
 
Figure 1. EduMON system’s overview 
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Abstract— Dynamically changing work environment in 
knowledge economy causes the changes in knowledge 
requirements for labor. Therefore it becomes more and more 
important to be constantly aware of what education is currently 
demanded and what education is currently offered. The IT 
solution is vital to process various information sources, extract 
education information, and provide analysis mechanisms in 
automated manner. The education information extraction is 
detailed in this paper in the context of Education demand and 
offer information monitoring system by providing the workflow 
for semi-automatic skills extraction from the university course 
descriptions using developed term suggestion method.  
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I.  INTRODUCTION  
Rapid economic changes in the knowledge requirements for 

labor cause a necessity to monitor education demand and offer. 
Education demand and offer (d/o) can be described in terms of 
knowledge, skills, or competences required in work 
environment or obtained in university. For simplicity in this 
paper the terms "education information" and "skills" are used 
interchangeably to denote knowledge, skills, or competences. 
Education d/o monitoring both for university and industry can 
provide an insight in knowledge, skills, or competences 
currently demanded/offered in educational and industrial 
environment. To facilitate the monitoring of education d/o, 
university and industry should be provided with IT solutions 
that reduce the large amount of manual work currently 
necessary to overview, extract, and analyze the information 
from various education information sources (study and 
certification course descriptions, job advertisements etc.). In 
this case, the monitoring system design principles are 
applicable, as basic functionality of the monitoring systems 
includes gathering of source information, information 
processing and analysis to provide decision support 
information to users of the system.  

In the previous study [1] the architecture of the Education 
d/o information monitoring (EduMON) system had been 
proposed. The architecture (see Fig. 1) consists of various 
classes of services and supports the process from retrieving and 
extracting information from relevant sources to finding 
correspondence between education information in various 
sources. Education information when reflected in the 

information sources is represented using domain terminology. 
Thus the terms of the information source document related to 
domain terminology should be identified in the process of the 
information extraction. In the current study an example of 
semi-automated information extraction method is presented 
(method contributes to the development of Information 
extraction services of EduMON system). Solution is illustrated 
by terminology extraction from the university course 
descriptions based on the n-grams of text document, Dice's 
similarity metric and available Free On-Line Dictionary of 
Computing (FOLDOC) [2] consisting of more than 14 600 IT-
related terms. Method is also applicable to extract terms from 
job advertisements and other relevant sources reflecting the 
education information in the area of Information and 
Communication Technology. 

II. EDUCATION INFORMATION EXTRACTION 
The extraction of terms related to domain terminology is 

necessary to provide the standardized reference of terms 
represented in text. Relevant terms extracted from various 
information sources can provide basis for applying the analysis 
mechanisms provided by the EduMON system's services of 
Analysis service class. Examples of analysis services can 
include the analysis of skills (represented as terms in 
information sources) demanded in job advertisements and 
offered in University courses.  

The process of term extraction can be either manual or 
semi-automatic. In manual extraction, the user manually 
annotates the document (e.g., University course or job 
advertisement) by linking the terms presented in document 
(further in the text - source terms) to the terms available in 
reference dictionary (further in the text - target terms). As the 
manual extraction of skills is time-consuming, the solution for 
semi-automatic extraction is proposed. Basic workflow for the 



 
Figure 2. Document text (without stopwords) with source terms 

matched with target terms with thershold 0.80. Filled text spans represent 
source terms of the 1-gram (light grey), 2-gram (black), and 3-gram (dark 

grey) that appear in suggestions. 

semi-automatic extraction of skills includes the following 
processes: 1) the provision of the text section (e.g. a set of 
paragraphs) representing the skills; 2) the automatic generation 
of suggestions for the reference of source terms to target terms; 
3) the reviewing of suggestions by the user (suggestions for 
linkage of source terms to target terms can be accepted or 
rejected; source terms without suggestion can be added as new 
terms in the reference dictionary); and 4) the storage of 
relevant pairs of source and target terms. 

To automatically provide the suggestions for the reference 
of source terms to target terms, the education information 
extraction method TermSuggest is developed. It combines 
several processes: 

1) Preprocessing: Include the conversion of the document 
text to lowercase and the stopword removal from the text (e.g., 
removal of such words as "a", "is", "and", "various" etc.).  

2) N-gram generation: N-grams, such as 1-gram, 2-gram, 
3-gram, 4-gram are generated for the document text.  

3) The matching of source terms of the n-gram to target 
terms based on the selected string similarity metric: The string 
similarity is calculated between the each source term of the n-
gram and the target terms. Any string similarity metric or the 
combination of multiple metrics can be selected. In the below 
presented example the Dice's similarity was selected as a 
string similarity metric. For calculation of similarity metric, 
the open source Java library SimMetrics [3] was used. The 
FOLDOC [2] was selected as dictionary for target terms. For 
each source term of the n-gram the best matching target terms 
are returned as suggestions in the format <source term, target 
term>. As best matches are considered those pairs <source 
term, target term> with the similarity score above the defined 
thershold.  

4) Removal of the irrelevant suggestions: Before the 
suggestions are provided to the user for the  linkage of source 
terms to target terms, irrelevant suggestions should be 
removed. As irrelevant suggestions are considered those pairs 
<source term, target term> of the n-gram where the similiraty 
score is less or equal than maximum similarity of suggestions 
of the (n+1)-gram where the source term of the n-gram is 
included in source term of (n+1)-gram. 

The TermSuggest method returns the set of suggestions for 
each n-gram (1-gram, 2-gram, etc.) in the form <source term, 
target term, similarity score>. 

To evaluate the results of suggestion, the TermSuggest 
method had been applied to the example case. Following the 
workflow of semi-automatic extraction of skills, the document 
of interest should be selected first, e.g., description of course 
"Software engineering" is chosen and the section of text to be 
analyzed is provided. The word count of the provided text 
section of the document initially is 197 words. Next, the 
TermSuggest method is applied. The counts of suggestions for 
each n-gram without and with the removal of irrelevant 
suggestions for given thresholds 0.65 and 0.80 had been 
calculated. It had been found that the suggestions with 
threshold 0.80 are providing more appropriate suggestions for 

terms than suggestions with threshold 0.65. It is worth 
mentioning that for the lower threshold significant number of 
suggestions was removed thus giving a possibility for user to 
review more relevant source terms and linked target terms than 
in the case without applying the removal procedure. Resulting 
source terms with linked target terms are presented in Fig. 2. 
Total number of unique target terms is 35.  

Following the workflow of semi-automatic extraction of 
skills, next process is the reviewing of suggestions. The expert 
evaluated the suggestions and accepted 14 of 28 suggestions 
for 1-gram, all for 2-gram and 3-gram suggestions. The expert 
proposed 3 new source terms for addition to reference 
dictionary, namely, "software system", "software 
development", and "software design". 

III. CONCLUSIONS AND FUTURE WORK 
Relevant terms extracted from various information sources 

can provide basis for applying the analysis mechanisms 
provided by the EduMON system's services of Analysis service 
class thus facilitating the monitoring of education d/o. In 
further work it is necessary to consider the term extraction by 
taking into account the term dependencies to other terms and 
the combination of multiple string similarity metrics. The 
evaluation of proposed method should be conducted on larger 
document corpus to see its overall performance. 
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