

The basic diagnostic module 

The mode of registration in the system 

 

The mode  

of (adaptive) 

training 

The mode  

of diagnostics 

of the level  

of residual 

knowledge 

The mode  

of diagnostics 

of the parameters 

of cognitive 

model (IFPST) 

The mode  

of administrating 

of filling  

in subjects  

of studying 

 

The mode  

of administrating 

of the tests  

of IFPST 

The mode  

of administrating 

of the tests  

in subjects  

of studying 

The procedure of primary initialization and processing of events 

The adaptive 
representation 
of information 
processor of ET 

(procedure  
of control) 

 

Procedure  

of authentication 

and addition  

of a user 

 

The procedure 

of control  

of process  

of diagnostics 

The module  
of language 

support  
at display  

of the elements 
of interface 

 

The procedure 

of processing 

of events  

of a user 

The procedure 

of the choice 

and analysis  

of data  

of testing 

The procedure 

of modification 

of the structure  

of CM of the subject 

of training 

The procedure 

of modification 

of the structure  

of CM of the means 

of training 

The procedure 

of administrating 

of tests  

in subjects  

of studying 

 

The procedure 

of administrating 

of tests  

of IFPST 

 

The procedure 

of check  

of correctness 

of data 

The procedure of support of access to data 

The procedure of choice and processing of inquiries to databank 

 

The database  

of users  

of the training 

system 

The database 

with filling 

(content)  

in subjects  

of studying of ET 

 

The database  

of tests  

in subjects  

of studying 

 

The database  

of tests  

of IFPST 

 

 

The database  

with a posteriori 

results  

of research D
at

ab
an

k
 

T
he

 k
er

ne
l o

f s
ys

te
m

 

The procedure of check of integrity of data 

The procedure of archiving and backup copying of data 

T
h

e 
re

se
rv

e 

w
ar

eh
o

u
se

  

o
f 

d
at

a
 The database  

of temporarily 

inactive  

users 

The reserve 

database (of content) 

in subjects  

of studying 

The reserve 

database of tests 

in subjects  

of studying 

The reserve 

database  

of tests  

of IFPST 

 

The archive 

with results  

of last years 

A tutor (a teacher) 

Тьютор 
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Pic. 12. The structural-functional scheme of the complex of program 
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1. The practical  use of the results  was carried out in the learning process 

o f  “ T h e  i n t e r n a t i o n a l  b a n k i n g  i n s t i t u t e ”  ( S a i n t - P e t e r s b u r g  c i t y ) 

a n d  “ T h e  S a i n t - P e t e r s b u r g  s t a t e  e l e c t r o t e c h n i c a l  u n i v e r s i t y  " L E T I " ” 

(there are acts about the practical use 3 copyright certificates was received). 

2. The estimation of efficiency of the results of research was carried out using 

generally-accepted indicators of efficiency (resultativity) of training (at distance): 

 






 −

−== %100;;;;
1

12

1

2
12321

Y

YY

Y

Y
YYkkkK , where the coefficients 1k , 2k , 3k  respectively 

designate  the absolute ,  comparat ive and re la t ive indicators  of  eff ic iency 

(resultativity) of the formation of knowledge of the contingent of trainees [12, 13], 

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 

of  a  se r ies  of  the  au tomated  exper iments  a re  genera l i zed  in  the  t ab l .  1 . 

Table 1 

The results of the primary statistical analysis of the resultativity of training 

The indicator 
The number of the group of trainees 

1 2 3 4 5 6 7 8 

The indicators of the resultativity of training for 2004 year 

The size of sample 20 21 25 18 18 15 0 0 

The average point 1Y  4,05 4,286 4,24 4,611 4,056 4,4 - - 

ASD of average point 0,686 0,845 0,779 0,502 0,802 0,507 - - 

The indicators of the resultativity of training for 2005 year 

The size of sample 24 22 24 25 24 22 23 21 

The average point 2Y  4,333 4,046 4,375 4,16 4,042 4,091 4,696 4 

ASD of average point 0,817 0,785 0,824 0,8 0,859 0,811 0,559 0,894 

The indicators of the resultativity of training for 2006 year (with the use of CMT in the 3 groups) 

The size of sample 26 23 29 24 25 22 22 22 

The average point 3Y  4,5 4,609 4,379 3,708 3,92 3,773 4,455 3,818 

ASD of average point 0,707 0,656 0,775 0,751 0,572 0,612 0,858 0,853 

The results of statistical analysis 

The indicators, reflecting the change in the efficiency of training for 2004-2005 year 

1k  0,283 -0,240 0,135 -0,451 -0,014 -0,309 - - 

2k  1,07 0,944 1,032 0,902 0,997 0,93 - - 

3k , % 6,996 -5,606 3,184 -9,781 -0,345 -7,023 - - 

The change of ASD 0,131 -0,06 0,045 0,298 0,057 0,304   

The indicators, reflecting the change in the efficiency of training for 2005-2006 year 

1k  0,167 0,563 0,004 -0,452 -0,122 -0,318 -0,241 -0,182 

2k  1,039 1,139 1,001 0,891 0,97 0,922 0,949 0,955 

3k , % 3,854 13,915 0,091 -10,865 -3,018 -7,773 -5,132 -4,55 

The change of ASD -0,11 -0,129 -0,049 -0,049 -0,287 -0,199 0,299 -0,041 



 16 

3. In  the  r e su l t  o f  t he  r e g r es s i on  an a ly s i s  t he  ob ta in e d  n om in a l  va lue s 

o f  t h e  c o e f f i c i e n t  o f  m u l t i p l e  c o r r e l a t i o n  ( C M C  =  0 , 5 5 8 ) 

and  the  coe f f ic ien t  o f  mul t ip le  de te rmina t ion  (CMD = 0 .312)  ind ica te , 

that 31.2% of the dispersion of the dependent variable iY


 (the estimation of LRKT) 

is determined by the variation of nominal values of the coefficients (predictors) iK  

l o c a t e d  i n  t h e  b a s i s  o f  t h e  o b t a i n e d  l i n e a r  r e g r e s s i o n  m o d e l  )( iKY


. 

The nominal values of init ial  (  )  and standardized coeff icients ( ' ) 

of the linear model of multiple regression )( iKY


 are presented in the tabl. 2-3. 

T h e  c o n s t a n t  o f  t h e  l i n e a r  m o d e l  o f  m u l t i p l e  r e g r e s s i o n  i s  4 . 6 5 3 . 

Table 2 

The values of the initial   and standardized '  coefficients 

The predictor Vozr 7K  8K  9K  
14K  15K  16K  17K  18K  19K  

The value of the initial 

 - coefficient 

- coefficient 

-0,006 -0,002 -0,156 0,121 0,064 -0,029 0,006 -0,074 0,025 -0,009 

The standardized  

  - coefficient 

-0,017 -0,010 -0,714 0,611 0,247 -0,104 0,034 -0,262 0,159 -0,052 

 

Table 3 

The values of the initial   and standardized '  coefficients (continue) 

The indicator 20K  
21K  22K  23K  

24K  25K  27K  28K  29K  45K  

The value of the initial 

 - coefficient 

-0,026 0,001 0,035 0,013 0,009 -0,008 -0,111 -0,008 0,032 0,022 

The standardized  

 - coefficient 

-0,147 0,002 0,182 0,052 0,052 -0,113 -0,226 -0,018 0,172 0,037 

 

The predictors  in  the  obtained l inear  model  of  mul t iple  regress ion: 
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and  t he  f a c t o r  ( de pen de n t  v a r i ab le )  i s  t h e  r e s u l t a t i v i t y  o f  t r a in in g  Y . 

Then  the  a lgebraic  equa t ion  of  mul t ip le  regression  takes  the v iew: 

4529282725

2423222120191817

161514987

022,0032,0008,0111,0008,0

009,0013,0035,0001,0026,0009,0025,0074,0

006,0029,0064,0121,0156,0002,0006,0653,4

KKKKK

KKKKKKKK

KKKKKKVozrY
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
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4. C M T  a l l o w s  t o  r e a l i z e  t h e  a d d i t i o n a l  c o n t o u r  o f  a d a p t a t i o n 

o n  t h e  b a s i s  o f  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 M  b l o c k , 

a n d  a l s o  t o  c o n d e r  t h e  c o m p l e x  s y s t e m  a n a l y s i s  o f  I E E , 

directed on the increasing in the efficiency of functioning of ART system 

and the resultativity of the process of the formation of knowledge of the contingent of trainees. 

5. In the course of discriminant analysis the several groups of trainees were allocated 

in dependence from the indicator of resultativity (efficiency) of training (the estimation of LRNT): 

“5” – the group of “excellent-students”, “4” – the group of “good-students” and “3” – the group of “mediocre-students”. 

P i c .  1 3  r e f l e c t s  d i r e c t l y  t h e  g e o m e t r i c a l  i n t e r p r e t a t i o n 

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

which correspond to the allocated groups of trainees in the space of coordinates 

o f  t w o  c a n o n i c a l  d i s c r i m i n a n t  f u n c t i o n s  f o r  t h e  s y s t e m  a n a l y s i s . 
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Pic. 13. The centroids of the different classes of trainees in the space of canonical functions 
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ТЕХНОЛОГИЯ КОГНИТИВНОГО МОДЕЛИРОВАНИЯ  

В АВТОМАТИЗИРОВАННОЙ ОБРАЗОВАТЕЛЬНОЙ СРЕДЕ 

А.Н. Ветров, ассистент кафедры «Автоматики и процессов управления»  

«Санкт-Петербургского государственного электротехнического университета "ЛЭТИ"» 

Для решения комплексной научной проблемы создания, системного анализа 

и повышения эффективности функционирования среды автоматизированного 

обучения со свойствами адаптации на основе когнитивных моделе й 

предлагается новая технология когнитивного моделирования, которая включает: 

методику ее использования, алгоритм формирования структуры когнитивной модели, 

методики исследования параметров когнитивных моделей субъекта и средства обучения, 

а л г о р и т м  о б р а б о т к и  а п о с т е р и о р н ы х  д а н н ы х  т е с т и р о в а н и я, 

а также комплекс программ для автоматизации задач исследования 

Информационно-образовательная среда, когнитивная модель,  

система автоматизированного обучения, технология когнитивного моделирования 


