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Abstract 
JavaScript is not the typical OOP language that everyone is used to from Java and C#. It 
introduces some differences and the goal is to figure out if it possible to implement design 
patterns what was documented for Java and C# without any issues. If some limitations occur 
in JavaScript then it will be tried to apply a workaround and still solve the problems that the 
design pattern solves. Figuring out how to approach when testing one or more design 
patterns will also be researched as well. 
 
Fictional projects will be created with problems that the design patterns solves, then the 
design patterns will be implemented and lastly write tests that tests the software with the 
design patterns. Tools will be used to check if the code that is written is good enough by 
checking if it is scalable, maintainable and readable. 
 
Most the most part JavaScript doesn’t introduce any limitation when implementing the design 
patterns. However there were a few differences that needed workarounds. Since JavaScript 
class syntax doesn’t support static variables and instead a variable within the scope of the 
class module is instead created a used to mimic a private static variable. 
 
JavaScript also introduced some shortcuts when testing the software. Since JavaScript is 
dynamic typed, the dependencies of the module that would be tested could easily be 
replaced with stubs. 
 
Keywords: JavaScript, Design Patterns, Testing 
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Introduction 

Background 
Design patterns in software are a way to write code in a specific way to solve common 
problems in software development. Many books that explains these design patterns shows 
how to apply these in a object-oriented language. However JavaScript is not the typical OOP 
that everyone is used to (e.g. like in Java or C#). [4] 
 
JavaScript didn’t have classes before ECMAScript 2015 (which is a specification version for 
JavaScript). Before you would have to use prototypes in order to achieve inheritance. But 
with ECMAScript 2015, they introduced class syntax that allows developers to write classes 
but behind the scenes it is still prototypes. JavaScript is also dynamic typed compared to 
Java or C# which is static typed. This means that a variable that change its type during 
runtime. In JavaScript, properties and methods can be added, removed or changed during 
runtime. [4] 
 
We want to check if the differences in JavaScript introduce any limitations or differences 
when implementing the design patterns. If any limitations in JavaScript are discovered, how 
can a workaround be introduced to allow the design pattern to still be implemented and fulfill 
its purpose. 

Scope 
Not all design patterns are going to be included, only the Creational patterns that are brought 
up in Design Patterns: Elements of Reusable Object-Oriented Software [1] are included. 
There is no reason behind when picking the design patterns. They were picked from the top 
based on the order in the book. 
 
This work will only explain very shortly the purpose of these design patterns since that book 
already does that in a good way. When applying the design patterns and testing it in 
JavaScript, it will be on Node.js and not the browser. 
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Purpose 
Since JavaScript is a little different as mentioned in Background, there is a chance that 
design patterns work differently. You will learn how design patterns work in JavaScript, how 
to implement them and how to approach when testing the code that uses one or more 
design patterns. 
 
To learn about design patterns in JavaScript helps people structure their code to solve 
common problems, help them understand and work with existing code that is already 
structured in a way that they know. 
 
For most use cases when developing a project, one would want to write tests to ensure the 
quality of their code. Because of this, tests will be written in this work to make sure that the 
implemented design patterns are testable and also see how to approach when testing the 
code that has one or more design patterns applied. 

Research Questions 

 List of design patterns 
● Abstract factory 
● Builder 
● Factory Method 
● Prototype 
● Singleton 

RQ1 - How can the new features from ECMAScript 2015+ be used to implement the 
same structures as provided by the design patterns? 
New features are added every year to JavaScript. Some of the features (e.g. Classes, 
Promises and async/await) can change the way we write and structure code. Maybe this 
results in making implementations or the result different. 

RQ2 - How would you approach when testing the code implemented in one or more 
design patterns? 
Most of the companies require testing since they are strict on having high quality code. 
Because of this, it is also important to research on how to approach testing in the different 
implementations. 

Research Method 
We will take the design patterns from Design Elements: Elements of Reusable 
Object-Oriented Software [1] and learn their purpose and shortly explain them. This is 
because if the design patterns are required to be implemented in a different way they we will 
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still know that the purpose of the design pattern is still fulfilled. In this work there were only 
enough time for one category which is Creational Patterns. 
 
When implementing the design pattern, a project will be created with a problem that the 
design pattern solves. This is to make it clear whether the implementation actually solves the 
problem. 
 
It will be hard to decide which is the best way to implement a design pattern if it comes to 
implementing the design pattern differently. Instead a implementation will written and we will 
just check if the implementation is good enough. To do this, we will check that our code 
follow the 10 guidelines written by Joost Visser et al. Those guidelines makes sure that the 
code is scalable, maintainable and readable. [2] 
 
To validate that the code follows those guides, a tool called Better Code Hub will be used. 
This tool takes our code and statically checks the code and returns a grade from zero to ten. 
The grade is based on the number of guidelines that is followed. The reason why Better 
Code Hub was used is that of all tools that was found that checks the code quality was 
because it is the only one that checks based on the 10 guidelines. [3] 
 
Once a design pattern has been implemented and validated, tests will then be written to that 
code that uses the design pattern. To validate that the tests are also good enough, the same 
steps that is used to determine the quality for the implementation will also be used for 
testing. 
 
By doing these steps, we will be able to find out how we can use the new features of 
ES2015 and later to use the design patterns in JavaScript and how to approach it when 
testing the code that is using one or more design patterns. If any limitations occur when 
implementing the design pattern, we will see if we could try a workaround to be able to fulfill 
the patterns purpose. 

Literature Review 

References 
Design Patterns: Elements of Reusable Object-Oriented Software written by Erich Gamma et 
al. has been quoted and used many times. It was the first book that explained about those 
previously undocumented design patterns at the time. It explains the design patterns in detail 
and in-depth. This book has also been recommended by my advisor. The reason this work is 
heavily based on this book is it is one of the first and very loved book. [1, 5] 
 
Building Maintainable Software, Ten Guidelines for Future-Proof Code written by Joost 
Visser et al. has also been used many times when talking about writing good code. The 
reason why the code should be maintainable is that maintainable code is also readable for 
developers to easily understand and develop on. It also makes sure that the code is scalable 
in case the codebase should be extended for more features or something else. [2, 6] 
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The ten guidelines are: 

1. Write short units of code 
2. Write simple units of code 
3. Write code once 
4. Keep unit interfaces small 
5. Separate concerns in modules 
6. Couple architecture components loosely 
7. Keep architecture components balanced 
8. Keep your codebase small 
9. Automate development pipeline and tests 
10. Write clean code 

ECMAScript 
ECMAScript is a specification on how the languages should be implemented. The most 
known implementation on this specification is JavaScript. Other known implementations are 
JScript and ActionScript. 
 
There are several editions to ECMAScript but after the release of ES6 (ECMAScript sixth 
edition), they decided to release a new edition each year. They decided that ES6 should be 
renamed to ES2015 and each edition that is released each year will also contain the year it 
is released in. 
 
One major feature that ECMAScript 2015 introduced was the ‘class’ syntax. This allowed the 
developers to write classes like they do in other OOP languages like Java or C#. 

Design Patterns Intent 

Abstract Factory 
“Provide an interface for creating families of related or dependent objects without specifying 
their concrete classes.” [1] 
 
The goal for Abstract Factory is to create single or multiple related objects without specifying 
their class. The reason for this could be to create a general UI component for an application. 
Let’s say this UI is a simple alert popup with text and a button. Both the text and the button 
should be customizable so the alert component that take a factory that it uses to create the 
text and the button. The goal is to allow the UI component create the text and the button 
without specifying their classes. This allows for the developer to easily switch out the factory 
with another to allow a theme change for all components that uses the factories. [1] 

Builder 
“Separate the construction of a complex object from its representation so that the same 
construction process can create different representations.” [1] 
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The Builder is used to collect multiple different small pieces and then build everything 
together at the end. Note that the Builder is usable even it all data is present. Since it 
collects piece by piece and then builds everything, this pattern is commonly used when 
reading large file bit by bit and then calculates the result once everything has been read. [1] 
 
It doesn’t have to collect the same type of piece, let’s say an example for when the browser 
is reading this document that you are reading. The browser read the file piece by piece and 
adds it to collection to be built in the end and added to the window. One piece can either be 
text, link, image etc. [1] 

Factory Method 
“Define an interface for creating an object, but let subclasses decide which class to 
instantiate. Factory Method lets a class defer instantiation to subclasses.” [1] 
 
Factory Method is very similar to Abstract Factory. Biggest difference is that the Factory 
Method doesn’t emphasis on families. The goal for the Factory Method is to allow users to 
create objects without specifying their class. It also opens up a way to easily switch out one 
factory with another that creates another type of object. Like the example for Abstract 
Factory with switching out factories depending on the theme. [1] 

Prototype 
“Specify the kinds of objects to create using a prototypical instance, and create new  objects 
by copying this prototype.” [1] 
 
Prototype is used when creating entirely new objects is too costly or some other reason that 
makes the ‘new’ operator harmful. With Prototype, you clone an object in order to create a 
new object by create a ‘clone’ method that create a new object and copies its properties. [1]  

Singleton 
“Ensure a class only has one instance, and provide a global point of access to it.” [1] 
 
Singleton creates one single object and allowing it to be accessed globally. One common 
use-case could be to combine both Singleton and Abstract Factory to ensure only one 
factory is created and can be easily access by a global point of access. Other use-cases can 
also be connection to the database or loggers. This is often used when if multiple objects are 
created, all of them will modify the same resource. But it doesn’t always have to. [1] 
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Analysis 

Abstract Factory 

Example 
To show how to implement this, we are going to create a project that generates fake data 
with support for different languages. It will support the following data: name and address. We 
will create two factories, one will create swedish data and the other will create english data. 
 
We will start by creating the base factory, this factory will take an array of names and 
addresses. When the factory methods are called, the factory will randomize any of them and 
returns the result. Let's start by defining a class with the base logic. 
 

 
 
Now with this factory class, we can now add our language factories by extending this class 
and override the constructor to add our language specific data. We are defining the names 
and addresses outside the export since the class feature from ES2015 doesn’t support static 
variables. But since we are using CommonJS, the variables we are defining within the file 
becomes like private static variables. These names and addresses are then shared with all 
swedish factories that are created. 

10 



 

 
 
Since the english factory looks exactly the same as the swedish one but with different data, 
we will not show it. The index file will be responsible for asking the user what language he 
want to generate the data in. We won’t focus on the code that asks the user but instead 
focusing on how the index file handles the answer. We just simply need to check what 
language he has chosen and create the appropriate factory. The rest of the code will not 
care what language the factory is using but will use the methods to generate the data and 
present the user with the result. 
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Testing 
Since we have all the logic in the base factory, we will focus on testing that. What we 
expected from the factory is that it only creates the data that we created the factory with. We 
will do this by creating it with some dummy data that we have hardcoded and run the create 
methods a few times to check that we didn’t receive anything unexpected. 
 

 
 
For the factories that extends this don’t have any logic in it. This means that there is not a lot 
to test for the factories. We just want to check that those factories actually are an instance of 
the base factory. 
 

 

 

Reflection 
So we can easily use the classes from ES2015 to define an abstract factory and add more 
languages by extending it. As we can see, we can use the classes from ES2015 to 
implement this design pattern without any major difference. We received 10/10 grade from 
Better Code Hub which means that this implementation follows the 10 guidelines. 
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Builder 

Example 
Imagine we are going to create a tool that reads data from files and converts that data to 
other formats. For now we want to support converting to hexadecimal and binary. We first 
create a class that is going to be the base of all converters. What it does is simply create an 
empty result and a method available for fetching the result. 
 

 
 
Now we can create two modules that extends the Converter class and adds a method for 
converting the input and appends it to the result. 
 

 

 
 
Now when we have our converters, we will create an index file that will read a file with some 
dummy data and use that to convert it into hexadecimal and binary. When it is converted, it 
will print the result to the console. 
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Testing 
To test the builder is simple, we want to check the properties of the returned value is equal 
to what we expect. Both the tests for hexadecimal and binary looks the same so we will only 
show how the tests looks like for the binary converter. 
 

 

Reflection 
We can easily add more converters by using the classes in ES2015 and extending the 
Converter class to get the functionality of converters and implementing how the module 
converts the data. This implementation got 10/10 grade from Better Code Hub that results in 
the code follows the 10 guidelines. 
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Factory Method 

Example 
Let’s say that we have a project that needs to log information. We want to log to the console 
during development but during production, we want to log to a file instead. Let’s say that we 
have a logger that takes a stream that it will write to when logging. 
 
We will then create two factories, one that creates a logger with a stream that goes to the 
console, the other one will be to a file. 
 

 

 
 
In our index file we simply check if the environment is set to production and then require in 
the correct factory. Once the factory is required, we simply call the create method and we will 
receive the appropriate logger to use. For now we only have a simple condition. We could 
create another file that is responsible for giving us the correct factory but it will do for this 
simple project. The reason why we only require one of the modules is to avoid having to load 
unused modules, e.g. fs-extra that is used in the FileLoggerFactory module. 
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Testing 
To test whether the factories does create the expected object, we can check if the object that 
is returned by the factories are instance of the expected modules. 
 
For the ConsoleLoggerFactory, we want to check if the method actually returns an instance 
of the Logger as well as that it used the stdout stream to create it. To achieve this, we will 
modify what the factory receives when requiring the Logger class. We want to apply a spy to 
the class to be able to check if it was called with the correct arguments. 
 

 

 
 
Testing the FileLoggerFactory is basically the same approach as console but with more 
stubs because it uses the fs-extra. The test code for that factory will be omitted. 

Reflection 
One could argue that we could export the factories as functions instead. The reason why we 
are using classes instead is so the code scales well. We might want to do some logic when 
creating the loggers in all factories and can easily define a superclass that all factories 
extends. But for now we have skipped creating a superclass since we are not required to 
have it now because we don’t have shared logic and that JavaScript is a dynamically-typed 
language. Because JavaScript is dynamic typed, the dependencies to the module that was 
tested could easily be replaced with stubs or spies without making any modifications to the 
source code. This implementation received 10/10 grade from Better Code Hub. 
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Prototype 

Example 
We are going to make a simple script that will just print out some data. We are going to make 
a Message class that will contain to data and provide a method for formatting that data. A 
clone method will also be provided. We are only doing a shallow copy since we all what we 
need. 
 

 
 
We will also create a Printer that allows us to provide data and it will then use the Message 
class to format the data and return the result. We will create a instance of Message as a 
base to use as default values, we will then clone the message for each data item and 
override the properties if they are providing the expected properties, if not then it will use the 
default values that comes from the original instance. 
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Test 
We want to test if Message uses is arguments, formats properly, returns its instance and that 
it returns a copy. 
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For the printer we don’t have to stub the dependencies since here we just want to check if it 
returns the expected data we want. 
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Reflection 
Even though it feels like not much is happening in this example, it does actually because we 
can see some difference compared to the other OOP languages. Before classes in ES2015, 
developers would actually use prototyping to achieve the behaviour from classes. In fact, 
classes in JavaScript uses prototyping behind the scenes but that’s off topic. 
 
When cloning the Message, we fetch the prototype of the class, create a new object based 
on that prototype and then assign the current properties into the new clones instance. Since 
JavaScript uses prototyping behind the scenes, then that results in implementing this design 
pattern easier for us. 
 
This implementation received 10/10 grade from BetterCodeHub. 

Singleton 

Example 
Let’s say we want a script that fetches data about one specific user from the database and it 
will print out the data on the terminal. We want a database module that will handle the 
connection between the application and the database and also a user manager with will use 
the database to get the users, find the user with a specific name and then return the result. 
 
In this scenario we are connected to one database server and that makes sense to ensure 
that we only have one instance of it. Then to make it convenient, we will make the instance 
of Database globally. 
 
We begin by creating the Database class that allows us to fetch data from the database, in 
this example we will make the function return a static array contains three users. 
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To make it globally available, we will create a static method that will create an instance if it 
has not been created and then return the instance. We will need a static property to make 
this work but JavaScript doesn’t support static properties. To achieve this, we can create a 
variable outside the class. In Node, this variable is not accessible outside the module/file. 
This will result in the variable will act like a private static property and that is exactly what we 
want. 
 

 
 
Then we will create a UserManager class that allows us to fetch a user with a specific name. 
Here we will retrieve the database instance, make it fetch the data for us and lastly find the 
user with the given name and return it. 
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Testing 
We can first check that the database returns our static array and then check if the static 
function that gives us the instance actually gives us an instance of Database. 
 

 
 
For the UserManager we can check if it can correctly find the user based on the array 
received from the Database. Since there is a global access to the database instance, we can 
actually get the Database instance and quickly replace the method that fetches data with a 
stub with the help of Sinon.js. This way we don’t need proxyquire to fake the dependency. 
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Reflection 
One could argue that the Database instance is not global since we still need to require it in 
within the module/file when we are using it in. But the purpose was provide a global access 
to the instance and we can see that we have achieved it when writing our tests. We didn’t 
need to fake the require for UserManager in order to change the behaviour of its 
dependency. Instead we just retrieved the global instance and modified that one. 
Singleton is not much different from other OOP languages in JavaScript. But there is two 
differences that we need to point out: 

● Static properties is not available in JavaScript and but there is a way to mimic private 
static variables by creating variables outside the class. 

● When testing modules, stubbing its dependencies that uses Singleton is much easier 
since we can access it globally and replace the methods because JavaScript is 
dynamically typed. 

This implementation received 10/10 grade from Better Code Hub. 
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Results 
The differences is summed up to answer the questions. Differences between JavaScript and 
other OOP languages like Java or C# is not that big when implementing these design 
patterns. 
 
There was not much difference for Abstract Factory, one difference that was not seen in this 
example is that we didn’t have to have a class that both implementations could inherit. This 
is because JavaScript is a dynamic types language. That means that the type can be 
different during runtime. For the test part there was not any different. 
 
The Builder was not any different either. Same here goes that was mentioned for Abstract 
Factory. The implementation was not required to have a base class. Inheritance was used 
here because of being able to share the logic between different language builder. The tests 
was not special either. 
 
The Factory Method started to introduce some differences. The implementation was not any 
difference but rather the same as the design patterns mentioned above. The tests however, 
to gain more control and avoid the tests to stream data into the filesystem or the console, we 
could fake the required modules for a module with the help of a JavaScript library. This was 
achieved without any special modification to the module. 
 
For Prototype there were some differences as well. As mentioned before, JavaScript uses 
prototype in the background to achieve classes with inheritance. This allowed for a easy way 
of cloning the object. Just create a new object and assign the prototype as same the class 
that is cloning it and assign all properties to the new object as it is in the original.  
 
For Singleton, two differences was shown. Since JavaScript doesn’t support private static 
properties, a workout was needed to be able to use that similar behaviour. Since modules in 
JavaScript is only scoped to that file, all data that is not exported will not be available outside 
the file. The state stays the same even if it’s imported multiple times. That way all instances 
of the class will share the same variable. For tests, singleton made it easier to access the 
dependency without having to use the library to fake the imported modules. This was 
because the instance is available globally and since JavaScript is dynamic typed, the 
method could easily be replaced with another method. 
 
Even though JavaScript is different, it didn’t prevent implementing these design patterns and 
solve the problems that they fix. The dynamic types helps working and testing the code. 
Some differences is not always clear new people that is used to other OOP languages when 
static properties doesn’t exists within the class syntax that ES2015 provides. 
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Conclusion 
JavaScript might be a different OOP language from the classic OOP languages like Java or 
C# but it doesn’t prevent implementing the design patterns in JavaScript that were first 
designed for those other languages. 
 
When using the class feature from ECMAScript 2015, the design patterns could be 
implemented without any major issues. The Abstract Factory and Builder was successfully 
implemented without any differences. Same goes for Factory Method, small difference that 
was shown was that there was no need for an abstract class that was the base class for all 
factories. This was because of JavaScript is dynamic typed. 
 
When implementing Prototype, it was seen that creating the clone method was very easy. In 
fact it was so easy that the logic that clones the object could be created as a utility function 
and be used everywhere else. 
 
When implementing Singleton, it was shown that this is one design pattern that has to be 
implemented differently. This is because the class syntax from ECMAScript 2015 doesn’t 
support static properties. Instead it has to be implemented by creating a variable outside the 
class but still within the scope of the file. This allowed the objects to reference that variable 
which results in the same behaviour as in a private static variable. 
 
There were no difficulties when testing the source code. In fact it was easier. When testing 
the source code with Abstract Factory implementation, it was discovered that faking the 
dependencies was needed. This was done with relative ease because the dependencies 
was faked without the need for modifying the code. 
 
When testing the Singleton implementation, it was easy to fake the class that was using the 
Singleton pattern because there was a global access to the instance and JavaScript is 
dynamic typed. This results in that the methods could easily be replaced with stubs. 
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Future Work 
There is a lot of work to do. Only a few design patterns was brought up by this work. This 
work only managed to bring up the Creational patterns that was covered by the Design 
Patterns: Elements of Reusable Object-Oriented Software. There is a total of four categories 
and the other three are: Structural patterns, Behaviour patterns and Concurrency patterns. 
There is also some people who created new design patterns that is more suitable for 
JavaScript that can be researched. 
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Appendix 
The code that is shown in this report will be from a repository at Github. The images here will 
show how to implement the patterns but if interested, you can view the source at 
https://github.com/DennisSkoko/applying-design-patterns-and-testing-it-in-javascript. 
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