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The  functional  programming  paradigm  has  gained  some  popularity  in  the  field  of  web 

development during the past few years, yet no functional programming language is among the 

most  popular  languages  for  web  development.  The  advantages  of  using  the  functional 

programming paradigm in web development are not well researched, and although the program 

code  of  event-driven  user  interfaces  is  often  written  in  a  style  inspired  by  functional 

programming, its full potential is rarely utilised. The aim of this thesis is to study and compare  

the advantages and disadvantages of using different levels of the functional programming style 

in event-driven web front ends, and to assist developers who are not certain which approach to 

choose for their projects.

The research is  conducted by programming three  versions of  the  same application 

using different development approaches. Two of the applications are written in JavaScript using 

the popular UI library React, and one in the purely functional programming language Elm. One 

of the JavaScript applications represents a popular event-driven approach without emphasis on 

functional programming, and the other a similar approach with more characteristics closer to  

functional programming. The applications are compared in terms of development process, code 

complexity, architecture, compilation time and testability.

The results of the research suggest that using the functional programming paradigm, 

especially  with  a  purely  functional  programming  language,  can  significantly  improve  the 

compilation process, architecture and testability of a web application. However, since functional 

programming languages have remained less widely used in web development, it can be more 

difficult to find technical support for developing certain features or for writing automated tests.  

Using a functional programming language in web front ends is a good alternative with many 

benefits, but the language libraries would require more support and active developers to stay 

up-to-date with the constantly changing technologies.
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Abbreviations and terms

API

Bootstrap

Cypress

Elm

Enzyme

Express

FSA

Jest

OAuth

ORM

React

Application Programming Interface. Computing interface 

to a system for defining requests and calls that can be made 

to it by other systems.

A front-end framework providing CSS- and JavaScript-

based design templates for graphical user interfaces.

A JavaScript end-to-end testing framework.

A purely functional domain-specific programming language 

for creating web front ends.

A JavaScript testing utility for React. Designed for testing 

the output of React components.

A web application framework for Node.js providing tools 

for creating APIs.

Flux Standard Action. Standard for Flux action objects, 

defining properties allowed on a Flux action.

A testing framework for JavaScript.

An authorisation protocol commonly used as the basis for 

authentication workflow.

Object-Relational Mapping. A programming technique that 

enables writing database queries using the object-oriented 

programming paradigm.

A JavaScript library for building graphical user interfaces.

  



Redux

Sass

SCSS

Sequelize

SPA

A JavaScript library for managing application state.

A stylesheet language with features such as variables, 

functions and nested rules.

Sassy CSS. An extension of the CSS syntax with Sass 

features such as nesting selectors.

A Node.js ORM for different structured query languages.

Single-page application. An application which instead of 

loading entire pages interacts with the browser by loading 

new data dynamically when necessary.

  



1 Introduction

Nowadays  there  is  a  number  of  different  programming  languages  with  different 

programming paradigms available for web development. Event-driven programming 

with  multi-paradigm  languages  is  dominating  web  development  projects,  but  a 

number  of  functional  programming  languages  have  gained  popularity  among 

developers  over  the  years.  Many  event-driven  web  applications  are  written  in  a 

declarative  programming  style  and  utilise  some  aspects  of  the  functional 

programming paradigm, but do not fully embrace its most notable characteristics.

At the time of writing different programming languages and paradigms have 

been used to develop very similar applications, and the reasons for choosing a certain 

language or a programming style over another are not always justified. If an approach 

with  little  emphasis  on  functional  programming  on  a  multi-paradigm language  is 

chosen merely due to the developer having more experience with it, the application 

may not be as well optimised as it would be if developed with a purely functional 

programming language. In addition, using the functional programming paradigm can 

bring many other advantages, such as better robustness and performance. Different 

languages and paradigms have their advantages and disadvantages, which should be 

taken  into  account  when  choosing  a  programming  language  and  paradigm  for  a 

project. 

Choosing  a  programming language  or  a  style  for  a  web front  end can  be 

difficult, as there is a vast selection of different languages available, some of which 

support development with multiple programming paradigms.  Even though there are 

often some advantages listed on the home pages of different programming languages, 

there is no research available clearly showing the actual advantages and disadvantages 

of each language and paradigm in the field of web development. 

Furthermore,  the descriptions on the home pages of different programming 

languages are usually designed to promote the language and the programming style in 

question, therefore not specifying the possible disadvantages of choosing the language 
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over another. This can make it difficult for a software developer to decide whether it 

would be better to use the traditional event-driven approach, or to invest in learning 

more about functional programming. This in turn can cause the developer to base their 

choice solely on their personal familiarity with each language and paradigm, thus not 

necessarily making the most optimal choice for the project.

The overall aim of this research is to compare the differences between using a 

purely  functional  programming  language  versus  a  multi-paradigm  language  with 

different degrees of functional programming style in web front-end development. The 

research aims to assist in finding the most optimal programming style for a project by 

investigating  the  advantages  and  disadvantages  of  different  degrees  of  functional 

programming style in the development of a simple web application.

This research is limited to front-end web development, and does not explore 

the advantages and disadvantages of using the functional programming paradigm in 

back-end  development.  The  programming  styles  are  compared  by  using  two 

programming  languages:  JavaScript  and  Elm.  JavaScript  was  chosen  for  the 

traditional event-driven and partly functional approaches, as it is currently considered 

the most used programming language for developing event-driven web applications 

and  allows  using  functional  programming  style  due  to  being  a  multi-paradigm 

programming  language.  Elm  on  the  other  hand  serves  as  the  purely  functional 

counterpart.

Chapter 2 covers briefly the previous research on the benefits of functional 

programming  in  comparison  to  the  traditional  event-driven  programming  style. 

Chapter 3 introduces the web application that was developed using the two different 

programming paradigms for the purposes of this thesis. Chapter 4 describes in detail 

the  different  development  approaches  and  the  libraries  used  with  each  approach. 

Chapter 5 covers the actual research methods and findings. Finally, the conclusions 

are drawn in Chapter 6.
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2 Background

The event-driven programming paradigm can be considered to be the most widely 

used programming paradigm in web development, especially in single page graphical 

user  interface  applications.  The  web  services  of  many  large  companies  such  as 

Facebook, Netflix and BBC have been built using event-driven front-end frameworks 

such as React for JavaScript [Sevilleja 2019].  

An event-driven system reacts to different user inputs such as the press of a 

button or the flip of a switch by triggering actions, and mutates the application state 

accordingly [Habibi and Mirian-Hosseinabadi 2015]. Event-driven web applications 

are considered to be easy to use, update and maintain, and they generally provide a 

very good support for different programming platforms [Chadha et al. 2014]. 

At the time of writing, perhaps the most popular programming language for 

event-driven web applications is JavaScript,  partly due to its wide support in different 

web browsers [Chadha et al. 2014]. Additionally, a wide selection of detailed up-to-

date tutorials on the subject of building web applications with JavaScript is available 

on the internet for the general public, allowing anyone to start learning the language 

with a less steep learning curve. 

JavaScript  is  a  multi-paradigm  programming  language  with  a  support  for 

event-driven, functional and imperative programming styles. Despite its support for 

functional  programming,  a  large  number  of  JavaScript  tutorials  for  building  web 

application  front  ends  concentrate  on  teaching  the  traditional  event-driven 

programming  style,  which  often  includes  only  few,  if  any,  aspects  of  functional 

programming.  The  availability  of  these  event-driven  tutorials  and  lists  of  best 

practices might be a part of the reason why this particular style is perhaps the most 

used in JavaScript web applications. 

There are however some disadvantages with the event-driven programming 

paradigm that should be taken into account when considering taking a purely event-

driven approach for web development. With bigger software projects the state of the 

project can grow broad and complex very fast, which can lead to problems such as 
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uncertainty of where specific data is stored and the need to generate a large number of 

tests to cover the state space of the program [Habibi and Mirian-Hosseinabadi 2015]. 

Additionally,  many of the event-driven JavaScript  approaches are not always well 

optimised due to characteristics of the language, such as dynamic typing.

Functional  programming  has  different  advantages  that  can  offer  some 

solutions  to  the  problems  of  event-driven  programming.  With  the  functional 

programming  style  variables  are  immutable  and  the  state  of  the  program  is  not 

mutated, causing purely functional languages to not allow program side effects, thus 

eliminating the possibility of accidentally mutating a variable outside of its scope. 

Additionally,  the  functional  programming  paradigm  is  considered  to  be  better  at 

parallelisation, allowing the running of multiple processes at the same time. 

These  characteristics  of  the  functional  programming  paradigm  are  said  to 

enhance performance, efficiency and reliability of the application. Berry [2018] states 

in  her  presentation  about  her  experience  of  developing  a  web  application  in  the 

functional programming language Elm as a consultant, that the application proved so 

stable and reliable that she did not need to maintain it and lost her job in the project as 

a result. In addition to the somewhat funny downside of developers losing their job 

due  to  the  efficiency  of  functional  programming,  the  paradigm  has  certain 

architectural  weaknesses,  most  notably  the  somewhat  complex  approach  to  file 

operations in certain situations, and the restrictions in working with persistent data 

[Malkov 2010].

McGranaghan [2011] describes the use and benefits of developing software 

applications  with  ClojureScript.  ClojureScript  is  a  lisp-dialect  known for  its  host 

interoperability,  expressiveness  and  good  performance.  With  its  ClojureScript-to-

JavaScript  compiler  it  can  bring  the  benefits  of  functional  programming  into 

JavaScript. For example, its semantics-altering compiler and runtime library make it 

possible  to  write  functional  data  structures  on  top  of  JavaScript,  and  bring  the 

robustness  and  elegance  of  functional  programming  to  the  browser.  According  to 

McGranaghan  JavaScript  itself  only  offers  one  data  structure,  whereas  with  the 

ClojureScript compiler and runtime library it is possible to use a full set of different 

functional data structures. 
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The functional programming paradigm has been criticised for its complexity 

and  syntactical  difference  to  the  more  dominant  imperative  and  event-driven 

paradigms, as it does not allow side effects and mutation, and it uses recursion instead 

of looping. This might result in new programmers having to use an excess amount of 

time learning how to think functionally, delaying the start of the actual development. 

Malkov  [2010]  improved  the  approach  to  web  development  with  the 

functional  programming  paradigm  by  customising  a  functional  programming 

language Wafl for web development. His research with the optimised programming 

language tried separating transactional  code segments from purely functional  ones 

making  the  recognition,  validation,  verification  and  parallel  evaluation  of  pure 

functional program segments significantly easier. The research tested the use of Wafl 

with multiple generations of students, and each of them was able to develop web 

applications with the language after  only a few introductory lectures.  With Wafl’s 

approach it  would be possible to make use of the many benefits of the functional 

programming  paradigm  such  as  its  optimisation,  elimination  of  side  effects  and 

support  of  parallelisation,  while  reducing  its  alien  and  complex  appearance  to 

developers with no background in functional programming.

The  previous  research  have  concentrated  on  examining  and  promoting  the 

advantages of the functional programming paradigm in different software systems and 

domains. However, the field of web development has remained relatively untouched, 

leaving  many  of  the  possible  advantages  unexamined.  The  number  of  web 

applications  has  increased  within  the  past  decade,  making  web  development 

increasingly more popular field of software development. 

To  fully  understand  the  potential  of  functional  programming  in  web 

development, several more aspects need to be researched. These include performance, 

testability, error handling, code complexity and the actual development process. The 

aim  of  this  thesis  is  to  examine  how  well  these  aspects  are  handled  in  a  web 

application written with a purely functional programming language, and to compare 

the results to those of a similar application developed with the popular event-driven 

JavaScript framework React. 
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3 The application

To compare the use of the functional programming paradigm in web development to 

the traditional event-driven approach, a simple web application was developed with 

different  programming  styles.  Altogether  three  versions  of  this  application  were 

developed:  two with  JavaScript,  and one  with  the  purely  functional  programming 

language Elm. The back end of each application is written in Node.js. The application 

can be used for storing food recipes, browsing them and for getting a random food 

from the database. 

The JavaScript applications use Google OAuth for logging in the user, whereas 

the Elm application is currently given the user id to be used in the database queries in 

a  configuration  file.  The  reasons  for  this  difference  in  the  login  process  will  be 

clarified later in this thesis. The application is developed using the SPA architecture; it 

consists of different views which are dynamically loaded as responses to user actions.

3.1 Database
The application accesses a PostgreSQL database, which stores all information used by 

the application. The database has two tables: one for storing user information and the 

other for foods. Figures of the database tables and their data types can be found in 

Appendix  1.                                                               

The database was originally  provided for this  application by Amazon Web 

Services to  enable deployment to  a  cloud platform. Later  during the development 

cycle, this was changed into a local database running on the development machine. 

This was due to Amazon Web Services making changes to their database instances, 

which left all older instances broken unless updated. The author of this thesis decided 

not to proceed with the update as the free year of using the database service was 

ending, and paying for the service did not seem reasonable at the time. Therefore the 

applications and database are currently for local development use only, and are not 

accessible publicly.
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3.2 User interface
The  application  has  six  or  seven  different  views,  depending  on  whether  the 

implementation uses an authorisation flow or not. In the JavaScript applications where 

Google OAuth is used for logging the users in with their Google accounts, the first 

view is the login screen, welcoming the user to the application and displaying a login 

button. By clicking the login button, the authentication flow is initiated and ultimately 

handled via Google API. The application saves the Google user id to the database and 

attaches an identifier to it to be used as a reference by foods created by the user. 

Once the user logs in, the landing page greets the user and shows the latest 

foods added, if there are any (Figure 1). Furthermore, there are buttons for getting a 

random food and adding a new one. A search bar can be seen on the navigation bar of 

the  application,  but  this  was  intended  for  possible  further  development  of  the 

application. The search functionality was not implemented for the purposes of this 

research. 
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By clicking the “Add new meal” button the user is  taken to another  view,  which 

prompts the user for information about the food to be added (Figure 2). Although 

name is the only required property, the user can additionally specify a description, 

recipe and tags. Tags can later be used when asking the application to return a random 

food with certain criteria.

When the user presses the save button, the application sends a post request containing 

the information about the food to the database. After the request is handled, a modal 

window opens  telling  the  user  whether  the  request  was  successful  or  not.  If  the 

request succeeded, the user can choose to add another food or return to the front page. 

If the user decides to add another food, all input fields are cleared and the user can 

start typing the information of another food.

After  the  user  has  created  some foods,  they  can  be  browsed  and  viewed. 

Figure 3 shows an example of the browse view with three foods. By clicking view, the 

food will be shown with its full information and the user can decide to either go back 

to the previous view or edit the food by pressing the pen icon next to the name of the 

food (Figure 4). The view for editing the food is almost identical to the add view in 
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Figure 2, with the difference of showing the current information of the food in input 

fields. 
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The most central feature of the application is what is called Food of the day. This is 

known as Meal of the day in the user interface mockups, but was changed to food in 

the applications. The aim of this feature is to help the user decide what to cook on a  

given day by returning a random food added to the database by the user. The user can 

specify tags to filter out foods of specific type, or to feature only foods with a certain 

tag (Figure 5).  

When  the  user  presses  the  Get  my  meal! -button  a  get  request  with  the 

information of included and excluded tags is sent to the database. After the application 

has received a response, a modal window containing the information of the received 

food is shown to the user. The modal window contains buttons for going to the page 

of the received food and for closing the modal. If no foods with the given criteria exist 

in the database, the modal window informs the user and suggests trying again with 

different criteria.

The user interfaces in the applications differ slightly from the mockups presented in 

this thesis. The applications use the word “food” instead of “meal” in all views, there 
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is no autofill feature when adding tags on the food of the day view, and some buttons 

have  different  labels.  There  are  also  some  small  design  differences  between  the 

JavaScript and Elm applications, such as the form of the food list.

3.3 Back-end architecture
The  back  end  of  the  food  application  is  written  with  Node.js,  an  open-source 

asynchronous  JavaScript  runtime  environment  which  runs  the  JavaScript  engine 

outside of the browser. It is designed for building scalable network applications and 

has gained popularity due to its good performance and ability to concurrently handle 

multiple  connections  [Node.js  2020a;  2020b].  It  is  influenced by systems such as 

Ruby’s  Event Machine and Python’s  twisted, with some enhancements to the event 

model.  Due  to  its  concurrency  and  use  of  an  event  loop,  there  are  no  locks  or 

blocking, making the environment ideal for scalable systems.

3.3.1 Key libraries

The two key libraries used in the backend are Express.js and Sequelize. Express is a 

Node.js  web  application  framework  providing  HTTP utility  methods  for  creating 

APIs. It  supports  a  variety of  different  template  engines  and  ORMs,  allowing the 

developer  to  make framework choices  relatively  freely  [Express.js  2020].  Popular 

ORMs for Node.js applications include TypeORM, Sequelize and Loopback, of which 

Sequelize was chosen to be used in the back end of the food application.

ORM  solutions  are  considered  important  due  to  their  effective  and  easily 

customisable features and ability to promote data-driven API development using the 

programming language of a choice [Dimba 2019]. With an ORM the developer is able 

to  interact  with  the  database  using  a  preferred  programming  language  such  as 

JavaScript, instead of having to write queries in  SQL. This reduces the need to be 

fluent in a database query language such as SQL, as database queries can be written in 

the same language as the rest of an application. Another advantage of using an ORM 

is  that   switching  between  database  systems  can  be  executed  with  less  difficulty 

[Hoyos 2018]. The disadvantage is, that since there are multiple very different ORMs, 

the developer might have to learn how to use a different one when starting to work on 

a new project that has already been initialised by a person with different preferences.
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Sequelize is a promise-based ORM which supports a wide range of database 

management systems, such as  Postgres, MySQL, SQLite and  MariaDB. It sets up a 

connection pool on initialisation, due to which it is recommended to create a single 

instance for each database when using a single process. Querying can be done either 

by using JavaScript or raw queries. In the back end of the food application querying 

was done with JavaScript.

3.3.2 File and directory structure

As  mentioned  before,  all  applications  developed  for  this  research  use  the  same 

Node.js back end. Therefore the back end of each application has the same directory 

structure.  However,  there  are  some  differences  between  the  back  ends  of  the 

JavaScript  and Elm applications,  as  the JavaScript  applications were implemented 

with  Google  OAuth,  whereas  the  Elm  application  uses  a  user  id  given  in  a 

configuration  file.  This  resulted  in  having  authentication  functions  and  related 

libraries in the backend of the JavaScript applications, whereas the Elm application 

has none.

The  back  end  is  divided  into  three  directories:  models,  routes  and  config. 

Additionally, there are two files in the root directory:  index.js and  sequelize.js. The 

files  in  the  models  directory  specify  models,  which  represent  the  tables  in  the 

database. There are two tables in the food application database:  food and  app_user, 

and  the  models  for  these  two  tables  are  saved  in  their  own  files  in  the  models 

directory. The routes directory contains all the different routes for making queries, 

which  are  divided  into  two  files:  authRoutes.js and  foodRoutes.js.  The  first  one 

consists of authentication related routes, whereas the latter contains all food related 

queries. The config directory contains the configuration file for all information that 

should remain secret, such as the database name and password, and Google OAuth 

client id and secret. Finally, the sequelize.js file takes care of initialising the Sequelize 

instance and index.js for running the application.
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4 Development approaches

This chapter explains the three different approaches used to develop the application 

introduced in the previous chapter. The first application was written in JavaScript in 

the  traditional  event-driven  programming  style  with  little  emphasis  on  functional 

programming,  the  second  in  JavaScript  using  more  features  of  the  functional 

programming paradigm, and the third in the purely functional programming language 

Elm.  Both  JavaScript  applications  were  developed  with  the  user  interface  library 

React. 

For clarity the three applications will be referred to as the event-driven React 

application,  the  functional  React  application  and  the  purely  functional  Elm 

application, although all of them have some functional characteristics and are event-

driven. 

The development process of each application took into account the perspective 

of  a  beginner  or  a  person  previously  unfamiliar  to  the  language,  thus  examining 

tutorials and recommended best practices of each approach. 

4.1 Event-driven approach with JavaScript
The traditional event-driven version of the application was created with JavaScript by 

using React and Redux Saga. In addition to the previous knowledge of the author, this 

version used mainly popular React courses on Udemy, an online learning and teaching 

marketplace, as a general guideline for how React applications should be developed. 

This was done to get insight about the best practices taught to beginners or people 

who are getting started with the language.

4.1.1 Language and libraries

JavaScript is a multi-paradigm interpreted programming language supported by major 

web browsers. Due to its support for multiple programming paradigms, a vast number 

of different programming styles can be utilised when programming with JavaScript, 
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including  event-driven  and  functional  programming  paradigms  [MDN  web  docs 

2020].

During the last few years, the JavaScript library React used for building single 

page user interface applications has gained popularity among web developers. It was 

originally  written for Facebook,  but  is  currently widely used in  web development 

[Dawson  2014].  Additional  libraries  can  be  used  together  with  React  to  provide 

routing, API calls and user interface components. A common library for managing 

application  state  with  React  is  called  Redux,  which  was  chosen  for  the  food 

application  developed  for  the  purposes  of  this  thesis.  Redux  Saga  is  a  Redux 

middleware that  is  used  for  handling  the  side  effects  of  the  Redux  part  of  the 

application.

Middleware works between the parts of the program that receive a request and 

generate  a  response.  It  is  used  for  handling  asynchronous  API  requests,  logging, 

routing and crash reporting [Redux 2020a]. In the food application middleware was 

used mainly for making asynchronous requests for the Node backend. Redux Saga has 

different saga functions for each request for the backend. These functions dispatch 

actions that change the state of the application.

The graphical user interface of the application was developed by using the user 

interface  library  Bootstrap.  Bootstrap  provides  a  style  sheet  that  can  be  used  to 

include the default styling of Bootstrap to the project, which reduces the need to write 

custom CSS. In addition,  there is  a  version of the library rebuilt  for React  called 

ReactBootstrap. This library provides the user interface components of Bootstrap as 

React  components.  The  food  application  uses  for  example  the  Button,  Form and 

Modal components of the ReactBootstrap library.

4.1.2 Development process

As the event-driven React application was the first one the author of this thesis started 

working on, more time was needed to get started with the development than with its 

functional counterpart. This was due to tasks such as designing the user interface and 

the back end of the application. However, as the author is in general very familiar 

with  React  and has  developed multiple  different  applications  with the  technology 
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before,  the  actual  development  process  was  relatively  smooth,  and  it  was  not 

necessary to spend much time studying the technology and related libraries. 

Altogether the development of this version took the author approximately 50 

hours. However, it is important to note that since this was the first version of the food 

application, it is possible that some of these hours were spent on working with the 

back end or UI design. Therefore it is likely that the  actual front-end development 

took closer to 40 or 45 hours.

4.1.3 Architecture

The front end of the application is divided into four directories:  components,  views, 

redux and styles. Components and views directories consist of the React components 

of the application. 

Traditionally  React  components  are  divided  into  two  different  categories: 

presentational  components  and  containers.  Presentational  components  rarely  have 

their own state, receive necessary data and callbacks as properties, do not depend on 

the Redux store and are usually written as functional components [Abramov 2015]. 

Container components on the other hand often have their own state and are therefore 

written as classes, provide the data to other components and are more likely to be 

generated with higher order components, such as the connect() function from React  

Redux, that is widely used in the food application. 

Due  to  the  division  between  these  two types  of  components,  it  is  usually 

advisable  to  divide  them into  two  different  directories.  This  division  served  as  a 

general guideline for the architecture of the food application, although in this case the 

components were in essence divided into views which can be thought of as pages of 

the application, and components that are smaller parts used inside the views.

The  component  directory  primarily  consists  of  presentational  React 

components.   FoodListItem,  NewFoodModal and  RandomFoodModal  are  good 

examples of presentational components, as they fulfill all the general characteristics of 

presentational  components  mentioned above.  Tags  and  FoodForm  components  are 

also  essentially  presentational,  although  they are  written  as  classes  rather  than  as 

functional components due to their need for either their own state (FoodForm) and/or 

additional event handlers. Moreover, the Header component shown on the top of the 
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screen on all views, and the  App component which serves as the root for the entire 

application, are written as classes and in addition generated with the Redux connect() 

function, therefore sharing some characteristics with the container components. They 

were  still  mostly  considered  to  be  closer  to  presentational  components  than 

containers, which resulted in keeping them in the components directory. 

The views directory consists entirely of container components. As mentioned 

earlier, these components serve as views of the application and can be thought of as 

the counterparts of pages in multiple page applications. These are Landing – the view 

which the user sees when entering the page for the first time, NewFood containing the 

form and functionality for creating a new food,  BrowseView for browsing the entire 

list of foods, FoodView for inspecting and editing a specific food, and FoodOfTheDay 

for receiving a random food from the database. All these container components are 

connected to the Redux Store to enable dispatching store changing actions.

The redux directory contains all the functionality needed for changing the state 

of the Redux Store.  There are three files in this folder:  actions.js,  reducers.js and 

sagas.js. The actions.js file contains all different action types that the application uses 

as  constants.  The  action  types  are  examined  by  the  Redux  Saga  middleware,  to 

determine what the application should proceed to do when each action is triggered. 

They are created by using the createAction() function from the Redux Actions library. 

This function wraps an action creator causing its return value to be the payload of a 

Flux  Standard  Action [Redux  Actions  2020],  FSA for  short.  FSA specifies  four 

properties which an action might have: type, payload, error and, meta [Bennett 2016]. 

Type is the only required property for a FSA; it is a string specifying the type of the 

action, and is taken as a parameter by the  createAction function. For example, the 

action for fetching a food is created as follows:

export const fetchFoodRequest = createAction('FETCH_FOOD_REQUEST');.

In addition to the request actions, each request is also given a success and a failure 

action, which are used to specify what the application should do in case the request 

succeeds or fails:

export const fetchFoodSuccess = createAction('FETCH_FOOD_SUCCESS');
export const fetchFoodFailure = createAction('FETCH_FOOD_FAILURE');.
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These action types are imported by the  reducers in the  reducers.js file. The 

purpose of a reducer is to specify how the state of the application should change when 

a certain action is executed [Redux 2020b]. Reducers are functions which take the 

previous application state and an action as parameters, and return the next, updated 

state. They are considered pure, meaning that no side effects or argument mutations 

can  happen  inside  them.  The  reducers  for  the  actions  fetchFoodSuccess and 

fetchFoodFailure and the declaration of the initial state can be seen from Example 1.

const initialState = {
  user: null,
  error: null,
  latestFoods: [],
  foods: [],
  food: null
};

export default handleActions({
...
  [actions.fetchFoodSuccess]: (state, action) => ({
    ...state,
    food: action.payload,
    error: null
  }),
  [actions.fetchFoodFailure]: (state, action) => ({
    ...state,
    error: action.payload
  }),
...
},
initialState
);

Example 1: Reducers for food fetching events

As can be seen from the example, when the food is fetched successfully, its 

value is passed to the application state as a new value for the food property. Similarly 

if the request fails, the error property is updated with the value of the encountered 

error. The three dots in front of state in both cases is known as the spread operator. Its 

purpose is to copy properties from an object provided to it onto a new one, in this case 

from the old state onto the new one [Ball 2018].

The  last  file  in  the  redux  directory  is  the  sagas.js  file.  It  contains  all  the 

generator functions needed for handling the application side effects, such as retrieving 
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data from the Node backend. These functions are called from within the application 

whenever  a  data  query  should  be  executed.  Example  2  shows the  saga  generator 

function for fetching a food.

function* fetchFoodRequest(action) { 
 const state = yield select();
 let { foodId } = action.payload;
 foodId = parseInt(foodId);
 let food;
  try {
    if (state.foods.length !== 0) {
      food = state.foods.find(food => food.food_id === foodId);
    } else {
      const response = yield call(

  axios.get, 
  `/api/foods/${foodId}`);
  food = response.data;

  if (food.tags) {
    const tags = tagsToObjects(food.tags);
    food = { ...food, tags };
  }

    }
    yield put(actions.fetchFoodSuccess(food));
  } catch (error) {
    yield put(actions.fetchFoodFailure(error));
  }
}

Example 2: Redux saga generator function for fetching a food

Depending on whether the request was successful or not, the function yields either the 

success or the failure action. These actions are then examined by the reducers, which 

update the state in an appropriate manner.

The last  directory in the React Redux frontend is the  styles directory.  This 

directory contains all the SCSS files which define the appearance of the user interface 

for different parts of the application.

4.2 Functional approach with JavaScript
The React application with a more functional approach used many of the components 

of the event-driven version with some modifications. In contrast to the purely event-

driven application this version used the relatively recent feature of the React library 

called Hooks. In addition to the Udemy courses used as tutorials with the first React 
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application, this version used the documentation of the React library and blog posts on 

the subject of functional programming with React as general guidelines.

4.2.1 Language and libraries

The functional React application was developed partly with the same technologies as 

the event-driven one in order to provide a common ground for the event-driven React 

application and purely functional Elm application. In addition to many of the same 

libraries used in the event-driven application, libraries aiming to support functional 

programming in JavaScript, such as Ramda, were used allow the use of a style closer 

to that of functional programming.

Ramda  is  a  functional  JavaScript  library  which  provides  a  wide  range  of 

different data set functions such as  map, forEach and  filter. Many similar functions 

are already available in JavaScript by default, but using Ramda guarantees that no 

data is mutated, making it suitable for the functional programming style. Ramda has 

been designed for pure functional programming style, thus emphasising immutability 

and side-effect  free development.  Furthermore,  Ramda functions  are  automatically 

curried [Sauyet 2014].

In  the  functional  approach  with  React,  all  components  were  declared  as 

functions instead of classes. This was made possible by Hooks, a new addition to the 

framework introduced in React 16.8. Hooks is a functional programming approach 

which allows the user to use React features and access the application state without 

the need for writing classes. It simplifies the complexity of managing a mutable state 

in the style of the declarative programming paradigm. 

Since Hooks allows the programmer to perform side effects, it is not a purely 

functional  approach  for  application  development,  although  it  is  based  on  the 

functional programming paradigm. This new feature was chosen to be used in this 

version as it allows developing the entire application as a chain of functions rather 

than as a collection of classes, and also to examine if there are any differences in the 

clarity of the code between the old and new React best practices.
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4.2.2 Development process

Part of the code for the event-driven application was directly usable in this version, 

which  resulted  in  a  shorter  development  process.  Components  such  as 

NewFoodModal and  FoodListItem did not need to be modified extensively due to 

their  already minimal  and simple functionality.  Moreover,  these components  were 

already declared as functions in the event-driven application omitting the need for the 

refactoring done for most other components. However, even though much of the code 

could be reused from the event-driven application, the challenges faced when wanting 

the  code  to  fulfill  some  of  the  criteria  of  the  functional  programming  paradigm 

lengthened the process. 

As React is  mainly used for event-driven programming, the author did not 

have previous experience on functional programming with React, and the number of 

available  guides  on  the  subject  was  relatively  small.  Therefore  the  author  had to 

experiment with the language, which did not always result in code with a functional 

style, and the number of errors faced during the development process was greater than 

with  the  event-driven  version.  In  conclusion,  the  author  had  to  compromise  the 

functional programming paradigm for those parts of the program, where fulfilling its 

criteria did not seem possible or reasonable with React.

Since  part  of  the  code for  the  event-driven React  application  was  directly 

usable or easily refactorable in this version, the time spent on the development of this 

version measured only 25 hours. Therefore the development time of this application is 

not comparable to that of the other two versions.

4.2.3 Architecture

The architecture of this application is very similar to that of the event-driven React 

application. The directories and their structures are the same, and the only differences 

in the Redux implementation are in the code of the generator functions, which use the 

functional  programming  library  Ramda  and  immutable  variables.  Moreover,  all 

directories contain the same number of files and the names of the files are identical to 

that of the other React application. Therefore all differences between the two React 

applications are strictly in the code and not in the directory structure.
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While  the  event-driven  React  application  had  many  class-based  container 

components,  this  version  aimed  to  have  as  many  functional  presentational 

components as possible. This was to minimise the use of a mutable local state and to 

allow an implementation closer to functional programming. All of the components in 

the components directory are written as functional components, and of these only the 

food form component  uses  local  state.  React  Hooks allows using local  state  with 

functional components, which removed the need to write the food form as a class-

based component. Similarly all components in the views directory were written as 

functional components, although each of them has a local mutable state.

4.3 Functional approach with Elm
The purely functional approach with Elm was inspired by the SPA tutorial available 

on  elmprogramming.com. The tutorial explains how a blog post application can be 

built on Elm and features implementation for functionality very similar to the food 

application: adding, editing and listing blog posts.

4.3.1 Language and libraries

Elm  is  a  functional  language  designed  for  front-end  development  for  web 

applications.  It  compiles  to  JavaScript  and can  therefore  relatively  easily  be  used 

together with JavaScript runtime environments such as NodeJS. Elm is known for 

having friendly error messages,  which tell  the developer  in  detail  where the error 

happened and what could possibly be done to fix it. The language aims to be easy to 

learn and use, making it an easily approachable functional programming language for 

people with no previous experience on functional programming.

Similarly to the React applications, the user interface of the Elm application 

was developed with Bootstrap. Similarly to the ReactBootstrap library which provides 

the user interface components of Bootstrap as React components, there is a library 

package for  Elm called  Elm Bootstrap. This  package offers  most  of  the same UI 

components  that the one for React does as Elm modules.
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4.3.2 Development process

The Elm application uses the same backend as its JavaScript counterparts. Since the 

backend is written with NodeJS and Elm compiles to JavaScript, the two languages 

can be integrated with one another relatively easily. However, the passportJS library 

that was used with the JavaScript applications for authentication did not function as 

expected  together  with  Elm.  When  used  with  React,  the  passportJS  library 

automatically forwards the cookie generated during the authorisation process to the 

front end,  allowing the user to see their personal information and saved data. The 

Elm front end did however not receive the cookie, or the cookie was lost during the 

delivery process. This led to the front end not having the authorisation to request the 

data of the user, therefore returning the value undefined when fetching data.

Since the author did not find a solution for the unexpected behaviour with 

passportJS, other means were tried to implement Google Authentication to the Elm 

application.  Many  tutorials  and  recommendations  for  how  to  implement  the 

authentication were however outdated and did not offer sufficient help for solving the 

problem with the newest  version of Elm and Google OAuth.  Therefore,  since the 

authentication is not the most important feature for the purposes of this thesis, it was 

decided to be abandoned to prevent the prolonging of the research. Considering the 

findings it is however interesting to note, that Google OAuth which is widely used as 

an  authentication  service,  caused  considerably  more  work  when  attempted  to  be 

implemented with Elm than it is with JavaScript.

After  the  failed  attempt  of  implementing  Google  OAuth  to  the  Elm 

application, the application was given a hardcoded user identifier to be used with the 

requests. This replaced the functionality where the user identifier linked to the Google 

identifier received during authentication was fetched from the database.

The language itself was relatively easy to learn even though the author did not 

have notable previous experience of functional programming. The development of the 

application measured close to 100 hours including the failed attempts at implementing 

the authentication. However, if the hours spend on authentication attempts are reduced 

from the total time count, the development took circa 57 hours; approximately ten 

hours  more  than  the  development  of  the  even-driven  React  application.  This  is 
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relatively little considering that the author had worked with React before, but had no 

earlier  experience  with  Elm.  It  is  important  to  note  however,  that  due  to  time 

constraints the Elm application currently lacks the feature for editing foods, which 

would have increased the total hour count further.

4.3.3 Architecture

The Elm front end is divided into files and directories as was instructed in the Elm 

tutorial  in  elmprogramming.com,  since  the  author  had  no  prior  knowledge  of 

recommended  directory  or  file  structures  in  Elm  applications.  The  views  of  the 

application are located inside a directory called  Page,  and smaller components and 

decoders can be found in the root directory together with the main file Main.elm and 

index.js which initialises the application. 

The  Page  directory  is  similar  to  that  of  the  views  directory  in  the  React 

applications. All the actual pages or views of the application are stored there as Elm 

files, each having their own model, messages and init, view and update functions.

The model in Elm is a data structure that represents the state of an application, 

the  init  function  initialises  the  application,  the  view  function  is  responsible  for 

producing  the  actual  user  interface  and  returning  it  as  HTML  code,  messages 

represent different actions the users can perform, and the update function defines what 

the application should do when these actions are performed. The  Foods.elm file in 

Appendix 3 shows how these are used in practise, and section 5.2.1 will examine in 

more detail how this architecture affects the information flow.

The routing of the application is handled in the Route.elm file (Appendix 3). 

This file is responsible for parsing the URLs to validate that the given URL matches 

one of possible values given for the Route data type. The current route is stored in the 

model of the  Main.elm file to determine the page the user is  currently on, and to 

handle the URL changes triggered by clicking the buttons on the user interface.

The User.elm and Food.elm files contain the code necessary for decoding and 

encoding the JSON data received from and sent to the back end. The functionality and 

purpose of decoding the data will be explained in section 5.2.1 

A notable  improvement  for  the  directory  structure  would  be  to  take  an 

approach similar to that of the React applications, and rename Page to View and place 
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FoodList.elm to a directory called Component. Furthermore, a directory called Model  

or something similar could be created for Food.elm and User.elm.
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5 Findings

Functional programming languages are still not necessarily among the most popular 

programming languages of the year 2019 [Dwivedi 2019], but their characteristics are 

starting  to  get  more  visible  and  used  with  popular  mainstream  multi-paradigm 

programming languages such as JavaScript.  For example the support  for lambdas, 

often  used  in  functional  programming,  can  nowadays  be  found  in  mainstream 

programming languages, making it possible to apply a more functional style even if 

the language itself is not primarily functional  [Elizarov 2019]. Moreover, examples 

with  some conventions  of  functional  programming can  even be  found in  popular 

React  tutorials,  and  are  in  many  cases  referred  to  as  the  preferred  methods  of 

implementing  functionality.  This  has  made it  easier  for  programmers  to  approach 

functional  programming  paradigm  and  enabled  them  to  discover  more  effective 

solutions to their programming problems.

This  research  aims  to  compare  the  implementations  of  the  same  web 

applications written in the basic and wide-spread event-driven style of React, a more 

functional style of React, and the purely functional programming language Elm in 

terms  of  compilation  time,  error  handling,  code  and  testability.  This  chapter  will 

present the findings of these comparisons, and examine what benefits can be achieved 

when using a purely functional programming language in web development.

5.1 Compilation time and error handling
All applications developed for this research were created using a package aimed at 

making the project set up faster by removing the need for writing build configuration 

manually. These packages use the Node Package Manager for installation. In Elm this 

package is known as  create-elm-app, while the React counterpart is named  create-

react-app. These similar packages were chosen to properly compare the compilation 

times of the different applications.

When the Node back end was started separately, the front end starting times 

measured four seconds for the Elm application, 17 seconds for the event-driven React 

application,  and  12  seconds  for  the  React  application  with  a  more  functional 
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approach. Starting the back end together with the front end did not affect the running 

time of the React applications. The difference between the Elm and React applications 

is  surprisingly large considering that Elm is  also compiled to JavaScript.  The end 

result suggests that there are notable differences in the optimisation of React and Elm.

Many functional languages such as Haskell, Elm and partly functional Scala 

are statically typed, whereas JavaScript checks types dynamically [Krauss 2015]. This 

is not however a matter of a language being functional or not. Lisp and its dialects 

such as Clojure, which is widely used in web development, are dynamical as well as 

JavaScript. Static typing does however seem to be relatively common in functional 

programming languages,  presumably  because  it  allows  errors  to  be  caught  before 

letting  the  user  interact  with  the  application.  In  addition,  with  static  typing  the 

compiler is able to create optimised machine code, due to knowing the types already 

at compile time. This is one possible explanation for why the Elm application starts 

considerably faster than its JavaScript counterparts.

With dynamic type checking the type safety is  determined during runtime. 

This  suggests  that  the  types  are  not  known during  compilation,  resulting  in  less 

optimised machine code. Another downside of dynamic type checking is that it allows 

runtime  errors  to  occur.  In  practice  this  means  that  the  user  interacting  with  the 

application can suddenly face an error while using it. It is essentially possible to use 

the  application without  being  certain  that  it  will  not  crash during  its  use [Krauss 

2015].

The  contrast  of  these  two  different  types  of  type  checking  methods  can 

relatively clearly be seen in the Elm and JavaScript applications programmed for the 

purposes of this thesis. Due to its static type checking mechanism, Elm informs the 

developer of existing errors already when the application is starting. If any errors are 

detected, the application will not start, but will rather show the developer a screen 

with error messages. 

The defining characteristic of the Elm programming language is its clear and 

thorough error messages, which tell the developer in detail what has caused the error 

and how it could possibly be fixed, making error location and fixing faster and more 

efficient. In contrast to this, the React applications might start correctly, but they do 

not necessarily indicate that the program will be error free. There were instances in 
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the food application, where pressing the back button caused the React applications to 

crash and display a red error message on the screen.

Type checking can make a great difference in terms of program reliability. The 

developer  of  these  two different  food applications  felt  more  secure  with the  Elm 

application, than with its JavaScript counterpart. If the Elm application started without 

errors,  it  could be expected to work as intended. The React applications however, 

could still crash while being used, even if the initial checks passed. 

Due to this it would appear to be especially important to have automated tests 

already on early stages of development when using JavaScript with React. This would 

remove the need to manually go through different parts of the application in search of 

errors. It is certainly possible that something is wrong with an Elm application even if 

there are no compile time errors, but in the case of the food application it was always 

something relatively minor and easy to come across. Examples of these type of events 

are that a request URL was wrong so it would not return any data, or the developer 

had forgotten to  link an  on click -event to  a button.  These types of mistakes can 

happen with any programming language, as they are not really errors but carelessness 

of the developer.

As mentioned before, it is important to note that static typing is not in its core 

linked to functional programming, as there are dynamical functional programming 

languages and static imperative languages. Static type checking does however appear 

to remain especially popular in functional programming languages, possibly due to its 

good optimisation and elimination of runtime errors.

5.2 Codebase
When comparing the advantages  and disadvantages  of two different  programming 

paradigms or languages, it is important to not only examine the differences in the end 

results, such as performance and compilation time, but additionally the code itself. 

Different paradigms and languages generally have different conventions to how the 

code  is  written,  and  the  more  readable  and  understandable  the  code,  the  more 

appealing it can appear to developers.

The code of each application is analysed in this section in terms of structure, 

complexity  and  quantity.  The  structure  and  complexity  part  concentrates  on 
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examining how easily the code can be organised and how clear the information flow 

within the application is. The quantity of the code is measured as code lines in the 

application excluding empty lines. The aim of measuring the number of code lines is 

to observe, how much of actual writing can be expected from the developer, when 

developing the application with a certain paradigm and language.

5.2.1 Code structure and complexity

One significant difference between purely functional and event-driven or imperative 

programming languages is that functional programming does not allow side effects 

nor  mutating  data.  Functions  written  with  the  functional  programming  paradigm 

depend only on their arguments and are not affected by state or outside data. These 

differences are clearly visible in the food applications developed with Elm and React.

The Elm application consists of a relatively large number of short functions 

which take everything they need for calculating the end result as arguments. The data 

is fetched from and saved to the database instead of the state tree of the application.  

The React application on the other hand relies mostly on the application’s global state, 

which results in less parameters and more references to the application state from 

inside the functions. A good example of these differences is the way the submit button 

for the food form has been programmed with the different paradigms. 

update : Msg -> Model -> ( Model, Cmd Msg )
update msg model =
    case msg of
...
CreateFood ->

( model, createFood model.food )
FoodCreated (Ok food) ->

(  {  model  |  food  =  food,  modalVisibility  =  Modal.shown, 
createError = Nothing }
        , Cmd.none
        )
FoodCreated (Err error) ->
    ( { model | createError = Just (buildErrorMessage error) }
    , Cmd.none
    )

createFood : Food -> Cmd Msg
createFood food =
    Http.post
        { url = "http://localhost:3001/api/foods"
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        , body = Http.jsonBody (Food.newFoodEncoder food)
        , expect = Http.expectJson FoodCreated foodDecoder
        }

foodDecoder : Decoder Food
foodDecoder =
    succeed Food
    |> required "food_id" Decode.int
    |> required "name" Decode.string
    |> required "recipe" Decode.string
    |> optional "tags" (Decode.list Decode.string) []
    |> required "description" Decode.string
    |> required "user_id" Decode.int
    |> required "createdAt" Decode.string
    |> required "updatedAt" Decode.string

type alias Food =
    { food_id: Int
    , name: String
    , recipe: String
    , tags: List String
    , description: String
    , user_id: Int
    , createdAt: String
    , updatedAt: String
    }

Example 3: Functionality for submitting the food form in Elm

In the Elm application when the food form submit button is clicked, the application 

calls the CreateFood event declared inside the update function. This is declared as 

follows: 

Button.button [ Button.primary, Button.attrs [ class "save-button", 

onClick CreateFood ]] [ text "Save" ]

This click event launches a sequence of functions to be executed (Example 3). First 

the  createFood function makes the post request to the Node backend, expecting to 

receive JSON that matches the form of the type alias Food. The received food item is 

validated and decoded with FoodDecoder into a form usable by the application. 

The update function receives the FoodCreated message and depending on the 

success of the request,  one of its  branches  is  executed.  If  receiving the food was 

successful, it is delivered to the current model and a modal window is shown to the 

user. If the request failed, an error message will be constructed and shown to the user. 
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The validation through the decoder guarantees that the application will always work 

with data that has a specific form, and will not let unexpected data get through thus 

avoiding runtime exceptions.

onSubmit = (event) => {
  event.preventDefault();

  const { elements } = event.target;
  const food = this.state.food;
  const errorMessage = this.checkInput(food);

  if (!errorMessage) {
    this.props.submitFunction(food);
    // Clear all input fields
    Object.keys(elements).forEach(element => {
      elements[element].value = '';
    });

    this.setState({
      showModal: true,
      food: {
        name: '',
        description: '',
        recipe: '',
        tags: []
      }

    });
    this.props.handleSave();
  }

};

Example 4: Event handler for submitting the food form in the event-driven React 
application

Unlike the purely functional Elm, JavaScript allows side effects and accessing 

the application state within a function, thus resulting in a single function with multiple 

declarations  and  function  calls  inside  it.  Functions  are  not  passed  on  to  other 

functions,  but  instead  separately  called  within  the  main  function.  The  application 

relies heavily on what Redux does on the background, thus resulting in more complex 

architecture and event handling, which will be explained in more detail later in this 

section. 
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The solution in the other React application is similar with slight differences. A 

function  called  submitForm which  takes  all  necessary  variables  and  functions  as 

parameters is supplied as the on submit event handler. 

const submitForm = (event, submit, save, checkInput, setError) => {
    event.preventDefault();
    const { elements } = event.target;
    
    const food = {
      name: elements[0].value,
      description: elements[1].value,
      recipe: elements[2].value,
      tags
    };

    const errorMessage = checkInput(food);
    // Empty string if no errors
    setError(errorMessage);

    if (!errorMessage) {

      R.forEach(
        element => { elements[element].value = ''; },
        Object.keys(elements)
      );

      submit(food);

      save();
    }
  };

Example 5: The function for submitting a form in the functional React application

 

In both versions the event handler first  calls the  preventDefault function to 

prevent the default click handling, which would submit the form. Calling the function 

thus allows the developer to execute custom functionality before sending the form. 

After this the food object is pulled either from the state or from the event object, 

depending on the approach. In the application code the input is checked at this point, 

but it will be ignored in this research for now, as it is not implemented for the Elm 

application  at  the  time  of  writing.  A notable  difference  between  the  two  React 

applications is that the first version calls the forEach method of JavaScript, whereas 

the second that of the functional programming library Ramda. Before the input is 
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cleared, the Redux saga function for handling food creation is called in both versions 

of the application. This function is supplied to the  NewFood class as a property by 

using the connect-function as shown in Example 6.

Connect is used for accessing the Redux store containing the application state. 

The  first  parameter  it  accepts  is  a  mapStateToProps  function  used  for  providing 

application  state  elements  for  the  component  [React  Redux 2020].  The  NewFood 

component does not need to access any elements in the state tree, and therefore a null 

value  is  passed  as  the  first  parameter.  The  second  argument  is  the 

mapDispatchToProps function,  which  lets  the  programmer  define  functions  that 

change the  application  state  when called.  The connect  function  then  passes  these 

functions to the component. In this example two dispatch functions are passed to the 

NewFood component:  createFoodRequest and  fetchLatestFoods. These are called in 

the handleSubmit event handler (Example 6).

handleSubmit = (food) => {
  this.props.createFoodRequest(food);
  this.props.fetchLatestFoodsRequest();
};

...

const mapDispatchToProps = {
  createFoodRequest,
  fetchLatestFoodsRequest
};

export default connect(null, mapDispatchToProps)(NewFood);

Example 6: Form submit event handler and connecting to the Redux store

function* createFoodRequest(action) {
  try {
    const state = yield select();
    const { name, description, recipe, tags } = action.payload;
    let tagArray = null;

    if (tags.length > 0) {
      tagArray = tags.map(food => food.text);
    }

    yield call(
axios.post, 
'/api/foods', 
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{ 
  name, 
  description, 
  recipe, 
  tags: tagArray, 
  user_id: state.user.id 
}

    );
  } catch (error) {
    yield put(actions.createFoodFailure(error));
  }
}

Example 7: Redux saga generator function for making a food request

The actual saga generator function, which handles the communication with the 

back end is shown in Example 7. This type of a generator function in Redux Saga is  

called a worker function [Redux Saga 2017]. It takes a food object as the payload and 

passes it to a post request for the back end. Once more, since side effects are allowed 

in JavaScript functions, several steps can be executed inside the worker function. First 

the application state is received with the  select  function and the name, description, 

recipe and tags of the food are pulled from the payload of the action. Then the array 

containing the tags is created based on the tag object, and finally the post request 

made to the back end. In the React application with a more functional approach the 

creation  of  the  tag  array  differs  slightly  from  the  version  presented  above.  The 

variables are all treated as constants and are therefore immutable, and the functional 

programming  library  Ramda  is  again  used  instead  of  native  JavaScript  functions 

(Example 8).

...  
    const tagArray = 

tags.length > 0 ? R.map(food => food.text, tags) : [];

    yield call(
axios.post, 
'/api/foods', 
{ 
  name, 
  description, 
  recipe, 
  tags: tagArray, 
  user_id: state.user.id 
}

    yield put(actions.createFoodSuccess());
...
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Example 8: Handling the array for tags in the createFood worker of the functional 
React application

The worker function is called through a  watcher function  (Example 9). The 

purpose of the watcher function is to watch dispatched actions and direct the flow to a 

correct worker. 

function* watchCreateFoodRequest() {
  yield takeEvery(
    actions.createFoodRequest().type,
    createFoodRequest
  );
}

Example 9: Watcher function for food requests in the React applications

 After this the input fields are cleared, state updated and a function for handling the 

push of the save button called. The food form of the event-driven React application 

has a prop called handleSave which in this case takes care of showing the food modal 

by changing the application state:

handleOpenModal = () => {
this.setState({ showModal: true });

};

The React  application with the  more functional  approach and React  Hooks has  a 

property called save, to which the function is supplied:

save={() => setShowModal(true)}

As the examples show, the event handling is a slightly more complex process 

in React and Redux, than it is in Elm. However, since the data retrieved from the 

database can be stored in the application state, database queries will be executed less 

frequently than in the Elm application. This can be desired especially with larger and 

more complex applications, to reduce the query load of the database. It is possible to 

save the application state in Elm by using local storage. Due to time constraints and 

the  relatively  small  usage  of  the  application  this  was  not  implemented  for  the 

purposes of this research.
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5.2.2 Amount of code

Besides comparing the structure and complexity of the code it is worth examining the 

amount of code in each application. Appendix 2 shows the approximate number of 

code lines in a few different parts of each application, as well as the total number of 

code lines. The event-driven React application is referred to as React 1, and the one 

with a more functional approach as React 2. Since Elm and JavaScript have different 

syntaxes,  and therefore different conventions of how much there should be empty 

lines  between  code  lines,  empty  lines  have  been  excluded  from  the  sums. 

Additionally, it is important to note that the different syntaxes lead to different writing 

conventions, such as where to divide a line of code into multiple lines. Since there are 

some  features  in  the  React  applications  such  as  the  authentication,  that  are  not 

available on the Elm application, the corresponding lines were not counted to enable 

fair comparison between the different implementations.

Out of the three applications the Elm one has the most code lines in the files 

related to adding a new food and getting the food of the day. This is due to the static 

type checking, which requires the developer to specify the types of each record and 

function.  In  JavaScript  variables  are  merely  defined  as  mutable  or  immutable 

(constant) and the arguments and return values of functions are not specified. This 

reduces  the  amount  of  code  needed  to  write  working  JavaScript  applications. 

However, it is important to note that even though the Elm file for food of the day has 

approximately 30 lines of type declarations, the difference between it and the event-

driven React application is only 12 lines. This means that the functionality itself in 

Elm  requires  approximately  20  lines  less  code  than  the  event-driven  React 

application. 

The most radical difference is however between the two React applications: 

they are both written in the same language and share the same functionality, yet the 

one with the more functional approach and React Hooks has over 40 lines less code 

than its fully event-driven counterpart. A large part of this is caused by React Hooks, 

which enables more compact definition of local state and state-changing functions. 

The  more  functional  React  application  does  not  define  any  additional 

functions  inside  the  FoodOfTheDay.js  file,  whereas  the  other  version  declares  a 
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separate  function  for  opening  and  closing  the  modal,  updating  the  component, 

returning  to  the  previous  page  and  updating  the  tags.  Moreover,  defining  the 

component as a function rather than as a class significantly reduces the amount of 

code.

Similar results can be seen from the files related to adding a new food. Again 

the functional component with React Hooks has significantly less code, and the Elm 

application, although otherwise has the most code lines, has been able to define the 

functionality with less code than the event-driven React application when the lines 

containing type definitions are excluded.

When comparing pure functionality  instead of  whole components,  the Elm 

application generally requires the least code. The food list is used as an example of 

this in the table. The Elm application has a few lines less code in the list functionality 

than its JavaScript counterparts, although it requires type definitions and more import 

statements.  In  fact,  the  functionality  itself,  excluding import  statements,  has  been 

defined  in  approximately  15  lines,  while  both  React  applications  require 

approximately 25. 

The  amount  of  code  lines  in  the  Redux  implementation  of  the  two React 

applications were also counted and compared. The React application that used the 

functional programming library Ramda and immutable variables measured ten lines 

less than the one which used native JavaScript functions and mutable variables.

Finally,  the  table  lists  the  total  number  of  code  lines  in  all  applications 

excluding CSS and SCSS files which only contain styles, and test files. The event-

driven React application has the largest number of code lines, while the functional one 

has the least: nearly a hundred lines less. 

The  Elm  application  does  not  need  middleware  such  as  Redux  since  the 

application does not use mutable application state. This results in the Elm application 

having less code than the event-driven React one, even though a large number of lines 

in the Elm code are type definitions not present in the React applications. The React 

application  that  uses  React  Hooks,  the  functional  programming  library  Ramda, 

immutable variables and prefers functional components over class-based components 

would  appear  to  have  overall  a  significantly  more  compact  codebase  than  its 

traditional event-driven counterpart.
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5.3 Testability
Software testing is an activity with the aim of ensuring that the software functions as 

designed. Different testing methods can be used to find errors and eliminate them 

before  the  implemented  functionality  is  accepted  to  production,  thus  reducing the 

chance of users encountering errors during their use. Eliminating and reducing the 

number of errors results in software with better quality and performance. Successful 

testing can remove all errors from the software [Guru99 2020a].

One important factor in the web development of today is the ability to write 

automated tests to reduce the need for manual testing. Manual testing requires the 

testers to use their time and effort to go through different parts of the program and 

write  their  findings,  and  is  thus  often  considered  to  be  tedious  and  repetitive. 

Automated  testing  reduces  the  time  needed  for  executing  necessary  tests  and 

eliminates the need for performing repetitive tasks manually.  These characteristics 

make  automated  testing  more  suitable  for  larger  projects,  which  require  testing 

specific parts of the program multiple times during its life cycle. 

Once  an  automated  test  is  written,  it  can  be  recycled  and  used  infinitely 

without additional manual work. However, it is often required to update automated 

tests when the functionality is changed, and therefore some manual work is necessary 

to  keep the tests  up to  date.  Manual testing can be used together with automated 

testing to emphasise and guarantee the functionality of the most crucial parts of the 

program by simulating the act of physical usage [Smartbear 2020]. 

The different types of automated tests include unit tests, end-to-end-tests and 

regression tests. Unit testing is concerned with testing the individual components and 

units  of  the  software.  The  purpose  of  unit  testing  is  to  validate  the  designed 

performance of each component individually. Unit testing is considered to be the first 

level of software testing and is thus executed prior to any other type of automated 

testing.  The benefits  of  unit  testing  include  faster  development,  reusability  of  the 

code,  more effortless discovery of defects introduced by changes in the code, and 

lower cost of fixing than in defects found in later stages of testing [Software Testing 

Fundamentals 2019]. 
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The aim of end-to-end testing is to validate the program as a whole and to test 

it in the way it is used in production. It is usually executed relatively late in the testing 

phase, as it validates the data coming from other systems and the integration with 

external  interfaces.  Unlike  unit  and  integration  tests,  end-to-end  tests  usually  use 

actual production data instead of mock data defined in the test files. Different web 

frameworks  can  be  used  for  writing  and  running  these  type  of  tests  for  web 

applications. Executing end-to-end tests is necessary for more complex systems which 

may consist of multiple sub-systems. The tests can detect issues with the sub-systems 

and ensure that the system flow is functioning as intended [Guru99 2020a].

Regression testing is conducted to verify that any recent changes made to the 

code do not affect the existing features. It makes sure that the old features are still 

working as  they  were  before  introducing the  changes.  Regression tests  consist  of 

already existing test cases, which are re-executed to ensure the existing features are 

not affected. Regression testing is recommended to be executed every time the code 

base is modified [Guru99 2020b].

Although automated  testing  reduces  the  amount  of  manual  work  and time 

needed, there are some forms of testing that are difficult to automate and are therefore 

preferable to be executed manually.  Moreover,  end-to-end testing can be executed 

manually as well as automatically to validate how the program functions when being 

used by actual users before publishing the application in production. However, in this 

thesis work the emphasis will be on automatic testability rather than manual.

In functional programming the returned end result of a function is always the 

same  with  the  same  parameters.  This  characteristic  is  claimed  to  make  purely 

functional programs relatively easy to test in comparison to programs written with 

multi-paradigm or imperative languages. In this thesis we will observe how automated 

tests  are  written  and  executed  in  the  purely  functional  Elm  versus  event-driven 

JavaScript.

5.3.1 Unit tests

In Elm the testing library used for writing and executing unit tests is known as elm-

test. It is installed with the Node Package Manager identically to how libraries are 

installed for  the React  projects.  It  provides the developer  command line tools  for 
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running Elm test suites and creates an example test suite inside the project. Elm does 

not appear to have other testing libraries in wide use, making this library the standard 

one to use for testing.

In contrast to Elm, there are a wide range of different testing libraries and 

methods available for testing React components. In the React applications testing was 

conducted  with  the  Jest testing  library,  which  is  automatically  installed  when  an 

application is set  up using the create-react-app package.  Additionally,  Enzyme was 

installed  to  improve  testing  the  output  of  the  React  components.  Enzyme  is  a 

JavaScript testing utility that can be used together with Jest.

The functionality for showing a list of foods is used as an example to compare 

the unit tests in the food applications. Since the functionality for showing a list of 

foods does not differ enough between the two React applications for them to have 

different looking tests, the code of the traditional event-driven version was used in the 

code examples. The code of the React application with a more functional approach 

differs from the examples shown in the sense that all its variables are constant and 

therefore immutable, it uses React Hooks for handling the local state, and it uses the 

functional programming library Ramda for working with arrays instead of using the 

native functions of JavaScript. 

In  Elm  the  code  for  showing  a  list  of  foods  consists  of  two  functions: 

returnFoodItem (Example 10) which takes a single food as a parameter and returns it 

as a viewable list group item, and viewFoodsList (Example 12) which takes the whole 

food list as a parameter and calls returnFoodItem for each food in the list. The test file 

has  two  mock  food  records:  mockFood1 and  mockFood2,  which  are  used  as 

parameters for testing the functionality of returnFoodItem and viewFoodsList.

returnFoodItem : Food -> ListGroup.CustomItem msg
returnFoodItem food =
    let
        foodPath =
            "/foods/" ++ fromInt food.food_id
    in
    ListGroup.anchor
        [ ListGroup.attrs [ href foodPath, Flex.alignItemsStart ]
        ]
        [ div [ Flex.block, Size.w100 ]
            [ h3 [ Spacing.mb2Md ] [ text food.name ]

39



            ]
        , p [ Spacing.mb1 ] [ text food.description ]
        ]

Example 10: The returnFoodItem function written in Elm

test "food list item renders with the values of the supplied food 
item" <|
    \_ ->
        returnFoodItem mockFood1
            |> Expect.equal
                (ListGroup.anchor
                    [ ListGroup.attrs [ "/foods/" ++ fromInt 
mockFood1.food_id |> href, Flex.alignItemsStart ]
                    ]
                    [ div [ Flex.block, Size.w100 ]
                        [ h3 [ Spacing.mb2Md ] [ text 
mockFood1.name ]
                        ]
                    , p [ Spacing.mb1 ] [ text 
mockFood1.description ]
                    ]
                )

Example 11: Test for rendering a single food item in Elm. 

The returnFoodItem function is imported from the file it is declared in, and provided 

to the test. The test function itself takes a description of the test and an anonymous 

function  as  its  arguments.  The  anonymous  function  is  used  to  execute  the 

functionality that should be tested.  Example 11 shows the unit  test  for testing the 

functionality of returnFoodItem.

The Elm tutorials  such as  the official  one  in  elmprogramming.com do not 

specify if it is possibly to test Elm functions in a cleaner manner, without the need for 

specifying styles for each component. For testing the functionality it would not be 

necessary to take the styles into consideration, but in order to compare the expected 

output with the actual output Elm requires them to be equivalent. Since the styles are 

created  inside  the  functions,  it  does  not  appear  to  be  possible  to  trim  the  test 

components by removing the styles from the HTML elements. This unnecessary code 

causes the tests to appear slightly less readable and it is more difficult to instantly see 

the important sections. This can be seen from both Examples 11 and 13, but is slightly 

more distracting in Example 13 due to multiple instances of the same component.
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viewFoodsList : List Food -> Html Msg
viewFoodsList foods =
    ListGroup.custom
        (List.map returnFoodItem foods)

Example 12: The viewFoodsList function written in Elm

test "food list renders all foods in the order they are in the list" 
<|
    \_ ->
        viewFoodsList [ mockFood1, mockFood2 ]
            |> Expect.equal
                (ListGroup.custom [
                    ListGroup.anchor
                        [ ListGroup.attrs [ "/foods/" ++ 

fromInt mockFood1.food_id 
|> href, 
Flex.alignItemsStart ]

                        ]
                        [ div [ Flex.block, Size.w100 ]
                            [ h3 [ Spacing.mb2Md ] 

    [ text mockFood1.name ]
                            ]
                        , p [ Spacing.mb1 ] 

    [ text mockFood1.description ]
                        ]
                    , ListGroup.anchor
                        [ ListGroup.attrs [ "/foods/" ++ 

fromInt mockFood2.food_id 
|> href,
 Flex.alignItemsStart ]

                        ]
                        [ div [ Flex.block, Size.w100 ]
                          [ h3 [ Spacing.mb2Md ] [ text 
mockFood2.name ]
                          ]
                        , p [ Spacing.mb1 ] 

    [ text mockFood2.description ]
                        ]
                ])

Example 13: Test for rendering all food items in a list in Elm

Example  13  shows  the  test  for  rendering  all  food  items  in  a  list.  This 

functionality would more effectively be tested by validating how many items the food 

list  renders.  This  would  however  appear  to  be very  difficult,  since  the  ListGroup 

component does not have a length attribute. This attribute could be used to compare 

the expected and actual output, which in this case is the number of food list items.  
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Conducting a test in the manner it is done in the example would not be suitable 

for testing with a large number of food items. However, it guarantees that the items 

are rendered in the same order as they are in the array given to the viewFoodsList as a 

parameter.  There  are  Elm  packages  called  elm-html-test and  elm-spec which  are 

designed  to  handle  test  cases  such  as  this  in  a  better  manner,  but  both  of  these 

packages are outdated and incompatible with the Elm version 0.19.0 used in the food 

application.

The  React  component  FoodListItem (Example  14)  shares  the  functionality 

with the  returnFoodItem function of the Elm application. However, whereas in Elm 

viewFoodsList calls returnFoodItem, in React this component is passed to the render 

method of the parent component  BrowseView. This requires assuring that the child 

component FoodListItem is rendered inside the parent component, making the border 

between unit  and integration test  less clear.  However,  in the context of this  thesis 

work testing the rendering of  FoodListItem inside  BrowseView is considered to be 

closer to a unit test due to its relatively low complexity. 

const FoodListItem = (props) => {
  const url = `/foods/${props.food.food_id}`;
  let tagArray = null;
  if (props.food.tags) {
    tagArray = props.food.tags.map(food => food.text);
  }
  return (
    <li className="media">
      <img src="..." className="mr-3" alt="Photo" />
      <div className="media-body food-list-item">
        <h5 className="mt-0 mb-1">{props.food.name}</h5>
        {props.food.description}
        <p>Tags: {tagArray ? tagArray.join(', ') : ''}</p>
        <NavLink to={url} className="btn btn-light view-
button">View</NavLink>
      </div>
    </li>
  );
};
export default FoodListItem;

Example 14: The FoodListItem React component

To  demonstrate  the  different  approaches  of  writing  automated  tests  with 

JavaScript two different versions of the unit test for rendering a single food item were 
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written: the first (Example 15) written entirely with Jest,  and the second approach 

(Example  16)  with  Enzyme  in  addition  to  Jest.  In  both  approaches  instead  of 

validating  the  entire  component,  the  test  confirms  that  the  correct  food  name, 

description and tags can be found inside the component. 

The Jest version has significantly more code, as it requires more functionality 

to find the correct elements inside the component. The name is stored in the header, 

description in the div element and tags in a paragraph. The HTML elements are pulled 

out  of the component before their  output is  validated.  The tags array needs  to be 

transformed into a string before it can be used in the expect call. A single test written 

in JavaScript often contains only one expect call, in which case there would have been 

separate tests for each element of a food item: name, description and tags. For this 

document to remain more readable all checks were included in the same test.

The Enzyme version is  more compact  and does  not  require  any additional 

variables  or  constants  to  be  created  aside  from  the  component  to  be  tested. 

Additionally, this version does not specify in which HTML element each attribute of 

the  food  is  stored.  Instead  it  merely  validates  that  these  attributes  can  be  found 

somewhere inside the component, which is sufficient information for this application.

it('renders with the values of the supplied food item', () => {
  const component = 
    create(

<BrowserRouter>
  <FoodListItem food={mockFood1}/>
</BrowserRouter>);

  const instance = {
    header: component.root.findByType('h5'),
    div: component.root.findByType('div'),
    paragraph: component.root.findByType('p')
  };

  const tags = mockFood1.tags.map(food => food.text).join(', ');
  expect(instance.header.props.children).toBe(mockFood1.name);
  
expect(instance.div.props.children).toContain(mockFood1.description);
  expect(instance.paragraph.props.children).toContain(tags);
});

Example 15: Test for rendering single food item with Jest

it('renders with the values of the supplied food item', () => {
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  const component = mount(
    <BrowserRouter>
      <FoodListItem food={mockFood1}/>
    </BrowserRouter>);
  expect(component.text()).toContain(mockFood1.name, 
mockFood1.description, mockFood1.tags);
});

Example 16: Test for rendering single food item with Jest and Enzyme

The React approach does appear slightly cleaner than its Elm counterpart. It 

concentrates on validating the correct values of the food instead of checking the entire 

component  including  its  styles.  This  results  in  lesser  code  and  better  readability. 

However, testing the rendering of the whole food list in React (Example 18) is slightly 

more complicated than in Elm, since instead of being a function of its own, rendering 

the whole food list is executed inside the render method of the parent component 

(Example 17). 

render(){ {
  return this.props.foods.length !== 0 ? (
    <div className="jumbotron text-center">
      <div className="food-list-div">
        <h2>Browse foods</h2>
        <ul className="list-unstyled">
          {this.props.foods.map(food =>
            <FoodListItem food={food} key={food.food_id}/>
          )}
        </ul>
      </div>
    </div>
  ) : <div> Loading....
  </div>;
}

Example 17: The render method of the React component BrowseView containing the  

child component FoodListItem

Another  important  thing  to  note  is  that  the  BrowseView  component  is 

connected to the Redux store with the connect function. This means that the testing 

cannot  be conducted  without  mocking the  Redux store.  To be  able  to  do  this  an 

additional library called redux-mock store was installed as a development dependency 

to the project. This requires the test files to have some additional configuration in 

contrast to Elm. This results in the React test file to have slightly more code than its 

Elm counterpart. A mock store can alternatively be created by using the same methods 
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that are used when creating the real store for the application, but the author decided to 

use the mock library as it appeared to require slightly less configuration.

const foods = [mockFood1, mockFood2];
const mockStore = configureStore([]);
describe('BrowseView', () => {
  let store;
  beforeEach(() => {
    store = mockStore({
      foods,
    });
  });
  it('renders all foods in the array', () => {
    const browseViewComponent = mount(
      <Provider store={store}>
        <BrowserRouter>
          <BrowseView/>
        </BrowserRouter>
      </Provider>);
    
    expect(browseViewComponent.find(FoodListItem)).toHaveLength(2);
  });
});

Example 18: Test for rendering all food items in a list in JavaScript

The test in Example 18 is relatively simple in its functionality in comparison 

to its Elm counterpart. Enzyme and Jest permit direct validation of the number of food 

list items in the component, which in this case is two. The test does not need to know 

what values these food items have, as that was already validated in the unit test for the 

FoodListItem component.  This  test  is  only  concerned  with  confirming  that  the 

component renders as many FoodListItem components as there are foods in the array.

5.3.2 End-to-end testing

End-to-end tests  were  written  for  the  different  food applications  to  examine  how 

easily the functionality of an application can be tested as a whole in a production-like 

environment. The possibility and easiness of executing end-to-end tests is especially 

important  when  planning  the  development  of  a  larger  project  with  multiple  sub-

systems and interfaces.

A JavaScript end-to-end testing framework Cypress was used for writing and 

executing  end-to-end tests  in  the  food applications.  Due to  Cypress’ capability  of 

testing anything that runs in a browser, it is irrelevant what language the application 
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itself  has  been  written  in.  This  makes  Cypress  an  adequate  choice  not  only  for 

applications written in JavaScript, but additionally for those written in a functional 

programming language such as Elm, which does not offer end-to-end or integration 

testing frameworks or libraries of its own.

With  Cypress  the  tests  are  written  in  JavaScript,  providing  an  excellent 

opportunity to compare and observe if there is any difference between the testability 

of the functionality of the Elm and React applications. Testing the functionality and 

use of the food of the day feature serves as an example in this research. For reasons of 

compactness, the tests in Example 19 of Cypress end-to-end tests written for the Elm 

application are written in as few steps and test cases as possible

describe('Food of the day', () => {
  beforeEach(() => {
    cy.visit('http://localhost:3000/');
    cy.get('.random-food-button').click();
  });

  it('Fetches a random food without tags whose page can be visited', 
() => {
    cy.get('.save-button').click();
    cy.get('.go-button').click();
  });

  it('Fetches a random food with tags', () => {
    const includedTag = 'mexican';
    const excludedTag = 'italian';
    cy.get('.include-tag-input')
      .type(includedTag, {delay: 50})
      .type('{enter}');
    cy.get('.exclude-tag-input')
      .type(excludedTag, {delay: 50})
      .type('{enter}');
    cy.get('.save-button').click();
    cy.get('.food-tags')
      .should('contain', includedTag)
      .and('not.contain', excludedTag);
  });

  it('Shows a message when food with given tags cannot be found', () 
=> {
    const tag = 'no food has this tag';
    cy.get('.include-tag-input')
      .type(tag, {delay: 50})
      .type('{enter}');
    cy.get('.save-button').click();
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    cy.get('.div-container').should('contain', 'No food found with 
given constraints');
  });
});

Example 19: Food of the day Cypress end-to-end tests written for the Elm application

This test validates that the user can navigate to the food of the day view, get a random 

food with and without tags and navigate to its page, and see an informative message if 

a food with the provided tags cannot be found. Despite the functionality being written 

in  Elm, the tests  can without  much effort  be written in  JavaScript  as long as  the 

developer is familiar with the language. This is partly due to the use of class names in 

the  CSS components,  which  can  be  used  to  find  the  correct  elements  needed for 

testing.

The end-to-end tests in the React applications such as testing the functionality 

of the food of the day feature do not differ considerably from the tests written for 

Elm. In fact the only noticeably difference is that the use of the library react-tag-input  

for showing the tags as chip components adds an extra step for the automatic input 

writing as can be seen from Example 20.

    cy.get('.include-tags')
      .find('.ReactTags__tagInputField')
      .type(includedTag, { delay: 50 })
      .type('{enter}');

Example 20: Cypress test for adding input in the React applications

This  is  due  to  the  input  field  being  located  somewhere  inside  the  ready-made 

component  instead  of  being  an  input  field  provided  by  the  developer  of  the 

application. The name of the CSS-class of this input field otherwise hidden in the 

code could be found by using the element inspector of the developer tool in a web 

browser.

Since Cypress allows writing tests in JavaScript for any application running in 

the  browser,  it  is  possible  to  test  applications  written  in  functional  programming 

languages as easily as JavaScript applications. This prevents the problem of outdated 

libraries or missing technical support presented in section 5.3.1 from occurring.
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6 Conclusion

The event-driven programming paradigm continues to be the most popular paradigm 

used in web development, although some elements of the functional programming 

paradigm have gained popularity in programming projects otherwise developed with 

the  event-driven  programming  paradigm.  However,  the  conventions  of  functional 

programming remain mostly to be used as a flavour in web development rather than 

as the core, and functional programming languages designed for web development 

have not been able to reach the popularity of languages with a support for a purely 

event-driven approach. 

The  advantages  of  using  the  functional  programming  paradigm  in  web 

development are not well researched or documented, which can cause developers to 

not  consider  using  the  paradigm  when  starting  the  development  of  a  new  web 

application.  The  existing  research  about  the  benefits  of  functional  programming 

concentrate on its general benefits in software engineering, such as its robustness and 

support for parallelisation and several different data structures. This research aimed to 

determine  the  advantages  and  disadvantages  of  using  a  purely  functional 

programming language in web development in comparison to using only elements of 

the paradigm or none at all.

This research suggests that using a purely functional programming language in 

web development can bring many benefits into the development process and lifecycle 

management of the application. The application written in Elm was better optimised 

than the JavaScript applications, resulting in faster compilation time. Additionally, the 

JavaScript application with elements of the functional programming paradigm started 

faster than its fully event-driven counterpart. 

Overall  the more functional  approaches had faster  compilation and starting 

times, clearer codebase and smaller amount of code in the implementations of specific 

features. The Elm application was even more efficient in most of these than the React 

application with functional elements. However, due to the less wide use of Elm there 

was less documentation and tutorials of the language, more outdated packages and 
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issues with technical support than with the widely used React. Moreover, writing unit 

tests was more difficult due to the low number of testing frameworks.

After  having  conducted  the  research  the  author  feels  that  functional 

programming languages can be a good choice for the development of fast and reliable 

web  applications.  However,  due  to  the  number  of  outdated  libraries  and  missing 

frameworks at least the purely functional programming language Elm does not yet 

appear to be ready for a wide usage in bigger programming projects. To make Elm 

more appealing to the wider public it would first be necessary to increase the amount 

of technical support and lifecycle management of the libraries and frameworks needed 

for the development of large programming projects. The testing framework Cypress 

enables writing end-to-end tests in JavaScript for functional languages, which serves 

as a solution for Elm’s lack of technical support for writing automated tests. A similar 

framework would be needed for unit testing to allow testing more complicated units 

written in Elm.

At the  time of  writing  instead  of  using  Elm for  a  large  web development 

project it might be preferable to take as functional approach as possible with a multi-

programming language such as  TypeScript, which is a strict syntactical superset of 

JavaScript  with  the  additional  benefit  of  static  typing.  TypeScript  is  specifically 

designed to be used with larger projects and its static typing allows a better reliability 

similar to that of Elm. Elm would appear to be more suitable for smaller projects, and 

the author would like to encourage web developers to try it on their personal projects. 

If more developers familiarise themselves with Elm, it is possible to overcome its 

current support issues and make it a more popular choice for software projects.

Due to the clear advantages of the functional programming paradigm in web 

development, the author would suggest using as functional approach as possible when 

starting new software projects.  It  is  important  to remember that  a multi-paradigm 

language such as JavaScript is enough to write code with at least somewhat functional 

style. This can already enhance many aspects of the application, even if the event-

driven programming paradigm is used as the main paradigm in the project.

This  research  is  limited  to  only  two  languages:  JavaScript  and  Elm,  and 

therefore  there  are  many  possibilities  for  further  research.  Developing  the  same 

frontend with another functional programming language used in web development, 
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such as  ClojureScript  or  PureScript  could clarify if  some of  the disadvantages  or 

issues  with  functional  programming  found in  this  thesis  are  strictly  Elm-specific. 

Another  further  step  would  be  to  write  the  backend  of  the  Elm application  with 

another  functional  programming  language,  such  as  Clojure  or  Elixir,  instead  of 

Node.js.  Furthermore,  the  applications  written  in  JavaScript  could  be  migrated  to 

TypeScript,  allowing  static  typing  and  an  implementation  closer  to  that  of  Elm. 

Additionally, more aspects of the applications could be compared, such as robustness, 

reusability and scalability.

The author feels this research was able to name some general advantages and 

disadvantages of using a purely functional programming language or the functional 

programming  paradigm in  the  field  of  web development.  However,  as  mentioned 

earlier, further research with more programming languages is necessary to verify the 

results and to find more possible benefits and issues of using functional languages for 

web development. The author hopes that functional programming would manage to 

inspire the programming style of many developers in the future, and to be able to 

become a more popular alternative to the traditional event-driven programming style.
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Appendix 2

Lines of code (excluding empty lines) in different parts of the application

React 1 React 2 Elm

Food of the day 147 103 159

Food list 28 27 27

New food 209 165 220

Redux 296 286 -

Total 878 779 839
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Appendix 3

Routing implemented in Route.elm 

type Route
    = NotFound
    | Home
    | NewFood
    | Foods
    | Food Int
    | FoodOfTheDay

parseUrl : Url -> Route
parseUrl url =
    case parse routeParser url of
        Just route ->
            route

        Nothing ->
            NotFound

routeParser : Parser (Route -> a) a
routeParser =
    oneOf
        [ map Home top
        , map NewFood (s "new")
        , map Foods (s "foods")
        , map Food (s "foods" </> int)
        , map FoodOfTheDay (s "random")
        ]

pushUrl : Route -> Navigation.Key -> Cmd msg
pushUrl route navKey =
    routeToString route
        |> Navigation.pushUrl navKey

routeToString : Route -> String
routeToString route =
    case route of
        NotFound ->
            "/not-found"

        Home ->
            "/"

        NewFood ->
            "/new"

        Foods ->
            "/foods"

        Food foodId ->
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            "/foods/" ++ fromInt foodId

        FoodOfTheDay ->
            "/random"
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Appendix 4

Functionality for showing a list of foods in Elm 

Food.elm:

type alias Food =
    { food_id: Int
    , name: String
    , recipe: String
    , tags: List String
    , description: String
    , user_id: Int
    , createdAt: String
    , updatedAt: String
    }

foodsDecoder : Decoder (List Food)
foodsDecoder = Decode.list foodDecoder

foodDecoder : Decoder Food
foodDecoder =
    succeed Food
    |> required "food_id" Decode.int
    |> required "name" Decode.string
    |> required "recipe" Decode.string
    |> optional "tags" (Decode.list Decode.string) []
    |> required "description" Decode.string
    |> required "user_id" Decode.int
    |> required "createdAt" Decode.string
    |> required "updatedAt" Decode.string

FoodList.elm:

returnFoodItem : Food -> ListGroup.CustomItem msg
returnFoodItem food =
    let
        foodPath =
            "/foods/" ++ fromInt food.food_id
    in
    ListGroup.anchor
        [ ListGroup.attrs [ href foodPath, Flex.alignItemsStart ]
        ]
        [ div [ class "list-item" ]
            [ h3 [ Spacing.mb2Md ] [ text food.name ]
            ]
        , p [ Spacing.mb1 ] [ text food.description ]
        ]
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Foods.elm:

type alias Model =
    { user: WebData UserProfile
    , foods: WebData (List Food)
    , navKey : Navigation.Key
    }

type Msg
    = GetFoods
    | FoodsReceived (WebData (List Food))

init : Navigation.Key -> ( Model, Cmd Msg )
init navKey =
    ( { user = RemoteData.NotAsked, foods = RemoteData.NotAsked, 
navKey = navKey }, foodsRequest )

foodsRequest : Cmd Msg
foodsRequest = Http.request
    { method = "GET"
    , headers = []
    , url = "http://localhost:3001/api/foods"
    , body = Http.emptyBody
    , expect = Http.expectJson (RemoteData.fromResult >> 
FoodsReceived) foodsDecoder
    , timeout = Nothing
    , tracker = Nothing
    }

update : Msg -> Model -> ( Model, Cmd Msg )
update msg model =
    case msg of
        GetFoods ->
            ( { model | foods = RemoteData.Loading }, foodsRequest )
        FoodsReceived res ->
            ( { model | foods = res }, Cmd.none)

view : Model -> Html Msg
view model =
    div []
        [ pageFoods model.foods ]

viewFoodsList : List Food -> Html Msg
viewFoodsList foods =
    ListGroup.custom
        (List.map returnFoodItem foods)

pageFoods : WebData (List Food) -> Html Msg
pageFoods foods =
    case foods of
        RemoteData.NotAsked ->
            text ""
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        RemoteData.Loading ->
           h3 [] [ text "Loading..." ]
        RemoteData.Success foodsResult ->
            div [] [ h1 [] [ text "Browse foods" ]
                 , div [class "food-list"] [ viewFoodsList 
foodsResult ]
                ]
        RemoteData.Failure httpError ->
            text "Could not fetch latest foods"
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Appendix 5

Functionality for showing a list of foods in functional JavaScript

components/FoodListItem.js:

import React from 'react';
import { NavLink } from 'react-router-dom';
import * as R from 'ramda';

const FoodListItem = (props) => {
  const url = `/foods/${props.food.food_id}`;

  const convertTags = tags => {
    return tags ?  R.map(food => food.text, tags) : null;
  };

  const tagArray = convertTags(props.food.tags);

  return (
    <li className="media">
      <img src="..." className="mr-3" alt="Photo" />
      <div className="media-body food-list-item">
        <h5 className="mt-0 mb-1">{props.food.name}</h5>
        {props.food.description}
        <p>Tags: {tagArray ? R.join(', ', tagArray) : ''}</p>
        <NavLink to={url} className="btn btn-light view-
button">View</NavLink>
      </div>
    </li>
  );
};

export default FoodListItem;

views/BrowseView.js:

const BrowseView = props => {
  useEffect(() => {
    props.fetchFoodsRequest();
  }, []);

  return props.foods.length !== 0 ? (
    <div className="jumbotron text-center">
      <div className="food-list-div">
        <h2>Browse foods</h2>
        <ul className="list-unstyled">
          {R.map(food =>
            <FoodListItem food={food} key={food.food_id}/>,
            props.foods
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          )}
        </ul>
      </div>
    </div>
  ) : <div> Loading....
  </div>;
};

const mapStateToProps = state => ({
  foods: state.foods
});

const mapDispatchToProps = {
  fetchFoodsRequest
};

export default connect (mapStateToProps, mapDispatchToProps)
(BrowseView);

redux/actions.js:

export const fetchFoodsRequest = createAction('FETCH_FOODS_REQUEST');
export const fetchFoodsSuccess = createAction('FETCH_FOODS_SUCCESS');
export const fetchFoodsFailure = createAction('FETCH_FOODS_FAILURE');

redux/reducer.js:

const initialState = {
  user: null,
  latestFoods: [],
  foods: [],
  food: null
};

export default handleActions({
 ...
  [actions.fetchFoodsSuccess]: (state, action) => ({
    ...state,
    foods: action.payload,
    error: null
  }),
  [actions.fetchFoodsFailure]: (state, action) => ({
    ...state,
    error: action.payload
  }),
 ...
},
initialState
);
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redux/sagas.js:

function* fetchFoodsRequest() {
  try {
    const response = yield call(axios.get, '/api/foods');
    const foods = R.map(food =>
    {
      return food.tags ?
        {
          ...food,
          tags: tagsToObjects(food.tags)
        }
        : food;
    }, response.data);
    yield put(actions.fetchFoodsSuccess(foods));
  } catch (error) {
    yield put(actions.fetchFoodsFailure(error));
  }
}
...
function* watchFetchFoodsRequest() {
  yield takeEvery(
    actions.fetchFoodsRequest().type,
    fetchFoodsRequest
  );
}

63


	1 Introduction
	2 Background
	3 The application
	3.1 Database
	3.2 User interface
	3.3 Back-end architecture
	3.3.1 Key libraries
	3.3.2 File and directory structure


	4 Development approaches
	4.1 Event-driven approach with JavaScript
	4.1.1 Language and libraries
	4.1.2 Development process
	4.1.3 Architecture

	4.2 Functional approach with JavaScript
	4.2.1 Language and libraries
	4.2.2 Development process
	4.2.3 Architecture

	4.3 Functional approach with Elm
	4.3.1 Language and libraries
	4.3.2 Development process
	4.3.3 Architecture


	5 Findings
	5.1 Compilation time and error handling
	5.2 Codebase
	5.2.1 Code structure and complexity
	5.2.2 Amount of code

	5.3 Testability
	5.3.1 Unit tests
	5.3.2 End-to-end testing


	6 Conclusion

