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THE APPROACH TO THE SYNTHESIS OF THE INFORMATION-EDUCATIONAL  

ENVIRONMENT OF ADAPTIVE (REMOTE) TRAINING  

WITH THE USE OF METHODS AND TECHNOLOGIES  

OF COGNITIVE MODELING 

The genesis of the ideas of automation of the process of training is monitored 

in the theory and practice of educational activity even before the emergence 

of the concepts of automatic control, cybernetics and artificial intelligence 

as the modern scientific-technical directions of the academic science . 

S. Pressi in the middle of 20 th years of the last century directly creates 

the innovative training machine as the prototype of the system of training , 

and the development of the training devices and programs in the sphere of education 

gains further development in the works of B. Skinner, N. Krauder and G. Pask (the 50th years). 

I n  1 954  ye a r  B .  S k inn e r  d i r e c t l y  e n t e r s  t h e  s c i en t i f i c  c on c ep t 

a nd  o f fe r s  t he  va r io us  p r in c i p l e s  o f  t he  p rog r a mm e d  t r a i n i ng , 

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

A.I. Berg, L.B. Itelson, L.N. Landa, V.M. Glushkov, A.M. Dovgyallo, E.I. Mashbits, 

E.L. Yushchenko, P.Ya. Galperin, N.F. Talyzina, A.N. Leontyev, V.P. Bespalko and others. 

The development of the means of computational technics (personal computers) 

on the basis of information and communication technologies led to the fact , 

that the ideas of the programmed training began to be applied by the experts 

to  support  the ( tradit ional)  information -educational environments 

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

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

as in our country (USSR and RF), so and abroad (Great Britain, USA and Japan). 

The  modern  s i tua t ion  in  the  marke t  o f  educa t ion a l  se rv ices 

i s  c h a r a c t e r i z e d  b y  t h e  d y n a m i c a l l y  c h a n g i n g  n e e d s 

of professionally differentiated representatives of the various segments of population, 

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

policy, strategy, statement of purposes and tasks of training (at distance), 

organizational and methodical activity of the educational establishment (HEI), 

e r g o n o m i c  c o m p a t i b i l i t y  o f  c o m m u n i c a t i v e  i n t e r a c t i o n 

b e t w e e n  t h e  i n v o l v e d  s u b j e c t s  a n d  t o o l  m e a n s 

of support of the admissible forms, methods of training on the basis of novations 

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

therefore the process of informatization of the educational environment 

needs  to  be  unders tood  as  s t ruc tura l ly  d i f f i cu l t  and  con t inuous . 
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T h e  r e m o t e  e d u c a t i o n  ( e d u c a t i o n  a t  d i s t a n c e ) 

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

(is considered by the experts as the superposition of organizationally independent 

a n d  m i x e d  w i t h  “ c l a s s i c a l ”  d i v e r s e  f o r m s  o f  e d u c a t i o n , - 

the  division  in  the  “t radi t ional”  educat i onal  establ ishment  (HEI) , 

the consort ium of  universi t ies  with  the  dealer  /  broker  relat ions , 

the open “virtual” educational establishment or i ts  representation) , 

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

i n  a  s e t  o f  s u b j e c t  a r e a s  ( s u b j e c t s  o f  s t u d y i n g ) 

with the aid of the specialized information-educational environment, 

based on the means of representation of training information at distance 

( s a t e l l i t e ,  r a d i o ,  o p t i c a l ,  c a b l e  a n d  p o s t  t e c h n o l o g i e s ) . 

When developing the modern information-educational environment 

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

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

in it the experts need to consider a row of scientific aspects (approaches) : 

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

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

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

organizational-methodological (instructions to the trainees, psychology-

pedagogical and mathematical methods of representation of information), 

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

with taking into account the personal features of trainees (the subjects of training). 

In the scientific community differentiates the essence of the scientific concepts 

“system of training” and “training system”, do not consider them identical . 

Under the system of training (pic. 1) understand the trainee and the training system. 
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Picture 1. The block scheme of the system of training with the cognitive model of the trainee 
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Considering the generalized structure of the automated adaptiv e 

system of training (at distance) it is possible to allocate a row of basic elements: 

• the cognitive model of the trainee – directly describes the assessment Y


 

of the vector of condition of the trainee Y in the function of condition of environment X 

and the certain training (information) influence U :  ),( * UXFY =


, 

and oneself the condition of the trainee of Y is defined by its operator 0F : ),(0 UXFY = , 

where the operator F of the model of the trainee is subject to definition and adaptation 

in the operated technological process of training (at distance) ; 

• the algorithm of training (at distance) – carries the dual scientific basis, - 

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

( t h e  t r a i n i n g  o r  i n f o r m a t i o n  i n f l u e n c e ) :  ),,,( ** RZYXU


= , 

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

Y


 – the estimation of condition of knowledge of the trainee, received with the aid of the model F, 
*Z  – the purpose of training, set by the tutor (the methodologist or the teacher), 
*R  – the external resource of training, determined by the opportunities of the system of training, 
**R  – the internal resource, allocated by the trainees 0F  for the training 

(for example, the necessary and sufficient time for the training) ; 

secondly, the algorithm of training (at distance) defines the tests V, 

answers on which bear the information about the cognitive model of the trainee F: 

),( * YXV


= , where   – the algorithm of generation (synthesis) of the test V; 

• the bank of training information (BTI) – contains a set of information I, 

necessary for assimilation by the trainee in the process of training (at distance); 

• the shaper of the portion of training (SPT) – defines the portion of information, 

transferred to the trainee for studying at this stage of training: ),(1

* IUU = , 

where 1  – the algorithm of formation of the portion of training influence; 

l e t ' s  no t i ce ,  t h a t  a  d i f f e r en c e  b e tw e en  U  and  *U  s a m e  a s , 

for  example,  between the reference to some page of the text , 

i .e .  i ts  number ,  and the  text  ( textual  contents)  of  this  page ; 

in other words, U – the addresses in BTI, and *U  – their content; 

• t h e  s h a p e r  o f  t e s t s  ( S T )  w o r k s  s i m i l a r l y :  ),(2

* IVV =  – 

the trainee in such system of training represents inside the “converter” 

of the condition of environment X and the portion of training information *U  into the condition Y; 

the information about this condition of the trainee (the subject of training) 

can be obtained only with the aid of the test questions *V : ),( ** VYDY Y= , 

where YD  – the operator of transformation of the test task *V  and the condition of the trainee Y 

in response to the control question *Y  (it is implemented by the trainee); 

l e t ' s  n o t i c e ,  t h a t  i n  s p e c i f i c  c a s e  d i r e c t l y  p o s s i b l e  U =V , 

what considerably simplifies the training system (at distance) . 

F r o m  a l l  a b o v e  f o l l o w s ,  t h a t  t h e  k e y  e l e m e n t s 

are the model of the trainee F and the algorithm of training (at distance)  . 
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The technological process of training in the information-educational environment 

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

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

there is shown to the trainee the portion of training information (the training influence), 

which he must to study by means of the means of automation (the electronic textbook), 

then for the determination of the quality of assimilation by him of the given portion of training information 

to him sets  one or several control  quest ions (as a part  of  the test) . 

I n  v a r i o u s  a u t o m a t e d  t r a i n i n g  s y s t e m s  ( a t  d i s t a n c e ) 

there is carried out the check of correctness of the answers the control questions 

and there is generated the next portion of the training information (the training influence), 

which is displayed directly to the t rainee (the subject of training) . 

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

the rules of generation (synthesis) and the sequence of presentatio n 

of the portions of training information (the training influences) to the trainee. 

The training program is constructing according to some algorithm of training, 

which  represents  the  ru le  o f  generat ion  (synthes is )  o f  cont ro l  V , 

o r  t h e  r u l e  o f  d e f i n i t i o n  on  e ac h  s t ep  o f  t r a i n i ng  ( a t  d i s t a nc e ) 

the next portion of the training information (the training influences) . 

Wide circulation was received two types of the training programs  – 

the l inear  t raining programs and the  branched t raining programs . 

And  among the  branched  t ra in ing  programs  d i rec t ly  d i s t ingu is h 

the internally and externally adjustable training programs (the means of automation). 

The developed structure of the information -educational  portal 

o f  t h e  c h a i r  “ A u t o m a t i c s  a n d  c o n t r o l  p r o c e s s e s ”  ( “ A C P ” ) 

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

provides the development of the high-technological Web application, 

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

a t  the  same t ime di rect ly  the  sys tem of  d is tance t ra in ing acts  a s 

an integral part of the information-educational environment of chair . 

The  subjec t s  o f  the  sys tem of  d i s tance  t ra in ing  a re  d i rec t l y 

differentiated by the rights  of  access and act  in  the various rol es: 

the group of proficit units [administrator, author, tutor and others] ; 

t h e  g r o u p  o f  d e f i c i t  u n i t s  [ g u e s t ,  e n t r a n t ,  t r a i n e e  a n d  o t h e r s ] . 

The limitation of communicative duplexity of the “virtual” dialogue 

b e t w e e n  g r o u p s  o f  p r o f i c i t  a n d  d e f i c i t  u n i t s  ( p a r t i c i p a n t s ) 

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

(the subjects interact through the electronic textbook and the diagnostic module) 

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

which needs to be investigated qualitatively and to eliminate technologically. 
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In the basis of the automated information-educational environment 

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

r e a l i z e d  d i r e c t l y  b y  t h e  m o d u l a r  p r i n c i p l e  ( c l a s s i c a l l y ) , 

but, along with the electronic textbook and the  diagnostic module, 

structurally including the module of adaptation of the means of training (at distance) 

based on the parametrical cognitive models of the involved subjects (pic. 2). 
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Program tools, along with the “rough” scale of estimation of the level of knowledge 

(it is based on the calculation of the summary weight coefficient of correct answers), 

contain the “expanded” (“exact”) scale of estimation of the level of knowledge 

(based on the calculation of the sums of gained points by each variant of answer the question), -

in the result of the analysis of a posteriori data of diagnostics is established, 

that the accuracy of estimation of the level of residual knowledge significantly increases 

a t  t h e  l i n e a r  i n c r e a s e  o f  q u a n t i t y  o f  t h e  m u l t i p l e  a n s w e r s . 

I n  t h e  e l ec t ron i c  t ex tb ook  th e  ma t e r i a l  on  e ac h  d i s c i p l i n e 

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

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

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

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

that allows to organize effectively the current, intermediate and total 

control of the level of awareness (residual knowledge) of the subjec t 

i n  a  r o w  o f  d i v e r s e  s u b j e c t s  o f  s t u d y i n g  ( d i s c i p l i n e s ) 

with the application of a whole row of models of “pseudo”-adaptation. 

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

a n d  d i r e c t l y  h a v e  o n l y  e x p e r i m e n t a l  c h a r a c t e r , 

as allow sometimes to lower individual time of the  cycle of testing 

due to fine tuning of the sequence of questions which are subject to display 

(from the general selection of questions, which are in advance ranged on complexity) 

on the basis of the analysis of the answers of the  certain examinee 

i n  t i m e  s c a l e ,  w h i c h  i s  b r o u g h t  c l o s e r  t o  r e a l 

( f o r  t h e  s i g n i f i c a n t  m i n i m i z a t i o n  o f  t e m p o r a r y  e x p e n s e s 

and the maximizing of the effect of synchronization of the virtual dialogue 

at the interactive interaction of the subjects of training and the means of training). 
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For the  current  processing of  a  posteriori  resul ts  of  researc h 

of the level of residual knowledge of examinees is applied the analytical-numerical method, 

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

of the question-answers structures in the database (knowledge base) of the diagnostic module 

for the organization of testing of the subsequent groups of examinees in the future period, 

includes the calculation of the following parameters (i – the index of the number of examinee, 

j – the index of the number of question in the task or the number of task in the block of tasks): 

1. The complexity of the jth task in the selection of question-answers structures (from the database): 

N

N
K

j

j = . 

2. The summary result of implementation of all tasks by the ith examinee: 


=

=
M

j

ijj xy
1

. 

3. The summary result of implementation of the jth task by all examinees: 


=

=
N

i

ijj xx
1

. 

4. The average level of testing by the results of implementation of all tasks: 

N

y

Y

N

i

i
=

−

= 1
. 

5. The average level of implementation of the j th task by all examinees: 

N

x
p

j

j = . 

6. The dispersion of the summary points of examinees (the subjects of training): 

1

)(
1

2

2

−

−

=

=

−

N

Yy
N

i

i

y . 
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7. The standard deviation of the summary points of examinees (the subjects of training): 

2

yy  = . 

8. The  d ispers io n of  the  resul t s  o f  t es t ing  on  the  cer ta in  j t h  t ask : 

1

)(
1

2

2

−

−

=

=

N

px
N

i

jij

j . 

9. The s tandard  deviat ion  of  the  resul ts  of  tes t ing  on  the  j t h  task : 

2

jj  =
. 

10. The estimation of connection of each jth task with the sum of points on all test: 

1
*

*

*

)*(

2

1

2

−

−

=

−
=



N

N
Yp

N

yx

r
yj

j

N

i

iij

j
 . 

11. The average arithmetic of the independent expert estimates (marks) : 

N

Z

Z

N

i

i
=

−

= 1
. 

12. The standard deviation of the independent expert estimates (marks) : 

1

)*(
1

2

−
=

=

−

N

ZZ
N

i

i

Z . 

13. The coefficient of correlation of the results of testing of the examinees 

and the independent expert estimates (marks) (the validity of test) : 

1
*

*

*

)*(
1

−

−

=

−−
=



N

N
YZ

N

yZ

V
yZ

N

i

ii

 . 

14. The indicator of accuracy and stability of the results in time (the reliability of test). 
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The learning practice of the modern educational establishment , 
b a s e d  o n  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 
a d a p t i v e  i n f o r m a t i o n - e d u c a t i o n a l  m e a n s  a n d  e n v i r o n m e n t s , 
a s s u m e s  t h e  p e r i o d i c  i d e n t i f i c a t i o n  a n d  t h e  s y s t e m  a n a l y s i s 
not only the level of awareness of the learning subject in the subjects of studying, 
b u t ,  a l s o ,  a n d  a c t u a l i z e s  t h e  c o n s i d e r a t i o n  o f  t h e  c o n c e p t u a l 
fundamental bases of engineering of knowledge (cognitive informatics , 
physiology of sensor systems, cognitive psychology and cognitive linguistics), 
which focus  the  essent ia l  a t tent ion  of  sc ient is t s  and researcher s 
o n  t h e  p h y s i o l o g i c a l ,  l i n g u i s t i c  a n d  p s y c h o l o g i c a l  a s p e c t s 
of information interaction of the subjects of training and the means of training. 

For the system analysis of the efficiency of formation of knowledge of the trainees 
a r r i v i n g  d i r e c t l y  f r o m  t h e  e l e c t r o n i c  t e x t b o o k  ( i n  p a r t i c u l a r ) 
on the channel of representation of information of the remote training system 
of the information-educational environment is developed the structure of cognitive model, 
e c h e l o n e d  o n  a  r o w  o f  t h e  d i v e r s e  p a r a m e t r i z e d  p o r t r a i t s : 
physiological (emphasizes the potential possibility of sensory perception 
of information in the signal form by the visual and acoustical analyzers) , 
p s y c h o l o g i c a l  ( r e f l e c t s  t h e  v a r i o u s  c o n v e r g e n t  a n d  d i v e r g e n t 
i n t e l l e c t u a l  a b i l i t i e s ,  c o g n i t i v e  s t y l e s  a n d  l e a r n i n g  a b i l i t y ) 
and linguistic (the natural-language aspects of virtual communication) , 
f o r  t h e  f i l l i n g  o f  w h i c h  i s  u s e d  t h e  i t e r a t i v e  c y c l e 
o f  t h e  s p e c i a l l y  d e v e l o p e d  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 
( i t  i s  p resen ted  in  the  sec t ion  2 .3  o f  the  co l lec t ive  monograph y 
“The factors of success in the educational activity of modern HEI ” 
edi ted  by  the  member-correspondent  of  “IHEAS” Zakharov  I .N.) . 

T h e  i n t e l l e c t u a l  ( a d a p t i v e )  t r a i n i n g  s y s t e m s  ( a t  d i s t a n c e ) 
belong to the new means of computer support of the process of training , 
t h e r e f o r e  t h e y  c a n  b e  u s e d  w i t h  s u c c e s s  f o r  t h e  a p p l i e d  t a s k s 
of research of the information-educational environment of the adaptive training. 

T he  d e ve lop e d  so f tw a re  p r odu c t s  a r e  s up pos ed  t o  b e  u sed 
a s  a  p a r t  o f  t h e  u n i q u e  i n f o r m a t i o n - c o m p u t a t i o n a l  c o m p l e x 
of parametrical  identification of the portraits  of  cognitive model , 
a n d  t h e  r e s u l t s  r e c e i v e d  o n  i t s  b a s i s  a r e  s u p p o s e d  t o  b e  u s e d 
i n  t h e  f u r t h e r  s c i e n t i f i c - m e t h o d i c a l  a n d  p r a c t i c a l  r e s e a r c h e s 
of the adaptive information-educational environments (at distance) . 

At present moment there is conducted the verification of databases (knowledge base) 
and productional kernels of the mechanism of conclusion of the program realization 
of modules of diagnostics of the convergent and divergent intellectual abilities 
of the cognitive model of the subject of training in the basis of the architecture of expert system 
with the application of the iterative cycle of the cognitive modeling technology. 

The offered approach to the synthesis of the adaptive information-educational environment 
based on the use of the methods and technologies of cognitive modeling 
will allow to explain qualitatively the diverse reasons of difficultie s 
at  the forming of knowledge by the subjects of  t raining (t rainees ) 
and adequately  to  correct  the  informat ion -educat ion  inf luences , 
g e n e r a t e d  b y  t h e  a u t o m a t e d  m e a n s  o f  t r a i n i n g  ( a t  d i s t a n c e ) . 


