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ABSTRACT 
Context. The development of new types of virtual environments is an urgent task of informatisation of modern education, since 

such services allow enhancing the quality of educational services and contribute to a deeper assimilation of new knowledge by stu-
dents. A web application proposed in this paper has been built using modern approaches to creating web pages using the .NET pro-
gramming language, Bootstrap and ASP.NET MVC frameworks, Azure cloud solutions and Azure SQL databases, which has en-
abled the simplification of software development by distributing functions between the application modules and provided the flexibil-
ity, performance, and security necessary to work with relational data. The effectiveness of the application in the educational process 
has been experimentally tested using the method of determining the qualitative evaluation of the web forum usefulness parameter, 
which was developed by introducing an informative parameter of the discussion quality based on the h-index (sometimes called the 
Hirsch index or Hirsch number). 

Objective. To build a mathematical model of a web forum and develop a method of determining the qualitative evaluation of the 
parameter of usefulness of discussions in the created web application, which would allow improving the quality of educational and 
scientific activities in a higher education institution. 

Method. A method of determining the parameter of qualitative evaluation of a web forum using the h-index has been developed, 
which enabled analysing the interest in covering the trends of discussion on the forum pages and planning on its basis further work of 
the forum as a tool of a virtual learning environment. 

Results. Based on the analysis of the results of the implementation of the web application in the educational process of the De-
partment of Information Technologies Vasyl Stefanyk Precarpathian National University, the user activity of posts has been analysed 
and the effectiveness of discussions of the proposed topics on the forum pages has been determined using the introduced activity 
parameter. 

Conclusions. A mathematical model of a web forum has been built, and the application has been implemented using modern ap-
proaches to software development using an optimised MVC architecture, which enabled simplification of creating a service by dis-
tributing responsibilities between the application modules and facilitating testing and technical support of the service. 

The scientific novelty of the study is the development of a method of evaluating the usefulness of discussions in a web forum by 
introducing a new informative quality parameter, the use of which allowed broadening the scope of existing limitations in quantita-
tive analytics of discussions and feedbacks in popular services. Experimental studies carried out on the basis of a higher education 
institution have confirmed the effectiveness of the method application to improve the quality of educational services. The practical 
significance of the obtained results is the development of a software product as a tool of the virtual learning environment of a higher 
education institution. 

KEYWORDS: virtual environment, web forum, mathematical model, cloud technologies, activity parameter, method of qualita-
tive evaluation of a web forum. 

 
ABBREVIATIONS 

HEI is a Higher Education Institution; 
WBL is a Web-Based Learning; 
LMS is a Learning Management System; 
СС is a Cloud Computing; 
SQL is a Structured Query Language; 
MVC is a Model-View-Controller; 
B is a Byte; 
ZB is a Zettabyte. 
 

NOMENCLATURE 

iForum   is a mathematical model of the forum; 

iForumName  is a name of a specific forum for dis-

cussion; 

iCreatedBy  is a forum member who created the dis-

cussion; 

iContent(Forum )  is a content of the discussion; 

iUser  is a user model; 
(User)N  is a number of forum users; 

iEmail  is a user’s email address; 

iPaswordHash  is a user’s password in the form of a 

hash; 

iUserName  is a username; 
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iIsActive  is a Boolean variable of the user activity; 

iMemberSince  is a date of registration on the forum; 

iProfileImageUrl  is a path to the profile photo; 

iRating  is a user rating; 

iTopic(Forum )  is a set of discussions that belong to 

the forum iForum ; 

iTopicName  is a discussion title; 

iTopicAuthor  is a discussion author; 

iTopicDate  is a date of creation of the discussion; 

i iPost(Topic ) ={Post }  is a set of publications in the 

ith discussion; 

iPost  is a model of publications; 

jPostAutors  is a set of users participating in the dis-

cussion; 
(PostAutors )j
iN  is a number of publications of the jth 

author in the ith discussion; 
(PostAutors )j
i{m}={N }  is a set, each element of which 

indicates the number of publications of the jth author in 
the ith discussion; 

iH  is a h-index of the discussion iTopic(Forum ) ; 

iK  is a parameter of the discussion activ-

ity iTopic(Forum ) . 

 
INTRODUCTION 

The past few decades, with the intensive development 
of modern information technologies and the availability 
of the Internet, have been characterised by unique oppor-
tunities for self-education that are constantly evolving and 
improving. The World Wide Web has become a source of 
intellectual activity for modern students and teachers, who 
have unlimited opportunities to gain knowledge, improve 
their skills and develop professional skills [1]. 

The educational process and the university manage-
ment system are constantly being digitised, which are the 
main factors that allow not only enhancing the manage-
ment effectiveness by automating various activity areas of 
a higher education institution (HEI), but also raising its 
social significance as a centre for generating and dissemi-
nating new knowledge and information, ensuring its com-
petitiveness and the quality of professional development 
training [2]. 

One of the popular areas and trends in modern educa-
tion is the introduction of web-based learning (WBL) and 
the use of various web-based learning environments, such 
as automated learning systems, web portals, and cloud-
based LMS. Web forums are also a leading modern and 
relevant tool of informatisation, which are the resources 
that provide an opportunity to exchange ideas and opin-
ions between users from different countries and regions 
on various topics such as education, science, technology, 
politics, sports, medicine, art, and others. 

Such web applications appeared almost as soon as the 
Internet era began. The conventional approach to organis-
ing a discussion or forum began with standard online bul-
letin boards and has evolved smoothly in response to new 
user needs, having become an integral part of the World 
Wide Web. Today, forums serve as the main mechanism 
for ordinary users to express their opinions on any topic, 
as well as for teachers, students and researchers to find 
answers to relevant self-education questions. 

Comments made in discussions are usually managed 
by those who are responsible for this and checked for 
compliance with the terms and requirements of the site. 
When a post on a forum receives a certain amount of at-
tention and comments, you can see how its display re-
sembles a tree structure. That is, a single post can be seen 
as the root, and each reply is like the beginning of a corre-
sponding branch. Some trees are wide and shallow: eve-
ryone responds to the author’s thesis; other trees are nar-
row and deep: when two people argue “back and forth” 
and only a few users participate in the discussion of a 
common topic. 

Notwithstanding that such forums were created at the 
beginning of the Internet development, they are still popu-
lar among users and occupy one of the highest ranking 
positions among the most visited websites in the world. 

Therefore, the development of new types of virtual 
environments as tools of informatisation of education, in 
particular, web forums that would account for the advan-
tages of known solutions and eliminate their disadvan-
tages to functionally improve the interaction of the web 
service with the user is an urgent scientific and applied 
task that requires in-depth theoretical and software re-
search. 

The object of the study is the process of developing a 
web forum as a model of a web-based learning environ-
ment. 

The subject of the study is a method for determining 
the qualitative evaluation of the usefulness parameter of 
discussions on a web forum. 

The aim of the work is to build a mathematical model, 
develop a web application on its basis to create a modern 
software product and study the effectiveness of discus-
sions on topics using the method of determining the quali-
tative evaluation of the usefulness of discussions, which 
will improve the quality of educational and scientific ac-
tivities at higher education institutions. 

To achieve these goals, the paper solves the following 
problems: 

– to analyse known software solutions for creating 
web forums, to identify their advantages and disadvan-
tages and to account for them in own development; 

– to build a mathematical model of a web forum for 
the implementation of the application software logic; 

– to develop a method of qualitative evaluation of the 
usefulness of discussions; 

– to programmatically develop the service using mod-
ern technologies for building web pages; 

– to carry out an experimental test of the application 
of the proposed development during the organisation of 
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the educational process in a higher education institution, 
and to substantiate the effectiveness of the research results 
and their feasibility in the educational sector. 

 
1 PROBLEM STATEMENT 

When creating modern web-based learning environ-
ments, developers face a large number of challenges re-
lated to the problems of how to account for the features of 
organising virtual communication between participants in 
the educational process, issues of software implementa-
tion based on the use of development tools and the choice 
of services for further deployment. In addition, a key 
stage for possible introduction of such services into the 
educational process is to substantiate the effectiveness of 
their use using both known and own developed research 
methods. Therefore, there is a need to both create new 
types of learning environments and to develop effective 
and reasoned methods for studying the feasibility of their 
use. 

Assume that the model of discussion iTopic(Forum )  

started on a forum iForum  by a user iTopicAuthor  is 

represented by the following characteristics: 
 

i i i

i i i

Topic(Forum )=<TopicName ,TopicAuthor ,

TopicDate , Post(Topic ),K .
 (1)

 
To qualitatively evaluate the activity of the discussion 

iTopic(Forum ) , a parameter i
i

H
K =

t
 was introduced (2), 

which is defined as the ratio of the h-index iH  of the dis-

cussion iTopic(Forum )  to the time t , during which the 

activity parameter is evaluated [3]. 
For further implementation of the software, a mathe-

matical model of a web forum iForum  is needed based on 

modern approaches to building web pages using the .NET 
programming language, Bootstrap, ASP.NET MVC 
frameworks and data storage in Microsoft Azure cloud 
services (Azure SQL, Azure Blob), and the effectiveness 
of the proposed service in the educational process should 
be studied based on the method of evaluating the pro-
posed discussion usefulness indicator iK . 

 
2 REVIEW OF THE LITERATURE 

The studies of both domestic and foreign scientists 
and developers show a growing interest in the creation of 
various web applications, which, owing to the use of an 
accessible and user-friendly interface, have become an 
indispensable source of information for modern people. 
Virtual subject communities have gained particular popu-
larity, the number of which is constantly growing and 
reaching a wider audience [4]. 

The most quoted definition of ‘virtual communities’ 
among foreign and Ukrainian researchers is that of 
H. Rheingold: “Virtual communities are social associa-
tions of people that grow out of a network when a group 

of people hold an open discussion of a problem for a long 
enough time and do so in a humane enough way to form a 
network of their personal relationships in cyberspace” [5]. 

Scientific research aimed at studying virtual commu-
nities is reflected in the paper [6], the development of a 
classification of virtual environments is carried out in the 
paper [7], paper [8] analyzes the research of foreign scien-
tists on this issue. 

To create and maintain virtual environments, appro-
priate cloud technologies are required, the most common 
of which is cloud computing (CC). The concept of CC is 
to provide end users with remote access to dynamically 
scalable computing resources, services, and applications 
(including operating systems and infrastructure), which 
are maintained and updated by a service provider [9].  

In 2023, about 50 ZB of information was stored in the 
cloud (1 ZB = 270 B). This figure is expected to reach 
100 ZB by 2025. 

According to the analytical resource datereportal.com, 
forums as tools of virtual communities are still at the top 
of the most visited websites in the world. In particular, the 
following forums are currently considered to be the most 
popular: 

– Reddit [10] is one of the best known forums in the 
world today, founded in 2005, reaching around 330 mil-
lion visitors monthly and up to 57 million unique active 
visitors daily; 

– Quora [11] is an online forum designed to increase 
the knowledge level of programmers and other computer 
science professionals with an estimated 300 million users; 

– Stack Overflow [12] is an online forum where dis-
cussions on various trends in programming are ongoing 
with the involvement of highly qualified experts. 

As for forums in the education sector, the most popu-
lar forum in Ukraine is Osvita.ua. 

The advantages and disadvantages of the most popular 
forums are summarised in Table 1. 

Based on the analysis of popular forums, it was de-
termined that despite so many positive aspects of each of 
them (for example, the creation of thematic forums, the 
possibility to filter posts, multilingual extensions, the 
availability of numerical analytics of views and posts), the 
main disadvantage is the lack of a qualitative parameter 
for evaluating each discussion, which can be used to de-
termine the qualitative characteristics of the interest of 
users in the relevant topic. 

Therefore, the result of this work is the development 
of a web platform where users can create their own fo-
rums, participate in discussions, share information with 
other users and study the effectiveness of its quality use 
using the method of evaluating the usefulness of web fo-
rum discussions. 
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Table 1 – Advantages and disadvantages of popular forums 
Forum 
name 

Advantages Disadvantages 

Reddit 

– the possibility to create 
your own thematic forums 
(subreddits); 
– the availability of a voting 
system; 
– the use of various modera-
tion algorithms to ensure the 
comfort and safety of users; 
– the availability of statistics 
on the number of posts and 
participants at the current 
time. 

– restriction of free-
dom of speech by the 
moderator; 
– difficulty in finding 
useful information 
(due to the large num-
ber of messages); 
– most information is 
available only in Eng-
lish. 

Quora 

– simple and user-friendly 
interface; 
– the possibility to use the 
division of questions into 
categories; 
– an edit function that allows 
users to edit and improve 
questions and answers in a 
foreign language; 
– multilingual extension; 
– availability of statistics on 
the number of positive and 
negative votes. 

– the need for a con-
tinuous expert feed-
back channel to com-
ment on current issues; 
– intrusive advertising 
and sending unneces-
sary emails that may 
annoy users. 

Stack 
Overflow 

– standard format and ar-
rangement of questions and 
answers; 
– the possibility of publish-
ing codes and program ex-
amples; 
– ensuring a plurality of 
options for answers to the 
questions posed; 
– possibility to filter publica-
tions (latest, active, unan-
swered). 

– the quality of an-
swers is not always 
high enough; 
– oversaturation of the 
site with questions 
from various areas; 
– high dependence on 
the number and quali-
fications of involved 
experts. 

Освіта.ua – access to the publication of 
posts and blogs for registered 
users; 
– the possibility of receiving 
answers to any questions 
related to education and 
training both in Ukraine and 
abroad; 
– the possibility of obtaining 
analytics on the activity of 
visitors (answers, views). 

– oversaturation of the 
site with questions 
from parents and 
teachers, which do not 
always relate to the 
educational process; 
– the absence of a 
qualitative parameter 
for evaluating the 
activity of discussions. 

 
3 MATERIALS AND METHODS 

A web forum is a type of virtual learning environment 
in which the information content consists of a set of fo-
rums, a set of discussions, and a set of messages. A 
mathematical model of a web forum is organised as a 
hierarchy, with the forum itself at the top level. 

The structure of the web forum platform is as follows: 
 

i iForums = <Forum ,User >.  (3)
 
Consider the model of a web forum (3). A forum, as 

an integral part of a service, has its own topic and target 
audience. It is characterised by the following parameters: 

 

i i i iForum  = <ForumName , CreatedBy ,Content(Forum )> . 

A user of a web forum can be considered any person 
who visits the site, reads or interacts with its information 
content in the form of discussions and answers to ques-
tions. The model of a web forum user iUser  is given in 

the form: 
 

i i i i i

i i i

User =<Email ,PaswordHash ,UserName ,IsActive ,

MemberSince ,ProfileImageUrl ,Rating >.
. 

 
Then a set of the forum users is represented as: 

(User)N
i i=1{User} = {User }  is a set of the forum users. 

The information content of the forum discussion 
(topic) iContent(Forum )  is as follows: 

 

i i jContent(Forum ) = <Topic(Forum ), PostAutors > . 

 
Each discussion iTopic(Forum )  is described by the fol-

lowing parameters: 
 

(PostAutors )j
i i iTopic(Forum )= <Post(Topic ), N ,m> . 

 
A discussion is actually a key part of a forum, which 

can be created by the administrator or another registered 
user. It is a collection of messages related to a single topic 
and arranged in a chronological order, as shown in (1). 

In each discussion, users expect that there will be 
some kind of post from other forum participants. Forum 
posts can be considered as the smallest piece of informa-
tion content that has an atomic structure. 

The h-index iH  for the i th discussion will be calcu-

lated similarly to its calculation for scientific papers, i.e. 
as a function of the number of publications and their au-
thors. Assume that 10 forum users took part in the discus-
sion of the ith discussion, each of them published a certain 
number of posts. For example, user 1 posted 1 post, user 2 
posted 2 posts, user 3 posted 4 posts, ..., user 10 posted 7 
posts. Then the set {m}  for this example will include the 

following elements: 
 

{m}={1, 2, 4, 5, 3, 1, 6, 6, 2, 7} . 

 
The h-index H  for this discussion, will be equal to 4, 

as this is the minimum number of posts that have been 
made by users with at least 4 posts (in this case, the num-
ber of such users is 5). The index cannot be equal to 5 
because the number of users with at least 5 posts is 4. 

To determine the h-index according to the described 
method, an algorithm has been developed that calculates 
the value of H  depending on the number of users kp  and 

their publications km  in a specific discussion (Fig. 1): 
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Figure 1 – Algorithm for determining the h-index for discussion 

 
The activity indicator of the i th discussion over time t  

according to formula (2) will be determined as the ratio of 
the calculated index H  to the time during which the dis-
cussion is being analysed. 

The mathematical model built in this way serves as 
the basis for the software implementation of the web ap-
plication, which is made using a number of modern de-
velopment technologies and cloud services. 

In particular, the front-end part of the service was im-
plemented using the Bootstrap framework, which is a 
powerful tool for creating a user interface [13]. 

Asp.NET MVC, a reliable and flexible framework for 
creating web applications running on .NET, was used on 
the back-end of the application [14]. MVC is a design 
pattern that divides the logic of the application into three 
main components: a model (Model), a presentation (View) 
and a controller (Controller). This architecture provides 
built-in support for scaling, which allows expanding the 
forum with the growth of users and requests, and facili-
tates the division of functionality into separate compo-
nents, which makes it easier to develop, test, and maintain 
the project [15]. 

The use of cloud services allows developers, on the 
one hand, to focus directly on coding, without worrying 
about the support and maintenance of the infrastructure, 
on the other hand, the services provide high flexibility, 
scalability, and performance of the application [16]. 

Based on the proposed mathematical model of the fo-
rum (3) and in accordance with the MVC architecture, a 
graphic model of the logical structure of the service is 
presented (Fig. 2). 

This model includes properties that describe various 
aspects of the forum, its characteristics and relationships 
with other models (for example, PostModel for describing 
the structure of posts, PostReplyModel for a described 
structure for replies to posts). 

 

 
Figure 2 – Graphical model of the MVC logical structure of the 

ForumModel web forum 
 

For each user, after visiting the platform, to be able to 
receive a list of forums in a proper form (Fig. 3), a con-
troller ForumController was developed. It describes the 
logic of how forums should be displayed. First, there is a 
request to the database, which is structured according to 
an additional ForumListModel model. 

To calculate the efficiency ratio, the PostReplyModel 
module was used, the use of which allows implementing 
the functionality for calculating the efficiency ratio of 
each discussion according to the algorithm presented in 
Fig. 1. 

In particular, Fig. 3 shows the view of the forum for 
an ordinary user, which displays the list of existing dis-
cussions and the numerical values of the corresponding 
usefulness coefficients iK : 

 

 
Figure 3 – Screenshot showing the list of existing discussions 

and indicators of their activity 
 

Thanks to the MVC philosophy, each element 
harmoniously interacts with other components of the 
model. The example page in Fig. 3 demonstrates how, 
after the user opens the list of forums, a view activates the 
controller and interacts with the model to provide the user 
with the necessary information about the activity of each 
discussion. 

Also, the developed web forum enables implementing 
the following functionality: 
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1) search requests – implemented using a Home-
PageSearchController controller, in which a method has 
been added that performs the search function among ex-
isting forums and discussions; 

2) the possibility to display a dynamic navigation 
menu for different user roles. To do this, a ProfileCon-
troller was created, which describes a function about 
where the information for this page should come from; 

3) the possibility of participating in discussions and 
publishing answers. To implement this functionality, a 
ReplyController was created, which describes a function 
that processes a new reply according to the PostReply-
Model that was created earlier. 

In the first release of the project, the MySQL database 
was used to ensure the necessary storage and organization 
of data, the use of which allows working efficiently with 
data and ensures stable and scalable development of the 
application (Fig. 4): 

 
Figure 4 – Data schema diagram with corresponding relation-

ships between the tables 
 

In the process of testing the development, a transition 
to Azure SQL was made, which is a fully managed data-
base service in the cloud and provides high data security. 
This transition allows using all the advantages of an Az-
ure account and provides more flexible and scalable data-
base management, as well as improved performance and 
availability of the application [17]. 

To successfully prepare data for migration, special 
tools such as Azure Database Migration Service or Azure 
Data Migration Assistant were used, which enabled per-
forming both the analysis and planning of the data struc-
ture and the conversion of data types, as well as ensuring 
compatibility between MySQL and Azure SQL [18] 
(Fig. 5): 

 
Figure 5 – Database migration scheme in Azure SQL Cloud 

As soon as the migration was completed, the correct 
functioning of the application was tested and verified us-
ing the Azure SQL database. 

 
4 EXPERIMENTS 

The proposed service has passed the testing stage and 
has been successfully implemented in the organization of 
the educational process and scientific activity by teachers 
and students of the Precarpathian National University. 
This enabled realizing the creative ideas of contributors 
and to use non-standard approaches to solving problems 
in the process of studying at a HEI, to activate scientific 
and educational and cognitive activities of teachers and 
students. 

Thanks to the involvement in the discussion of an in-
creasingly wide range of users, both from the side of 
teachers and the student community, in a relatively short 
period of use (6 months), a number of important topics 
from the field of programming, problems of distance edu-
cation, passing of educational and practical training by 
students, finding a place of employment and a number of 
others were covered and commented on the pages of the 
application (Fig. 6.): 

 

 
Figure 6 – View of the page with the published posts for the 

discussion 
 

5 RESULTS 
Based on the obtained indicators of activity, the inter-

est in the topic of discussions at the forum was analysed 
over several months. 

Fig. 7a and 7b present graphs of the analysis of the ac-
tivity indicator for the months of December 2023 and 
January 2024, respectively. 

The result of the implementation of the proposed ser-
vice was not only an increase in the level of knowledge of 
students and the activation of scientific cooperation of 
teachers, but also concrete practical results of using the 
forum, which indicates an improvement in the quality of 
the educational process. 
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a 

 
b 

Figure 7 – Analysis graphs of activity indicators: 
a – the month of December, b – the month of January 

 

Thus, according to the results of the discussion by the 
students of the 4th year of the “Software Engineering” 
program on the topic of the quality of resource and infor-
mation support of practical training bases, significant de-
ficiencies were found in three practice bases in terms of 
providing the students with proper conditions for the im-
plementation of the practical training program and the 
participation of the students in the development of soft-
ware projects. 

As a result of the analysis of the students’ posts at the 
meeting of the Department of Information Technologies, 
a decision was made about the impracticality of further 
sending the students of the department for the training to 
the companies designated in this way, which will improve 
the quality of practical training of students. 

Also, the discussion on the proposed service helped 
five 4th year students (which is 18% of the total number of 
students of the SE-41 group) to decide on the place of 
further employment, because as a result of the training, 
the students received invitations to work in corresponding 
IT companies. 

For today, teachers and students of other programs are 
being involved in active discussion on the pages of the 
forum on various topics, which changes the role of par-
ticipants in the modern educational process and promotes 
the search for new non-standard solutions in the field of 
education. 

 
 

6 DISCUSSION 
The development of web forums is an ongoing proc-

ess, in which attempts are actively made to improve both 
the design and the introduction of new functionality, 
which contributes to the further development of this plat-
form. 

The use of the introduced qualitative parameter of the 
discussion activity allows constant monitoring the ana-
lytics of the user activity on the web forum and the level 
of interest in the corresponding discussion topics. Owing 
to this, the administrators of the services have the oppor-
tunity to organize and plan further work of the applica-
tion, both in terms of expanding the range of topics and 
improving the functionality and user experience of the 
proposed web application of the forum. 

A feature of the application of the proposed web fo-
rum in the future will be the use of the model Software as 
a Service (Saas) [19], which will allow providing soft-
ware in the format of a service. Within the framework of 
this model, it will be possible to use the forum builder as 
a platform on which the users will have access to power-
ful tools for creating and managing posts, that is, they will 
be able to configure their own forums, adjust their func-
tionality, design and adapt them to personal needs. 

 

CONCLUSIONS 
A mathematical model of the web forum was built, 

and the application was implemented using modern ap-
proaches to software development using the optimized 
MVC architecture, which enabled simplification of creat-
ing a service by distributing responsibilities between the 
application modules and facilitating testing and technical 
support of the service. 

As a result of the analysis of well-known analogues, 
the requirements for the software implementation were 
determined and the main aspects of own development 
were formulated, which has convenient functionality, high 
reliability and meets the modern needs and requests of 
users. 

The scientific novelty is the development of a method 
for evaluating the usefulness of discussions in a web fo-
rum based on the introduction of a new informative qual-
ity parameter, the use of which allowed broadening the 
scope of existing limitations in quantitative analytics of 
discussions and feedbacks in popular services. 

The h-index was further used to evaluate the interest 
of users in the topics of discussions on the web forum. 

An experimental verification of the use of the service 
in the educational process of the Precarpathian National 
University was carried out by evaluating the parameter of 
the usefulness of discussions, which enabled significant 
diversification of educational activities, increasing the 
level of practical training for students and improving the 
exchange and discussion of relevant programmatic and 
scientific issues for both teachers and the student commu-
nity. 

The practical significance of the obtained results is the 
development of a virtual educational tool, which enables 
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improving the quality of the provision of educational ser-
vices in a higher education institution. 

 

ACKNOWLEDGMENTS 
The paper has been prepared within the framework of 

the state budget research topic of the Precarpathian Na-
tional University “Theoretical and Methodological Foun-
dations of the Development of Automated Knowledge 
Transfer and Control Systems” (state registration number 
0112U000063). 

 

REFERENCES 
1. Pikuliak M. V., Kuz M. V., Voroshchuk O. D. Improvement 

of information technology of distance education system con-
struction with the use of hybrid learning algorithm, Informa-
tion Technologies and Learning Tools, 2022, Vol. 88, Num-
ber 2, pp. 167–185. DOI: 
https://doi.org/10.33407/itlt.v88i2.4434. 

2. Kosiiuk M. M., Bilovskyi K. E., Lysak V. M. Avtomaty-
zovana informatsiina systema upravlinnia zakladom 
vyshchoi osvity «Elektronnyi universytet», Information 
Technologies and Learning Tools, 2023, Vol. 93, Number 1. 
pp. 96–116. DOI: https://doi.org/10.33407/itlt.v93i1.5107. 

3. Hirsch J. E. An index to quantify an individual’s scientific 
research output [Electronic resource]. Access mode: 
https://web.archive.org/web/20160107110835/http://arxiv.or
g/abs/physics/?0508025. 

4. Peleshchyshyn A. M., Kravets R. B., Sierov Yu. O. Analiz 
isnuiuchykh typiv virtualnykh spilnot u merezhi Internet ta 
pobudova modeli virtualnoi spilnoty na osnovi veb-forumu, 
Informatsiini systemy ta merezhi. Lviv, Vyd-vo Nats. uni-
versytetu “Lvivska politekhnika”,  2011, pp. 212–221. 

5. Rheingold H. The Virtual Community: Homesteading on the 
Electronic Frontier [2nd Edition], Westminster Papers in 
Communication and Culture, 2000, Vol. 1 (1), pp. 103–109. 
DOI: https://doi.org/10.16997/wpcc.206. 

6. Renninger K. A. Building Virtual Communities. Swarth-
more College, Pennsylvania, Wesley Shumar, Drexel Uni-
versity, Philadelphia, 2009. DOI: 
https://doi.org/10.1017/CBO9780511606373. 

7. Pazderska R. S., Markovets O. V. Klasyfikatsiia virtualnykh 
spilnot, Natsionalnyi universytet «Lvivska politekhnika». 
Seriia «Tekhnichni nauky», 2021, № 1, pp. 37–44. 
DOI: https://www.doi.org/10.31891/2307-5732-2021-293-1-
37-44. 

8. Lytvynova S. H. Virtualni spilnoty u doslidzhenniakh za-
rubizhnykh vchenykh, Information Technologies and Learn-
ing Tools, 2012, Vol. 31, Number 5. DOI: 
10.33407/itlt.v31i5.711. 

9. Antonopoulos N., Gillam L. Cloud Computing: Principles, 
Systems and Applications. Second ed. Swindon, Springer 
International Publishing AG, 2017, 410 p. 

10. Marjanovic S. Stańczak K., Augenstein I. Quantifying gen-
der biases towards politicians on Reddit [Electronic re-
source]. Access mode: 
https://doi.org/10.1371/journal.pone.0274317. 

11. DateReportal. Social Media Users Analytics [Electronic 
resource]. Access mode: https://datareportal.com/social-
media-users. 

12. Barua A., Thomas S. W., Hassan A. E. What Are Develop-
ers Talking About? An Analysis of Topics and Trends in 
Stack Overflow, Empirical Software Engineering, 2012, 
Vol. 19 (3), pp. 619–654. 

13. Chernick M. R. Bootstrap Methods: A Guide for Practitio-
ners and Researchers. Edition: 2nd Publisher: Auxilium 
Pharmaceuticals, 2008. DOI: 10.1002/9780470192573. 

14. Freeman A. Pro ASP.NET Core 6: Develop Cloud-Ready 
Web Applications Using MVC, Blazor, and Razor Pages 
[Electronic resource]. Access mode: 
https://doi.org/10.1007/978-1-4842-7957-1. 

15. MVC Framework – Introduction [Electronic resource].  
Access mode: 
https://www.tutorialspoint.com/mvc_framework/mvc_frame
work_introduction.htm. 

16. Lavrishcheva K. M., Kolesnyk A. L. Kontseptualni modeli 
rozpodilenykh komponentnykh system, Programming prob-
lems, 2013, № 2, pp. 13–22. 

17. Zaman F. U., Khuhro M. A., Kumar K.  et al. Comparative 
Case Study Difference Between Azure Cloud SQL and Atlas 
MongoDB NoSQL Database, International Journal of 
Emerging Trends in Engineering Research, 2021, Vol. 9 (7). 
pp. 999–1002. DOI: 10.30534/ijeter/2021/26972021. 

18. Krishnaswamy J. Microsoft SQL Azure Enterprise Applica-
tion Development. Packt Publishing, 2010, 450 p. 

19. Tomás S., Thomas M., Oliveira T. Evaluating the impact of 
virtualization characteristics on SaaS adoption, Enterprise 
Information Systems, 2018, Vol. 12 (3), pp. 259–278. DOI: 
https://doi.org/10.1080/17517575.2017.1355484. 

Received 21.03.2000. 
Accepted 14.08.2024. 

 

УДК 004.418 
 

МЕТОД ВИЗНАЧЕННЯ ПАРАМЕТРА ЯКІСНОЇ ОЦІНКИ ВЕБ-ФОРУМУ 
 

Пікуляк М. В. – канд. техн. наук, доцент кафедри інформаційних технологій, Прикарпатський національний універси-
тет імені В. Стефаника, Україна. 

Кузь М. В. – д-р техн. наук, професор кафедри інформаційних технологій, Прикарпатський національний університет 
імені В. Стефаника, Україна. 

Лазарович І. М. – канд. техн. наук, доцент кафедри інформаційних технологій, Прикарпатський національний універ-
ситет імені В. Стефаника, Україна. 

Кузик Я. М. – магістр, Харківський національний університет радіоелектроніки, Україна. 
Скляров В. В. – д-р техн. наук, професор кафедри інформаційних технологій, Прикарпатський національний універси-

тет імені В. Стефаника, Україна. 
АНОТАЦІЯ 

Актуальність. Розробка нових типів віртуальних середовищ є актуальною задачею інформатизації сучасної освіти, 
оскільки подібні сервіси дозволяють якісно підвищити рівень надання освітніх послуг та сприяють більш глибшому засво-
єнню нових знань студентами. Запропонований в роботі веб-застосунок побудований з використанням сучасних підходів 
створення веб-сторінок за допомогою мови програмування .NET, фреймворків Bootstrap і ASP.NET MVC, хмарних рішень 
Azure та баз даних Azure SQL, що дозволило спростити розробку програмного забезпечення шляхом розподілу функцій між 
модулями програми та забезпечило гнучкість, продуктивність та безпеку, необхідну для роботи з реляційними даними. Ефе-
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ктивність застосування у навчальному процесі експериментально перевірено із застосуванням методу визначення якісної 
оцінки параметра корисності веб-форуму, який розроблений за рахунок введення інформативного параметра якості дискусії 
на основі використання індексу Гірша. 

Мета. Побудова математичної моделі веб-форуму та розробка методу визначення якісної оцінки параметра корисності 
дискусій у створеному веб-застосунку, що дозволило підвищити якість проведення освітньої і наукової діяльності у закладі 
вищої освіти. 

Метод. Розроблено метод визначення параметра якісної оцінки веб-форуму з використанням індексу Гірша, що дало 
можливість виконати аналіз зацікавленості висвітлення напрямків обговорень на сторінках форуму та на його основі прово-
дити планування подальшої роботи форуму як інструменту віртуального навчального середовища. 

Результати. На основі аналізу результатів впровадження веб-застосунку в навчальний процес кафедри інформаційних 
технологій Прикарпатського національного університету імені В. Стефаника виконано аналітику користувацької активності 
дописів та за рахунок введеного параметра активності визначено ефективність дискусій запропонованих тем на сторінках 
форуму.  

Висновки. В даному дослідженні виконано побудову математичної моделі веб-форуму та програмно реалізовано засто-
сунок із використанням сучасних підходів до розробки програмного забезпечення за допомогою оптимізованої архітектури 
MVC, що дозволило спростити процес створення сервісу шляхом розподілу обов’язків між модулями програми та полегши-
ти тестування і підтримку сервісу.  

Наукова новизна полягає в розробці методу оцінки корисності дискусій у веб-форумі за рахунок введення нового інфо-
рмативного параметра якості, використання якого дозволило розширити обмеження щодо кількісної аналітики обговорень 
та відгуків у відомих сервісах. Експериментальні дослідження, проведені на базі закладу вищої освіти, підтвердили ефекти-
вність його застосування для підвищення якості надання освітніх послуг. Практичне значення отриманих результатів поля-
гає в розробці програмного продукту як інструменту віртуального навчального середовища вузу. 

КЛЮЧОВІ СЛОВА: віртуальне середовище, веб-форум, математична модель, хмарні технології, параметр активності, 
метод якісної оцінки веб-форуму. 
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