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ABSTRACT 

Pauli Tupeli: Ensuring maintainability of JavaScript web applications 
Master of Science Thesis 
Tampere University 
Master’s Degree Programme in Information Technology 
October 2020 
 

The goal of this thesis was to explore maintainability within the context of a JavaScript web 
application client software and to find methods with which to ensure it. These clients can become 
very large and complex today, where maintainability phase of the software becomes much more 
costly then the development phase. While maintainability is often an issue, it is not always thor-
oughly considered in the beginning of a web application project.   

Maintainability was found to consist of five aspects. These aspects were explored to find some 
general maintainability improvement methods. Additionally, it was seen that architecture has a 
major impact on maintainability, as it does on all aspects of a software. Common architectural 
styles were evaluated in terms of maintainability and web applications. It was noted that using 
frameworks is commonplace in many web application client projects, given the effort that it saves 
in implementation of basic features that are needed in most applications. It was explored how to 
choose a framework without extensive prototyping. Most popular web application client frame-
works today were also explored and evaluated in terms of how supportive they were of different 
general maintainability improvement methods and architectural styles.  

It was found that ensuring maintainability of web application clients is not an easy task. Proper 
usage of frameworks can certainly aid in this, but they do not solve all maintainability issues. 
Developer process and overall architecture must also be carefully considered in terms of the five 
maintainability aspects to ensure good maintainability. Awareness of and ability to categorize 
maintainability issues into these aspects helps identify maintainability issues for what they are 
and how to solve them. 
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1. INTRODUCTION 

JavaScript is a scripting language originally created in 10 days by Brendan Eich in 1995. 

The purpose of it was to create a lightweight interpreted language for embedding in 

webpages. It was designed to be a “friendlier” version of C, appearing simple on the 

surface while having richer runtime capabilities, more so then its counterpart Java, a 

more complex pre-compiled object-oriented language. This was thanks to its less strict 

syntax and dynamic typing. Despite having been created in such a short amount of time, 

JavaScript today has become an essential part of web application client development. 

Many web pages use JavaScript today. [1]  

The JavaScript language has had numerous improvements over the decades, allowing 

for richer and richer user experience delivered through webpages. This has also in-

creased the amount of code and data required for running these webpage applications. 

In addition, the language has always maintained near perfect backwards compatibility, 

making the behavior of the language more and more complicated to the point where 

some errors are simply ignored in favor of backwards compatibility. Even though the 

early limitations of the language have been improved upon and most performance issues 

were solved with more efficient interpreter implementations, the language’s inherent lack 

of strict syntax and numerous, sometimes surprising runtime interactions caused by dy-

namic typing and backwards compatibility still pose an issue for development of enter-

prise-level web applications today. [1, 2]  

While JavaScript can be a good choice for small projects thanks to the apparent light-

weight nature of it, this strong point of the language can become a weakness in larger 

enterprise-level software that involves more developers. This can manifest as decrease 

in software quality and increase in maintenance cost. One of the main components of 

software quality is its maintainability. Software maintenance is also one of two major 

phases in software development cycle, the other naturally being the preceding develop-

ment phase. It has been recognized that in larger projects the maintenance phase is 

often more difficult and much more costly when compared to the development phase. In 

addition, it has been shown that often maintainability issues are caused by software 

maintainability not being a major consideration during the development phase. [1, 3]  
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As this work focuses on JavaScript based web application clients, the inherent quality 

and maintainability issues of JavaScript must be considered while taking into account 

the current eco-system around these clients. This means looking at some of the widely 

adopted solutions that exist today for some of those issues. Given the fast-paced devel-

opment of web applications, one of such common solutions is to use frameworks when 

starting with new projects. They not only solve some of these issues, but also save a lot 

of effort from project teams. Naturally, software architecture also has an impact on all 

aspects of a software, and some frameworks can be expected to be more or less com-

patible with different architectural styles. 

This work seeks to collect the known general issues during software development that 

negatively affect maintainability in the context of browser-based web application client 

software developed with JavaScript. Understanding these problem factors will help find 

general methods to ensure the maintainability of delivered web application clients [3]. 

Common architectural styles will also be evaluated in terms of maintainability. The most 

popular frameworks will then be evaluated in terms of how well they support these gen-

eral maintainability improvement methods and how compatible they are with different 

architectural styles. With this information it can be seen how well the frameworks cover 

different maintainability issues, thus helping ensure maintainability for a JavaScript web 

application client. For the following chapters, the term “web application” shall refer to the 

browser-based JavaScript client software part of the larger web application system, un-

less otherwise specified. 
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2. JAVASCRIPT MAINTAINABILITY 

The life cycle of any software can be considered to have two phases: the development 

and the maintenance phase. The development phase consists of the requirement anal-

ysis, software design and implementation of features, while the maintenance phase con-

sists more of extending existing implementation, improving the quality of the product and 

adapting to changes in the infrastructure around the software. The maintenance phase 

can consist of multiple maintenance releases, meaning that the phase may remain active 

as long as the software product continues to provide value to its stakeholders [4]. Even 

though quality is often one of the key requirements placed on a software product, one of 

its main components, maintainability, is not usually a major concern during the first phase 

of the software life cycle. It has been recognized that the maintenance phase is often the 

most difficult one of the two phases and usually ends up costing much more than the 

development phase. [3]  

Software maintainability itself can be defined as the capability of a software to be modi-

fied, which can include corrections, improvements or adaptations to ensure that the soft-

ware fits within the changing infrastructure around it as well as any new requirements 

placed upon it [3, 5]. Understanding general maintainability issues and addressing them 

during the design and implementation in the development phase can help reduce the 

overall cost of the maintenance phase [3]. According to ISO/IEC 25010 maintainability 

can be further composed of following aspects or concepts: analyzability, modifiability, 

modularity, reusability and testability [5]. Some works use different terms for these same 

or similar concepts, such as understandability for analyzability and changeability for mod-

ifiability [6], but for the purposes of this chapter only the terms within ISO/IEC 25010 

model shall be used. For each of these concepts, both general software and JavaScript 

specific issues must be explored to be able to find ways to ensure that a developed web 

application remains as maintainable as possible. 

Architecture and architectural choices can have a significant impact on all aspects of 

maintainability just as they do on overall software quality [6]. This topic is further explored 

in chapter 3. For the purposes of this chapter, architecture is not considered unless it 

has a specific impact on one of the five aspects of maintainability. 
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2.1 Analyzability 

Analyzability in ISO/IEC 25010 is defined as the “degree of effectiveness and efficiency 

with which it is possible to assess the impact on a product or system of an intended 

change to one or more of its parts, or to diagnose a product for deficiencies or causes of 

failures, or to identify parts to be modified [5].” It can often be the case that the first 

version of a software will not include all planned or unplanned functionality. Ability to 

assess the impact of upcoming changes to a software is important, including the impact 

to its analyzability in the future. For example, it is possible to have software that has high 

modifiability and modularity, but such poor analyzability that it would be difficult for an 

inexperienced developer to be able to understand and make use of it. This could have 

serious consequences, as any achieved good quality and maintainability is quickly lost 

due to the inability to predict the negative impact of changes made. In addition, capability 

to find defects and debug issues for web applications can be especially valuable, as 

there are many browsers that can all have different issues on the same application, and 

many issues can be non-deterministic [2]. 

Analyzability is greatly affected by programming quality, which in the case of JavaScript 

is a significant factor for maintainability due to the extreme permissiveness of the lan-

guage [2, 3]. Enforcing a good style of programming within a project can improve quality 

and thus improve analyzability, but as software complexity increases so does the cost of 

maintenance [3]. This means a reduction in modifiability that good programming quality 

can never fully compensate for, even if the analyzability is managed and remains con-

stant. To an extent this issue can be alleviated with good documentation and utilization 

of comments in source code [3], but on an enterprise level a more reliable solution would 

be to use an intermediary statically typed language [2], that is compiled into JavaScript. 

This would constrain the permissiveness of the JavaScript language, which is the root of 

the problem. In addition, even though the additional code required for defining those 

types can make the code base more complex, it also makes it more comprehensible and 

predictable by enforcing developers to define the types using the same rules and syntax 

[2].  

Using a statically typed language is no replacement for documentation, however. Docu-

mentation itself is also a major factor for the analyzability and modifiability of software. 

During development phase the documentation might not always be updated frequently, 

which can often lead to missing, low quality or outdated documentation. This can make 

the documentation hard to use, unreliable or invalid. This issue extends into definition of 

system requirements made for the software before and potentially during development, 
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as these requirements can and often change during development. Many errors in soft-

ware can be traced back to incorrect, incomplete or unclear documentation of system 

requirements, the first one being the most common one of the three. In addition, it is 

important to be able to trace implementation and its documentation back to their user 

requirements. Otherwise it will be difficult to estimate the potential impact of upcoming 

changes to a software, which will increase risk and can reduce overall software quality. 

Therefore, it is important to have up-to-date documentation for the software, system re-

quirements and the user requirements, as well as to ensure traceability between the 

software documentation and user requirements. [3]  

2.2 Modifiability 

While analyzability includes the capability to assess whether modifications introduce de-

fects or decrease in quality, modifiability is the actual capability of the software to be 

modified in such a way. ISO/IEC 25010 defines modifiability as the “degree to which a 

product or system can be effectively and efficiently modified without introducing defects 

or degrading existing product quality [5].” When developers are required to add new 

functionality without introducing defects or decrease in quality, the effort required to do 

so depends on the modifiability of the software. This can be the key criteria for decision 

making; some functionality is too costly to implement so a compromise must be made. 

As software grows larger and more complex its modifiability and testability will decrease 

[6]. Poor modifiability is often referred to as technical debt, which is not uncommon to 

have in a larger web application project. Stakeholders and developers often make com-

promises between modifiability and technical debt to ensure good velocity despite the 

accumulating overhead from the technical debt. However, this is a slippery slope, as the 

overhead caused by technical debt may not be obvious to all observers or even the de-

velopers. Projects may end in situations where a large refactoring is required to take care 

of the technical debt. This type of work has no obvious value for the end user and in such 

large quantities is usually not enticing to stakeholders, despite any long-term gains in 

modifiability. Therefore, it is important to ensure good modifiability early on in a project 

and paying off any debt as it is recognized. 

As mentioned in 2.1, good quality of documentation, proper usage of comments and 

constraining the permissiveness of JavaScript with a statically typed language can im-

prove modifiability. While the dynamic typing of JavaScript is convenient for small pro-

jects, it is known to cause problems in larger projects, including the inability for developer 

tools to find issues with type conversions and comparisons, which also increases the 

importance of testing as this gives room to potential runtime errors [2]. Statically typed 
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language can improve modifiability by allowing the use of static analysis tools, which 

allows automatic semantic checking for written application code. This can prevent many 

runtime errors and issues related to type comparisons and conversions [2], as the devel-

oper will immediately receive feedback from those tools when making changes. This will 

reduce the risk of introducing defects to the product and thus improve modifiability of the 

software as well as help ensure better overall quality of the software product. 

2.3 Modularity 

ISO/IEC 25010 defines modularity as the “degree to which a system or computer pro-

gram is composed of discrete components such that a change to one component has 

minimal impact on other components [5].” Having discrete components makes the sys-

tem easier to test as each component can be tested individually as opposed to testing 

the system as a whole. If each component is self-contained, changing one should have 

minimal impact on other components, which increases modifiability of the system. There-

fore, having high modularity increases a systems modifiability and testability [2]. 

JavaScript used to lack native support for importing modules or in other words modular 

parts of the application, a common feature in many other languages [2]. This feature is 

relatively new and still not fully supported by most major browsers [7]. Importing files 

dynamically has the downside of there being no checks for potential issues, such as 

variable collision. Global variables can be silently overridden and in JavaScript variables 

can be used even without declaration. Because of this, writing code involving many mod-

ules can sometimes become a process of trial and error, as it may not be obvious which 

modules are conflicting and in which circumstances. The issue is often worked around 

by using namespaces; another feature JavaScript is natively lacking but is instead pro-

vided by many of the commonly used module loaders available for the language [2]. 
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const n = 1; 
const obj = {n: 1}; 
 
n = 2;        // error, cannot assign to a const 
obj = {n: 2}; // error, cannot assign to a const 
obj.n = 2;    // valid, object itself is not immutable 
 
Object.freeze(obj); 
obj.n = 2;    // silent error, cannot assign to a frozen object 

Program 1. Illustrating few immutability issues with examples in JavaScript. 

Another common issue in JavaScript development when it comes to modularity is data 

immutability. Given the permissiveness of JavaScript, it is often possible to find that ob-

jects are mutated along the way when they are passed from one part of a web application 



7 
 

to another. JavaScript does natively have support for immutability, but there are issues, 

some of which are illustrated in Program 1 above. It is especially problematic when one 

part of the application is considering some data to be immutable while another part does 

not. These issues are compounded by the fact that in the ecosystem of web applications 

there are often many third party libraries in use and there is often no guarantee of 

whether these libraries respect immutability of data given as input nor data coming as 

output from the library, in the case that there is some state held within the library. 

2.4 Reusability 

While it is possible to create web applications that are reusable as a whole it is often not 

a requirement. It is more commonplace to create those applications from reusable dis-

crete components, i.e. with high modularity. In the context of web applications, having 

reusability as a requirement without modularity is rarely the case. ISO/IEC 25010 defines 

reusability as the “degree to which an asset can be used in more than one system, or in 

building other assets [5].” Asset in this context could be many things, but most aspects 

of a web application can be built as a separated module that could then be imported and 

used in other web applications or within different parts of one larger application. 

The dynamic typing of JavaScript makes defining interfaces for such modules a more 

involved task. This is because the values passed to and from interfaces are not neces-

sarily obvious [2], especially if the values are complex structures rather then simple val-

ues like numbers. Statically typed languages can alleviate these issues to some degree 

by allowing the separation of the definition and implementation of interfaces [2]. This 

means that even complex structures used by these modules could be created and used 

easily without analyzing the implementation behind the interfaces of those modules. 

Unfortunately, in the ecosystem of JavaScript the dependencies of a web application can 

be numerous, especially on the enterprise level, and many of the dependencies may not 

have any static type information or high-quality documentation with them. While depend-

encies do not directly determine the reusability of the software using them, causal issues 

can arise. There is rarely a guarantee that there will be no issues originating from within 

these dependencies, making it sometimes necessary to investigate the functionality be-

hind those dependencies interface, which will become increasingly difficult depending on 

the quality of documentation available. Sometimes the type information can be main-

tained by a different third party from the one that maintains the dependency itself which 

can lead to mismatching or outdated type information. The only way to avoid these types 

of issues, and therefore increase reusability, is to minimize the number of dependencies 

used in the project. 
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2.5 Testability 

ISO/IEC 25010 defines testability as the “degree of effectiveness and efficiency with 

which test criteria can be established for a system, product or component and tests can 

be performed to determine whether those criteria have been met [5].“ This definition has 

two key components, first is the capability for how easy it is to define what to test for, 

while the second is the capability to create and execute those tests. The nature of web 

applications makes both more difficult to achieve then most other types of software ap-

plications and as a result testing is often neglected completely or partially by developers 

due to the poor time to value ratio for creating, executing and maintaining those tests [8]. 

The capability to define tests is more difficult for a few reasons. Most notably, at least 

from testing perspective, a web application, including non-client parts of the application, 

is a distributed system with any number of clients on varying types of hardware and 

operating systems with varying types of browsers used to access the application. This 

has great implications for functional testing, as most parts of a web page depend on the 

existence of various components residing on both server and client side of the applica-

tion. Depending on the size of the system, the server side can also consist of multiple 

web servers that are built in such a way that more can be added as needed to handle an 

increase in user base. Additionally, the network between server and client must also be 

considered, as data transfer could be limited in some circumstances. All these variables 

also make the non-functional requirements such as performance, stability and compati-

bility testing very important. In other words, the non-functional requirements are largely 

dependent on client environment, that is the hardware, operating system and browser 

they are using, as well as the network between the server and the client. There are too 

many possible configurations to test all of them, so the most probable configurations for 

users and networks should be predicted, and only those should be tested. [8]  

Regardless of whether the subject is functional or non-functional testing, the tests must 

be repeated on multiple environment configurations to ensure any reasonable coverage. 

The way to make these types of testing cost effective is to design test models and meth-

ods in such a way that available tools and technologies support some type of automation 

[8]. Care must be taken when choosing technologies and architecture to build the appli-

cation with, as both will greatly influence the difficulty and cost of setting up test automa-

tion for the system [8]. Some methods of testing can become difficult with poor architec-

tural choices. With proper planning automation of testing can save a lot of effort, but as 

was mentioned in 2.1, many issues in web applications are non-deterministic, which 

means trying to find them in a tightly controlled test automation environment is not ideal. 
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Because of this manual testing can still be valuable in addition to any test automation 

and therefore testing process for these must be well defined to make the manual testing 

cost effective.  

2.6 Summary 

In this chapter the five different aspects of maintainability were introduced and explored 

in relation to each other and in the context of web applications. All the aspects are im-

portant parts of maintainability as a whole, but some parts can be considered more sig-

nificant from certain perspectives. For example, analyzability is very important for intro-

ducing new developers to a project, whereas modifiability can be considered more sig-

nificant from a business point of view as it can directly influence decisions made for im-

mediate future of the applications development. Analyzability is important for modifiabil-

ity. High modularity can improve modifiability, reusability as well as testability. Focusing 

on reusability can also allow the application to be more modifiable. Because of these 

complex relations and subjective importance of each aspect for different stakeholders, 

all five aspects shall be considered equal in importance for the purposes of this paper. 

The various methods and processes found with which maintainability could be improved 

are summarized per aspect in Table 1. This list is far from being exhaustive, but it can 

serve as a guideline for evaluating maintainability potential and issues of application 

frameworks. Apart from these topics, the architectural choices made for an application 

can have a significant impact on any of the five aspects. The next chapter explores the 

different common architectural approaches in relation to maintainability. 

 

Table 1. Summary of topics with which software maintainability can be improved. 

Method Analyzability Modifiability Modularity Reusability Testability 

Programming quality +     

Documentation + +    

Code comments + +    

Statically typed language + +  +  

Reducing technical debt  +    

Namespaces   +   

Immutability   +   

Minimizing dependencies    +  

Architecture     + 

Test automation     + 

Manual testing processes     + 
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3. WEB APPLICATION CLIENT ARCHITECTURE 

As web applications and software in general have grown larger and more complex, the 

architectural choices for them have become more and more important. They are usually 

some of the first larger decisions made in the development phase of any software. Good 

choices can significantly reduce development costs, while bad ones can increase them 

and could have other negative consequences, such as reduction in overall software qual-

ity or making addition of certain features too costly to be feasible. Therefore, they play a 

major role in determining the achievable quality and maintainability of a software. [6]  

In the context of web applications, that includes non-client parts of the application, there 

are certain larger scale architectural approaches that are commonly used today. How-

ever, these architectures are on a scale that has implications and requirements on all 

parts of the web applications. This chapter focuses on the architectural styles that can 

be adopted wholly inside the client part of the application regardless of and without af-

fecting any larger architecture of the whole web application. This means styles that are 

usable within the browser-based JavaScript client application. 

The positive and negative tendencies of different architectural styles in terms of main-

tainability aspects must be explored in order to know which aspects should be given 

more attention to when developing an application with specific architectural styles. Addi-

tionally, JavaScript frameworks can be more or less compatible with and supportive of 

certain architectural styles. Therefore, it is important to know what common architectural 

styles there are, what are the strengths and weaknesses of those styles in terms of main-

tainability and how applicable they are in the ecosystem of web application clients. With 

this information more informative architectural decisions can be made with any given 

framework. 

Many different patterns can be classified as following a specific architectural style. There 

are many methods with which to classify software patterns [9] and there is no one clear 

definition for what is an architectural pattern [6]. In general, architectural patterns de-

scribe a complete system and its structure, meaning any subsystems and how those 

subsystems fit together in the overall system architecture and how those subsystems 

interact with each other [9].  

Haoues et al. conducted an analytical survey in 2016 that found the most used architec-

tures in software engineering literature from 2010 to 2014 [6]. They categorized the arti-

cles found into five architectural categories: component-based, event-driven, service-
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oriented, model-driven and aspect-oriented architectures. These are general architec-

tural patterns that can be used in any software. Applying model-driven patterns in web 

development is challenging due to maturity of available tools and lack of interoperability 

between those tools [10]. For these reasons and lack of support from frameworks for 

these types patterns the model-driven architectures are not further explored in this paper. 

3.1 Component-based architecture 

Component-based architecture (CBA) is a common architecting style where the focus is 

in creating individual reusable components with which the actual application can then be 

built [11, 12]. Besides the obvious reusability and modularity benefits this approach can 

have it also increases potential analyzability and modifiability of the application [6], de-

pending on how well the components are separated and usable on their own. Component 

can be defined as a unit within the software with a specific interface and possible con-

textual dependencies [11]. Testability can benefit from this, as these units should be 

easily distinguishable for unit testing with their specific interfaces, but it can also become 

challenging due to contextual dependencies the components may have. In general CBA 

is considered to have a neutral to positive impact on all aspects of maintainability [6]. 

Because the concept of a component is not set in stone the implementations for CBA 

can vary and web applications are no exception. CBA is a popular approach for many 

web applications today. Web application frameworks that are based around building 

components usually define components as some combination of a JavaScript class or a 

function, a hypertext markup language (HTML) template and cascading style sheets 

(CSS) all bundled together to form a component. It is then possible to use these compo-

nents in any number of pages on a web application or even in different web applications 

[12]. In web development the definition of a unit can be especially challenging if not de-

veloping with some type of component-based approach. This method also has the ben-

efit of increasing perceived end user performance since the applications no longer have 

to be downloaded by the client fully, as they only ever need to load the components 

necessary for rendering their current page and these can be downloaded separately. 

3.2 Event-driven architecture 

Event-driven architecture (EDA) at its barebones consists of event generators, proces-

sors, and listeners. Generators dispatch events via event processors to all their listeners 

which can then react to those events as they wish. This naturally separates the generator 

from its listeners which has several consequences. One is that the generators and lis-

teners need not know anything about each other. Another is that the execution of the 
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listeners is asynchronous from the generator dispatching the event. Additionally, since 

events are dispatched using the event processor, it is possible to monitor the execution 

of the application in real time, depending on how well the events cover the total control 

flow of the application. [13]  

Given the asynchronous nature of web applications with its calls to backend for fetching 

data and interactions of the user, there can be many sources of events and those events 

occurring in unpredictable order. In large applications there may be just as many listeners 

to each of those events. With this approach the separation of event generators and lis-

teners offers a clear benefit in terms of modifiability and modularity. This also naturally 

makes the generators reusable in different parts of a web application, as they do not 

need to know anything about their listeners. Following the control flow of a web applica-

tion can be difficult [14], so the ability to monitor the flow with event processor can be 

valuable. This is not only because of the nature of web applications but also due to the 

tendency to use many third-party resources. The available literacy is limited when it 

comes to the analyzability and testability benefits of EDA [6]. 

3.3 Service-oriented architecture 

Service-oriented architecture (SOA) main goal is to create individual services that are 

functionality independent and reusable. In other words, a service encapsulates some 

functionality or business logic which can then be invoked elsewhere using a standardized 

interface. This is most valuable when that functionality or logic is repeated; a service 

allows it to be centralized in one place instead. This offers clear benefit for reusability 

since services can be invoked anywhere and they are more or less independent from 

the rest of the application. On one hand services can be easily tested in isolation, but 

fully testing the entire system can become more difficult due to low coupling between 

services. The centralization and separation of functionality in such a way does improve 

overall analyzability, modifiability and modularity [6]. Notable difference from EDA is that 

invoking these services is synchronous and unlike the listeners of EDA, the services of 

SOA must be known in order to be able to invoke them. [13]  

In the context of web applications SOA is often used to on a larger abstraction level 

involving many components such as the web application client and a web server. The 

server can also be separated into many microservices to create a truly service-oriented 

architecture that can be utilized by many web applications. SOA principles could be com-

bined with EDA to optimize client-to-server communication [15]. Nothing prevents from 

using the same principles internally within the web application client, where in a large 

application code repetition would be difficult to avoid without using this architectural style. 
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For example, the application may have multiple client services used to communicate to 

various external services, such as microservices. These client services could all use an-

other client wrapper service which handles authentication, thus further reducing code 

duplication for services which require authentication for communicating to external ser-

vices. 

3.4 Aspect-oriented architecture 

Aspect-oriented architecture (AOA) is an architectural approach where the focus is on 

crosscutting concerns. Concern is any part or property of a program, such as a specific 

functionality like caching or higher-level concepts like security. Crosscutting means that 

the concern involves or occurs in many places within the software. A simple example of 

such a concern would be logging; it can be expected that with a requirement to imple-

ment logging functionality for a software, it would be invoked in many places within the 

software. AOA seeks to provide mechanisms with which it should be easy to define and 

implicitly make use of such concerns. This means that, for example in the case of log-

ging, that concern is triggered without writing specific code to trigger it. This has an evi-

dent benefit for modifiability, modularity and reusability as the crosscutting concern is no 

longer duplicated in multiple places within the software but is instead localized and sep-

arated from the rest of the application [6, 16]. This is different from inheritance, as the 

aspects are detached horizontally from the inheritance tree rather than being moved up 

or down. [17] 

In web applications there are built in AOA -like elements, implemented already in the 

early 1990s. These are the separation of JavaScript and CSS from HTML, which both 

are integral parts of almost any web application. With CSS it is possible to create global 

styles which affect specific elements regardless of where they appear in the application, 

thus allowing for AOA -like approach to visual style and layout within the application. 

JavaScript allows the separation of client-side behaviour from the page content. Further 

use of AOA in JavaScript may be beneficial to facilitate more efficient coding and improv-

ing maintainability of the JavaScript part of the web application, especially considering 

the increasing complexity of the client-side behaviours exhibited by many of today’s web 

applications. However, this is more closely tied to the specific technologies used and is 

therefore limited by the tools available in the ecosystem. Possibilities for AOA along with 

the other architectures will be further explored in the next chapter. [16]  
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3.5 Summary 

In this chapter four of the most adopted general architectural styles in scientific software 

engineering literature in 2016 were explored in terms of their impact on the five aspects 

of maintainability and within the context of web applications. It can be seen that not all 

styles are equally applicable or beneficial in the context of a web application, even if they 

have clear benefits in terms of general maintainability. The styles are summarized in 

Table 2 along with the aspects that were found to be supportive of. 

Component-based architecture can be considered beneficial in terms of all maintainabil-

ity aspects, though it can also have a negative impact on testability. It is a widely adopted 

within the eco-system of web applications. Event-driven architecture is considered less 

beneficial for some maintainability aspects in general when compared to component-

based architecture, but it is a good fit for web applications given their asynchronous na-

ture. For these reasons, these two architectural styles can be considered most valuable 

for improving maintainability in a web application project. 

Service-oriented and aspect-oriented architectures have similar impacts on maintaina-

bility as component-based and event-driven architectures do, respectively. The nature 

and eco-system of web applications is not particularly supportive or opposing towards 

these styles, therefore adopting them in some form for large web applications should be 

worthwhile.  

Table 2. Summary of maintainability aspects that architectural styles support. 

Aspect CBA EDA SOA AOA 

Analyzability +  +  

Modifiability + + + + 

Modularity + + + + 

Reusability + + + + 

Testability +/-  +/-  
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4. JAVASCRIPT FRAMEWORKS 

Software projects in general have increased in size and complexity over the last decade 

and JavaScript web application projects are no exception. The size and complexity bring 

a cost to these projects, much of which is comprised of reinventing and recreating exist-

ing concepts and core components. One of the main ways of bringing down this cost is 

to use and create reusable modular code. [18]  

Being one of the most popular and used programming languages [19, 20], JavaScript 

has already accumulated a large quantity of different modular packages. There are three 

main types of modular packages: modules, libraries and frameworks. Module contains a 

single functionality hidden behind an interface that an application can freely use while a 

library contains multiple functionalities [21]. It is not uncommon for web applications to 

have many of such dependencies. Unlike modules and libraries, where the application 

is in control and uses functionalities provided by them to accomplish specific tasks, 

frameworks are best described by their characteristic inversion of control [21, 22]. Be-

cause of this and the differences in how applications are built with each framework an 

application will usually have at most one such framework in use. 

Before considering web application maintainability in a project, a framework must be 

chosen for further development. Web application projects rarely have budget for proto-

typing web applications with different frameworks, so one must be chosen in the begin-

ning before fully understanding the implications of the choice on maintainability is possi-

ble. Therefore, without developer experience guiding the choice, some indicators must 

be drawn elsewhere for choosing one. 

4.1 Indicators used for choosing a framework 

Choosing and using a framework will clearly reduce the cost of larger applications, but it 

can be difficult to “make sense out of a jungle of JavaScript frameworks” available to web 

developers. Frameworks are widely used in web development today and there is an 

equally wide array of different framework options to choose from. While different bench-

marks and expert recommendations are available, actual research into supporting the 

selection of a framework has been limited. [23] 

When deciding whether to use a dependency for a web application, in addition to in-

specting its documentation of interfaces, functionality and usage, it is common practice 

to also gauge the community involvement around the dependency [23]. This usually 
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means comparison of various statistics to other similar dependencies. For smaller de-

pendencies there may not be much to compare other than number of downloads in rela-

tion to its date of creation, which indicates how commonly it is used in other projects. For 

large dependencies there are other qualities which become important indicators for the 

reusability of that dependency, such as its age, frequency of updates and ratio of an-

swers over questions on internet forums [23]. 

These indicators show how widely adopted and up to date the dependency is in relation 

to general developments in the industry. They also indicate how difficult it is to adopt it 

to a project; a dependency with less active community is more costly to pick up as it may 

take more time and effort to find answers to any issues that could be encountered. Nat-

urally, even if all previously mentioned criteria check out, the specific skills and experi-

ence of the team starting the web application project play a major role in the ultimate 

choice of a framework. However, the significance of this is not further explored in this 

paper as it is a major topic to research on its own.  

4.2 Framework selection 

For the purposes of this work the choice of frameworks for closer inspection is not critical. 

However, a more objective approach for choosing them is to use indicators detailed in 

the previous chapter. Each framework to be considered should have extensive docu-

mentation available and active community involvement. Documentation can usually be 

found on each framework’s homepage, while their popularity and community involve-

ment can be gauged using results of online surveys. 

Sacha Greif et al. have maintained “State of JavaScript” -webpage where they have col-

lected statistics from surveys conducted each year from 2016 to 2019 [20]. Among other 

topics, they have asked front end developers of their interest and satisfaction with many 

different front-end technologies, including frameworks. These surveys show similar re-

sults to broader annual software development surveys made by Stack Overflow and Jet-

Brains [24, 25]. These three surveys have varying metrics and results, so popularity-

based choice of frameworks for further examination is difficult even if some them stand 

out. Bruz Marzolf has created a tool for approximating web framework popularity by scor-

ing community involvement and appreciation around these web frameworks [26]. The 

accuracy of this approximation can also be questioned but the results offer yet another 

perspective on the popularity of the technologies that stood out with the surveys. 

There are only a few frameworks that consistently stood out in the surveys that also 

scored high on the community involvement measurement tool. These are Angular, React 
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and Vue.js. According to the surveys Angular and React are the most used frameworks, 

where developer satisfaction has consistently been high towards React and slightly 

above average towards Angular. Vue.js is a newer framework and not as widely used 

yet, but its usage has increased at a great rate and it has had a very high developer 

satisfaction. They all have high community involvement, are still under further develop-

ment and each one has extensive documentation available. These three shall be chosen 

candidates for further examination. 

4.2.1 Angular 

Angular is an open source web application framework developed mainly by Google. It 

was originally created in 2016 and has gone through several major versions thanks to 

the contributions made by its owning team, few other companies and various individuals 

within the community that has formed around it. It is aimed towards building single-paged 

applications and offers a vast amount of features to enable that. Some criticize Angular 

for being too massive for smaller applications that only need the basic features and that 

it is generally too complex for inexperienced developers to learn quickly. Regardless, it 

is widely adopted and has enjoyed well above average developer satisfaction, though 

the satisfaction towards it has been slightly dwindling over the recent years. [27]  

4.2.2 React 

React is an open source user interface library originally developed in 2013 by Facebook 

with the purpose of offering a library for creating reusable data driven UI components. It 

can be debated whether React is a library or a framework, even though React is defined 

as a library on their homepage. Using inversion of control as criteria, it can be seen that 

React can be used with or without making use of such control inverting features. For the 

purposes of this work no limitations are imposed upon the use of a framework’s features. 

It can be expected that React’s control inverting features could and would be used in a 

large application and therefore React can be considered a framework in this context. 

Like Angular, it has gone through many revisions thanks to the contributions by its own 

team, other companies, and various individuals. According to the surveys, it has consist-

ently been the most widely used and developer preferred framework currently. [28]  
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4.2.3 Vue.js 

Vue.js is an open source JavaScript framework for building user interfaces and single 

page applications, originally developed and released in 2014. Nearing its third major re-

lease, Vue.js has been worked on by its core team and like Angular or React it has 

benefited from community contributions and support from a few companies. The frame-

work has its roots in AngularJS, a predecessor to Angular. The creator Evan You wanted 

to take the best parts of AngularJS and build a more lightweight framework for it. Accord-

ing to the surveys, while it is not as widely used as Angular and React and despite not 

being backed by any large companies, it has garnered popularity in such quantity that it 

rivals similar survey metrics of the other two frameworks. [29]  
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5. MAINTAINABILITY WITH A FRAMEWORK 

It can be expected that using any framework of good quality should allow improving 

maintainability to some degree, even if used inefficiently. However, simply picking one 

and starting development is no guarantee to avoid maintainability issues as the web ap-

plication grows larger. 

To ensure high maintainability when using a framework such issues must addressed in 

the context of the framework. Each framework should be inspected from the perspective 

of each of the five maintainability aspects. They should preferably support all maintaina-

bility improvement methods found in chapter 2. In addition, given the significance of ar-

chitectural patterns on maintainability, the framework should be evaluated in terms of 

compatibility with the four architectural styles explored in chapter 3. Lack of support or 

compatibility for a certain style or method is indicative of potential maintainability issues 

in a larger web application. 

The inversion of control allows the framework to control the application instead of the 

other way around. The framework provides an interface that allows the application to 

describe behaviors which the framework can then provide without the application know-

ing anything about the specific steps required to accomplish those behaviors. This is 

accomplished with one or multiple layers of abstraction allowing the application to instead 

rely on the framework to take care of the low-level details and accomplish the described 

behaviors. Naturally losing control can limit some of the things that are possible to do 

with the framework, but a well-designed framework should allow sufficient configuration 

and parametrization of the behaviors provided. [22]  

This inversion reduces overhead for the developer as they can operate on a higher level 

of abstraction when creating their web application. They can avoid spending as much 

time on difficult or time-consuming low-level issues such as rendering performance and 

cross browser compatibility. They can also use premade functionality for common, some-

times complex features, such as event handling, state handling and navigation. However, 

as this inversion constrains the developer to create their applications in certain ways 

supported by the framework, this can have significant impact on what architectural 

choices make sense. 
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5.1 Assessing framework maintainability 

Amantia Pano et al. have gathered various viewpoints on what leads to the adoption of 

a framework. The quality of documentation is one of the most important factors. Docu-

mentation should be precise and include runnable documented examples of common 

tasks. There should also be guides available for implementing additional, more complex 

features as well. [30] 

Being the most widely adopted frameworks, it should be no surprise that all three of the 

selected frameworks have extensive documentation available and are easily accessible 

on their website. Each have detailed information and examples about basic functionali-

ties of the frameworks as well as tutorials and guides for some of the more advanced 

features and patterns that can be adopted. These are good places to begin assessing 

which of the maintainability improvement methods and architectural styles are supported 

by each framework. 

5.1.1 Angular 

The key concept with which applications are built using Angular are components, which 

belong to modules. Components can emit events and accept data bindings from parent 

components. For features that do not fit into such rigid component hierarchy, Angular 

offers possibility to create services which can be injected and used in any component. 

All components and services must belong to Angular modules, which can declare, im-

port, and export various elements, including other modules. They also encapsulate the 

framework’s dependency injection pattern and lazy loading feature, while allowing the 

developers to structure their applications with them. The components ultimately render 

HTML for the browser via templates, which are chunks of HTML with special syntax that 

allows leveraging various Angular features. Services can be used to implement naviga-

tion guards and hypertext transfer protocol (HTTP) interceptors to implement cross-cut-

ting concern handling. Additionally, the framework has a feature called directives, which 

allow creating entities without template that allow modifying other components. Angular 

is written and supports using TypeScript, which is a superset of JavaScript offering the 

option to create static typing on top of JavaScript source code. It also offers many more 

advanced features, some of which may not be needed in every web application. [27]  

In other words, the framework is component-based and offers out-of-the-box support for 

service-oriented patterns via dependency injection. Services and directives can be used 

to implement cross-cutting concern, thus enabling aspect-oriented architectural patterns 

as well. There is no specific system in place to enable event-driven patterns with event 



21 
 

generators, processors, and listeners. The documentation includes a guide to adopt a 

third-party library called RxJS which enables asynchronous programming paradigm 

within the application but includes no steps to establishing more robust event-oriented 

patterns.  

The framework natively supports static typing via TypeScript and as the framework itself 

is created using TypeScript it has fully typed interfaces built in for all features [27]. The 

frameworks nature of structuring itself via modules also makes namespacing less im-

portant; the applications are structured using Angular modules rather than with any more 

general method available to JavaScript, though it is not restricting using such methods. 

Angular has limited immutability support, offering only a method of managing form states 

in immutable manner. The framework does have a way of setting component input 

change detection to only check for reference changes in component input values, rather 

than via deep comparisons, which works well with the immutable pattern. However, this 

does not prevent changing nested values of inputs and no further immutability support is 

available, leaving developers to rely on third-party solutions and their own programming 

patterns. This is one of many potential needs for third-party resources, but in general 

given the sheer number of features found within the framework minimizing dependencies 

should not be an issue. The documentation also includes comprehensive testing instruc-

tions for the various mechanics offered by the framework, with hints on how to set up 

test automation through continuous integration features offered for many repositories. 

5.1.2 React 

React is an entirely JavaScript based framework has many implications on maintainabil-

ity. React components are essentially JavaScript functions and include no templates like 

Angular, though a common practice is to use JavaScript XML (JSX), which allows using 

HTML -like syntax that is converted into JavaScript. This has few implications, most no-

tably there is less difficulty learning to write components, as no additional template syntax 

is required. There is also the benefit of only applying changes to the browsers document 

object model (DOM) when the data given for these components changes, thus enabling 

high performance for even most complex applications. React’s documentation suggests 

making every component as reusable and standalone as possible, allowing developers 

to freely create pages by compositing different components together. There are several 

patterns described which allow using React’s compositional nature to create solutions 

for some maintainability issues, such as handling cross-cutting concerns by creating 

“higher-order components”, which are essentially functions that take components as pa-

rameters to create new ones. In addition, the documentation includes many patterns that 
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make use of third-party solutions to achieve benefits often associated with modulariza-

tion, such as using asset bundlers code-splitting feature for lazy loading React compo-

nents, using other libraries to achieve separation of model from presentation layer and 

various other state handling solutions. [28]  

In summary, though very different when compared to Angular, React is also a compo-

nent-based framework. It does not have direct feature support for event-driven or aspect-

oriented patterns, but with its compositional nature an aspect-oriented pattern can be 

easily achieved. For event-driven pattern the documentation hints towards adopting a 

third-party state management library, such as Redux. For service-oriented pattern there 

is no features or guidelines described in the documentation.  

React has its own lightweight dynamic typing solution but also suggest that large-scale 

application should make use of static type checking solutions instead. Its documentation 

includes guides for integrating different third-party static type checking solutions, such 

as TypeScript or Flow, which are both popular choices. React has no modules or native 

namespacing solutions. As the components are essentially JavaScript functions that only 

render when called, they can be structured freely using any module or namespace solu-

tion available to JavaScript. Because components only render when necessary, data 

immutability is implicitly encouraged when it comes to properties given to components. 

Unlike Angular’s optional change detection setting, this is not an optional behavior in 

React. There are additional guides in the documentation for achieving full data immuta-

bility as well. React is relying on third party resources for many features that might be 

native to some other frameworks, but some of the core maintainability issues can be 

solved using resources that would be used in almost any web application anyway. Nev-

ertheless, minimizing dependencies can be more of a challenge with React than it is with 

an all-in-one type of frameworks, such as Angular. The documentation details various 

methods with which React components can be tested using different third-party testing 

libraries. 

5.1.3 Vue.js 

Vue.js is a framework specifically focusing on building user interfaces. Like Angular, the 

UI is built using components, where each component is a Vue instance. Components 

can be declared globally for the entire application or locally for a specific application, 

much akin to a module in Angular. The learning curve for Vue.js itself is much smaller 

than Angular, though this is offset by the increased need to use third-party resources to 

add features not found within the library. It is designed to be extensible with whatever 

libraries are needed for a given application. It also claims similar performance as React 
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but tries to take some optimization effort away from the developer. It supports both JSX 

and templates simultaneously. It also supports TypeScript but does not require its use in 

applications. It natively supports CSS scoping, which is a popular pattern for any larger 

applications on any frameworks. The robust state management solutions commonly 

used with React can also be used with Vue.js, though it has its own solution that is said 

to be even easier to work with. In a way, Vue.js aims to offer the best of both worlds 

between Angular and React but tries to do so in a non-imposing and flexible manner. 

[29]  

Vue.js is a component-based framework. Similar to React, the documentation suggests 

building reusable components with which views can then be composed out of existing 

components as a component tree. For an event driven approach Vue.js offers an addi-

tional addon called Vuex, a state management solution similar to Redux. The documen-

tation notes that solutions such as Redux can also be easily integrated, but that Vuex is 

aware of the Vue.js framework and thus integrates to it better while offering greater user 

experience. Aspect-oriented patterns are enabled via mixins, a mechanic similar to An-

gular’s directives that allow components to share reusable functionalities freely. Besides 

noting that pure JavaScript classes can be used freely, there is no mention of any ser-

vice-oriented patterns or tooling support for the framework. 

Vue.js includes a dynamic typing solution like React does, but also suggest using a static 

typing solution for large applications. The documentation includes a guide on adopting 

TypeScript for Vue.js projects and they include their own optional type declarations for 

the framework instead of relying on third party resources. For namespacing it is sug-

gested to make use of module loading functionality offered by different bundlers. As child 

components to be used can be declared locally for each parent component, the global 

variable collision issues are avoided. Data immutability is lightly enforced for component 

inputs, as the framework will warn the developer if they attempt mutating them during 

development. The framework also offers feature with which to create custom immutable 

data types and other tools with which to react to changes to such data. Vue.js has more 

built-in features and official resources available than React, so the number of required 

dependencies can be expected to be something between what an Angular project and 

what a React project would have. The documentation includes extensive recommenda-

tions on choosing testing tools but offers no guide or examples on how to set up any kind 

of test automation. 
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5.2 Summary 

All three framework’s documentations were inspected for architectural styles and main-

tainability improvement methods that they supported either directly through features, in-

directly through third-party libraries or via patterns achievable with the frameworks them-

selves. Summary of these can be seen in Table 3 and Table 4. All three frameworks 

support component-based and aspect-oriented architectural styles. They all also support 

static typing in some way, offer data immutability to some degree. Only Angular and 

React offered examples for setting up test automation, though Vue.js’ documentation did 

have recommendations for selecting testing tools. Each framework also left some other 

architectural styles and maintainability improvement methods unaddressed.  

Angular has many mechanisms bundled into the framework that a developer can make 

use of to achieve greater maintainability. There are many features, some of which are 

more advanced and require thorough understanding of Angular in order to make the 

most of them. React has fewer built-in features and relies more on emerging patterns 

and making use of well-established third-party libraries. While this makes the framework 

itself relatively simple in comparison, high maintainability is only achievable by proper 

usage of third-party libraries to take care of some topics. Vue.js is somewhere in the 

middle in number of built-in features and need for third-party solutions.  

Table 3. Summary of architectural styles that each framework support. 

Architecture Angular React Vue.js 

CBA Yes Yes Yes 

EDA No Yes, through 
external library 

Yes, through 
optional addon 

SOA Yes No No 

AOA Yes Yes, as a pattern Yes 

Table 4. Summary of maintainability improvement methods 
that each framework supports. 

Architecture Angular React Vue.js 

Static typing Yes Yes, through 
external library 

Yes, through 
optional addon 

Namespaces Yes No Partly 

Immutability Partly Yes Partly 

Minimizing 
dependencies 

Yes No Partly 

Test automation Yes, through 
external library 

Yes, through 
external library 

Partly, through 
external library 
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6. CONCLUSION 

In this work maintainability was explored in the context of JavaScript web application 

clients. Several maintainability issues were identified related to JavaScript, web applica-

tion clients and the eco-system around web application clients. General improvement 

methods were collected, along with common architectural styles that can be adopted to 

improve maintainability. These methods and architectural styles were explored in the 

context of common framework libraries used for these clients. It was also explored on 

how to choose a framework to use before fully understanding the implications of the 

choice in terms of maintainability. Finally, frameworks were explored in terms of how well 

they support maintainability improvement methods and architectural styles found earlier. 

Maintainability according to ISO/IEC standard is composed of five aspects: analyzability, 

modifiability, modularity, reusability, and testability. Ability to categorize maintainability 

into these aspects allows greater insight into where maintainability issues are coming 

from. It also makes possible to create general methods with which some maintainability 

issues can be alleviated or avoided. Some of these methods are related to developer 

processes and agreements, such as programming quality, documentation, code com-

mentation, reduction of technical debt and manual testing processes. Other methods are 

more related to the software and its architecture, such as using static typing solutions, 

namespacing, data immutability, minimizing dependencies and test automation. 

Architectural patterns were found to have a major impact on all aspects of maintainability. 

Most popular architectural styles were gathered and explored in terms of the five main-

tainability aspects. These were component-based, event-driven, service-oriented and 

aspect-oriented architectures. All four can have a positive impact on most maintainability 

aspects, and they are all adoptable in the JavaScript web application eco-system. 

Choosing a framework was found to be difficult in the eco-system of web applications. 

Indicators were found for assisting in the making of this choice. These indicators are the 

quality of the framework’s documentation and community involvement. Documentation 

should be easily available, extensive and include examples, whereas community involve-

ment can be gauged using online surveys and tools, that show how well appreciated the 

framework is and how active the community around the framework is. The top three 

frameworks based on these indicators at the time of writing this thesis were Angular, 

React and Vue.js. 
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Each framework was found to support many of the maintainability improvement methods 

and architectural styles through built-in features, third-party libraries or optional addons. 

However, no framework has solutions to all maintainability issues, and using third-party 

resources is hard to avoid. Some frameworks may rely more on third-party resources 

than others, but properly and fully utilizing all features of any framework requires thor-

ough understanding of the capabilities of that framework and of any third-party resources 

that should be used with it.  

Ultimately ensuring maintainability of web applications is difficult. Proper usage of a well-

established framework can certainly give a jumpstart towards better maintainability, but 

there is no “silver bullet” -solution. Frameworks often rely on third-party solutions; some 

even require it. These dependencies must be carefully considered before using them. 

Developer process and overall architecture of the application must also be carefully con-

sidered from the perspective of maintainability and established in the beginning of a web 

application project. Being aware and understanding the different aspects of maintaina-

bility is key in all these steps to making the right decisions. 
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