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This thesis was completed for PNP Crossing Borders, a dynamic private company located in
Seindjoki, South Ostrobothnia. Established in 2002, the company is a trusted trainer and
partner to a wide array of businesses and organizations, both small and large. The focus of the
thesis was to transform an existing mobile application, originally developed during practical
training at the company to facilitate English and Finnish language learning, into a web-based
application. The aim was to develop a web application ready for deployment and to select an
appropriate development stack while enhancing the user experience.

Several key improvements were introduced in this web-based version that were not present in
the original mobile app. One major enhancement was the inclusion of example sentences,
which aids users in learning phrases and sentence structures more effectively. This feature
shows example sentences in Finnish with English translations, and in English alone when
learning English, and was added to both the word puzzle and dictation pages. Another
significant addition was the "StrikesDisplay’ component, which gamifies the learning process
by providing visual feedback on user performance, making the overall experience more
engaging. User ranking and performance analytics were also added to the profile page, offering
users a clear view of their progress and ensuring accurate ranking even when users have
identical scores.

The development process was conducted with attention to detail. A multi-tier client-server
architecture was chosen after exploring various options. The MERN stack was utilized:
MongoDB served as the database, Express.js and Node.js managed server-side operations,
and React was used for the user interface. This stack provided a robust foundation, ensuring
ease of use, fast performance, and effective user feedback with consistent use of JavaScript
across all technologies. Several challenges were addressed, such as integrating the frontend
and backend, improving the user experience, and implementing secure authentication methods
using JSON Web Tokens (JWT).

The outcome is a unique language learning tool deployed on the Render cloud platform. It
aligns with the company’s mission to educate and is ready for use. Future expansions and
improvements are possible, such as adding more languages and features to enhance the
learning experience. User feedback will guide these enhancements, continuously adapting the
application to the needs of learners.
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Terms and Abbreviations

API

BSON
CORS
CRUD

DevOps

DOM

HTTP

JWT
JSON
jQuery

MERN Stack

MongoDB Atlas
NoSQL database
SDLC

SOA

ul

Virtual DOM

Application Programming Interface, which allows programs to com-

municate with each other.

Binary JSON. A binary representation of JSON-like documents.

A protocol allowing web apps to access servers on different domains.
Persistent storage functions: create, read, update, and delete data.

Practices to shorten development lifecycle, ensure continuous deliv-

ery, and quality.
Interface for web documents to change structure, style, content.

Protocol for transmitting hypermedia documents like HTML over the

internet.

Compact, URL-safe way to transfer claims between parties.
Text format for structured data, used in web applications.

A fast, small, and feature-rich JavaScript library.

Technologies (MongoDB, Express, React, Node.js) for full-stack web

development.

Cloud database service with automated management features.
Stores and manages data in non-relational formats.

A process for planning, creating, testing, and deploying software.
Architectural pattern where services are accessed within a network.
Part of software interacting with users via screens and elements.

Copy of DOM to compare changes with original DOM.



1 Introduction

1.1 Background

Learning languages is essential today for traveling, education, making friends, and exploring
different cultures. This thesis aims to create a web application for learning English and Finnish,

building upon a previous mobile application developed for the same purpose.

The previous mobile application was developed for a company called PNP Crossing Borders
to facilitate and enhance the learning journey for English and Finnish. Inside the application,
there were three levels of difficulty: easy, medium, and difficult. In addition, there were also

three patterns of learning: puzzle word mode, dictation mode, and definition mode.

Learning Finnish is challenging for many foreigners, while English is essential for global com-
munication. Thus, a need exists for a dynamic and efficient way to learn both languages. A
mobile app was created to meet this need. The mobile app was developed only for Android
and iOS platforms, which limited the user base. Web-based apps offer better integration and
scalability. They can be integrated with different systems and easily scaled up for growth. Ad-
ditionally, the screen size of mobile devices struggled to display long words in a readable font,

a problem that is solved by using a browser on larger screens.

Conducted for PNP Crossing Borders, a Finnish network of trainers, translators, and experts,
this thesis sought to provide a tool to help achieve their educational goals locally and globally.
A web-based application meets this need by offering enhanced accessibility and functionality,

overcoming the limitations of its mobile predecessor.

1.2 Aim of the thesis

The main goal of the thesis is to convert an existing mobile application into a web platform.
This aligns with the company’s mission to improve the accessibility and user-friendliness of
their language learning platform, thereby enhancing the learning experience for learners of

Finnish and English.

The thesis aims to achieve the following objectives:



1. Develop a web-based application that is ready for deployment, ensuring it is robust and
reliable with both frontend and backend components to allow deployment without re-

quiring further adjustments.

2. Determine a development stack for the web application by utilizing technologies for
frontend, backend, and database, focusing on scalability, performance, community sup-
port, and future-proofing to meet current requirements while allowing room for growth

and updates.

3. Deliver a good user experience through user interface design that facilitates easy navi-
gation, swift performance, and relevant feedback for users. This is intended to enhance

user satisfaction and efficiency in usage.

By accomplishing these objectives, the thesis aims to introduce a web-based language learn-
ing tool that effectively supports English and Finnish learners, thus achieving the primary aim

of improving accessibility and user-friendliness of the language learning platform.

1.3 Methods

A constructive methodology was employed in this thesis. A new web application was developed
using information from existing sources, such as literature on web application architecture and

development.

Problems are solved by creating new outputs from old information (Fellows & Liu, 2015, pp.
73-74). Empirical and theoretical knowledge are combined. The product provides new infor-
mation and experience. The new construction is tested in the target organization to assess its

functionality and adoption.

Accessible literature is reviewed to understand the chosen issue (Kothari, 2004, p. 12). Theo-
retical and practical literature from similar studies is assessed. This review helps define the

research problem in context by identifying available data and resources.

The constructive research methodology involved problem identification, acquisition of practical

and theoretical knowledge, and solution generation. The goal was to develop a deployable web



application. Testing, theoretical connections, examination of application scope, and novelty

assessment were conducted comprehensively.

1.4 Structure of the thesis

The thesis is divided into several parts: the theoretical section, the development process,
the results, and finally, the discussion and conclusion. The theoretical section begins with
Chapter 2, which focuses on software development models and explores four different mod-
els. Chapter 3 examines various software architectures, discussing their importance. Chap-
ter 4 delves into JavaScript frameworks. Chapter 5 discusses the technology stack em-
ployed, specifically MERN (MongoDB, Express.js, React, and Node.js), providing an analy-

sis of each component and highlighting their benefits.

Chapter 6 details the development process, starting with the selection of the development
model and the reasons for choosing the MERN stack. It covers backend development, in-
cluding server initialization, controllers, models, and routes. The chapter then moves to
frontend development, discussing React setup, components, styling, and data management,
and concludes with the deployment of the platform. Finally, Chapter 8 offers discussions

and the conclusion of the study.

1.5 Company presentation

The thesis was conducted for PNP Crossing Borders, a Finnish network of trainers, translators,
and experts. PNP Crossing Borders assists Finnish businesses and institutions in maximizing
efficiency when interacting with international clients, vendors, peers, and collaborators. Based
in South Ostrobothnia, the company has operated since 2002 and has established its position

as a trainer and partner for small and large companies and organizations.

Since 2002, PNP Crossing Borders has become a premier language trainer and provider of
communication and internationalization support services in Western Finland. The company has
provided training and coaching to staff members of around 200 companies and specialist or-
ganizations. Professionals such as technicians, engineers, designers, sales and marketing
personnel, finance experts, management, and customer service staff have been trained to en-

hance performance and efficiency when dealing with international clients and partners.
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In this thesis work, ChatGPT was utilized for grammar checking and adjusting sentence struc-
ture to ensure clear and fluent expression. However, all the text in this thesis was written by
the author and not generated by Al. All Al-suggested structures were carefully examined

against the original sources, and all sources have been properly referenced.
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2 Software development models

2.1 The Waterfall model

The Waterfall model is considered a simple and continuous approach for software development
(Hallal, 2021, p. 20). It is composed of several cycles; each cycle must be completed before
progressing to the next one. The product of each phase acts as the input to the next phase.

The phases are presented in Figure 1.

T m

Figure 1. Waterfall model (Hallal, 2021).

The Waterfall model has several benefits (Hallal, 2021, p. 20). The stages are clear and
easy to follow. Each stage is thoroughly documented. This model works well for smaller
projects with clearly defined requirements. However, there are drawbacks. The product is
delivered late in the cycle, which can be problematic. The model is unsuitable for complex
or evolving projects because early feedback is not available. It is also ineffective when re-
quirements are likely to change.

2.2 Agile model

The Agile methodology, including frameworks like Scrum, is widely used in IT and non-tech-
nical projects (Hallal, 2021, pp. 20-21). This approach breaks down the product into manage-
able cycles or iterations, usually lasting 2-4 weeks. During each iteration, the development
team delivers a functional software version. Use cases are segmented into iterations to achieve
a functional segment at the end of each cycle. This iterative process allows for continuous,
incremental releases, all rigorously tested. Early issue detection and resolution is facilitated,
and stakeholders are actively involved throughout to gather feedback. An overview of the Agile

stages is shown in Figure 2.



Repeat for
n iterations

Figure 2. Agile phases (Hallal, 2021).

Design

Deploy Develop

Agile practices support both the people involved and the final product (Lui & Chan, 2008,
pp. 78-79). Key practices include Real Customer Involvement, an Informative Workspace,
Shared Code, Short Iterative Cycles, User Stories, Standup Morning Meetings, Refactoring,
Pair Programming, Incremental Design, Continuous Integration, and Test-First Program-

ming.

Scrum is a framework used in the Agile process, providing guidelines, milestones, and
checkpoints without a fixed process (Heath, 2021, pp. 5-6). It focuses on self-organizing,
multi-functional teams to handle complex problems. Software parts are created in brief cy-
cles called Sprints, starting with planning, followed by implementation supported by daily

Scrum meetings, and ending with evaluation and planning for the next Sprint (op. cit., p. 42).

Sprint Retrospective
+  Key actions you

performed in the act

stage.

Sprint Planning
_,/' « Identify and estimate
Inspect P items to deliver in Sprint,
Sprint Review > plan needed work .
« Inspect the Product & Adapt -
Increment and adapt the
Product Backlog.

SPRINT

Daily Scrum

« Inspect, plan, and adapt
daily work.

Figure 3. The Sprint (Heath, 2021).

12
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2.3 Spiral model

The Spiral model combines elements of both the Iterative and Waterfall models (Hallal, 2021,
p. 21). This model is used for large projects and managed risks early in each iteration. Four
main phases are involved: setting objectives, conducting risk analysis, reviewing, and finally

developing and testing.

Initially presented for releasing various prototypes throughout different project stages until the
final version is achieved, the Spiral model offers continuous generation and improvement of
new ideas (Lui & Chan, 2008, pp. 15-16). Software developers might implement the Spiral
model based on project specifications, offering flexibility by combining it with other approaches

like the Waterfall model to take advantage of both.

Identify Objectives Perform Risk Analysis

‘.
A

Develop & Test Review & Evaluate

Figure 4. Spiral model (Hallal, 2021).

N/

The advantages of the Spiral model include early identification of risks, prioritization of high-
risk parts, high stakeholder involvement, early system visibility through prototypes, and con-
stant feedback from stakeholders (Hallal, 2021, pp. 22-23). However, disadvantages include
the requirement for a large budget, making it unsuitable for small projects with minimal risks.
controlling the process is complex, and expertise in risk assessment is required to implement

the model effectively.

2.4 DevOps model

In a DevOps framework, collaboration between developers and operations teams is empha-

sized (Hallal, 2021, p. 23). Traditionally, companies allocated resources to teams with specific
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responsibilities. A development team focused on designing and constructing the product. An
operations team was responsible for setting up the environment and hosting the product. A
testing team was tasked with creating test cases, conducting comprehensive Quality Assur-

ance (QA) testing, and providing feedback to the development team.

However, in the DevOps methodology, developers and operations teams are encouraged to
collaborate closely as a unified team throughout all stages of the software development life

cycle (SDLC) (Hallal, 2021, p. 23). A successful implementation of DevOps ensures uninter-

rupted feedback, fast deployment, enhances the development process, and automates manual

R

tasks.

Dev Ops

Figure 5. DevOps model (Hallal, 2021).

Advantages of the DevOps model include accelerated delivery of functionalities, enhanced
reaction to issues, streamlined operations, decreased bottlenecks, improved communication
and collaboration, and increased productivity among team members, freeing up time for
innovation (Hallal, 2021, p. 24). However, the disadvantages are that it requires a cultural
shift and adoption of new communication methods, which can be challenging in classic en-
vironments. Base framework upgrades may be necessary to optimize processes, which can
be costly for some organizations, and rapid development may result in significant security

vulnerabilities.
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3 Software architecture overview

3.1 Architecture requirements

Software architecture represents the various components or subsystems of a software system
and their interrelationships (Pillai, 2017, p. 2). The design of a software system provides its
structure, characterized by the segmentation of the system into parts, their organization, and
their interactions (Martin, 2018, pp. 117-118). This structure aims to simplify development, de-
ployment, operation, and continuous maintenance, ultimately supporting the system’s life cy-
cle. Effective architecture enhances understanding of the developed system, reduces overall

system costs and increases programmer efficiency.

When dividing an application into parts, the architect assigns specific duties to each component
(Gorton, 2011, p. 3). These duties define the tasks each component performs, leading to a
collective set of components that collaborate to deliver functionality. Responsibility-driven de-
sign, which originated from object-oriented programming, effectively outlines principal com-
ponents by focusing on behavioral modeling through objects, responsibilities, and collabora-
tions. The most critical aspect of an architect's job is the integrity of architectural design (op.
cit., p. 101). Good design is essential, as poor design weaken other efforts. Experienced archi-

tects are crucial for effective design.

The starting point for the design phase is the architecture requirements (Gorton, 2011, p. 101).
This phase consists of two steps, which are done repeatedly. First, a general plan for the ar-
chitecture is chosen, based on established architecture patterns. Then, the individual parts of
the application are defined, showing how they fit into the plan and what each part is responsible
for. The result is a collection of architecture views that illustrate the design, along with a docu-
ment explaining the design, the main reasons behind key design choices, and the potential

risks associated with moving forward with the design.

3.2 Multi-tier architecture

When a user interacts with a web server to browse web pages, two main parts are highlighted:

the user's browser (client) and the distant web server (server) (Pillai, 2017, p. 6). These are
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the central elements of the system. Other parts, like caching proxies or a remote cache on the

server, may exist but are not the primary focus of the architecture explanation.

For small projects, one architecture pattern like N-tier Client-Server might be enough (Gorton,
2011, p. 102). For larger projects, multiple known patterns might be used. The architect decides

how these patterns fit together to create the whole plan.

Client Web Web Web
Tier Client Client Client
WEb Server Web Server

Tier

1L

Business : :

Logic Tier Application Server
Data iI
Management Databases
Tier

Figure 6. Multi-tier Architecture (Gorton, 2011).

Figure 6 illustrates the layout of the multi-tier architecture pattern for a web application (Gor-
ton, 2011, p. 102). Different tasks, such as displaying content, handling business logic, and
managing data, are separated. Communication is synchronous, with messages going back
and forth between the layers one at a time. Each layer waits for a response before proceed-
ing. The setup is flexible, allowing configuration of a multi-layered application as needed,

whether on one computer or with each part on its own.

Some quality aspects of the N-Tier Client-Server pattern include availability, failure handling,
ease of change, performance, and scalability (Gorton, 2011, p. 103). If one server fails,
others can continue working, though performance may be affected until the issue is re-
solved. If a server breaks during client communication, the request may be redirected to
another working server seamlessly. The separation of concerns allows modifications to one
part without affecting others. Good performance is offered, but the number of simultaneous
processes, communication speed between layers, and data transfer amount must be con-
sidered. Scalability is supported, as more servers can be added easily to accommodate

more users, though the data layer might become a bottleneck.
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3.3 Microservice architecture

The microservices architecture allows the solution to be split into different parts (Hallal, 2021,
p. 109). Each part operates independently and offers a specific service. The microservices
architecture comprises a set of independent services. Each service is self-contained and de-

livers a specific business function.

| API :

Service

A ——

Figure 7. The Microservices architecture design (Hallal, 2021).

This architectural pattern has several features (Hallal, 2021, p. 109). Microservices are
small, self-sufficient, and loosely connected. Each service maintains its own codebase and
can be managed by small development teams. Each service operates independently and
can be deployed on its own. Updating one service doesn't require redeploying the entire
system. Services manage their own data access using private databases. The inner work-
ings of each service are isolated and inaccessible to other services. Communication be-
tween services is facilitated via well-defined Application Programming Interfaces (APIs). Di-
rect access to the services from the client app is not allowed. Instead, services are accessed

through an API gateway, which directs requests to the appropriate services.

3.4 Service-oriented architecture

Service-Oriented Architecture (SOA) enables the use of services accessible within a network
(Hallal, 2021, p. 111). Its format is like n-tier architecture, but the presentation layer cannot
directly access the business layer; it must go through the services. In SOA, the Service Layer

acts as an intermediary between the Presentation Layer and the Business Layer. This setup
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allows modification of the Business Layer without impacting the Presentation Layer. The dia-

gram below illustrates SOA within a layered framework:
Presentation Layer
(also known as Ul layer)

Service Layer

(also known as application layer)

Business Layer

(also known as domain layer)

Data Access Layer

(also known as persistence layer)

Database

Figure 8. Service-Oriented Architecture (Hallal, 2021).

The main difference between microservices architecture and SOA lies in their scope (Hallal,
2021, p. 112). Microservices architecture emphasizes autonomous, cloud-based services
focusing on application-level functionalities. SOA has a broader enterprise scope, where
services may not have their own databases and can manage multiple business capabilities.

Microservices handle only one business capability per service.

3.5 Serverless architecture

The serverless pattern, or serverless architecture, supports the use of cloud infrastructure and
cloud-driven code (Hallal, 2021, p. 113). This framework enables the deployment of solutions
on external infrastructure, freeing developers from managing server software and hardware.
Applications are broken down into small, self-triggered functions that can be activated and

scaled independently, as illustrated in Figure 9.



Static content ) ) . Cl/CD
Static website hosting
HTTP GET — e
> — S
CDN Storage blob Azure Pipelines

@ — API End-to-end

-+ monitoring

o CH—§ - & @
4

Single-page
web application

— API Function Cosmos DB Moni
onitor
HTTP GET Management App

(AJAX request)

. : Authentication

Azure Active
Directory
A

Sign-in
o
Qs

Figure 9. Serverless architecture (Hallal, 2021).

Azure's serverless infrastructure can be utilized for this approach (Hallal, 2021, pp. 113-
114). Several components are available within Azure functions: A Content Delivery Network
(CDN) enhances response times by caching content. Azure Blob Storage allows the storage
of large, unstructured data on Microsoft's platform. Function App operates on an event-
driven model, creating self-sufficient functions activated by client HTTP requests. APl Man-
agement, positioned in front of the functions, serves as an AP| gateway, separating the
frontend app from the backend functions and offering Uniform Resource Locator (URL) re-
writing and request management. Azure Cosmos DB provides a NoSQL database solution.
Azure AD is used for user authentication. Azure Monitor gathers performance measures and

resource usage. Azure Pipelines facilitates Continuous Integration (Cl) and Continuous De-

livery (CD), automating code building, testing, and deployment.

19



20

4 JavaScript frameworks

4.1 Introduction

A framework is defined as a set of tools and procedures structured to address common chal-
lenges in project development (Arguelles & Murrugarra, 2018, p. 21-22). These frameworks
offer solutions that are comprehensive and tested in various environments, enhancing the re-
usability of different functionalities to cut down on both time and costs. A JavaScript framework
is a collection of components and libraries designed to meet the requirements of web applica-
tions. These requirements include routing, data handling via XMLHttpRequest (XML (Extensi-
ble Markup Language) HTTP (HyperText Transfer Protocol) Request), managing the Docu-
ment Object Model (DOM), organizing code into separate functionalities, establishing standard

data flows, and defining lifecycles for specific functionalities.

JavaScript frameworks offer benefits like organizing and structuring code in a maintainable
manner, enabling modularity, providing proven methods to common problems, and establish-
ing a structured foundation for developers (Arguelles & Murrugarra, 2018, p. 22). They excel
in scenarios where significant business logic occurs on the client side. Tasks such as directing
users to different pages, setting up the layout of a webpage, checking data, creating tables,
and dividing content into separate pages can be handled efficiently without the latency and

overhead of additional HTTP calls to the server.

4.2 Comparison of JavaScript Frameworks

JavaScript developers have multiple solutions to problems. Before 2010, options for imple-
menting functionality were limited (Arguelles & Murrugarra, 2018, p. 22). jQuery was the most
popular choice and still is today. However, as projects grew more complex, maintaining jQuery
became challenging, often resulting in code with mixed functionalities, commonly called "Spa-

ghetti code".

In 2010, Google introduced Angular, a widely adopted JavaScript framework (Arguelles & Mur-
rugarra, 2018, pp. 22-23). Angular provided a comprehensive toolkit and introduced modules,
components, routes, and templates, offering a more organized approach to JavaScript code.

Following Angular's success, many other JavaScript frameworks emerged. Some gained
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popularity through sponsorship by large companies, such as Facebook's React.js. Others, like
Meteor and Vue, gained traction through community adoption. Innovation in the technology
landscape continues, leading to the emergence of new frameworks. One example is Aurelia,
developed by a key engineer from the Angular 2 project. Despite being relatively new, Aurelia

has quickly gained popularity as a promising framework.

Angular, uses TypeScript and follows the MVC (Model-View-Controller) framework, making it
well-suited for complex projects despite its steep learning curve (Hallal, 2021, p. 185). This
complexity has led major companies like Google, Guardian, PayPal, and Nike to adopt Angular.
In contrast, React.js, released by Facebook in 2013, is a JavaScript library with a moderate
learning curve, known for its strengths in JavaScript usage and server-side rendering. This has
contributed to its widespread adoption by large-scale web applications at companies such as
Facebook, Twitter, Instagram, Uber, Netflix, and Airbonb. Meanwhile, Vue, created by Evan You
in 2014, is known for its lightweight design and ease of learning, following the MVVM (Model-
View-ViewModel) framework. Vue is favored by companies like Alibaba, GitLab, and Nintendo.

Each framework offers unique benefits and serves different needs in web development.

While Angular and React excel in constructing large-scale enterprise web solutions featuring
advanced components and highly dynamic content, coding in React tends to be simpler and
swifter compared to Angular (Hallal, 2021, p. 186). On the other hand, Vue stands out for its
lightweight nature and ease of learning, while also exhibiting superior performance among
the three frameworks. Additionally, Vue's development community is steadily growing, sur-
passing the growth rates of both React and Angular communities. As per a 2023 Stack
Overflow Developer Survey, React ranks as the second most popular framework, following
Node.js (Stack overflow, 2023).

React.js boasts an important feature known as server-side rendering (Arglelles & Murru-
garra, 2018, p. 25). Unlike conventional JavaScript frameworks where rendering occurs on
the client side, React.js enables pages to be processed on the server rather than the client.
This reduces the browser's workload in interpreting JavaScript and transforming it into
HTML, improving loading times for data-intensive pages. React also supports alternative

rendering libraries, such as Inferno.js, which offer enhanced rendering performance.
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5 MERN stack

5.1 Technology stack

A technology stack is a set of technologies chosen and used to build web applications, mobile
applications, or similar applications (MongoDB, n.d.). A seamless user experience, scalability,
and cost-effectiveness are qualities desired in a good technology stack. Typically, a full tech-

nology stack consists of a frontend, backend, and database.

Technology
Stack

Client-side (User Interface)

Server-side (business logic
processing and runfime)

Data storage and retrieval
(CRUD operations)

Figure 10. Technology stack (MongoDB).

At the beginning of this introduction to the MERN stack, it's important to emphasize that the
MERN stack —consisting of MongoDB, Express, React, and Node.js— is not only a set of
technologies but it represents a strong integration that provides a practical and efficient ap-
proach to implementing client-server architecture. The MERN stack combines MongoDB, Ex-
press, React, and Node to create web applications (Hoque, 2018, pp. 6-7). In this stack, Node
and Express handle the web backend, MongoDB acts as the NoSQL database, and React
builds the frontend that users communicate with. These technologies are free, open-source,
platform-independent, and JavaScript-powered, with robust community and industry support.
When integrated, they form a powerful and straightforward full JavaScript stack for web devel-

opment.
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Figure 11. MERN stack (MongoDB).

5.2 MongoDB

5.2.1 Introduction to MongoDB

MongoDB, a well-known NoSQL database, is recognized for its effective implementation and
active community, which are essential for support and problem-solving (Mehrabani, 2014, p.
3). It plays a critical role in web applications by facilitating the transfer, processing, and storage
of JSON documents from the React.js front end to the Express.js server and MongoDB (Mon-
goDB, n.d.). For cloud applications, MongoDB Atlas streamlines deployment with easy integra-

tion using the MongoDB Node.js driver.

CRUD operations (Create, Read, Update, Delete) are performed through HTTP requests using
POST, GET, PUT, and DELETE methods (MongoDB, n.d.). MongoDB stores data in BSON
(Binary JSON) format, while Express.js handles these requests. React stores data as JavaS-
cript objects on the front end, and JavaScript is used on the backend with Node.js allowing
scripting of backend logic. Express converts data between JavaScript and JSON using

the’.json ()" method, supporting efficient data flow in web development.
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5.2.2 Key Features

MongoDB offers key features such as non-relational data storage, allowing flexible data models
and schema modification post-insertion (Mehrabani, 2014, p. 3). High availability is ensured
through replica sets, containing multiple data copies. Sharding distributes traffic and enables
horizontal scaling by splitting data based on sharding keys. GridFS allows MongoDB to function

as a filesystem for data storage and retrieval.

MongoDB's high performance in data persistence is supported by embedded data models,
reducing I/O activity, and indexes for faster queries, including keys from embedded documents
and arrays (MongoDB Documentation, n.d.). The MongoDB Query API supports CRUD oper-

ations, data aggregation, text search, and geospatial queries.

5.2.3 Benefits for Web Development

Database connection in applications is simplified by using drivers provided by the database
designer, reducing the amount of code needed for connecting, analyzing, reading, and writing
to the database (Phaltankar et al., 2020, p. 370). MongoDB offers drivers for various program-

ming languages, with the Node.js driver being notably popular.

The successful integration of MongoDB with Node.js, a key language for web applications, has
driven its growth and adoption (Phaltankar et al., 2020, p. 370). This integration benefits both
technologies, resulting in successful implementations across a range of applications, from
handheld devices to large web platforms. The ease of integrating MongoDB with Node.js

makes it a preferred choice during MongoDB driver presentations.

5.3 Express

5.3.1 Introduction to Express

Express is a key framework for building web applications and APIs using a Node server
(Hoque, 2018, pp. 6-7). It enhances Node by providing essential website functionalities. In a
Node-based website, Express acts as a routing and middleware web framework, where an

application is a sequence of middleware function calls. These middleware functions have
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access to the HTTP request and response objects, as well as the next middleware function in
the request-response cycle. This allows for flexible middleware insertion, providing high adapt-

ability for development.

Express is unique among web server frameworks for its minimalistic default configuration
(McClay, 2017, p. 123). It is a concise yet powerful toolkit for web server functionalities, ensur-
ing it includes only the essentials needed by developers, avoiding unnecessary overhead from

additional functions or complexities.

5.3.2 Features and Capabilities

Express JS is known for its clarity and adaptability, offering features that facilitate the devel-
opment of efficient and scalable web applications (GeeksforGeeks, 2023). It organizes ap-
plication functionality through middleware and routing while enhancing Node.js HTTP ob-

jects to simplify web requests and responses.

Key features of Express JS include routing, middleware, error handling, enhancing request
and response objects, and body parsing (GeeksforGeeks, 2023). Routing in Express JS
manages HTTP requests by determining the appropriate response to send to the client, and
it simplifies this process with built-in methods that allow developers to set up routes directly.
Middleware functions act as intermediary processes that are executed between various op-
erations, enhancing security and adding other functionalities. For instance, Express offers
pre-built middleware like "express.static()” for serving static files. Error handling is another
crucial feature, ensuring smooth program execution even when issues arise. Express sim-
plifies error management through asynchronous handling and global error handling pro-
cesses. Additionally, the request and response objects in Express JS are enhanced with
additional functionalities, such as accessing URL parameters and providing convenient
methods for sending responses, like ‘res.send()’. Lastly, Express JS includes body parsing
capabilities, allowing it to parse data sent from the client to the server using built-in modules

like “express.json() .
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5.3.3 Server-Side Routing

Express is used for routing and handling incoming requests, sending them to appropriate han-
dlers. Routes are defined using methods such as "app.get()’, "app.post()’, "app.put()’, and
‘app.delete()’. Middleware functions add flexibility by handling tasks like authentication, log-
ging, and data validation before routing. Express can dynamically extract parameters from
URLs and send them to other functions, and it allows data validation before saving it to the

database using middleware.

Routing in Express involves how an application responds to requests for resources via HTTP
methods (Koroliova, 2018, pp. 15-16). HTTP serves as the foundation for data communication
on the web, with each document identified by a URL. Express enables the creation of a server
that understands these requests, analyzing them and storing information in two objects: the
request object and the response object. The request object contains data about the client's
request, including parsed URI (Uniform Resource Identifier) query parameters, which are ac-
cessible via ‘req.query’, and route parameters, accessible via ‘req.params’. The response ob-
ject holds the data that will be sent back to the client, with methods available for modifying

response headers, sending status codes, and transmitting data.

Route handlers, which are callback functions, accept three inputs: the request object, the
response object, and a ‘next’ parameter (Koroliova, 2018, p. 19). This 'next’ parameter
passes control to the next request handler in the sequence, allowing for multiple handler

functions to be used within a single route method.

5.4 React

5.4.1 Introduction to React

React, a JavaScript library developed by Facebook, is widely used in major web platforms like
Facebook, Instagram, Netflix, and WhatsApp Web (Bugl, 2019, p. 8). It addresses common
challenges in creating client-side components for web applications (Richey et al., 2020, p. 2).

React focuses on solving design and development problems in complex frontend applications.

React's development fits within the expansion of frontend JavaScript frameworks, offering more

than just JavaScript for creating page elements (Richey et al., 2020, p. 2). While methods to
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insert DOM elements into web pages existed with early technologies like Prototype and jQuery,
React integrates JavaScript and HTML, effectively connecting code with the browser's envi-

ronment.

5.4.2 Component-Based Architecture

React's component-based architecture allows components to maintain their own state and dis-
play, which are combined to create complex user interfaces (Bugl, 2019, p. 10). It uses function
components and class components, with function components being simpler and class com-
ponents previously necessary for handling state and advanced features. React Hooks now
enable state management and other features without class components, using familiar JavaS-
cript features (op. cit., pp. 14-15). For example, the Effect Hook in the code below is activated

automatically upon the component's mounting and when the ‘name’ prop is altered:

function Example ({name}) {
useEffect (() => {

// This function is called after the component mounts and whenever
the 'name' prop changes.

fetch( http://my.api/${name} )
. then (/* ... */);
}, [name]); // The second argument is an array of values that the
effect depends on.

}

React components define what should be displayed primarily through the ‘render()" method
(Fedosejev, 2015, pp. 64-65). Lifecycle methods handle actions before or after rendering and
determine if rendering should occur. The lifecycle stages include mounting, updating, and un-
mounting. Hooks offer a simpler way to manage component state without relying on traditional
lifecycle methods.

5.4.3 Virtual DOM

React uses the virtual DOM, an in-memory representation of the actual DOM elements

(Boduch & Derks, 2020, p. 14). When a component re-renders, React compares the new
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content with the existing one and updates only the necessary parts of the real DOM. This

method ensures efficient Ul updates while maintaining clear coding principles

React's ability to swiftly identify differences between the virtual DOM and the real DOM, and
subsequently re-render only the updated portions in the real DOM, is efficient (Fedosejev,
2015, p. 19). What's more, for React developers, the beauty lies in not having to think about
identifying what needs to be re-rendered. React allows developers to write their code as if they

were re-rendering the entire DOM whenever there's a change in the application's state.

5.4.4 State Management

React components use JSX (JavaScript XML) to define Ul elements (Boduch & Derks, 2020,
p. 42). To be functional, these components need data, represented as the component's state.
State is the dynamic aspect of a React component that can change over time. For example, a
component's state might start as an empty array and then be populated with data using the

“setState()” method, triggering an automatic re-render and invoking the “render()” method.

Component

Initial State

'

State 4—{ setState() }
.

render()

Figure 12. State management (Boduch & Derks, 2020).

Stateful components are those that hold data that changes over time (Chiarelli, 2018, pp.
47-48). Managing component state involves determining what should be considered state
and which components should hold it. State should include only the essential data needed
to represent information that may change over time. Additional information should be com-

puted within the component's render method. Minimizing state usage is advisable to reduce
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complexity, and stateful components should be positioned high in the component hierarchy

of the user interface.

5.5 Node

5.5.1 Introduction to Node.js

Node.js simplifies the creation of scalable network programs, addressing the complexities of
sophisticated networked applications (Pasquali, 2013, p.7). As web applications grow and han-
dle more data, Node.js helps manage this data efficiently, through a single-threaded model,
and event-driven data streams for 1/O operations, along with managed concurrency. As net-
work applications expand, the volume of data they handle also increases, leading to challenges
in terms of organization and management (op. cit., p.8). This growth in data volume not only
overloads the application but further strains the developers. Scaling problems often stem from
the inability to accurately predict large system behavior from small system behavior. Node.js
addresses these challenges by prioritizing clarity and simplicity, utilizing a single-threaded
model with postponed tasks wrapped through callbacks, event-driven data streams for /O op-

erations, and managed concurrency.

Node, developed as a JavaScript runtime environment, relies on Chrome’s V8 JavaScript en-
gine (Hoque, 2018, p. 7). It reshaped server-side JavaScript usage, extending beyond the
browser’s limitations. Node’s event-driven architecture supports asynchronous, non-blocking
I/O operations. Its unique approach eliminates waiting times for request handling, making it
ideal for building scalable, lightweight real-time web applications that efficiently manage nu-
merous requests. Additionally, Node ships with its default package management system, npm
(Node Package Manager). npm provides access to an extensive ecosystem of reusable Node
packages created by developers worldwide, currently standing as the largest collection of

open-source libraries globally.

5.5.2 Asynchronous Programming

Node.js utilizes JavaScript's event-driven nature to facilitate non-blocking operations within its
platform, a characteristic that contributes to its exceptional efficiency (Poojary, 2016, p. 701).

JavaScript, being event-driven, allows developers to register code to specific events, which will
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then be executed once the event is triggered. This approach enables the seamless execution
of asynchronous code without impeding the overall program flow. Originally designed to sup-
port browser operations, JavaScript was built around handling browser events. Despite signif-
icant evolution over time, the fundamental concept remains the same: Authorizing the browser
to transmit HTML user events to JavaScript code. While browsers primarily manage user-gen-
erated events like button clicks, Node.js must deal with a diverse array of events originating

from various sources.

Given that browsers operate on a single thread, utilizing synchronous programming would
freeze all other processes on the page, severely compromising responsiveness and overall
user experience (Poojary, 2016, p. 702). Fortunately, this is not the case. Browsers manage
JavaScript execution within a single-threaded loop known as the event loop. This loop contin-
uously runs, processing events emitted by the browser and executing corresponding event
handlers. After handling each event, the loop moves on to the next event in the queue, ensuring

smooth program execution.

Event emitters

Event queue ~—— Event loop

Event handlers

Figure 13. Event loop cycle (Poojary, 2016).

Callbacks play a fundamental role in handling asynchronous operations in Node.js (Acharya,
2023). A callback is a function that will be executed later when a certain task is finished. It gets
executed once the asynchronous operation completes. This design allows code execution to
continue without blocking, making it suitable for scenarios like handling file /0 or database

queries. Promises are a powerful tool for managing asynchronous operations. Essentially, a
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promise represents an outcome that will occur in the future either successfully or with an error.
These constructs are particularly valuable when handling intricate workflows or coordinating

dependencies between various asynchronous tasks.

It is important to note the four states of every promise, as they are widely referenced in termi-

nology (Tsonev, 2014, p. 19). A promise can exist in any of the following states:

- Fulfilled: When the action associated with the promise succeeds.

- Rejected: When the action associated with the promise fails.

- Pending: When the promise has neither been fulfilled nor rejected.

- Settled: When the promise has been either fulfilled or rejected.
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6 Development process

6.1 Selection of the Development Model for the Thesis

Choosing a software development life cycle (SDLC) model involves recognizing the unique
strengths of each model in addressing development challenges (Hallal, 2021, p. 24). No sin-
gle model fits all projects or clients; the choice depends on factors such as existing infrastruc-
ture, team culture, and client preferences. While the Waterfall model is beneficial for some

projects, others are better suited to Agile.

For this thesis, the Agile model was selected due to its iterative development process. Agile
enables continuous improvement and refinement based on ongoing feedback, which is ad-
vantageous for a single-developer project. This approach allowed for the efficient addition of
new features and rapid delivery of a functional application. Agile’s iterative nature facilitated
frequent testing and adjustments, ensuring that the application continuously aligned with the

evolving project goals and effectively met the objectives.

6.2 Reasons for Choosing the MERN Stack

This thesis utilizes a client-server architecture for the web application, making the MERN stack
an ideal choice. The MERN stack includes MongoDB, Express.js, React.js, and Node.js. Mon-
goDB, when paired with Node.js, efficiently handles JSON data storage and is supported by
MongoDB Atlas, which offers auto-scaling clusters. Express.js, a framework for Node.js, han-
dles HTTP requests and URL routing, while React.js creates interactive user interfaces and

manages server communication.

The MERN stack ensures smooth JSON data flow and simplifies both development and de-
bugging. By using JavaScript across all technologies and maintaining a uniform data format,
the stack streamlines system comprehension and reduces time spent on data conversions.
This integration enhances efficiency and coherence throughout the development process. Ad-
ditionally, the strong integration of these technologies provides a solid foundation for building
robust, reliable, and scalable web applications. By using React to build the user interface, the

web application delivers a seamless user experience while also accommodating future growth.
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6.3 Preparing Development Environment

Visual Studio Code, a comprehensive source code editor, supports MERN stack technologies
(Hoque, 2020, p. 102). Git version control is integrated, and GitHub's cloud-based repositories

are used to share the latest code and back it up.

A MongoDB database is deployed using MongoDB Atlas, with the backend code organized in
a separate folder. Node.js is installed from its official website to provide the server-side JavaS-
cript runtime (Node.js, n.d.). Required packages are installed with "npm init’, followed by 'npm

install --save express’ for Express.

For frontend development, Vite is used, providing a development server with Hot Module Re-
placement (HMR) and a build command with Rollup (Vite, n.d.). Vite is installed using 'npm
create vite@latest app-name -- --template react’, followed by 'npm install’ to set up depend-

encies from the package.json file.

6.4 Project Implementation

6.4.1 Application Structure and Functionality

Figure 14 illustrates the word learning application structure. The "Word Learning Game" web
application, available in both English and Finnish, featuring several key components. It begins
with a login page for user authentication and progress saving. The Word Puzzle Page includes
an interactive game where users drag and drop letters across two grids. It offers various diffi-
culty levels and options to check answers, view solutions, retry words, or move on to the next
word. Users can reset the game using a reset button and view their scores and levels. Pronun-
ciations, examples, and definitions are accessible. English definitions and examples are re-

trieved from a free dictionary API, while Finnish meanings and examples are stored internally.

The users can read and listen to example sentences of the word they are learning only after
they guess or form it correctly. For example, if the selected language is Finnish, the example
sentence will be in Finnish with its English translation. If the selected language is English, the

example sentence will be in English only.
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The Dictation Page functions similarly to the Word Puzzle Page, where users transcribe words
presented audibly, with options to reset the game, view scores and levels, and access example

sentences in both written and auditory formats only after answering correctly.

The Definitions Page displays a list of six words, and users must select the word that matches
the provided definition. English definitions are retrieved from a free dictionary API, while Finnish
definitions are stored internally. This page allows users to learn at their own pace without scor-

ing or leveling.

Server Stores # User Data

Sends/Receives data

Word Puzzle Page Word Lists

\ Dictation Page

User

Interacts with——md  React App

Definitions Page

Free Dictionary APl

Figure 14. Word Learning Application structure

6.4.2 Architectural Design

The application followed a client-server architecture. Figure 15 illustrates the architectural de-
sign diagram. On the client side, React was used, with a component-based architecture to
handle user interactions, display data, and manage application state. The client-side architec-
ture was divided into three main layers: the Presentation Layer, the Business Logic Layer, and
the Data Access Layer. The Presentation Layer included user interface components like the
Word Puzzle Page (interactive word puzzle game), Dictation Page (managed dictation exer-
cises), and Definitions Page (displayed word definitions). Besides these main components, the
Presentation Layer also included supportive modules such as ScorelLevelDisplay, SpeakBut-
ton, and StrikesDisplay. The Business Logic Layer encapsulated the core functionality and
logic of the application. Responsibilities of this layer included handling game logic such as word
selection, letter hiding, answer checking, sound generation, and user interactions. The Data
Access Layer was responsible for managing data operations and interactions with external
data sources. This layer contained word lists and other data sets that were exported and used

within the business logic layer to facilitate the game's functionality.
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On the server side, MongoDB Atlas was used for user authentication and data storage. The
server-side architecture included components for authentication, data storage, and server-side
routes and endpoints. Server-side routes and endpoints handled authentication requests and
data storage operations. Communication between client and server was established through
HTTP requests for user authentication and data retrieval or CRUD operations. The client sent

requests to the server, which processed them and returned the necessary data or confirmation.
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Figure 15. Architectural Design Diagram.



6.5 Backend Development

6.5.1 Server Initialization
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Figure 16. Server Application Architecture and Workflow.

Figure 16 illustrates the server application architecture and workflow, while Figure 17 out-
lines the server initialization file (server.js) that sets up the backend. The server was started
using Express.js, and a connection to the MongoDB database was established through Mon-
goose. The necessary configurations and the Express app were imported, and Mongoose
was configured with the MongoDB connection string, utilizing the global Promise library. The
connection to MongoDB was carefully managed, with events handled to ensure stability.
Once everything was configured, the server began listening on the designated port to handle

incoming requests.
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Server > JS serverjs » ...

config = require(”
app = require(".

mongoose = require("mongoose");

url = "mongodb+srv username]: [password]@cluster@.[domain]/?retryWrites=true8&w=majority";

mongoose.Promise = global.Promise;

mongoose
.connect(url)
.then(() console.log("MongoDB Connected..."))
.catch((err) console.log(err));

app.listen(config.port, (err)
if (err
console.log(err);

console.info("Server started on port %s.", config.port);

Figure 17. Server.js.

The Express application, shown in Figure 17, was defined in a separate file. Various mid-
dleware modules were employed to handle requests and responses. Modules such as Ex-
press, body-parser, cookie-parser, compression, Cross-Origin Resource Sharing (CORS),
and helmet were imported. These middleware modules were responsible for parsing incom-
ing request bodies, managing cookies, compressing responses, enhancing security, and
managing CORS. Additionally, routes for user authentication and other user-related end-
points were established. Error handling middleware was also implemented to catch and
manage unauthorized errors and other exceptions, ensuring that clients received appropri-

ate responses.

6.5.2 Controllers

The "user.controller.js* and "auth.controller.js™ files managed the application's business logic.
The "user.controller.js” handled user data operations such as retrieving profiles, updating in-
formation, deleting accounts, registering new users, listing existing users, and retrieving indi-

vidual user details by ID.

The "auth.controller.js’ handled user authentication, defining methods for user sign-in and sign-
out. The sign-in method authenticated users, issued JSON Web Tokens (JWT), and sent them
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as cookies and JSON. The sign-out method cleared the authentication token stored in the
cookie, ensuring subsequent requests were no longer authenticated. Additionally, two methods
ensured users were signed in and had the right permissions to access certain routes or re-
sources. The ‘requireSignin® middleware validated the token, while “hasAuthorization® checked
if the logged-in user had the correct privileges. Errors were handled to provide meaningful

messages and status codes to clients.

6.5.3 User Model and Routes

In the “user.model.js’ file, the user model was defined using Mongoose to interact with Mon-
goDB. A schema was created, specifying required fields such as name and email, along with
default values for score and level. Passwords were encrypted using a cryptographic module,
with methods provided for password authentication and encryption. Additionally, validations

ensured password requirements were met.

In "user.routes.js” and “auth.routes.js’, APl endpoints were defined. "user.routes.js’ included
routes for user operations, such as creating, reading, updating, and deleting users, with mid-
dleware to process user IDs in the URL. "auth.routes.js” handled sign-in and sign-out requests,

mapping client requests to the appropriate controller functions.

6.6 Frontend Development

6.6.1 React Setup

In the application, React was used to build the user interface, and ReactDOM rendered the
App component into the HTML document. The App component was styled with CSS and struc-
tured to include a navigation bar and content area. The Router from React Router was utilized

to manage navigation within the application.

The navigation bar was designed with interactive links directing users to various pages, such
as Home, Sign-In, Sign-Up, Profile, Word Puzzle, Dictation, Definitions, and About. Protected
routes required user authentication, which was verified by checking for a JWT token in local

storage. The Home page, as shown in Figure 18, was one of these key pages.
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Sign In Select Your Language:

Sign Up

Word Puzzle

Welcome to Word Learning Hub!

Dictation

Welcome to the Word Learning Hub community! We are dedicated to providing a platform that combines education
Definitions with entertainment. Our goal is to make language learning accessible, enjoyable, and effective for users of all
levels. The Word Learning Hub is your go-to solution for enhancing vocabulary and spelling skills in an engaging
and enjoyable manner. Whether you're a language enthusiast or simply aiming to refine your word mastery, this
app provides a unique and interactive learning experience.
About

Figure 18. Home page.

The App component managed the state of the menu's visibility and provided functions to
handle menu interactions and user sign-out. When the user signed out, the authentication
token was removed, effectively logging them out of the application. The routes and their
corresponding components were defined within the Router, ensuring that the correct content

was displayed when a user navigated to a specific path.

6.6.2 Components

Diagram 19 shows the structure of the "Word Learning Game" web application. The Home
Component served as the main landing page, providing information about the app in both Eng-
lish and Finnish. From this page, users could either sign in or sign up, depending on whether
they already had an account. The side menu allowed users to navigate to the Sign-In or Sign-
Up pages or to access the About Component, which explained the app’s features. After signing
in, users could also access the Word Puzzle Component (see Figure 20), the Dictation Com-

ponent, and the Definitions Component (see Figure 21) through the side menu.

The application used Common Components, such as Score-LevelDisplay, SpeakButton, and
StrikesDisplay, across different parts of the app. These components supported features like

score tracking, strike management, and audio playback.
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User authentication was managed by the Login Component, while the Profile Component han-
dled user profiles, allowing users to update their personal information or delete their accounts.

The Login Component was directly linked to the Profile Component, providing easy access to

user-specific settings.

Web Application Component Diagram

Login Component

Profile Component

| SigninPage.css | |

SigninPage jsx | | ProfilePage jsx | |

| SignUpPage.csss | | SignUpPagejsx |

Home Component

About Component

| HomePagejsx | | HomePagecss ) | AboutPagejsx | |

Definitions Component

Word Puzzle Component

| DefinitionsLogic.jsx )

| DefinitionsPage jsx |

| WordPuzzleLogic.jsx )
| WordPuzzlePage.jsx |

| WordPuzzlePage.css )

ProfilePage css |

AboutPage.css |

| DefinitionsPage.css )

Dictation Component

| DictationLogic.jsx )
| DictationPage jsx |

| DictationPagecss |

Common Component

[ ScoreLevelDisplay.css | [ ScoreLevelDisplayjsx ) [ SpeakButton.css ) ( SpeakButtonjsx ) [ StrikesDisplay.css |

| strikesDisplay.jsx |

Figure 19. Web Application Component Diagram.
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Select Difficulty:

Score: 45 @ M\A

( Drag and drop the letters to form the word

Incorrect, try again.

English meaning: road

v
Strikes: 1/5

Figure 20. WordPuzzle page.

Language Selection: @

Select The Word That Matches The
Definition:

Cream

paleltua tentti

tydntaa juoda

kevytkerma laguuni
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6.6.3 Styling and Data

The entire application and navigation bar were styled using the "app.css’ file, while individual
page components incorporated their own CSS files for better control and display. CSS files
employed grid templates and animations to make pages visually appealing. Media queries
were included in different CSS files to enhance display on smaller screens. Buttons were de-
fined using CSS, with a hover function to change their color when hovered over. The sidebar
menu was designed to disappear when not in use, allowing the app to utilize the full available
space. The active navigation page was highlighted with a different color to indicate the currently

open page.

The files "EnglishWords.js* and "FinnishWords.js* provided data for the application. In "Eng-
lishWords.js", words were listed as simple strings within arrays, categorized into 'easy’, 'medi-
um', and 'difficult' levels. The "FinnishWords.js" file contained objects with 'word', 'translation’,
and 'example' properties, such as ~ {word: "afta", translation: "a small, painful ulcer in the
mouth.”, example: {Finnish: "Minulla on afta suussa.", English: "I have an aphthous ulcer in my
mouth."}} *. This structured data was exported from the files and used in the components of

the application.

6.7 Deployment

Render offers reliable cloud infrastructure, enabling rapid and scalable product deployment for
software teams (Render, n.d.). The platform supports everything from small prototypes to com-
plex applications, with a strong emphasis on reliability and uptime. Render is headquartered in

San Francisco, California, and has a globally distributed remote team.

For deployment, React DevTools were disabled, and the APl base URL was updated to the
production URL. The code was pushed to a new GitHub repository and deployed to Ren-
der.com by creating a new static site, connecting the repository, configuring the build command
(‘npm run build*), and setting the publish directory to “build". For the backend, allowed origins
were set to the frontend URL, sensitive information was added to the’. gitignore file, and the
code was pushed to a new GitHub repository. Deployment involved creating a new Node.js
web service, connecting the repository, configuring the build command ("npm install’), and set-
ting the start script to ‘'npm start’. After deployment, the frontend and backend were tested
together to ensure functionality and responsiveness on both desktop and mobile devices.
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7 Results

The project aimed to create a web-based application for language learning that could be de-
ployed easily, using a solid development stack and providing a good user experience. The
results show that these goals were successfully met through careful planning, step-by-step

development, and a focus on both functionality and usability.

The project began with the need to move from a mobile app, which had limited features, to a
web-based platform that could offer more flexibility and reach. This change was necessary to
make the application more accessible and scalable and to provide a better learning experience.
The development of the web application followed a clear plan, with each stage contributing to

the final product, which not only met the objectives but also improved on the original mobile

app.

At the start of the project, a development model, architecture design, and technology stack
were defined. These elements were essential to ensure that the application would be reliable
and easy to use. A modular design approach was used, breaking the application into smaller
parts that could be developed and tested separately before being brought together into the
complete system. This approach made the development process smoother and ensured that
the application would be easy to maintain and update in the future. For example, components
like the "ScoreLevelDisplay’ and "SpeakButton™ were created as separate modules that could
be used in different parts of the application. These modules were tested on their own first to
make sure they worked correctly, then integrated into the full application. This modular design
was key to making sure the application was ready for deployment without needing further

changes.

The architecture design was another important part of the project. A multi-tier client-server
architecture was chosen, which provided a strong foundation for handling user data, login, and
authentication. This architecture was a good fit for the application’s needs, allowing smooth
and secure communication between the client and server. The decision to store English and
Finnish word data on the client side was particularly helpful because it allowed quick access to

these resources, improving the overall user experience.

The project used the MERN stack, which includes MongoDB for the database, Express.js and

Node.js for server-side operations, and React for the user interface. This stack was chosen
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because it offered good performance, could grow with the application's needs, and had strong
support from the developer community. Each part of the stack played an important role in the
project’s success. MongoDB provided a flexible and scalable way to manage the application’s
data, which was important as the number of users grew. Express.js and Node.js handled the
server-side tasks, ensuring the backend was strong enough to manage things like data pro-
cessing and user authentication. React was used to build a user-friendly and responsive inter-
face, making the application easy to use. The fact that all these technologies used JavaScript
made the development process smoother because the team could work within a single pro-
gramming language, reducing the chances of errors and making the development more effi-

cient.

The user interface was designed to be simple and fast, with a focus on providing clear feedback
to users. React’'s component-based structure was very helpful in this regard, allowing the cre-
ation of a dynamic and responsive interface. The application was designed to be accessible
from any web browser, so users could use it on any device, making it more convenient than
the previous mobile app. This broad accessibility was a key factor in improving the user expe-
rience, as it meant users could access the application whenever and wherever they needed,

without being limited by the mobile app’s constraints.

One of the most important improvements over the mobile app was the addition of example
sentences. The previous app only showed individual words, which limited the learning experi-
ence. The new web application allows users to see example sentences when they check their
answers. This feature is important because it helps users remember phrases better and un-
derstand how sentences are structured, which is crucial for language learning. To support this
functionality, English definitions and examples are retrieved from a free dictionary API, while
Finnish meanings and examples are stored internally. This setup ensures quick access to rel-
evant information, enhancing the overall user experience. The feature was designed to meet
the needs of users learning both Finnish and English. When a user chooses Finnish as the
target language, the application shows a sentence in Finnish with its English translation. When
English is selected, the application shows an example sentence in English only. This feature
is available on both the word puzzle and dictation pages, greatly enhancing the learning expe-
rience by providing context to the words being learned.

Another important feature added to improve the user experience was the "StrikesDisplay’ com-

ponent. This component gives users immediate feedback on their incorrect answers, allowing
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them to see their mistakes and learn from them. This feature is simple and easy to use, making
the learning process more engaging and helping users improve their language skills. The in-
stant feedback from the "StrikesDisplay’ component reinforced learning and motivated users

to keep improving.

The web application was enhanced with a precise user ranking system that accurately ranked
users based on their scores and levels, even when multiple users shared the same score. This
system ensured fairness by assigning identical ranks to users with the same score and pro-
vided real-time feedback displaying the user's rank, total users at the same level, score, and
current level. These modifications for user ranking and performance analytics were added to

the profile page, offering users a clear view of their progress and standings.

Beyond the technical aspects, the project focused heavily on user experience, which was a
key factor in the success of the application. The user interface was designed to be intuitive and
easy to navigate, with a strong emphasis on providing clear feedback and ensuring users could
quickly find the information they needed. The addition of example sentences, the "StrikesDis-
play’ component, and other user-focused features helped create a more engaging and effec-
tive learning environment. The result was a web-based application that was not only functional

and reliable but also user-friendly and enjoyable to use.

In the end, the project successfully met its goals by creating a web-based language learning
application that is both strong and easy to use. The application was developed with a modular
design and built using the MERN stack, which provided scalability and ensured the application
was future-ready. The improvements made to the user experience, such as the addition of
example sentences and immediate feedback, greatly enhanced the effectiveness of the appli-
cation. The final product, now hosted on the Render cloud platform, integrates seamlessly with
GitHub, allowing for automatic updates and continuous deployment. This complete language
learning tool offers users a rich and engaging experience, fully achieving the objectives set at
the start of the project.
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8 Discussion and conclusion

The primary aim of the thesis was to transform an existing mobile application into a web-based
platform and develop it so it's ready for deployment. This involved several steps: determining
the development model, designing the development architecture, selecting the appropriate de-
velopment stack, and preparing the application for deployment. Ensuring that both the frontend
and backend components were robust and reliable was crucial for a smooth deployment. After
the preparation, it was important to test the application in real-world scenarios and gather user

feedback. As a result, the app was deployed using the Render platform.

This process supported the company's mission to improve the accessibility and user-friendli-
ness of their language learning platform. The development work was carried out systematically,
from initial planning to final deployment, with each step carefully executed to meet the thesis
objectives. Despite its success, the project faced challenges. Integrating the frontend and
backend stacks and ensuring a seamless user experience were difficult tasks. Implementing
secure authentication with JWT and the drag-and-drop feature in JavaScript proved particularly
demanding. However, these challenges were effectively managed, leading to a robust and

reliable application.

The inclusion of example sentences in the web application significantly enhanced its educa-
tional value by helping users learn phrases and sentence structures more effectively. This fea-
ture addressed a key limitation of the previous mobile app, which lacked this functionality. The
addition of the StrikesDisplay module further gamified the learning experience, increasing user
engagement. Additionally, user ranking and performance analytics were added to the profile
page, ensuring accurate ranking even for users with identical scores and providing a clear view

of their progress.

The final product is a web-based language learning application hosted on the Render cloud
platform, which supports GitHub integration and automatic updates. This setup offers flexibility
and smooth management of ongoing updates. The application fits the company’s mission as a
tool for learning Finnish and English. It can be used immediately and for future projects. In the
future, the application could be expanded to include more languages and features, enhancing
the learning experience. Additionally, incorporating user feedback will help continually improve

and adapt the application to meet learners' needs.
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