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Abstract. The paper describes how software module was developed to analyze 
the labor market of IT professionals using the Python programming language in the 
integrated programming environment. The software module screens, crawls, parses 
and exports data from specialised sites. The software module allows to find, structure 
and export data to CSV and TXT files. The sample of key parameters was investigated 
by means of business analytics. 

The developed program can be expanded with additional functions, 
supplemented by a graphical interface, uploaded to the web hosting. 

The software module provides processing of a large array of unstructured 
information from vacancy announcement sites, reduces the amount of routine manual 
operations and provides an opportunity to focus stakeholders’ attention on key 
priorities. 

The aim of the work is to develop a parsing software module for automated 
collection and analysis of open position data to determine which knowledge and skills 
are most important for employers in the IT industry. 

Keywords: web-scraping, data mining, business intelligence, programm module, 
Python programming language. 

 

І. INTRODUCTION 

Collection and analysis of information about the labor market is necessary 
constantly, and especially relevant in modern conditions. The economic crisis as a 
result of the spread of COVID-19 has affected entire industries, the number of 
employees has decreased in almost all countries. As of the beginning of 2022, the 
unemployment rate in France is 7.5%, Sweden – 8%, Ukraine – 10.4%, Turkey – 
11.5%, Spain – 14.1%, Georgia – 18.5%, South Africa – 34.9% [1-3]. 

The information technology sector is able to bring the world economy out of the 
crisis and ensure social development. The situation in the IT sector is characterized by 
a parallel staff shortage (lack of highly qualified specialists) and the influx, and 
consequently, the difficulty of employment for junior beginners. Also, today the 
amount of information in general, and about the labor market in particular, causes both 
congestion in the number of sources, and the omission of important elements for 
individuals and organizations. 

The aim of the work is to develop a parsing software module for automated 
collection and analysis of open position data to determine which knowledge and skills 
are most important for employers in the IT industry. 

Stakeholders of such a project are: 
1) active job seekers – for a more efficient and rational search (review of more 

vacancies); for faster selection of positions that correspond to the available 
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qualifications; to reduce mental stress and resource-intensive search operations, to 
improve the psychological state; 

2) employers – to determine competitive salary, understanding of popular 
technologies; 

3) institutions of higher education, centers of advanced training, trainers – for 
the formation and adjustment of training programs in accordance with market 
requirements; 

4) students and graduates – to get acquainted with the existing requirements, 
choose the right disciplines, prepare relevant research topics; to study what is needed 
and relevant in the labor market; 

5) IT specialists – to determine career opportunities (it is usually considered that 
every two years you should learn a new programming language to maintain 
competitiveness and improve professional level); 

6) professionals who plan to change the field of activity – to understand the 
demands of the industry, focus retraining on the necessary skills; 

7) government – increasing the number of employees reduces social tensions 
(the population becomes more self-sufficient, does not rely on social benefits), 
provides economic growth (potentially more employees provide more payments to the 
budget and GDP growth); 

8) investors – as in a promising direction in specialized search portals, data 
aggregators, startups of analytical services, etc. invest in venture capital organizations, 
media holdings, recruitment firms, etc. 

These parties are potential users of the software module. 
The results of the work – a systematic list of vacancies and summary in tabular 

and graphical form of employers’ requirements for a position (knowledge and skills of 
specialists, programming languages, years of experience, education, etc.) – can be the 
basis for creating a resume tracker, cover letters and interviews; formation of a (self) 
training plan, which will organize an effective job search and acquaint a wide range of 
people with popular requirements, increase the level of education, provide an 
understanding of trends in the IT industry. 

 

II. LITERATURE ANALYSIS 

 
2.1. Basic concepts of web scraping 

 
Web scraping technology is best suited to fulfill the task set in the paper – the 

development of a software module for the analysis of the IT professionals’ labor 
market, from the initial collection of information to its processing and analysis. 

Web scraping (also scraping, web collection, data retrieval from the web) is: 
1) automated collection of information from the World Wide Web; 
2) technology, when a computer program extracts data; 
3) the practice of data collection in any way other than the program that interacts 

with the API. This is most often achieved by writing an automated program that sends 
a request to a web server, reads the data (usually in the form of HTML and other files 
that make up web pages), and then analyzes it to extract the necessary information. 
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Web scraping can be a stand-alone tool for targeted information retrieval, as well 
as a component of web development used for web indexing, web mining and data 
mining, online monitoring of price changes and their comparison, to monitor 
competition, collection of other data. It is also used for web automation. 

Automated data gathering from the Internet exists almost as much as the Internet 
itself. Although web scraping is not a new term, in the past this practice was better 
known as screen scraping, data mining, web miner, web harvesting or similar 
variations. In general, the term web scraping is now more popular, although programs 
that go through multiple pages are usually called web crawlers, spiders, spiderbots, and 
scraping programs themselves are bots [4, c. ix preface]. 

The topic of scraping is complex, as it is not possible to be limited to one 
language or technology, you need knowledge of databases, web servers, HTTP, 
HTML, Internet security, image processing, data science and other tools. Data 
management is especially relevant in the context of big data, when only a small part of 
them is structured. 

In practice, web scraping covers a wide range of software techniques and 
technologies, such as data analysis, natural language parsing and information security 
[4, p. x preface]. 

Scraping usually involves the use of two tools: a crawler, which navigates the 
website to extract (extraction, fetching, collecting, capturing) HTML from the page; 
and a parser that finds an HTML tag in pages to extract relevant information. 

Parsing (from the Latin pars – part of speech) – the study of a predetermined 
sequence of characters (from natural or computer language or data structure), for 
further grammatical analysis of the structure. 

Parser is a full-fledged program or part of it designed for parsing. 
In the process of parsing text components are brought into a coherent form, 

design the data structure, most often – in the tree of the syntactic structure of a given 
sequence, which can be further processed. As a rule, the work of parsers goes through 
two stages: the identification of meaningful tokens (lexical analysis), and then a parsing 
tree is formed. 

A token is an object formed from a lexeme (a word as an independent unit of 
meaning) in the process of lexical analysis. In applied programming, the concept of 
token and its lexeme may not differ [5]. 

The parser is an extension or part of the scraper. 
Websites consist of 3 main components: HTML, which contains the content of 

the website; CSS, which contains its style, and Javascript, which contains elements that 
update themselves without refreshing the page, or that you can interact with (such as a 
drop-down menu). 

For scraping each individual site requires its own code [6]. The general process 
of web scraping is shown in Fig.1. For each new resource, you need to go through the 
whole process from start to finish to get specific data. 

After collecting data in the set, you can search, change the presentation format, 
copy to a table or database (DB). 
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Fig. 1. Process of data-mining 

Source: author’s design 
 
2.2. Usage 

 
Web-scraping (web / data / text content mining, text analytics) is needed for 

research, analysis; formation of personal collections, personal or organizational 
knowledge bases; information retrieval, knowledge discovery, etc. [7, p. 33]. 

Common applications are collecting data from public users of social networks 
as potential customers, comparing prices, aggregating news, collecting ads for rent or 
sale of housing, weather, outlets, tracking competitors or reviews of their own brand, 
systematization of internal documentation (email, PDF files etc.); analysis of consumer 
sentiment, machine learning, search for cheap hotels / tickets, creation of additional or 
main content (blog posts, creation of own aggregator). In the table 1 we give specific 
examples. 

Table 1. Examples of using web scraping 
Company / product Description 

Wandex (World Wide Web 
Wanderer) 

the first web robot; for measuring the size of the WWW (established 
in 1989), worked since June 1993, in 2011 resumed work 

JumpStation the first search engine based on crawler, not on the work of 
administrators (December 1993) 

WebCrawler the first full-text search engine (1994) 
Salesforce, eBay first Web API and API Crawler (2000) 
Google Search indexing the Internet with crawlers and later AI 
Google Knowledge Panel pulling up query data from Wikipedia, the official site, and other 

sources 
Facebook  
Telegram  

when you insert a URL into a message or post, the title and thumbnail 
of the linked page is pulled up 

Google Alerts 
Visualping 
Wachete Service 

monitoring changes on sites, new articles on request 

Beautiful Soup library for scraping in Python (2004), is considered the most complex 
and advanced 

Source: author’s summary 
 
2.3. Alternatives 

 
Sources of structured data are: 
1) official APIs – limited, expensive. Amazon AWS and Google (API Discovery 

service) provide end users with free tools, services, and publicly available parsing data. 



INFORMATION TECHNOLOGIES, AUTOMATION AND ROBOTICS 

443 
 

As for the sites-virtual bulletin boards (Indeed, Work.ua, Rabota.ua), the API is 
available only to employers (i.e., for registered organizations, for a fee and have 
restrictions). Part of the functionality is not available for ua.indeed.com, and dou.ua 
does not have an API. In addition, APIs can be closed at any time; 

2) ready-made databases – such kits are available in various formats (SQL, 
Excel, JSON online forms, log files of automated systems, etc.). But data is rapidly 
becoming obsolete and needs constant updating. In the case of vacancy 
announcements, a number of sites do not even publish the archive, removing already 
inactive publications from public access; 

3) RSS or Atom feeds – subscriptions to site updates using XML formats, 
consists of full text or part and metadata, is read by special programs-readers / 
aggregators (such as Feedly, Feedbro, Inoreader, TinyTinyRSS, closed in 2012 Google 
Reader). Atom or RSS feeds save a lot of time tracking updates, and readers allow you 
to view content changes centrally without going directly to the sites themselves. The 
most common uses are frequently updated sites, blogs, news sites, web magazines, 
podcasts, etc. RSS is actually an XML document and belongs to the sources of 
structured data. 

One reader allows subscriptions to many sites or sections (however, services 
often set a free usage limit above which a fee is charged). Also, depending on the 
settings, RSS usually displays only the last 20 articles, depending on the date of 
subscription to the feed. StackOverflow Jobs states that RSS is their API [8], but the 
page displays only the last 1001 posts, while jobs.dou.ua displays the latest 51 posts in 
RSS. 

The format helps to disseminate information without e-mails or personal 
messages through bots, etc., and also helps to distribute publications on a “post once-
syndicate everywhere” basis, when publications appear on a single official resource 
individuals or organizations and then distributed to all platforms used. 

As this reduces the site traffic in some way (users do not come many times to 
check for updates), and the number of views / conversions decreases, the format is not 
very popular, many users do not know about it at all, and for notifications about news 
sites they subscribe to their pages at social networks. In addition, parsing RSS is often 
not appropriate, as it usually does not display the news archive, but only the last 20 posts. 

In general, the advantages of using web scraping compared to these methods are: 
- data structured according to queries; 
- the owners of the sites pay considerable attention to data management and 

maintenance, and the work is done more carefully than with the API documentation; 
- there is practically no limit of use, the main thing – not to overload servers; 
- anonymous access; 
- data is visible immediately – without separate requests to the organization or 

waiting to open access to the API. 
We analysed existing tools (30 the most used and the like) and defined that they 

have a number of limitations: they are often proprietary, paid (or freemium), the 
settings are limited by the functionality of services or applications. As often in such 
cases, the best solution in modern conditions is to develop your own software product 
of a certain specification. 
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III. OBJECT, SUBJECT, AND METHODS OF RESEARCH 

 

The object of research is the process of collecting, processing and analyzing data 
on the labor market of IT professionals. 

Subject is software tools for labor market analysis of IT professionals. 
Research methods used in the paper are the following: comparative analysis, web 

scraping, structuring and organization of data, parsing of texts, statistical methods of 
analysis of poorly structured data of large volume, tabular and graphical. 

To solve the problem, we choose the Python language with the appropriate 
libraries for scraping, parsing and visualization. 

In 2021, 38% of the developers who identified Python as one of their three main 
programming languages used it to develop web parsers / scrapers / crawlers (survey 
[9]). In general, being the most popular language, Python is also the most popular for 
web scraping, because it: 

- is well designed, considered easy to learn; 
- is well documented on official resources; 
- has good support, including due to popularity, there are a large number of 

publications, forums, tutorials; 
- is suitable for rapid development; 
- is free; 
- has an active community; 
- contains a large number of tools in the standard package and additional 

libraries; 
- creates code that is readable, easy to further support, can be reused [10, p.13-

17]. 
Python is a powerful automation tool, contains a rich collection of libraries, has 

an intuitive syntax. The 3 best known approaches to processing web pages in Python 
are regular expressions, BeautifulSoup and lxml modules [11, p.39-45]. All of them 
were used in this research to gain the most complete data. 

Python is usually able to avoid various scraping restrictions by using multiple 
proxies, retrying downloads, and configuring a user agent. It is able to read data from 
web pages with dynamic content, which is downloaded not from the internal database 
of the server, but through Javascript. Uploading / exporting data can be done in a 
database or table (SQL, CSV, XLS, JSON, other formats).  

 

IV. RESULTS 

 
4.1. Project structure 

 
For the project it is decided to choose 3 sites, the total number of ads – 500-1000, 

geography – the world, time period – April 19 – May 20, 2021. 
In the process of preparation, an alternative approach was considered – scraping 

of those already employed with Linkedin, but the profiles may not be complete, not 
updated, freelance or the wrong sector is indicated. Vacancy announcements are more 
reliable. 
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The project methodology is similar to the general scheme in Fig.1, but 
supplemented in accordance with the tasks (Fig.2). 

The process of developing a software module corresponds to such steps: 
- open the file, on the site with a web scraper collect links from the list from one 

page to individual pages of announcements, and using pagination – from the rest; 
- collect data on the pages of the ads themselves, reading HTML-tags; 
- using loops “for”, go to full descriptions; 
- extract data for each tag and save to the table; 
- analyze key parameters; 
- determine the frequency of use of key terms; 
- create elements of information panel by visualization with business analytics 

tools. 
Having decided on the sequence of work, we move on to the next stage. 

 
Fig. 2. Blocks of the project 

 
4.2. Selection of sources 

 
At this stage, it is important to consider the internal documentation of the sites. 

Scraping is absolutely legal, if it does not contradict the rules of site owners [4, p. ix, 
263-277]. In the lawsuits that actually took place (plaintiff Linkedin), the decisions 
were in favor of the defendants: what is visible to users on the sites can be collected 
and automatically [12]. However, the number of Linkedin ads in the IT sector as of 
May 4, 2021 in the United States alone for the last 24 hours is 5,792 positions, last 
week – 35,196, month – 115,436, any time – 159,340. The quality of such information 
is not very high – too many duplicate results, and information cannot be fully filtered 
at the collection stage on the site itself. Therefore, given these two factors, Linkedin 
will not be included in the analyzed sites. 

The terms of use of the largest aggregator of vacancies in the world – Indeed – 
explicitly prohibit the scraping of any information from the site with an indication of 
the possibility of appropriate lawsuits [13]. 

Considering other options, the choice is summarized in table 2. 
Selection criteria are availability of data and a sufficient number of publications 

for analysis. 
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Table 2. Site selection and number of job ads 
Site Number 

Rabota.ua  8 647 

Rabota.ua – other countries 119 

StackOverflow Jobs  1 337 

Dou.ua  10 800 

Усього 20 903 

Source: author’s summary based on data from [14-16] 
 
4.3. Project implementation 

 
To obtain the most up-to-date set of vacancy announcements, we used scraping 

for all pages with categories “Information Technology” on selected sites: Rabota.ua, 
Dou.ua, StackOverflow Jobs by: 

- code planning; 
- inspect HTML; 
- scrape – the first function – to collect links; 
- pagination and  
- export (data storage) 
We saved the results (export data) in the CSV file, because it can be opened in 

both text and spreadsheet editors and has no line limit [17]. 
All pages with a list of links and relevant available information were successfully 

collected from three sites (Fig. 3). 

 
Fig. 3. Fragment of the intermediate table 

 
To collect a complete description of vacancies, we must go to each of the 

collected links and take data from the relevant fields. 
Proceeding with project is to use: 
- crawl – the second function – to collect complete descriptions of requirements 
- cleaning data and merging descriptions (the next step is post-processing, data 

cleanup – removing duplicates, non-necessary spaces, posts that appear several times 
and so on); 

- parse – the third function – the parsing of the text. 
For convenience, we summarized all job descriptions in one text file. In the process 

of parsing job descriptions, we performed tokenization, deleted stop words (a, the, etc.), 
create n-grams (stable phrases) and identified the words that are used most often. 
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First, a function to remove punctuation marks (including different types of 
quotation marks) was created. 

In order for such connections as .net, pixi.js and the like not to be broken, it is 
necessary to build n-grams – a sequence of n elements [18, p.176]. We have formed 2 
grams in the amount of 102 elements. Having performed parsing and defined the most 
common words, we built a tag cloud. 

 
4.4. Visualization of results 

 
Definition of key requirements 
We created a tag cloud to identify the keywords that have the highest frequency 

in open position ads (Fig.4). As we can see, the most commonly used are “experience, 
software, development, knowledge, engineering, data, product, team”.  

 

  
Fig. 4. “Cloud of words” for vacancies  

Source: formed by the author according to the sample [14-16] 
 
This list is a summary of the database, but it is oversaturated with general words. 
For a more detailed analysis, we used the search for specific languages and 

frameworks. For further visualization we used the Microsoft Power BI tool. 
First, we determined the level of education, which one is the most often requested 

in publications (Fig.5). The master’s degree is found in almost 4% of advertisements 
and is the most popular educational degree, while the bachelor’s degree is found in 
3.1%; PhD – less than 1%, MBA is not requested at all. The popular belief that a 
bachelor’s degree is sufficient for gaining a job and succeed in career is not supported 
by this sample. 
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Fig. 5. Prevalence of degrees in announced vacancies, % 

Source: author’s design according to the sample [14-16] 
 
We calculated the coincidences of the dictionary in the same way for the majors 

(fields of knowledge in Ukrainian system of higher education). Engineering and 
software engineering together occur in more than 60% of ads, computer science – in 
14, the second group in prevalence – in a much smaller range of 1% or less – “hard 
sciences” and those that use quantitative methods. 

Job titles 
Fig. 6 shows which positions were most often open – they are IT Product 

Manager, System Administrator and IT Recruiter. 

 
Fig. 6. Number of vacancies announced by position, % 

Source: author’s design according to the sample [14-16] 
 

To determine the years of experience, we used regular expressions: for analysis, 
the requested years of experience are grouped by natural numbers: 3-, 3+ and 3-5 years 
are taken as 3, etc. The most popular experience is 2 years – it is found in almost 11% 
of ads. In second place – 3 or 5 years, 7%. The least frequently announced is the search 
for specialists with 0 and 10 years of experience – 0.7 and 0.1%, respectively. 

The most popular programming languages was defined by comparing the 
dictionary (built on the basis of TIOBE – the largest list of programming languages 
with more than 8000 thousand elements [19], selected 375 first) with the texts of 
vacancies. The most common are Python, Javascript and Java (Fig.7). 
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Fig. 7. Programming languages prevalence, % 

Source: author’s design according to the sample [14-16] 
 

The level of positions is shown in Fig. 8. In 44% of cases, Senior positions are 
open. 

 
Fig. 8. Level of vacancies, % 

Source: author’s design according to the sample [14-16] 
 

Location 
In Ukraine, most vacancy announcements in the IT sector were in Kyiv, Kharkiv, 

Lviv, Odesa and Dnipro (Fig.9). 
In the distribution by country, the leaders in the number of open positions are 

Germany, Great Britain, the Netherlands, the United States, Austria and Japan 
(Fig. 10). It is worth noting that so far, most vacancies have been marked “remote” or 
“no office location”.  This is due to both external (COVID-19) and internal factors 
(traditionally greater loyalty of employers in this sector to work remotely). 
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Fig. 9. Cities and regions of Ukraine, distribution by number of IT vacancies 

Source: formed by the author on the basis of data [14-16] 
 

  
Fig. 10. Distribution by number of vacancies in the world 
Source: formed by the author on the basis of data [14-16] 

 
Considering what percentage of ads mentioned other tools (Fig.11), the data of 

the ads’ texts are compared with the dictionary of Tech Stack terms. In addition to the 
already mentioned Python and Javascript there are used React, Linux, Apis, Rest, PHP, 
MySQL. 
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Fig. 11. 35 techstack tools, % 

Source: formed by the author according to the sample 
 
The key areas (specialization) in ads are machine learning, software as a service 

and artificial intelligence (Fig. 12).  
 

  
Fig. 12. Subsectors 

Source: created by the author according to the sample 
 

Soft Skills 
Among the “flexible” skills in the ads there were not mentioned problem solving, 

public speaking and hard work (0 matches with the dictionary). Instead, sociability, 
leadership skills and creativity are leaders in demand (Fig. 13). 

Salary for the unification of conclusions was analyzed in dollars. The exchange 
rates of the sampled currencies (Australian and Singapore dollars, Swiss francs, Danish 
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and Swedish krona, euros, British pounds, Japanese yen and Polish zlotys) to the dollar 
were taken from Google Finance [20]. 

 

 
Fig. 13. Soft skills, % 

Source: created by the author according to the sample data 
 

After resolving recruiters mistakes, we saw that the minimum salary offered by 
employers to IT professionals on rabota.ua was $90 (for the position of “Teacher for C 
++ courses”), a maximum – of $48,600 (Golang Developer), the most common 
minimum salary was $540 (10.5% of ads), the most common maximum – 720-1080 
dollars (4.6%). At dou.ua, the minimum salary was $300 (Senior PHP Engineer) and 
the maximum salary was $70,000 (in the “Abroad” section for Senior Frontend 
Developer). 

At StackOverflow Jobs, the minimum salary per month was $4,500, the 
maximum was $18,300, and the average was in the range of $5,750-8300. It is noted 
that almost 11% of companies provide non-preferred shares. 

Thus, after receiving, storing, organizing and analyzing data, we see that the 
most popular are the following: 

- programming languages: Python, Javascript, Java; 
- tools: React, Kubernetes, Linux; 
- areas: machine learning, software as a service, artificial intelligence; 
- soft skills: sociability, leadership and creativity. 
 

V. CONCLUSIONS 

As a result of the research paper, the task of developing a software module for 
the analysis of IT specialists’ labor market was performed. 

To analyze the labor market of IT specialists, it was decided to take the primary 
source – job vacancies from employers themselves, rather than information from 
various reports, statistics, surveys. The Python programming language was chosen for 
the software implementation. The final product is a module that performs scraping, 
crawling, parsing and exporting data from 3 sites. 

The study examined more than 20,000 vacancy announcements in the IT sector 
from Rabota.ua, Dou and StackOverflow Jobs in order to summarize the requirements 
of employers for knowledge and skills of specialists, programming languages, years of 
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experience, education, etc. Vacancy announcements were collected from the indicated 
sites, transferred to tabular form, and conclusions were analyzed and visualized. The 
software implementation facilitated the structuring of information and systematization 
of these requirements. 

The most popular characteristics for positions are defined. The results are 
formalized with graphs, charts, summary tables, and other elements of visualization. 

Software module allows to find, structure and export data to CSV and TXT files. 
The final product meets all the specifications defined in the paper. The developed 

program can be extended with additional functions, supplemented by a graphical 
interface, uploaded to the web hosting. 

The software module provides processing of a large array of unstructured 
information from vacancy announcement sites, reduces the amount of routine manual 
operations and provides an opportunity for stakeholders to focus on key areas. 
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