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Learning system based on model of human creative thinking is formalized in this 

article. Formal concepts of the theory of natural language construction sense are 

given in the article. New technology of morphological analysis in e-learning systems 

is proposed. 
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The possibilities of e-learning, based on modern information and 

communication technologies of education and training, open up new prospects for 

improving the efficiency of the educational process. Systems for automated 

processing of text information are used in e-learning. Such information systems use 

artificial intelligence technologies that provide processing a set of texts in order to 

create the knowledge base [1]. 

The effectiveness of training in this case increases because the system in 

automatic mode previously selects the most important information from a large 

amount of information for cognitive process. The task of research is to develop 

information technology for automated construction of learning objects and 

determination metadata of pre-selected texts. 

Getting useful information from natural language text means identification of 

certain elements in the text. Input of getting information system is a text in natural 

language, and output – some filled with data structures that allow for further 

automated or manual processing of information. 

The problem of getting knowledge from natural language texts is traditionally 

solved by using syntactic-semantic approach. Promising results are also shown by 

models, which are based on database queries, and by ontologies, which are quite 



popular in recent years. However, all these approaches require significant previous 

work involving highly qualified experts. An alternative way is the associative and 

statistical approach to analysis of texts, which reflects the natural way to get 

ontologies. 

The associative and statistical approach to text analysis leads to the construction 

of associative semantic network consisting of interconnected significant words of a 

text. Generally, these words correspond to the notion of an object, a method, quality 

of a method or an object that are the main semantic load. For each of such concepts, a 

set of associative connections to / from other concepts, in conjunction with which it 

faced in the text, is created. 

The first stage of linguistic analysis of text information is the morphological 

analysis. At the morphological level the structure of words and grammatical 

categories that exist in language and expression of these grammatical categories 

within words are analyzed. At this level the morphological interpretation of the words 

of input text is constructed. 

The main morphological analysis methods include methods of declarative 

orientation (based on a dictionary) and methods of procedural orientation (based on 

rules) [2]. 

Using the method with procedural orientation, the module of morphological 

analysis contains a set of rules of morphological transformations. Each word is 

divided into a base and an affix (an end and perhaps a suffix), the dictionary contains 

only bases of words with references to corresponding rows in the table of possible 

affixes. The main criterion for splitting words into a base and an affix is the rule, that 

base should remain unchanged in all possible forms of the word. The advantage of 

procedural methods is reducing of the amount of information to be stored for 

morphological parsing of words. 

Analysis of constructing of educational content for the most common e-learning 

systems (aTutor, Blackboard Learning System, Claroline, Desire2Learn, Dokeos, 

eFront, ILIAS (Integriertes Lern-, Informations- and Arbeitskooperations-System), 

Meridian Knowledge Solutions, Moodle (Modular Object-Oriented Dynamic learning 



Environment), Saba Learning Suite) shows that morphological analysis in e-learning 

systems is used only for dictionaries of word forms that contain morphological 

information about words. With the help of such dictionaries, testing entered words by 

student can be done, such it happens in Moodle e-learning system. 

Morphological analysis can be used to create learning objects according to 

existing standards in the field of e-learning. 

The most common standards for e-learning are the following: 

1) SCORM (Sharable Content Object Reference Model – model for sharing of 

educational materials) contains requirements for the educational material and the 

whole system of e-learning. SCORM allows the interoperability of components and 

the possibility of multiple use: educational material submitted by individual small 

blocks that can be included in various educational courses and can be used by e-

learning system regardless of who, where and by which means they were created. 

2) IMS / GLC (Instructional Management System / Global Learning 

Consortium) promotes innovation of education technology, based on functional 

interoperability. The main directions of IMS specifications development are 

metadata, packaging content, compatibility of issues and testing, content 

management. 

3) AICC (Aviation Industry CBT Committee) is based on the exchange of text 

files. Current development of standards is in the field of constructing educational 

modules that will allow in the future use variety of courses, including created by 

other standards. 

The most widespread acceptance among all products of e-learning 

standardization is got by SCORM. To generate learning objects SCO (Sharable 

Content Object) under this standard, the morphological analysis can be used. 

Associative-statistical approach is a natural accumulation of associations 

between images and fixing reflexes by repetition [3]. Thus, we formalize learning 

system based on model of human creative thinking. For this purpose, we define the 

class of infological systems (IS) as a partial case of more general class of cybernetic 

systems, which focuses on functional modeling of cognitive system and mental 



activity. IS essentially has no external control object, instead: 

a) “black box” is all the world; 

b) only internal parameters, mainly related to the concepts of motives (needs), 

emotions, reflection and associative network of images (ANI) as the main cognitive 

resource of human knowledge base, may be used as criteria; 

c) dialogue and other forms of speech may be seen as the result of interaction 

of two or more similar infological systems. 

Let infological system S  can recognize individual images from an infinite set 

,...},...,,{ 21 niiiI =  similar to how a person recognizes the Gestalt. IS can also take 

associative connections between pairs of images as elements of the set WÎw , where 

II ´ÍW  – an arbitrary set of ordered pairs. We will consider that the image 

construction (IC) is any subset WÍg , which is an element of f  – σ- algebra of 

subsets of W . Thus, all IC have a property fÎg . 

The system S  communicates with the outside world as “black box” only in form 

of IC, some of which are distinguished as the sequence of input events ,...},{ 21 xxX =  

and a set of image reactions of a system ,...},{ 21 yyY = , moreover fÎix , fÎiy . Let 

introduce ontogenetic principle for construction of system S  – a set W , that defines 

the sense of its activities, got exclusively by sequential accumulation of parameters w  

from the external “black box” by operator Å  and further improvement of W . 

Formally, a knowledge base of a system S  is building as U
'
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= , where 'm  – total 

number of incoming IC currently perceived by system. 

The primary pragmatic component of sense is got on the base of 14 substantive 

concepts of the image, including the concepts of an event and a state. Constructing a 

classification of associative connections between images and introducing the concept 

of sense combination can combine the functionality of the model of human CT with 

applied problems of design and use of learning objects. 

The concept of linguistic image (LI) is proposed to be determined on the basis of 

the main character feature in form of the root of a word. Formally, a subset of LI 

available for human perception II Ì'  is presented through four key content concepts: 



ñá= ';;;' QMONI , where N – concept, O – object, M – method, 'Q  – quality. 

Correlation of the basic concepts of the theory is shown on Fig. 1. 

 

f  – σ-algebra of subsets of II ´ÍW   Lexical relations 

↕    ↕ 

IC: fÎg  ↔ LI: gg Ì'  ↔ NLC 

↕  ↕  ↕ 

Event: gÌEv  

( Xxi Î , Yyi Î ) 
↔ Syntagma: 'gÌSy  ↔ Sentence 

↕  ↕  ↕ 

Associative pair: WÎw  ↔ 
Sense combination: 

''' II ´Îw  
↔ Phrase 

↕  ↕  ↕ 

Image: ,...},...,,{ 21 niiiI =  ↔ 
LI: II Ì' , 

ñá= ';;;' QMONI  
↔ Word 

Fig. 1. Correlation of formal concepts of the theory of natural language 

construction sense 

 

Proposed technology of morphological analysis in e-learning systems is a 

combination of 4 elements: 

1. The associative and statistical approach to get knowledge from natural 

language texts; 

2. The method of morphological analysis based on general rules of words 

construction; 

3. The formal model of a word; 

4. The approach to the definition of morphemes in words with multiple suffixes 

and prefixes. 

The method of morphological analysis based on general rules of words 

construction is the analysis of input data in the form of a thesaurus of linguistic 



images that represents sets of concepts that represent common concepts. The result of 

such morphological analysis is constructing a knowledge base of the morphology 

based on detection specific patterns in natural language structures [5]. 

A formal model of a word constructed on the base of analysis of morphological 

structure of words in inflected languages, looks like: 

 nxyzw =  (1), 

where w  – a word, 

x  – a prefix, 

y  – a root, 

z  – a suffix, 

n  – an end. 

Given model is used for modeling of a word with a prefix, a suffix and an end, 

although variation of a word with multiple prefixes and / or suffixes is not eliminated 

[3]. 

The approach to the definition of morphemes in words with multiple prefixes 

and suffixes is based on the use of statistical evaluation of found morphemes, after 

which finally determined affixes [4]. 

The technology of morphological analysis in e-learning systems can be 

represented as a set of steps: 

step 1. Preliminary data processing; 

step 2. Morphological analysis of the test set of linguistic images; 

step 3. The formation of learning content objects (SCO); 

step 4. The use of educational content in e-learning systems. 

Block diagram of the technology of morphological analysis in e-learning 

systems is presented on Fig. 2. 

The proposed method of morphological analysis can be used to form the SCO, 

namely to identify the key concepts of educational content. Based on the got key 

terms, the main points of educational text are determined. 

Determination of key concepts is composed of the following steps: 

1. Creating base of morphemes (prefixes, suffixes, ends) based on 



morphological analysis of the test set of LI; 

2. Morphological analysis, namely the separation of roots in the words of 

educational content within the same theme; 

3. Statistical analysis of the results of morphological analysis – 1-3 (number 

may vary depending on the amount of text) roots, which most often correspond to 

linguistic image of key concepts. 

 

 
 

 

 
 

 

 
 

 

 
Fig. 2. The technology of morphological analysis in e-learning systems 

 

Using the proposed technology allows to automate the processing of educational 

content.  

Thus, the morphological analysis can be used for solving problems of e-learning 

at the stage of constructing learning objects. 

Preliminary data processing (creating 
data base of linguistic images) 

 

Morphological analysis of the test set 
of linguistic images (creating data 

bases of roots, suffixes, prefixes, ends) 

 

The formation of learning content 
objects SCO (determination of key 

terms) 

The use of educational content in e-
learning systems 



To formalize the learning system based on the model of creative human 

thinking, we defines the class of infological systems that can identify individual 

images from an infinite set just as they are  recognized by a human. 

To define the key terms of educational text, the technology based on the 

associative and statistical approach to get knowledge from natural language texts and 

previously developed method of morphological analysis based on general rules of 

construction of words, formal models of a word and the approach to definition of 

morphemes in words with multiple suffixes and prefixes can be successfully used. 
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