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Abstract. The purpose of the work is to develop an intelligent online system for 

learning foreign language vocabulary based on gamification. In order to achieve 

this goal, it is necessary to analyze similar systems and take into account their 

advantages and disadvantages. This will help take the best features for the sys-

tem. Next we need to design the system, determine the basic functionality that 

will be developed. Then you need to choose the means of implementation of 

system. When the tools are selected, it is necessary to divide all the functionali-

ty into smaller components and start developing the software. When the devel-

opment is completed, you must test the performance and performance of devel-

oped system. Object of study is process of learning vocabulary of foreign lan-

guages and languages in general. The subject of the study is teaching of foreign 

languages vocabulary on the basis of gamification. Since learning any language 

begins with learning words, this system aims to accelerate this process. 

Keywords. Language, Vocabulary, Data Aggregation, Content, Gamification, 

Intelligent System, Content Analysis, Data Mining, Context Filtering, Online 

Learning System 

1 Introduction 

In today's world, more and more intellectual systems play an important role in helping 

people accelerate their work or study in a particular field. Intellectual learning sys-

tems are widely used in schools and colleges. There are also many intelligent systems 

for self-education [1-6]. The system under development will be aimed at facilitating 

the study of foreign languages. In our time, knowledge of foreign languages is a pass 
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in the world of success. By learning a foreign language, one gets the opportunity to 

use foreign sites and literature. Specialists who speak a foreign language become 

more popular every year. Therefore, in order to be competitive we need constantly 

develop and learn something new. This process can be greatly simplified and acceler-

ated with information technology. 

As the opportunities open to foreign-speaking people are increasing every day, the 

system is relevant, especially for Ukraine. Most of Ukrainian population do not speak 

any foreign languages, so this system may increase this figure. Increasing a number of 

people who speak foreign language has a positive impact on Ukraine's development. 

Specialists will be able to attend various scientific conferences and adopt the latest 

solutions of modern countries for the development of infrastructure of our country. 

Also, such an intellectual system will be useful for students who want to get an educa-

tion in the most prestigious institutions of higher education in the world [7-9]. 

Knowledge of foreign language opens up the possibility of using different foreign-

language literary sources, which contain more up-to-date information on scientific 

and technical fields. Since a variety of games for any system are extremely popular 

these days, gaming based systems are a good solution [10-16]. With this solution, 

learning process will be more productive, because it will combine the pleasant with 

the useful. So, to summarize, it can be noted that this topic is relevant [17-21]. 

This system contains several new approaches to solving this problem. To begin 

with, let's consider the flexibility of the system, where user can create a dictionary for 

any language. The user can add words that he wants to learn, but not predefined in the 

system. For users who do not want to add words by themselves, it is possible to add a 

dictionary already created in the system. Another unique solution is to generate vo-

cabularies independently from the user-added words. This means that the system is 

completely self-contained. An important function of the system is ability to import 

words from a file. The system also offers the user words from the categories which he 

most actively learns. Another innovation is gamification; it is an interactive learning 

of words and the ability to generate games from the words available in the dictionary. 

Each game has a scoreboard in which all the participating users are sorted in descend-

ing order of points scored. This approach fosters a spirit of rivalry and positively in-

fluences the interest in using this system. This system can be used both for self-

education and for school or educational introduction. In the case of implementation 

for school teaching, the teacher can add vocabularies to the system with the words 

provided in the curriculum. You can also monitor student’s knowledge of the embed-

ded rating system. For personal use, the user can use existing dictionaries on the sys-

tem or create new ones. To improve the learning process, it is recommended that you 

set an interval for the reminders that the system will send to invite you to play a short 

version of the game. Because this system is adaptive, it allows you to use it in public 

transport when commuting or studying. 



2 Analysis of Literary and Other Sources 

Electronic dictionaries allow for extensive and advanced search of the text of the dic-

tionary, allowing the user to obtain much needed information; but there is no certainty 

that the information obtained is comprehensive and completely accurate. The problem 

is that in most cases the data is simply copies from physical sources transmitted with-

out any changes to the electronic format [22-34]. As a result, all labeling and defini-

tion discrepancies are repeated electronically with the original source [35-37]. 

Another advantage of the electronic dictionary is the storage capacity. The hard 

copy space limit is not copied to the CD-ROM media. The amount of available space 

in the electronic dictionary is more or less unlimited. For example, the size of a CD is 

approximately 650 MB (= 650 million characters). An ordinary English dictionary 

will only require about two hundredths of this space. 

Another characteristic difference between electronic dictionaries and printed dic-

tionaries is the structure of the dictionary. Some traditional structures have become 

less important or even out of date, and the structure that prevails in the electronic 

dictionary is an access structure, which, however, functions quite differently than it 

does in the printed dictionary. An access structure is a dictionary structure that directs 

users to the information they are looking for in the dictionary. There are two types: 

external access and internal access structure. An external structure is a structure of 

metrics that, at the macrostructural level, directs users to the lemma they seek. 

An internal access structure is a structure of indicators that, at the microstructural 

level, directs users to the information they are looking for. Communication is the most 

important means of access. The link can be either an internal or external dictionary 

[38-45]. The type of internal dictionary that most closely resembles printed dictionar-

ies is a cross-reference from which a mouse click will take the user to the place where 

the nomination is submitted. In order to store such a large amount of information, it is 

necessary to use the latest technologies. During the development of the literature, a set 

of optimal means for solving the set tasks was determined. After that, a study of liter-

ary sources was revealed, which revealed the nuances of realization of the task. The 

study of this material provided the basis for systematic analysis. 

3 System Analysis and Justification of the Problem 

3.1 System Analysis 

Goal tree is a graphical representation of the relationship and subordination of goals 

that reflects the division of mission and goals into goals, goals, tasks and individual 

actions. At the highest tree level, the main goal (end result) is represented - an intelli-

gent online system for learning vocabulary of foreign languages based on gamifica-

tion (Fig. 1). In order to fully reveal the structure, it is necessary to decompose this 

level. Decomposition is a method of discovering the structure of a system in which it 

is divided into separate components on one basis. It can be used to associate a primary 



goal with a view to achieving it. The peculiarity of each level is that it displays goals 

that are the same in scale and value to create the whole system. 

 

Fig. 1. Goal tree 

The first level shows two goals that are roughly the same in scope. The first of these 

is to design the frontend. This part is extremely important as this component forms the 

first impression of the user. Frontend is the calling card of any system, this is what 

will make the system recognizable. The second goal of this level is to design a 

backend. The backend will serve as a server on which the main cost calculations will 

be performed. The two components of this level must be holistic and resistant to any 

influence. Next, consider the second level, which is a decomposition of goals from the 

first level. Let's start with the goals related to the front. 

The first is to develop an adaptive design. In order to achieve this goal, basic tech-

nologies were analyzed and the best of them were assembled. Ensuring system adapt-

ability is a good solution to help you use the system on any device. In terms of system 

development, this useful feature requires a little more time, but this time is justified. 

For example, if you compare the time it takes to develop an adaptive design and cre-

ate a separate application for each device, the time required for an adaptive design is 

much less. Therefore, the chosen solution can be considered optimal. Another goal 

from this level is the implementation of a data exchange service. Achieving this goal 

is crucial because it ensures the integrity of the information on the system. This ser-

vice will serve to connect the frontend with the backend. The development of this 

service will facilitate further development, as this service will contain a set of meth-

ods that can be used from any part of the system to obtain backend data and send. 

Also at this level is a goal that is responsible for implementing the logic of user in-

teraction. Achieving this goal will ensure the correct reading and conversion of the 

information entered by the user, and further transfer it to the service described above 

for sending to the backend. It is important that the interface is intuitive. Achieving 

this goal also involves displaying certain validation errors in the input fields. Dealing 

with bugs takes extra time, but it's an integral part of a good system. 

The next goal that relates to the frontend part is to implement a global application 

state management service. Achieving this goal allows you to access information that 

is often used by any component of the program. This service greatly simplifies the 

control of the data flow, since it avoids the transmission of information across multi-



ple components of the system to the destination. Implementation of this service does 

not require much time and saves time for further development. 

Also at this level are placed goals that are related to the backend part. 

The first goal of this layer is to create a database. A database is a body of infor-

mation that is organized so that it can be easily accessed, managed, and updated. A 

database is a must-have part of any system. Since the designed system will handle a 

lot of data, it is necessary to choose the right type of database. For this purpose, an 

object-oriented database is ideally suited to avoid complex queries to obtain related 

information. The database will store information about registered users, their diction-

aries and many information needed to operate the system. The following goal is also 

related to the database. This is the creation of database object models. To achieve this, 

you need to create the essential entities that will be used in the system. The model 

should be composed of atomic units that fully describe the essence. Each atomic unit 

must have its own type, typing database objects will preserve its integrity, because all 

data will have the same structure. Typing will also make it easier to write methods for 

working with objects further, as methods will know exactly what data structure to 

work with. 

Moving further down the tree, the next goal is to create controllers for the system. 

A controller, which provides the basic logic of the program, the interconnection of all 

elements of the system, and routing. The controller must have a set of methods neces-

sary for the system to function. The controller is an important component, because it 

will perform all logical operations. It is important that the controller is responsible for 

certain types of operations. For example, methods that perform functions over similar 

objects are described in a single controller. Proper description of the controller will 

provide better speed of software development, because all methods that are similar in 

implementation will be collected in one specific place. 

This system has to send notifications to the user, it is necessary to develop workers. 

Worker is a mechanism that allows you to run creaky operations in the background 

stream, separately from the main current application stream. The advantage of this 

method is that time-consuming processes can be performed in a separate thread, al-

lowing the main (usually UI) flow to operate without blocking / slowing down. 

State diagram. The main purpose of these diagrams is to describe the possible se-

quences of states and transitions that collectively characterize the behavior of a model 

element over its life cycle. The state diagram presents the dynamic behavior of an 

entity based on the specification of its response to the perception of certain specific 

events (Fig. 2). After clicking the link to the website, the authorization page is loaded. 

To get started with the system, the user must be logged in to their account. To do this, 

the user must enter his login and password. After entering these data, they are 

checked for correctness (Figure 3). If the user enters false data, an error message will 

be issued and a reauthorization will be requested. In the successful case, the user is 

redirected to the main page of the site. After loading the home page, the system enters 

standby mode for user selection. When a user makes a choice, they are redirected to 

the appropriate page and the page is loaded. Therefore, it can be noted that the system 

has 5 basic states, which consist of certain nested states. Consider the nested process-



es for verifying the correctness of the data entered. First, it is checked that all the 

required form fields are filled in, if not the error is sent as a result of the check. If all 

fields are filled in, this data is sent to the backend, where the user is checked for such 

data, if the data match sends a successful verification result. 

   

Fig. 2. UML state diagram  Fig. 3. UML state diagram for checking the input data 

Sequence diagram. When constructing data activity for an application being devel-

oped, you need to describe all the essential entities and the relationships between 

them (Fig. 4). The developed system has the following entities: user, frontend, 

backend. Initially, the user interacts with the frond that displays the authorization 

page. Then the user enters the data into the form, then the data is validated on the 

frontend, and then transmitted to the backend to search for the user in the database. 

After finding the user, a success message is sent to the frontend and the main page of 

the application is displayed. 

 

Fig. 4. Sequence diagram 



3.2 Formulation and Justification of the Problem 

The purpose of development is to create an intelligent online learning system for 

vocabulary of foreign languages based on gamification. Looking closer, you need to 

create a system that provides tools to help you learn new words in a foreign language. 

The development must be a fully operational system that will be filled with data com-

ing from users. Because the system is standalone, it does not need support after im-

plementation by the developer. 

Description of the purpose of the system. The system is designed to simplify and 

accelerate the process of replenishing vocabulary and learning foreign languages. 

The developed system has several variants of use as it includes a rather large num-

ber of functions. Each user can use the system according to their needs and choose 

their own way of learning. For example, a user can create their own dictionaries or 

use existing dictionaries created by other users on the system. The user can also gen-

erate interactive games from their vocabularies to facilitate word learning. The system 

can also be used as a regular electronic dictionary, with the ability to search for words 

in certain categories (Fig. 5) 

.  

Fig. 5. Use case diagram 

Place of application of the system. This system can be used for self-education and 

for school or educational introduction. In case of implementation for school teaching, 

the teacher can add vocabularies to the system with the words provided in the curricu-

lum. You can also monitor students' knowledge of the embedded rating system. For 

personal use, the user can use existing dictionaries on the system or create new ones. 

To improve the learning process, it is recommended that you set an interval for the 



reminders that the system will send to invite you to play a short version of the game. 

Because this system is adaptive, it allows you to use it in public transport when com-

muting or studying. 

Rationale for the development and implementation of the system. As the opportu-

nities open to foreign-speaking people are increasing every day, the system is rele-

vant, especially for Ukraine. Most of the Ukrainian population does not speak any 

foreign languages, so this system may increase this figure. Increasing the number of 

people who speak a foreign language has a positive impact on Ukraine's development. 

Specialists will be able to attend various scientific conferences and adopt the latest 

solutions of modern countries for the development of infrastructure of our country. 

Also, such an intellectual system will be useful for students who want to get an educa-

tion in the most prestigious institutions of higher education in the world. Knowledge 

of a foreign language opens up the possibility of using different foreign-language 

literary sources, which contain more up-to-date information on scientific and tech-

nical fields. Since a variety of games for any system are extremely popular these days, 

gaming based systems are a good solution. There are already several analogues on the 

market, which have their advantages and disadvantages, let's closer look at some of 

them. 

50Languages system. This system allows you to select languages to learn from the 

list of existing ones. It has a beautiful design. The system also has a built-in game, but 

unfortunately its results are not saved and the user is not able to track their progress. 

Also, this system is not flexible as it offers ready dictionaries without being able to 

change them (Fig. 6) 

 

Fig. 6. 50Languages system 



LingQ system. This system also allows you to select languages to learn from your 

existing list. It has a somewhat intuitive interface. This system does not integrate with 

the game mode. The downside is that this system allows you to use the incomplete 

version. You need to purchase the full version to get full access to the system. 

 

Fig. 7. LingQ system 

Duolingo system. Among such systems, this system is the closest to the developed 

one. It has all the necessary ingredients for a good system. The only downside is that 

the user has to follow a certain program of choice. Also, the built-in dictionary does 

not allow you to see all the words you need, you need to enter each word one by one 

in the search. 

 

Fig. 8. Duolingo system 



Development of conceptual model. The input to get started is the text data that is 

required to register a user on the system. Without this information, you can not start 

the program. In the application phase, the input data may vary depending on the func-

tion selected. For example, there are two different ways to enter input to add words to 

the dictionary. The first one is keyboard management, the second is file import. The 

output is a structured dictionary that can be viewed online on any device or exported 

to a file. 

Description of project functions and structure. To describe the features and struc-

ture of a project, designing a class diagram is an integral step. This diagram shows the 

logical structure of the developed system at the object level, shows the interaction 

between them and displays the functionality of each. 

 

Fig. 9. Class diagram 

As can be seen in the diagram (Fig. 9), the main essence of the system without which 

it cannot function is the user. The user has a set of fields and methods. It is combined 

with other classes of the program, namely, the game and the dictionary. One user can 

have many dictionaries and games created. The dictionary, in turn, consists of words 

that have a set of methods for working with them. The game consists of a set of words 

that will be used in it and the results. The result is a class that contains the game and 

the user who owns the points earned. 

Description of system requirements. The requirements for the software are as fol-

lows: for the full operation of the system with a large number of users, the server side 

must quickly and error-free process all requests and return the result of execution to 

the users.  



Performance requirements. A graphical user interface must be created that is sim-

ple, functional and user friendly. Considerations of users will be taken into account, 

and thus the interface will be developed. 

Security requirements. All personal data of the users must be stored in encrypted 

form. At the time of writing this section, a systematic analysis of the task was carried 

out. In order to understand what stages of work should be completed, a goal tree was 

built. Requirements for this system were also created using the goal tree. The main 

requirement is the reliability and security of the system. The flowchart described the 

basic input and output data that will be required for the system to function. Similar 

systems were also analyzed in the market, resulting in the best features of each sys-

tem. In addition, a class diagram was designed to help you understand what kind of 

logical structure a system should have. 

4 Software for Solving Problems 

4.1 Choosing and Justifying the Means of Solving the Problem 

In order to achieve this goal, you must first choose a programming language and a 

software development environment that is able to solve the problems. The most popu-

lar languages for creating web applications are considered; C#, JavaScript, Java, PHP, 

Python, Ruby. All of these languages have advantages and disadvantages, and are 

suitable for specific tasks and are not completely universal. C# is the best architecture 

for Windows programming and automation. The Java language is more appropriate 

than C#, but the impact of the garbage collection on performance has been chosen not 

to choose this language.  

Next, consider the pros and cons of the PHP language.  

Pros: 

 This is a fast and easy server-side scripting tool for web development and sharing. 

 Large community, widely used. Most of the problems that a web developer faces 

are pre-existing solutions. 

 It works well with databases, file systems, images and more. 

 It has garbage collection and dynamic stretch to fit the type of container that shies 

away from accounting required by static languages. 

Cons: 

 Global configuration settings can change the semantics of the language, complicat-

ing deployment. 

 Many special purpose forms, but not general purpose forms. 

 It is constantly changing. There was no PHP release that had a number of prob-

lems. The only way to get rid of them is to upgrade, but then you get new problems 

because they do not have separate sustainability and development industries. 

 An ugly and unpredictable type system. 



After analyzing all the languages, the chosen language is JavaScript, because it is the 

most complete task. Next, select the database. The most popular solutions in this field 

are MySQL, PostgreSQL, Firebird, SQLite, ComosDB, MongoDB, Casandra and 

TSQL. MySQL is the most popular open source database. Because the struggle be-

tween open source software and adaptability. Here are some pros and cons of MySQL 

to consider. 

Advantages of MySQL 

 Data security 

 Zoom on demand 

 Hours of operation time 

 Comprehensive transaction support 

 Full control of the workflow 

 Open source flexibility 

 Widely accepted and easy to use 

 Fast, portable and secure 

The disadvantages of MySQL 

 Limited to complex business logic 

 Stability 

 Operations are not handled very efficiently 

 Functionality is usually highly addictive 

 Prior knowledge is required 

MongoDB is a standard, document-based, distributed database created for advanced 

application developers and the cloud era. No database is more productive to use.  

Pros 

 It's fast and easy to use. 

 The engine supports JSON and other NoSQL documents. 

 Data of any structure can be stored and accessed quickly and easily. 

 The scheme can be written without downtime. 

Cons 

 Setting up can be a long process. 

 The default settings are not secure. 

Therefore, JavaScript and the MongoDB database management system will be used to 

implement this project. The selected software products are optimal for solving the 

tasks. In addition, you do not need to buy a license or incur any additional costs for 

the non-commercial use of these applications. All these arguments make the chosen 

tools the best solution to the problem. 

 



4.2 Specifications of the Selected Software 

Since the main development tools are selected, you can consider them and additional 

tools in more detail. JavaScript is a scripting language used to create and control the 

dynamic content of a website, that is, anything that moves, updates, or otherwise. In 

case of developed system, this language will be used for server and client side. 

Node.js platform will be used to use the language on the server side. It is a runtime 

environment that includes everything you need to run a JavaScript program. 

The React framework was selected for the client part. React is a JavaScript library 

for creating user interfaces. This is the browsing layer for web applications. 

In general, React components are written to write React components that corre-

spond to different elements of the interface. These components are then organized 

inside the top-level components that determine the structure of the program. 

It is important that every component of React adheres to strict data management 

principles. Complex, interactive user interfaces often include complex data and pro-

gram status. 

Components are written in HTML style and CSS is used to style them. 

HTML is a computer language designed to create websites. Anyone else connected 

to the Internet can then browse these websites. Learning is easy enough, since the 

basics are accessible to most people in one go. It is constantly being revised and 

evolved to meet the needs and demands of a growing Internet audience led by W3C, 

an organization responsible for language development and support. 

CSS stands for Cascading Style Sheets with a Focus on Style. Although HTML is 

used to structure your web document (defining things like headers and paragraphs, 

and allowing you to insert images, videos, and other media), CSS determines the style 

of your document - page layouts, colors, and fonts are determined by CSS. The devel-

oped system will use the SCSS preprocessor. 

SCSS is a preprocessor that uses features that are not yet part of the broader CSS 

standard and provides better workflows to support style sheets. 

With the SCSS preprocessor, you can reduce the number of repetitions and ensure 

that clean, accessible code is written. 

SCSS is fully compatible with CSS syntax while supporting all Sass power. 

GraphQL will be used to link the backend and the frontend. 

GraphQL is a syntax that describes how to query data, and is typically used to 

download data from a server to a client. GraphQL has three main features: 

 Allows the client to specify exactly what data they need. 

 Facilitates data aggregation from multiple sources. 

 A type system is used to describe the data. 

With GraphQL you can make one call to get the information you need, not to build 

multiple REST requests to get the same. Since fixed assets are selected, the principles 

of their interaction can be considered. Therefore, the main entities are the server and 

the client. The client can be any device on which the browser is installed. When a user 

opens a browser and navigates to a site, a site page created using the React frame-

work, which in turn is based on Javascript, opens. The frontend then sends a request 



to a server that builds on Node.js and the server processes the request, accesses the 

database, and sends the client the necessary data. 

 

Fig. 10. System architecture 

JavaScript is the main language of development, React is selected for use with the 

web browser, which is composed using CSS and HTML. MongoDB is selected to 

handle the data. The Visual Studio Studio Code is selected as the programming envi-

ronment. 

5 Practical Implementation 

5.1 Description of Implementation 

General Information. The software created is called Language Helper. The software 

needed to deploy the program: 

 Operating system (Linux, Windows, Mac OS) 

 Node.js 

 Yarn package manager 

 Apollo server 

Software required to use: 

 Web browser (Chrome, Opera, Firefox, IE version 6.0) 

The product is designed using the following programming languages: 

 JavaScript - logical modules, backend and system frontend 

 HTML and CSS - visualization of the system interface 



Functional purpose. The system is designed to increase the vocabulary of a foreign 

language and to study the language as a whole, it solves the following classes of prob-

lems: 

 Create dictionaries. 

 Import and export words 

 Creating interactive games 

 Suggest new words to the user 

 Use shared dictionaries 

Description of the logical structure. The project under development consists of two 

repositories. The first repository is the frontend part, the second one is the backend. 

Let's take a closer look at each of them. The frontend repository contains two files, the 

main files, index.jsx and index.scss (Fig. 11). The first file is a component that con-

nects all the files that contain the program code. The second file is responsible for 

connecting all styles that are indispensable for visual display of the system. The next 

important file is router.jsx, which is responsible for navigating the pages of the sys-

tem. Next, consider the folders. The first is the const folder, which contains certain 

constants of variable values, such as page names, configurations, and a list of lan-

guages. The next folder is modules. This folder is the largest by volume because it 

contains all the pages of this system. Each page has a separate folder that contains the 

component source code file and its stylesheets. The query component folders also 

contain the files needed for this (Fig. 12). 

    

Fig. 11. Logical structure of the frontend repository        Fig. 12. Logical structure components 

Next let's look at the shared folder. This folder stores clearly structured code that is 

used in several modules of the program (Fig. 13). Consider its structure in more de-

tail. Elements is a folder that contains elements that are used in modules, such as input 

components, modal windows, and more. 

 Hooks - contains code that is responsible for logical operations that are used in 

several components. 

 Media - Contains images used on the system. 

 Services - contains services that provide work between system components. 



 Styles - Provides a description of system colors and styles that are common to sev-

eral components. 

   

Fig. 13. Folder logical structure shared. Fig. 14. The logical structure of the backend 

repository 

Let's go to the backend of the repository. It has a somewhat similar structure to the 

frontend of the repository (Fig. 14). 

 Const - Contains database configurations, image repositories and parameters for 

and encrypted parameters for authorization. 

 Controllers - contains all controllers used in the application. 

 Models - contains a description of the structure of the database tables. 

Schemas are query schemes that are used in the GraphQL language to send and re-

ceive data. Utils is a set of functions that perform computational operations such as 

encrypting user data, uploading and processing images, and more.  

Description of the database structure. The database consists of 5 main tables 

(Fig. 15). 

 Users - Contains user information. Each user has his / her login and password and 

additional information. 

 Dictionaries - Includes an array of words, the name of the dictionary if it is user-

defined and the languages of translation. 

 Words - consists of the original word and an array of foreign language analogues 

 Games - contains a list of words for the game and the results of the game passing 

by users. 

Categories is a list of categories that are available on the system for selection when 

adding words. Users can create their own categories. 



 

Fig. 15. Database structure 

Technical means used. Because developed software can run on any platform, any 

hardware device on which the browser is installed can be used to operate it. 

Call and download. To boot the system, you must use the Yarn Batch Manager to 

install all the required modules that system uses. Then, in the host.js file, specify the 

port on which the server part will run. To configure the database, you must modify the 

database link in the database-config.js file. If a remote server is used as the database 

server, the system is ready to run. If you use a local server, you should run it using the 

MongoDB command in the installed server folder. Then use the yarn start command 

to start the server. To run the frontend on this system, you must specify in the base-

url.js file the address and port on which the backend server is running. Then run the 

yarn start command. To deploy the system to a remote server, you must run the yarn 

deploy command instead of the yarn start command. 

Incoming data. In the program, the input is done using the keyboard and the mouse. 

The initial input to the system is user data. The following information is required to 

register in the system: user name; email; password. Once registered, this information 

will be used to log in. As you continue to work with the system, the input data may 

vary. To create a dictionary, the input is: the language of the original; language of 

translation; dictionary name (optional field). To add a word to the dictionary, you 

must enter the following information: the word in the original; word category (option-

al field); a list of translations. The input may also be an xls document that contains a 

list of words. The editing page of the input may have the same data as the login, as 

well as additional fields that are responsible for setting up the profile. 

Output data. As a result of the system, the output can be represented as:  

 a list of dictionaries; 

 a list of words; 

 a list of interactive games; 

 rating of users; 

 activity schedules; 

 PDF file with word list. 

Classes of solved problems 



 creating dictionaries; 

 creating interactive dictionary-based games; 

 storage of game results; 

 display of user activity; 

 export dictionaries to a file. 

Functional restrictions on use. Minimum hardware requirements for the system to 

be deployed: 

 RAM - 4GB 

 Processor frequency - 3.6 GHz 

 Memory capacity is 4GB 

 Internet access speed - 20 MB/s 

5.2 Analysis of the results 

In order to get better acquainted with all the functionality of the system, let's consider 

a test example. Getting started with the system starts from the authorization page 

where you need to fill in all the fields (Fig. 16). If not all fields are filled, the button is 

inactive. If the field contains an error, the corresponding text with an error will be 

displayed (Fig. 17). 

  

Fig. 16. The registration page  Fig. 17. Display input errors 

After successful registration, the user can log in with their personal data on the corre-

sponding page (Fig. 18). The login page is similar to the registration page, the only 

difference is the number of fields for entering information. 



 

Fig. 18. Login Page 

After logging in, the main page is displayed (Fig. 19). On the main page we see a list 

of added dictionaries. One of them has the name entered by the user, while the others 

have the languages that are present in the name. The page header contains links to 

system pages. In the upper right corner is a button with a username and uploaded 

photo. When this button is clicked, the user will be taken to the edit page of personal 

information. Above the list of dictionaries is a dictionary search bar, which makes it 

easier to navigate between dictionaries if there are a large number of dictionaries. If 

the search did not match, a corresponding message will be displayed (Fig. 20). At the 

bottom of the dictionary list is a button that allows you to create a new dictionary. 

Since this system has a responsive design, each page is displayed on any device (Fig. 

21). 

 

Fig. 19. Home page 



  

Fig. 20. Search result    Fig. 21. Home is open on your phone 

Next, let's look at the process of creating a dictionary. To do this, press the button 

described above. After that, a modal window opens with information input fields (Fig. 

22). The next page is the dictionary display page (Fig. 23). 

 

Fig. 22. Creating a dictionary 

  

Fig. 23. Dictionary 



Let's look at components of this page. At the top level there are two main tabs, the 

first one is the tab that is responsible for displaying the word list, the second one is the 

user activity. At the same level, in the right corner is a button that is responsible for 

customizing the dictionary. The next line is word search and filters. It also has a but-

ton that adds words to the dictionary. Most of the page is occupied by the word list 

itself. Let's look at the dictionary settings in more detail (Fig. 24).  

    

Fig. 24. Customizing the dictionary  Fig. 25. Deleting a dictionary 

The first item is to delete the dictionary. When you call this action, the system asks 

the user whether he really wants to perform this action (Fig. 25). Clicking on another 

button from this list will open a dictionary settings page where you can configure the 

dictionary access rights. Also, at this level there is a button that allows you to open a 

graph showing user activity (Fig. 26). The Y axis is responsible for the number of 

words added, the X axis is the day these words were added. Hovering your cursor 

over a point on the chart displays detailed information about the day. 

 

Fig. 26. Activity schedule 

Next, let's look at the next level and start with the add word button. By clicking on 

this button, the user will see a modal window in which all the necessary data for add-

ing a word should be entered (Fig. 27). The main fields are the original word and its 

translation. It's worth noting that the system allows you to enter multiple translations 

into one word. To add a translation, you must click on the plus sign. Also, if a user 

adds a word that is already stored in his vocabulary, then only a new translation will 

be added, to that word, if no such translation has been made, otherwise a correspond-

ing informational message will be displayed. 



  

Fig. 27. Adding a word   Fig. 28. Creating a category 

When adding a word, the user can select a category or create a new one directly in the 

modal window (Fig. 28). To do this, select the appropriate option from the list. When 

a category is created, it is automatically inserted into the form.  

The next element of the page is the word search box in the dictionary (Fig. 29). 

The search is performed on any match of the entered character sequence with the 

word character sequence in the database. The search result can be one or more results. 

 

Fig. 29. Word search 

A filter that sorts words by a certain criterion performs a similar function. This crite-

rion can be an add date, meaning you can sort the words so that the oldest or newest 

ones are displayed first. You can also filter words by category (Fig. 30). The filter 

also has a button that allows you to reset it to its original values. 

 

Fig. 30. Filter for words 

The most important element of the page is word table (Fig. 31). It consists of two 

columns. Between the column names is a button that can be used to reposition them. 



The right default column does not show words, it allows the user to test themselves 

for their knowledge of words. Clicking on the second column will display the word. 

 

Fig. 31. List of words 

This section describes the developed system. A step-by-step guide to deploying the 

system has been created and basic hardware requirements are described. The inputs 

and outputs of this system were also described. The main data tables and the logical 

structure of the system as a whole are considered. The main classes of problem solv-

ing are the creation and use of dictionaries. To provide the user with an understanding 

of how to use the system, a detailed instruction has been created that describes each 

element of the interface. 

6 Conclusions 

The purpose of the work is to develop an intelligent online learning system of vocabu-

lary of foreign languages based on gamification. Literature sources were analyzed to 

achieve this goal, and the most recent approaches and methods were chosen. 

After reviewing the literature, a goal tree was built, consisting of several levels. 

Thereafter, diagrams are created that describe the business logic of the system and the 

states of the system that cover all levels of the goal tree. The status diagram describes 

the basic states of the system when interacting with the user. The usage diagram de-

scribes the basic functionality of this system that can be used by an authorized user. 

To show the logical structure of the system, a class diagram was drawn, showing 

connections across the system objects. The following were considered software tools 

to achieve the goal. JavaScript is chosen as the language of development of this sys-

tem, this language is perfectly suited for the task, because it can be used for writing 

both server and client. After a detailed analysis of the database management solutions, 

MongoDB was selected. It fits perfectly with the programming language you choose, 

because the data is stored as objects, meaning that you don't need to use additional 

adapters to format the data. After selecting the tool, work began to write the system 

code. The algorithms used in the system, the logical structure of the server and the 



client were described in detail. The structure of the database was illustrated and the 

internal implementation of each essence of the database was considered in detail. 

Basic technical requirements for the system and classes of tasks were also described. 

The input and output data used in the process of user operation with the system were 

described. There are also two ways to deploy a system, one on a local server and an-

other on a remote server. Detailed deployment instructions have been created for both 

of the above options. The developed system has certain security requirements, the 

main of which is the storage of user data. To demonstrate the performance of the sys-

tem, there is a reference example, which can also be used as an illustrated instruction 

manual. The control example looks at all the basic elements of the GUI system. 

An economic analysis of the feasibility of the work was also carried out and the 

main options and methods of implementation of this system were given. The results 

of the economic analysis show that the implementation of the system has a positive 

economic potential, this is evidenced by a coefficient of competitiveness greater than 

2. Therefore, we can conclude that the goal has been achieved, because the result is a 

fully operational and competitive system, which has a wide functional spectrum and 

can be implemented by different methods and cover different classes of problems. 
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