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THE ELECTRONIC TEXTBOOK BASED ON THE ADAPTIVE  

REPRESENTATION OF INFORMATION FRAGMENTS PROCESSOR  

IN THE AUTOMATED EDUCATIONAL ENVIRONMENT 

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

the adaptive representation of a sequence of information fragments processor 

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

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 

with the properties of adaptation based on the parametrical cognitive models 

K e y w o r d s :  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 , 

t h e  c o g n i t i v e  m o d e l ,  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 , 

the adaptive representation of a sequence of information fragments processor, 

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  ( f o r  t h e  s y s t e m  a n a l y s i s ) 

The introduction and setting of scientific task 

The informatization of the information environments of educational establishments 

and the development of the components of the automated training systems (at distance), 

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

i s  the  ac tual  s c i en t i f ic  problem ( the  complex  of  sc i en t i f i c  t asks )  [1 ,  2 ,  3 ,  4 ] . 

The author proposes the new approach to the carrying out of the system analysis 

o f  t h e  c l a s s i c a l  and  i nn ov a t iv e  in fo r ma t i on - edu ca t io na l  en v i r onm ent  ( I E E) 

a n d  t h e  c r e a t i o n  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  s y s t e m  ( A R T ) 

with the properties of adaptation based on the parametrical cognitive models (CM) [3, 5], 

involving the introduction of minor changes into the organization and technology 

of the controlled technological process of the formation of knowledge of the contingent of trainees, 

t h e  u s e  o f  n e w  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 ) 

a n d  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  ( P C M B ) , 

the use of the complex of programs for the increasing in the efficiency of functioning 

of the means of training and the resultativity of training (at distance) of the subjects of training. 

The scientific article contains the description of the electronic textbook (ET), functioning by means 

of the adaptive representation of information fragments processor based on PCMB [5, 6]. 
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The structure of IEE of ART system with the properties of adaptation based on the parametrical CM (pic. 1) – 

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

i n c l u d i n g  2  l e v e l s  a n d  6  c h a n n 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 

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

t he  f i rs t  l eve l  –  the  channe l  o f  encapsu la t ion  o f  t he  s t ructu red  in fo rmat ion , 

providing the technological process of the formation of knowledge of the contingent of trainees 

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

the channel of analysis of the parameters of CM of the subject of training and the channel of analysis of the efficiency of ADO; 

the second level  –  the channel  of  representat ion of  the s t ructured informat ion , 

providing the formation of knowledge of the trainees on the basis of the adaptive model, 

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

and the channel of testing of the level of residual knowledge of the trainee (LRKT) [3, 5]. 
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Pic. 1. The structure of the automated (remote) training system  

with the properties of adaptation based on the parametrical cognitive models 

T h e  p r o c e s 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  a s  a n  i n f o r m a t i o n  e x c h a n g e 

w i t h  a  s e t  o f  i n f o r m a t i o n  f r a g m e n t s  ( i n f o r m a t i o n  m e s s a g e s ) 

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

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

the sources of information (the experts in the subject area, teachers, methodists and others) 

interact  with the consumers of information and the different  educational services 

(entrants, trainees and others) by means of hardware and software components [1, 4]. 
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A set of functions and tasks allows to distinguish the certain components of IEE of ART system: 

• the electronic textbook (ET) – provides the individually-oriented generation 

of educational influences , reflecting the content of the subject  of study ing 

to the contingent of trainees based on the adaptive model of the formation of knowledge 

by means of the adaptive representation of information fragments processor [6, 7]; 

• the basic diagnostic module (DM) –  realizes the automated testing of LRKT 

b as ed  o n  t h e  m o d i f i ed  i n t e r v a l  s ca 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 , 

the recording of values of the key parameters into DB with a posteriori results; 

• t h e  a p p l i e d  D M  –  a l l o w s  t o  c a r r y  o u t  t h e  a u t o m a t e d  d i a g n o s t i c s 

of nominal values of the parameters of CM of the subject of training, characterizing IFPST 

by means of using of a set of the methods of research, contained in DB of tests of IFPST; 

• P C M B  –  d i r e c t l y  i n c l u d e s  t h e  t w o  t y p e s  o f  p a r a m e t r i c a l  C M , 

which (according to the author's definition) act as the reconstructed repertoires of parameters, 

echeloned on  a  row of  por t ra i t s  wi th  the  cer ta in  sc ien t i f ic  jus t i f ica t io n 

a n d  s t r a t i f i e d  o n  a  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 : 

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

the set of the vectors of parameters and the set of elementary parameters [3, 5, 10], 

and also a significantly differ from the existing by the structure and content [8, 11]: 

o t h e  p a r am e t r i c a l  C M  o f  t h e  s u b j ec t  o f  t r a i n i n g  d i r ec t l y  co n t a i n s : 

the physiological portrait –  the parameters of the visual sensory system: 

the anomalies of refraction of the eye (astigmatism, myopia and hypermetropia), 

the perception of space (the estimation of distance, the field of vision and the acuity of vision), 

the pathologies of color vision (achromasia, dichromacy: protanopia, deuteranopia and tritanopia), 

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

( the  absolu te  audi tory  sens i t iv i ty  and  the  thresholds  of  sens i t iv i ty) ; 

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

which  ref lec t  the  convergent  and  d ivergent  and  in te l lec tual  ab i l i t i e s 

( t h e  v e r b a l  c r e a t i v i t y  a n d  f i g u r a t i v e  c r e a t i v i t y ) , 

the  learn ing-abi l i ty  ( impl ic i t  and  expl ic i t )  and  the  cogni t ive  s ty les ; 

the linguistic portrait – the level of proficiency in the language of statement of the material, 

a set of key terms and definitions and a set of elements in the basis of the interface [2, 3, 5, 6]; 
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o 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  d i r e c t l y  c o n t a i n s : 

the physiological portrait – the parameters of visual representation of the information: 

the parameters of background (the type of pattern, the color and combination of colors), 

the font (the typeface of font, the color and size of the pin of symbol) , 

the  co lor  schemes  of  d i sp laying  ( for  the  achromats  and  dichromats : 

p r o t a n o p e s ,  d e u t e r a n o p e s  a n d  t r i t a n o p e s ) , 

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

( the  volume,  the  t imbre ,  t he  type  o f  s t r eam and  the  sound scheme ) ; 

the psychological portrait – characterizes the way of representation of information: 

the kind of information (the text, the table, the planar scheme, the volumetric scheme, 

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

t h e  c o m b i n e d  s c h e m e  a n d  t h e  s p e c i a l  s c h e m e ) , 

the style of presentation of the information (the holistic and detailed presentation, 

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

the constant and variable type of information, the deep concretization and the abstract statement, 

the simplicity and difficulty of statement, the wide set and the narrow set of terms and definitions); 

the linguistic portrait – the language parameters of communication in ART system 

(the level of statement of the content of the subject of studying, the set of keywords 

and the set of elements in the basis of the interface of the means of training [3, 5, 6]. 

The classical  ET acts  as  the means of  t raining intended for  the  displaying 

o f  t h e  p r e v i o u s l y  s t r u c t u r ed  an d  q u a n t i f i ed  s e t  o f  i n f o r m a t i o n  f r ag m en t s , 

which act as the training influences, reflecting the content of the subject of studying 

and form on the basis of the typical information structure of the (electronic) textbook: 

the title sheet and title, the annotation (description) and preface, the table of contents, 

the introduction, the main part, the conclusion, the dictionary with the list of key terms and definitions, 

t h e  a l p h a b e t i c - s u b j e c t  i n d i c a t o r  a n d  t h e  b i b l i o g r a p h i c  a p p a r a t u s  [ 7 ,  9 ] . 

The educational influences (the information fragments) are generated on the basis of the template, 

inc luding  the  main  b lock  of  informat ion ,  the  addi t ional  block  of  informat io n 

and the control questions, each from which is formed on the basis of the main part of the subject of studying, 

reflecting the content of the part, section (module), chapter, paragraph and page [9]. 
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The structure of the cycle of the formation of knowledge of the contingent of trainees in the adaptive environment 

The realization of technological cycle of the adaptive training (at  distance) 

in IEE of ART system with the properties of adaptation based on the parametrical CM (pic. 2) 

i nv o l ve s  t h e  o r g an iz i ng  and  p as s in g  o f  a  s eq uen ce  o f  t e chn o l og ica l  s t ag es , 

providing  the contro l led  format ion  of  knowledge of  the cont ingent  of  t rainees 

taking into account their individual features and abilities (CM of the subject of training), 

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

a t  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  i n f o r m a t i o n  f r a g m e n t s 

and direct  displaying of  t raining influences (CM of the means of  t raining) [5] . 
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Pic. 2. The scheme, reflecting the sequence of actions for the supporting of the cycle  

automated training using the adaptive electronic textbook 
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The features of functioning of the adaptive electronic textbook 

ART – the controlled process of the formation of knowledge of the contingent of trainees 

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

g e n e r a t e d  o n  t h e  b a s i s  o f  t h e  m o d e l  o f  r e q u i r e d  k n o w l e d g e  ( M R K ) , 

formed taking into account the learning-methodical complex in the subject of studying (discipline). 

The principle of functioning of the proposed adaptive means of training (ET) 

w i t h  n e w  t e c h n i c a l  e l e m e n t s  i n  t h e  b a s i s  o f  i t s  a r c h i t e c t u r e  ( p i c .  3 ) 

i m p l i e s  t h e  d i r e c t  p e r f o r m a n c e  o f  a  r o w  o f  a c t i o n s  [ 3 ,  5 ,  6 ] : 

• the selection of the sources of information in the subject of studying from the different subject areas, 

its structuring and formalization, the filling of the content of ET by the information, 

reflecting MRK by means of the algorithm of formation and input of MRK (pic. 3); 

• the loading of information in DB, the infological scheme of which is agreed at the level 

of presentation of data with the semantic model of saving and extracting of data; 

• the research of the individual features of the contingent of trainees by means 

of the applied DM and the formation of CM of the subject of training for each trainee; 

• the setting up of the parameters of displaying of ET and the selection of values of CM of the means of training; 

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

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

of the adaptive representation of a sequence of information fragments processor (pic. 3), 

f u n c t i on in g  on  th e  b a s i s  o f  t h e  h ig h - t ech no lo g i ca l  i n no v a t iv e  PCMB ; 

• the processing of events, initiated by the program environment and the user, 

d i sp laying  him warnings  and c lar i f ica t ions  in  case  of  incorrect  ac t ions . 
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Pic. 3. The scheme, reflecting the principle of functioning of the adaptive electronic textbook 
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The semantic model of saving and extracting of the information fragments 

For  the  rea l i za t ion  o f  t he  au tomated  p rocess ing  o f  d ive r se  i n fo rmat ion , 

which reflects the typical information structure of the subject  of study ing in ET 

proposes  the  semant ic  model  of  sav ing and  ext rac t ing of  the  informat ion  [6] , 

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

allows the dynamically modernizing of the infological scheme of BD of the means of training (ET), 

and also providing the saving and extracting of the previously structured information (pic. 4): 

• the procedural part – realizes the loading, saving and extracting of information; 

o the algorithm of extracting of the information – selects the template of displaying of the information 

from the library of fragmented frames based on the purposes of training (at distance); 

o the algorithm of formation of the factual part – selects the information elements 

of the meta-model of the subject of studying (discipline) for the subsequent displaying, 

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

by the algorithm of reconstruction of the meta-model of the subject of studying; 

o the algorithm of reconstruction of the meta-model – forms the tree of the purposes of training 

and the meta-model of the subject of studying adequately to the assigned purposes of training and the tasks of training; 

o the adaptive representation of information fragments  processor  (pic. 5) 

provides the selection of the optimal combination of nominal values of the parameters 

of  displaying of  the  diverse  informat ion ( the informat ion f ragments ) 

based on the nominal values ,  containing in the parametrical  CM block; 

o the algorithm of processing of the events and operations, initiated by the user; 

• the declarative part – the optimization of storage of the information based on the structures of data; 

o the library of fragmentary frames contains a set of information templates, 

determining the location of elements of the interface of the means of training (ET) 

at the displaying of information (the information fragments) of different types; 

o the library of purpose frames contains the list of the purposes of training (at distance) 

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

which determine the features of mechanism of the automated processing of data 

by  the  adap t ive  represen ta t ion  o f  in fo rmat ion  f ragmen ts  processo r ; 

o a set of the purposes of training (at distance) is presented the hierarchy, 

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

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

o the meta-model of the subject of studying includes the information structure 

(the table of contents, the cross-references between the information fragments), 

the library of texts  containing of the content of information fragments , 

the l ibrary of images reflecting the content of information fragments , 

t he  a lphabe t i ca l -sub jec t  i ndex  (a  s e t  of  key  words  and  def in i t i ons , 

the  d iverse  graphic  objects  and p ic tograms  of  the  means  of  t ra in ing , 

the library of properties and descriptions of the studied objects and the subjects of studying); 

o the parametrical CM block contains CM of the subject of training and CM of the means of training. 
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Pic. 4. The semantic model of the subject of studying in the basis of the electronic textbook 

The mode of adaptive training of the means of training (ET) is realized by means 

of the adaptive representation of a sequence of information  fragments  processor 

and  PCM B only  a f te r  f i l l i ng  by  the  nominal  va lues  o f  two paramet r i ca l  CM. 

The adaptive representation of information fragment processor 

The architecture of the adaptive representation of information fragments processor [5, 6] 

is made by the principle of parallel architecture and the block-modular principle (pic. 5), 

includes the three software modules, providing respectively the control of processing 

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

of the parametrical CM of the subject of training and the parametrical CM of the means of training 

f o r  t h e  p r o v i d i n g  o f  t h e  a u t o m a t e d  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  e d u c a t i o n a l  i n f l u e n c e s  t o  t h e  c o n t i n g e n t  o f  t r a i n e e s . 
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Pic. 5. The structure of the adaptive representation of information fragments processor 
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The selection of optimal combination of values of the parameters of displaying of the information 

The selection of optimal combination of nominal values of the parameters of displaying of the information 

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

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

f o r  t h e  a u t o m a t e d  p r o c e s s i n g  o f  d a t a ,  c o n t a i n e d  i n  P C M B  ( p i c .  5 ) . 

At the same time realizes the taking into account the diverse nominal values of parameters 

of the parametrical CM of the subject of training and the parametrical CM of the means of training [5, 6]. 

The structure of the module of control of the process of processing of the physiological parameters of CM: 

• the procedure of processing of the parameters of the sensory perception of information by the subject of training – 

the algorithm of  the analysis  of  parameters  of  the visual  sensory system, 

the algorithm of accounting of the anomalies of perception of space (the acuity of vision and the field of vision), 

the algorithm of accounting of the anomalies of color-perception (the choice of color scheme), 

the algorithm of the analysis of parameters of the auditory sensory system 

and the algorithm of  accounting of  the anomalies  of perception of sound; 

• the procedure of processing of the parameters of representation of the information by the means of training – 

the algorithm of the analysis of parameters of the visual representation of information by the means of training 

and the algorithm of the analysis of parameters of the sound representation of information. 

The selection of parameters of background and font (the type, size and typeface), color scheme 

(for the trichromats, protanopes, deuteranopes and tritanopes), volume, timbre, and sound scheme. 

The structure of the module of control of the process of processing of the linguistic parameters of CM: 

• the procedure of accounting of the level of understanding of the content of information fragments – 

the algorithm of accounting of the level of proficiency in the language of statement of the information, 

the algorithm of accounting of the level of understanding of the dictionary of terms and definitions 

and the algorithm of accounting of the level of proficiency in the elements of interface of the means of training; 

• the procedure of accounting of the level of statement of the information by the means of training – 

the algorithm of output of the list of levels of statement of the information (material), 

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

(based on the available level of statement and the way of presentation of the information) 

and the algorithm of output of a set of used elements in the basis of the interface. 

At the same time the setting of optimal nominal values of parameters is provided, 

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

the set of terms and definitions and the set of elements in the basis of the interface of program 

f o r  t h e  c o n c r e t e  c a t e g o r y  o f  f i n a l  u s e r s  o f  t h e  m e a n s  o f  t r a i n i n g  ( E T ) . 
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The structure of the module of control of the process of processing of the psychological parameters of CM: 

• the procedure of accounting of the speed of presentation of the information by the means of training – 

the algorithm of calculating of the speed of presentation of the set of information fragments; 

• the procedure of accounting of the additional capabilities of displaying of the means of training – 

the algorithm of selection of the additional parameters of representation of the information 

u s e d  d i r e c t l y  i n  t h e  a d a p t i v e  m e a n s  o f  t r a i n i n g  ( E T ) ; 

• the procedure of accounting of the kind of learning-ability of the subject of training – 

the algorithm of revealing  of the predisposit ion of  the subject  of trainin g 

to the implicit or explicit learning-ability (the parameters of algorithm of ART); 

• the procedure of accounting of the level of intellectual abilities of the subject of training – 

the algorithm of analysis of the convergent intellectual abilities of the examinee 

and the algorithm of analysis of the divergent intellectual abilities of the trainee; 

• the procedure of accounting of the way of presentation of the information by the means of training – 

the algorithm of selection of the kind of presentation of information fragments by the means of training 

(text – the textual content, table, scheme – the graphical content and others) ; 

• the procedure of accounting of the nominal values of parameters of CM of the subject of training – 

the algorithm of revealing of the cognitive styles of processing of the information of the examinee 

and the algorithm of selection of the style of presentation of the information by the means of training. 

The setting of the speed of presentation of a sequence of information fragments, 

the additional parameters of the algorithm of training, the kind of presentation of the information 

and the style of presentation of the information fragments by the means of training (ET) are achieved. 
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I n  t h e  m o d e  o f  a d a p t i v e  t r a i n i n g  t h e  i n d i v i d u a l - o r i e n t e d  g e n e r a t i o n 

o f  ed u c a t i o n a l  i n f l u en c e s  i s  r e a l i z e d  b y  m ea n s  o f  u s i n g  o f  t h e  i n n o v a t i v e 

ad ap t i v e  r ep re s en ta t io n  o f  a  s eq u en ce  o f  i n fo rm a t io n  f r agm en t s  p ro ces so r , 

w h i c h  d i r e c t l y  r e a l i z e s  t h e  a u t o m a t e d  e x e c u t i o n  o f  a  r o w  o f  t a s k s : 

• loads the nominal  values  of  parameters  of  CM of the means  of  t raining , 

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

kinds, types and ways of presentation of the information by the means of training; 

• loads the nominal  values  of  parameters  of  CM of  the subject  of  t raining , 

wh ich  r e f l e c t  IFPST  ( sep ar a t e ly  fo r  c e r t a in  e ach  su b jec t  o f  t r a in ing ) ; 

• calculates  the opt imal  combinat ion  of  nominal  values  of  the parameters 

of displaying of the information for a certain trainee taking into account the technical capabilities of ET, 

compares them with (the admissible in the context of the given subject of studying (discipline)) 

the nominal values of the parameters of displaying of the information fragments 

c o n t a i n e d  d i r e c t l y  i n  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 . 
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The adaptive representation of information fragments processor is automatically turned off 

and the adaptive means of training (ET) functions as a regular electronic textbook 

in the case of impossibility of the loading and setting up of the nominal values of parameters 

of CM of the means of training and CM of the subject training for the several various reasons: 

• the absence in DB of the nominal values of parameters of CM of the means of training, 

p r e v io us ly  de t e r min ed  fo r  t he  g i ven  su b j ec t  o f  s t ud y in g  ( d i s c i p l i n e ) 

taking into account the potential  technical capabilities (characteristics) of ET, 

which determine the possibility of displaying of the information by the different ways 

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

c a n n o t  b e  r e p r e s e n t e d  i n  a l l  p o s s i b l e  a n d  p e r m i s s i b l e  w a y s , 

then the given parameters limit the quantity of ways of the displaying of information 

r e g a r d l e s s  f r o m  t h e  f a c t u a l  q u a n t i t y  o f  w a y s ,  s u p p o r t e d  b y  E T ) ; 

• the absence in DB of the nominal values of parameters of CM of the subject of training, 

obtained on the technological stage of the preliminary automated diagnostics 

b y  m e a n s  o f  u s i n g  o f  t h e  a p p l i e d  D M  a n d  c h a r a c t e r i z i n g  I F P S T 

at the perception, processing and understanding of the content of a set of information fragments 

in the certain subject of studying (discipline) in the given language of statement. 
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The features of modification of the content of the adaptive electronic textbook 

A t  t h e  f i l l i n g  o f  c o n t e n t  o f  t h e  a d a p t i v e  m e a n s  o f  t r a i n i n g  ( E T ) 

i t  i s  p r op os ed  to  fo l lo w t h e  fo l lo wi ng  s equ en ce  o f  a c t io ns  an d  o p e ra t i ons , 

t o  b e  p e r f o r m e d  d i r e c t l y  b y  t h e  f i n a l  u s e r  [ 6 ,  9 ] : 

• the accumulation of information in the subject of studying is realized by means of using 

of one from the methods of obtaining (extracting) of data and knowledge of the specialist (expert); 

• the formation of MRK on the basis of the learning-methodical complex and received information 

in the given subject of studying: the purposes, tasks, requirements, restrictions and other; 

• the structuring of information in the subject of studying on the basis of MRK, 

allocating the modules, the quants of information and the information fragments 

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

a n d  t h e  c o n t r o l  q u e s t i o n s  ( t a s k s )  f o r  t h e  t e s t i n g  L R K T  a n d  I F P S T , 

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

a r e  s u b s e q u e n t l y  u s e d  i n  t h e  b a s i c  o r  a p p l i e d  D M ; 

• the input by the teacher of the formed information model of the subject of studying 

(the meta-structure of data) into DB by means of the mode of administrating of ET, 

functioning on the basis of the semantic model of saving and extracting of the information; 

• the issuing of recommendations to the teacher on the formation of the information model 

of the subject of studying according to the technical capabilities of the means of training (ET); 

• the modernization of the semantic model of saving and extracting of data taking into account 

the introduced novations in the course of the life cycle of the program realization of ET; 

• the checking of a set of parameters in the basis of the structures of CM of the means of training and CM of the subject of training. 
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The program realization of the adaptive electronic textbook 

ET [6] supports the working of the different categories of users in the different modes (pic. 6): 

• the mode of administrating (pic. 7) – enter the accounts, the parameters of CM of the subjects of training 

and he structured information, reflecting the content of the subject  of training; 

• t h e  mo de  o f  t h e  ( ad ap t i v e )  t r a in i ng  (p i c .  8 )  –  r ea l i z e s  t h e  pos s i b i l i t y 

of the individually-oriented formation of knowledge of the contingent of trainees 

by means of the adaptive representation of information fragments processor (pic. 5). 

The mode of  administrating (pic.  7) includes the diverse row of constructors 

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

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

reflecting the content of the subject of studying (MRK) and the parameters of its displaying. 

 

А1 А2 А3 

А4.1 

А5.1 

А4.2 А4.3 

А5.2 

А5.3 
А5.4 

 

 

Pic. 7. The interface form of the adaptive means of training  

in the mode of administrating of the parameters of page 
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For the configurating of the parameters of displaying of the information in ET are used: 

• t he  t ab  “Languages  /  Di sc ip l ines ”  al lows  to  ed i t  t he  l i s t  o f  iden t i f i e r s 

and names of the languages of statement of the material, the descriptions of each from the disciplines, 

to set (check) the nominal values of parameters of CM of the means of training, 

determining a set of possible ways of displaying of the information fragments; 

• t h e  t ab  “ U ni t s ”  a l l o w s  to  mo d i f y  t h e  id en t i f i e r ,  n am e  and  d es c r i p t i o n 

of the list of sections, included into the information structure of the subject of studying; 

• t h e  t ab  “Modules” realizes the possibility of entering and editing of the list of modules, 

included into a certain (selected by the user) section of the subject  of studying; 

• the tab “Pages” allows to select the discipline from the previously entered list (area A1), 

the section of discipline (area A2), the module (paragraph) in the section (area A3), 

and then to form a set of pages in each module and to modify their parameters: 

the code of page (field A4.1), the period of displaying of the page by default (field A4.2), 

the type of displayed information (field A4.3), the textual content of page (field A5.1) 

and the graphical image for the trichromats, protanopes, deuteranopes and tritanopes (indicator A5.2) 

b y  m e a n s  o f  t h e  c o n t r o l  p a n e l  o f  g r a p h i c a l  i m a g e s  ( A 5 . 3 ) , 

t h e  p a n e l  o f  n a v i g a t i o n  ( A 5 . 4 )  d i r e c t l y  p r o v i d e s  t h e  t r a n s i t i o n 

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

realizes the addition, deletion, saving and cancellation of changes in the elements (A4-A5). 

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

of a sequence of educational influences for the realization of the technological process 

of the individually-oriented formation of knowledge of the contingent of trainees in the subject of studying 

with turned on or off the adaptive representation of information fragments  processor, 

the switching between which is realized automatically or manually by means of the navigators 

(the first type – in the view of the hierarchy of elements of the information structure of the subject of studying, 

the second type –  in  the view of the several  information panels  of navigation). 

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

at the carrying out of the navigation by the final user in the mode of (adaptive) training [10]. 
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In pic. 8 shows the structure of interface of ET in the mode of adaptive training 

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

the manual switching of information fragments by means of the navigator of the second type: 

the field of indication of the name of section (E1.1), the navigator of section (E1.2), 

the field of indication of the module (paragraph) (E1.3), the navigator of module (E1.4), 

t he  f i e ld  o f  indica t ion  o f  t he  number  o f  page  in  the  sec t ion  by  o rder  (E1.5 ) , 

the field of indication of the quantity of pages in the given module (E1.6), the navigator of pages (E1.7), 

the field of display of the graphical image in the view of the flat or volumetric scheme (E1.8), 

the button (E1.9) of hiding or displaying of the panel of navigation (including the elements E1.1-E1.7). 

 

E1.1 

E1.8 

E1.2 E1.3 E1.4 

E1.5 

E1.6 

E1.7 

E1.9 

 

Pic. 8. The interface form of the electronic textbook in the mode of adaptive training  

at the displaying of information fragments in the view of the flat scheme 



 18 

In  p i c .  9  p r e sen t s  t h e  in t e r f ace  o f  E T  i n  t he  mo d e  o f  ad ap t i ve  t r a i n ing 

at the displaying of information in the view of the text and manual way of switching between pages. 
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E1.8 

E1.2 E1.3 E1.4 

E1.5 

E1.6 

E1.7 

E1.9 

 
 

Pic. 9. The interface form of the electronic textbook in the mode of adaptive training  

at the displaying of information fragments in the view of the text 

The structure of the interface of program realization of ET in the mode of adaptive training 

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

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

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

involves the presence of several groups of the various elements of interface (pic. 9): 

the field of indication of the name of section (E1.1), the panel of navigation on sections (E1.2), 

the field of indication of the module (paragraph) (E1.3), the panel of navigation on module (E1.4), 

t h e  f i e l d  o f  i n d i c a t i o n  o f  t h e  n u m b e r  o f  p a g e  b y  o r d e r  ( E 1 . 5 ) , 

the field of indication of the quantity of pages in the module (E1.6), the panel of navigation on pages (E1.7), 

t h e  f i e l d  o f  i nd i ca t i on  o f  t h e  co n t en t  o f  p ag e  in  t h e  v i ew o f  t h e  t ex t  ( E1 . 8 ) 

and the bars of scrolling of the information (E1.9) for the providing of navigation . 

The procedure of training of the contingent of trainees by means of the adaptive ET includes: 

• the procedure of registration of the personal data of the contingent of trainees 

o n  th e i r  ow n  o r  t h e  co n t ac t i ng  t o  t h e  sy s t em  ad min i s t r a t o r  o r  t each e r 

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

w h i c h  d i r e c t l y  a l l o w s  t o  u s e  E T  a n d  t o  g a i n  t h e  a c c e s s 

to the information resources and other components, included into ART system; 

• the passing of preliminary diagnostics of the parameters of CM of the subject of training; 

• the registration of user in ART system by means of entering of the data of account; 

• the start of the mode of training in the adaptive ET and the research (by the contingent of trainees) 

of a set of information fragments, reflecting the content of the subject of studying; 

• the (non)regulated completion of the mode of training and the exit from ART system. 
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The conclusion, the results of statistical processing of a posteriori data and conclusions 

1. The estimation of efficiency of the introduction of the scientific results of research was carried out 

using the generally-accepted indicators of the efficiency (resultativity) of training [12]: 
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The coefficients 1k , 2k , 3k  are denoted respectively the absolute, comparative and relative 

indicators of efficiency of the formation of knowledge of the contingent of trainees, 

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  t h e  a u t o m a t e d  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 .  1 . 

Table 1 

The results of preliminary statistical analysis of the resultativity of training 

The indicator 
The number of the group of trainee 

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 - - 

AQD 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 

AQD 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 (using 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 

AQD 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 -9,783 -0,343 -7,025 - - 

The change of AQD 0,13 -0,06 0,045 0,298 0,056 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 1,1392 1,001 0,891 0,97 0,922 0,949 0,955 

3k , % 3,846 13,923 0,099 -10,857 -3,01 -7,778 -5,135 -4,546 

The change of AQD -0,109 -0,129 -0,049 -0,049 -0,287 -0,199 0,299 -0,042 
 

A t  t h e  a v a i l a b l e  v o l u m e s  o f  s a m p l e  o f  h o m o g en eo u s  a  p o s t e r i o r i  d a t a 

there is  a  s teady tendency to the increase of  the nominal  values  of  indicators , 

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

and  a l so  the  decreas ing  o f  the i r  average quadra t ic  devia t ion  (AQD) i s  f i xed . 
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2. I n  r e s u l t  o f  t h e  r e g r e s s i o n  a n a l y s i s  t h e  o b t a i n e d  n o m i n a l  v a l u e 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 ) 

an d  t h e  c o e f f i c i e n t  o f  m u l t i p l e  d e t e r m i n a t i o n  ( C M D  =  0 . 3 1 2 )  i n d i c a t e , 

that 31.2% of the dispersion of the dependent variable iY  (the estimation of the level of residual knowledge) 

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

located in the basis of the obtained linear model of multiple regression )( iKY . 

At the same time the nominal values of initial (  ) and standardized coefficients ( ' ) 

of the linear model of multiple regression )( iKY  are presented in tabl. 2 and 3. 

T h e  c o n s t a n t  o f  t h e  l i n e a r  e q u a t i o n  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 nominal values of initial   standardized coefficients '  

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

The value of initial  

  - 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 nominal values of initial   standardized coefficients '   

(continue) 

The indicator 

(predictor) 
20K  

21K  22K  23K  
24K  25K  27K  28K  29K  45K  

The value of 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 

T h e  p r e d i c t o r s  i n  t h e  o b t a i n e d  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 : 

VOZR  – age, color perception parameters ( 7K  – achromasia, 8K  – protanopia, 9K  – deuteranopia), 

the convergent intellectual  abil i t ies ( 14K  –  verbal intell igence ,  15K  –  deduction, 

16K  –  c o m b i n a t o r i c s ,  17K  –  r e a s o n i n g ,  18K  –  a n a l y t i c i t y ,  19K  –  i n d u c t i o n , 

20K  –  m n e m o n i c s , 21K  –  p l a n a r  t h i n k i n g ,  22K  –  v o l u m e t r i c  t h i n k i n g ) , 

t h e  v e r b a l  c r e a t i v i t y  ( 23K  –  t h e  i n d e x  o f  a s s o c i a t i v i t y , 

24K  –  t h e  i n d e x  o f  o r i g i n a l i t y ,  25K  –  t h e  i n d e x  o f  u n i q u e n e s s ) , 

t h e  f i g u r a t i v e  c r e a t i v i t y  ( 27K  –  t h e  i n d e x  o f  a s s o c i a t i v i t y , 

28K  –  t h e  i n d e x  o f  o r i g i n a l i t y , 29K  –  t h e  i n d e x  o f  u n i q u e n e s s ) , 

the linguistic parameters ( 45K  – the level of proficiency in the language of statement of the material), 

an d  th e  f ac t o r  ( t h e  d ep en d en t  v a r i ab l e )  a c t s  t h e  r e su l t a t i v i ty  o f  t r a in i ng  Y . 
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T h e n  t h e  l i n e a r  e q u a t i o n  o f  m u l t i p l e  r e g r e s s i o n  t a k e s  t h e  v i e w : 

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

++−−−

−++++−−+−

−+−++−−−=

 

3. The developed CMT al lows  to  rea l ize  the  addi t ional  contour of  adapta t ion 

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 M  b l o c k , 

c o n d u c t i n g  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 , 

t o  p rovide  the  inc reas ing  in  t he  e f f i c i ency  o f  funct ion ing  o f  ART sys t em 

and the  resul ta t ivi ty  of  t rain ing  (a t  d is tance)  of  the  cont ingent  of  t ra inees . 

4. In the course of the discriminant analysis carrying out of the several groups of trainees 

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

t h e  r e s u l t a t i v i t y  ( e f f i c i e n c y )  o f  t r a i n i n g  ( t h e  e s t i m a t i o n  o f  L R K T ) : 

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

On pic.  10 presents  the geometrical  interpretat ion of  the relat ive locat ion 

of the centroids of classes in the space of coordinate of the two canonical discriminant functions 

corresponding the groups of “excellent-students”, “good-students” and “mediocre-students” allocated for the system analysis. 
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Pic. 10. The position of the centroids of classes “excellent-students”, “good-students” and “mediocre-students”  

in the space of two canonical discriminant functions 

5. The practical  use of scienti fic results was carried out in the learning process 

o f  “ 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 " ” 

a n d  “ 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 ) , 

the  ac t s  about  the  pract ica l  use  and  3  copyr ight  cer t i f ica tes  was  received . 
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ЭЛЕКТРОННЫЙ УЧЕБНИК НА ОСНОВЕ ПРОЦЕССОРА АДАПИВНОЙ 

РЕПРЕЗЕНТАЦИИ ИНФОРМАЦИОННЫХ ФРАГМЕНТОВ  

В АВТОМАТИЗИРОВАННОЙ ОБРАЗОВАТЕЛЬНОЙ СРЕДЕ 

Электронный учебник функционирует посредством разработанного 

процессора адаптивной репрезентации последовательности информационных фрагментов 

и  в ы с т у п а е т  и н н о в а ц и о н н ы м  к о м п о н е н т о м  с о з д а н н о й  а в т о р о м 

с и с т е м ы  а в т о м а т и з и р о в а н н о г о  ( д и с т а н ц и о н н о г о )  о б у ч е н и я 

со свойствами адаптации на основе параметрических когнитивных моделей 

К л ю ч е в ы е  с л о в а :  и н ф о р м а ц и о н н о - о б р а з о в а т е л ь н а я  с р е д а , 

когнитивная модель, система автоматизированного (дистанционного) обучения , 

процессор адаптивной репрезентации последовательности информационных фрагментов, 

т е х н о л о ги я  к о гн и т и в н о го  м о д ел и р о в а н и я  ( д л я  си ст ем н о г о  а н а л и з а ) 


