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Abstract 
This project aim is to research and evaluate the functionality, feature usability and requirement specification of a PWA. This was completed by using the methods of implementing a functional PWA and testing the PWA using a number of methods; software testing tool called Lighthouse, user interviews and user focus groups.  The key findings were that even though PWAs are in their infancy the potential benefits they offer mean that there is potential for them to rival conventional applications like native app store applications. The recommendations and further work of this study is to implement a PWA with an alternative backend and database server to see if the performance if effected.
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[bookmark: _Toc70676635]Chapter 1 – Introduction
[bookmark: _Toc70676636]1.1 Introduction to Study
This chapter will outline the project aim and objectives that the study will strive to meet. Following this a small section on the structure that will be used for this report.
This project is designed to look at different applications. Then within the scope of applications, break down the different types and research in to PWAs. This type of application is a newly implemented idea that has many advantages over the conventional application, such as working off one codebase for all devices. Once the developed PWA is completed a series of tests will be conducted to determine any limitations of the application and if PWAs are superior.

[bookmark: _Toc70676637]1.2 Aim
The project aim is as follows: 
· To research and evaluate the functionality, feature usability and requirement specification criteria for a Progressive Web App (PWA).
This aim will allow the study to gather the relevant knowledge about PWAs identifying the main technologies for implementation.

[bookmark: _Toc70676638]1.3 Objectives
The objectives for the project are:
· To research the PWA technology and specification criteria that a web application needs to meet to qualify as an official PWA.
· To design, develop and implement a PWA using all the requirements researched. This will allow all the functionality that a PWA requires to be included. It will be achieved by developing the PWA using web technology languages and a JavaScript library.
· To evaluate the functionality usability of a PWA from the user point of view. Looking at the ease of installation and usability comparing it to the other applications offered.

[bookmark: _Toc70676639]1.4 Report Structure
The report will be split up in to eight chapters. The first chapter outlines the aim and objectives that the report will need to meet to be effective. Once it is complete the aim and objects can be verified to determine the success of the project as a whole.
The second chapter is the literature review, looking at previously conducted work that will be used to gain knowledge and provide additional information on the subject area.
Chapter three is the main methodology that the project will follow. This chapter is split into two sections providing the research methodology that will include the research philosophy, approach, strategy, time horizon and data collection methods. The second section will provide the development methodology.
Chapter four is the design and implementation section. This will show the main design and the design process to get to the final result. Also, a description on how the implementation was completed with the main successes and any failings.
Chapter five is the analysis section. Within this section is the analysis of the data collected that was stated in chapter three. 
The sixth chapter is the evaluation of the study that will take all the data into account and draw a relevant conclusion. Also, this chapter will state if the aim and objectives were met.
Chapter seven will provide the final conclusion of the study. The section will decide whether the study is successful or not. Also, in this section the author will state any recommendations and further work that could be executed.
Finally, the last chapter is a reflection on the study and how the author was affected by the study.

[bookmark: _Toc70676640]Chapter 2 – Literature Review
[bookmark: _Toc69559780][bookmark: _Toc70676641]2.1 Introduction
This chapter will provide a critical investigation of the research and literature in the application field, based on Web Applications and PWAs. The section conveys what type of applications are available, and then a deeper dive into PWAs. Including the history, and why PWAs have gained traction in the past years. The next focus is the features that this type of application offers, and the technical elements that need to be implemented to ensure it is a PWA.
Next, this paper explores the technologies offered to build these applications from the frameworks to the data storage options, as these will need to be used to create a successful application. Following this, the frontend usability will then be explored and how it can be tested using different models that are used as the industry standard. Finally, it will identify related work and similar conducted projects that relate to this project.

[bookmark: _Toc69559781][bookmark: _Toc70676642]2.2 Application Types
There are three main types of applications offered that will all be expanded on in the subsections below. These types are; Native Applications, Hybrid Applications and Web Applications. 

[bookmark: _Toc69559782][bookmark: _Toc70676643]2.2.1 Native Applications 
A native phone application is an application that has been developed specifically for the operating system (OS) it will run on, the developers of the applications need to choose and use the specific programming language and tools provided for the particular OS [1]. Native applications can be accessed from the app store for the devices OS. This adds an extra cost and time implication, as a different version of the application needs to be developed for each OS [2]. These apps can be downloaded directly from the application store applicable to the device. Native applications can take advantage of the on-board hardware features the device provides [1].



[bookmark: _Toc69559783][bookmark: _Toc70676644]2.2.2 Web Applications
There is no definition of the differences between a static website and a web application, but when a website has some of the functionality of a traditional application it can be classed as a web application [1]. Web applications take advantage of the way web technologies can be dynamic when viewing the app, relying heavily on JavaScript and HyperText Markup Language (HTML). Also, HTML can offer navigation and interaction facilities [3].

[bookmark: _Toc69559784][bookmark: _Toc70676645]2.2.3 Hybrid Applications 
This application type attempts to combine web and native applications to get advantages from each application type. It is developed using web technologies but rendered in a native application body using web view [1]. Hybrid applications are more powerful than web applications as they can access the resources that a native application uses. However, as they run in a WebView framework, the app is only as good as the framework provided [4][5]. 

[bookmark: _Toc69559785][bookmark: _Toc70676646]2.3 What is a PWA?
A PWA is an application that can be run in any web browser, the PWA uses web technologies that are used on many websites such as HTML, Cascading Style Sheets (CSS), and JavaScript [6]. By using these technologies, it can act as a website but with the functionality of a native phone app including offline access, push notifications and more.
PWAs are a fusion between phone and desktop interfaces. They are built to take advantage of the developing application programming interfaces (APIs) to deliver the three app pillars, capabilities, reliability and installability [7]. They allow developers to provide the web experience user are familiar with native application feel, all with one codebase. The PWA dream is to get to a point where PWAs and the native phone application experience is uniform, and the users cannot tell the difference in the type of application that they are using, so they can seamlessly switch between the variety of applications [8].



[bookmark: _Toc69559786][bookmark: _Toc70676647]2.3.1 History of a PWA
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Description automatically generated]The technologies to start to make PWAs feasible came around the year 2000, and this was the creation of XMLHttpRequest [9]. Then another technology emerged in 2005 called Asynchronous JavaScript And XML (AJAX) [10]. Both these technologies being used together made it possible to asynchronously send and receive data from the server without the need to refresh the page or affecting what is being shown [9][10]. This allowed developers to obtain data and update the page in real-time. An example of this being used is when searching for a result, the page updates as each letter is typed, as shown in Figure 1.[bookmark: _Toc56075777][bookmark: _Toc58860248][bookmark: _Toc70428452][bookmark: _Toc70428457][bookmark: _Toc70432272]Figure 1 - Illustration of asynchronously exchanging data


The initial idea for a PWA was announced to the world by Steve Jobs in the 2007 conference when the first iPhone was introduced. The availability of apps would help the iPhone market growth within the population, so enabling developers to quickly make PWAs increased the need and usage of iPhones, simultaneously encouraging developers to use the most modern web standards at the time [11]. At the time when Jobs said this, there was no Apple App Store, so this method was the most modern way for developers to get their applications on iPhones.
In 2015 the Google Chrome developer Alex Russel released an article trying to give users a better web experience on their phones, essentially taking Apple’s idea and reinventing it with modern web technologies for the time [12]. The article [13] caught the eye of major tech companies like Google and Microsoft, and PWAs exploded on the scene. Then in 2018, Microsoft made PWAs standard in Microsoft Edge and made them available in the Windows 10 Store, for use on desktops [14].
[bookmark: _Toc69559787][bookmark: _Toc70676648]2.3.2 Who has adopted PWAs?
PWAs are gaining traction with major web companies as they are implementing PWAs for their advantages over native phone apps. The use of applications on phones is huge, from both leading application stores, the Google Play Store, and the Apple App Store. On these stores, there are over 5 million applications offered to be downloaded [15]. The average user on their phone spends 3.5hours out of the 4.5hours of daily use on applications from one of these app stores [16]. 
Companies like Twitter, Starbucks and Forbes have rolled out versions of their applications as PWAs for uses to download and utilise [12]. They are not all standard as there are still versions of these applications on all major application stores, but these companies adopting PWAs brings light to their advantages.

[bookmark: _Toc69559788][bookmark: _Toc70676649]2.4 Features of PWAs
[bookmark: _Toc69559789][bookmark: _Toc70676650]2.4.1 Performance
As PWAs are written in the modern web technology languages, they can improve the performance of a PWA and a higher-performing PWA will engage the user for longer. The CSS and JavaScript can be optimised in different ways by extracting and loading critical code first then secondary non-critical code after. Also, using a Networking Information API, the user’s network connection can be assessed, therefore serving the features that will give the user the best experience like preloading assets [17]. Images can be optimised for the user-specific devices and screen size making loading the image very efficient.

[bookmark: _Toc69559790][bookmark: _Toc70676651]2.4.2 Accessible and Usability
PWAs can be easily found by searching the internet for a web application that can be downloaded, or there is a specific PWA store. These stores can be used to access the applications and for developers to upload their PWAs. As the pages at the core of a PWA are web pages, the languages offer ways to make the pages responsive to any screen size. Therefore, cutting down the development process as there does not need to be different versions of the application for the specific OS or screen size. The use of CSS media queries can make the page react responsively to the screen size of the device, as it will get the exact pixels of the screen size and show the content in the most aesthetically pleasing way [18]. Another way usability is improved using PWAs is the use of HTML5 full-screen capabilities, it allows the application to use the full screen of a device, giving the application a native application feel [19].

[bookmark: _Toc69559791][bookmark: _Toc70676652]2.4.3 Installable
PWAs can be installed on the user’s local device using the browser than is used to access the application. This action is referred to as ‘Adding to home screen’, and it adds the application to the application manager or home screen of the device, allowing it to run as any other installed application would. Once installed, the application can be run in full-screen mode and offer an app icon and name, giving the app a more native feel [18]. The main advantage of this is for the users that decide to install the application, they are the more engaged audience and boost the engagement metrics better than typical users. This metric includes repeated visits and a more extended engagement when using a PWA [20].
Specific web browsers have different criteria for allowing the PWA to be installed and need to be fulfilled before the browser enables the application to be installed. For Google Chrome and Microsoft’s Edge, the criteria follows:
· Hypertext Transfer Protocol Secure (HTTPS). This makes the connection from the users to the server secure by firstly, encrypting the data so nobody can track, and steal data being transferred. Also, by using data integrity, making the data unchangeable without being detected either intentionally or otherwise. Then finally using authentication, proving the communication with the correct server and not allowing ‘man-in-the-middle attacks [21][22][23].
· The application has not already been installed [22].
· It provides a service worker and a web manifest. The service worker must provide offline support, caching, push notifications, background data sync and page loading performance optimisation [22]. The web manifest must provide essential information for the application.
[bookmark: _Toc69559792]Mozilla Firefox and Samsung Internet both slightly differ from these requirements but still include some of the main points. Mozilla Firefox does not require a service worker but requires added information in the web manifest, such as a background colour attribute for the full-screen mode [24][25]. The Samsung Internet requires one application icon size and requires the application to be viewed in either standalone or full screen [24][26].

[bookmark: _Toc70676653]2.4.4 Offline Content
PWAs offer a feature called offline content, giving the user the ability to use the application when they have a slow internet connection or are offline providing a more seamless experience [18]. The PWA will inform the user that there is no internet connection and show them cached content. This functionality is provided by the service worker as the service worker can cache pages, images, code and other media for offline use [24]. 
When the PWA then has an internet connection, the service worker can update the cached content, so next time the user’s device is offline it will show relevant content. This also speeds up the performance as when the network connection is slow, the application can use cached content for static elements, rather than requesting real-time. Apple has been slow to implement the features of PWAs to its mobile platform, IOS. However, in some recent beta releases, some of these features are being supported, ready for a public release [19].

[bookmark: _Toc69559793][bookmark: _Toc70676654]2.4.5 Push Notification
One of the major features offered by PWAs is push notifications, as in the past this could only be achieved by hybrid or native applications. These consist of sending the user messages even if the application is not currently actively running on the device [24] rather than waiting for the user to open the web application. As the messages are in real-time, they keep the user involved and up to date to the context of the application.
To deliver push notifications to the user’s device, there are two separate APIs that are used. These are Push API and Notification API. The first API is used to receive the messages that have been pushed from the server [27], then the second API is responsible for displaying the notification on the local user’s device [28]. For the user to receive the notification there must be a registered service worker with the application [24] and they must accept a prompt asking if they give the application permission to send the user notifications, this prompt is only asked once so if it is denied then there is no way to change the setting unless the app is re-installed [29].
[bookmark: _Toc69559794]


[bookmark: _Toc70676655]2.4.6 On-Board Device Hardware
As a PWA acts as a Native Phone application when installed on the device, they can access the on-board hardware and use it to the advantage of the application, but not all web browsers have implemented the support for all device hardware.

[bookmark: _Toc69559795][bookmark: _Toc70676656]2.4.6.1 Geolocation
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Description automatically generated]This is access to the location of the device by sending requests to the geolocation API. The API uses the device location capturing approaches on the device, such as Wireless Fidelity (Wi-Fi) and Global Positioning System (GPS).  This API then will return speed, longitude and latitude, the direction the device is travelling and watch the position for a given time [30]. As this is important for many major applications, the browser support is high, as shown in Figure 2 below.[bookmark: _Toc58860249][bookmark: _Toc70428453][bookmark: _Toc70428458][bookmark: _Toc70432273]Figure 2 - Geolocation Browser Support


[bookmark: _Toc69559796][bookmark: _Toc70676657]2.4.6.2 Vibration
This PWA feature is the easiest to implement, and it gives access to vibrate the device if it has the feature. Either one vibration or a series of vibrations. All browsers except Safari support this feature [31].

[bookmark: _Toc69559797][bookmark: _Toc70676658]2.4.6.3 Camera and Microphone
Most browsers support access to all basic camera and microphone functions, like taking images and recoding small sound snippets [31]. There are more advanced features that an on-board camera and microphone offer such as advanced camera controls, this is the ability for the device to change settings such as zoom, ISO, and focus points, and the ImageCapture API gives web applications the ability to change these settings [32]. 
Another advanced feature is the shape detection that is broken into three sections, Text Detection, Barcode Detection and Face Detection. These all are experimental features for web applications as the ShapeDection API has only recently surfaced [33].
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Description automatically generated]An advanced microphone feature is speech recognition using the WebSpeech API. This will allow web applications to produce a transcript of the voice that the microphone is recording [34]. There are many use cases for this, including accessibility such as input control for users that can use a keyboard or touchscreen. This API has the least support for browsers, as seen in Figure 3.[bookmark: _Toc58860250][bookmark: _Toc70428454][bookmark: _Toc70428459][bookmark: _Toc70432274]Figure 3 - Browser Support for SpeechRecognition API


[bookmark: _Toc69559798][bookmark: _Toc70676659]2.4.6.4 Device Orientation and Motion
Most devices have a built-in accelerometer, gyroscope and compass. To access the device orientation, motion and coordination this hardware needs to be accessed. The device frame coordination gives three values, X, Y and Z. These refer to the different planes on the screen, as seen in Figure 4 [35]. The orientation can be based on the typical orientation for tablets and phones, but laptop orientation is considered in relation to the keyboard attached. Device motion returns the acceleration of the device with or without gravity, and the orientation returns the amount the device is tilting front to back and side to side. If the device has a built-in compass, then it can also give the bearing the device is pointing [36].
[bookmark: _Toc69559799][image: A picture containing clock

Description automatically generated][bookmark: _Toc58860251][bookmark: _Toc70428455][bookmark: _Toc70428460][bookmark: _Toc70432275]Figure 4 - Device Frame Coordination

[bookmark: _Toc70676660]2.4.7 App Maintenance 
As PWAs are accessed by connecting to the server through a web browser, the device is always fetching the latest files, so there is no need for the user to manually update the application, through an app store. This will always make sure that the user is not using an outdated app that could have security flaws[37]. Also giving the developer an advantage as bugs can be quickly changed without submitting updated for auditing by the app store, the files on the server can simply be updated.

[bookmark: _Toc69559800][bookmark: _Toc70676661]2.5 Technical Features
[bookmark: _Toc69559801][bookmark: _Toc70676662]2.5.1 Web Manifest
A web manifest is a file included in the public folder of the web application, but it is not accessible and cannot be viewed by the client. The file is written in a JSON format and it hold information on the app that is necessary for it to be downloaded. Some of the key information is the version number, description and all the resources like image icons [38]. The web manifest is defined in the meta tags of the html in the index page. When the app is then installed the manifest defines the characteristics to make the experience for the user as close to a native application as it can be.

[bookmark: _Toc69559802][bookmark: _Toc70676663]2.5.2 Service Worker
A service worker is a JS file that run separate from the web page, in the background, therefore opening up access to features than do not need a web page or interaction from the user [39]. As it runs in the background, the file cannot access the DOM, so it does not affect the main JS of the page [40]. Service workers rely on different elements for support, firstly only the mainstream used browsers support service workers and some mobile browsers. Secondly, as service workers are so powerful, they require HTTPS, making it a secure environment [40].
The service workers use a set of APIs so it can respond to requests [41]. The service worker is the main part of PWA and allows the features of a PWA to work like the offline content, install-ability, notifications and more [42].

[bookmark: _Toc69559803][bookmark: _Toc70676664]2.6 Technologies 
[bookmark: _Toc69559804][bookmark: _Toc70676665]2.6.1 JS Framework
There are multiple JS frameworks available for frontend development, each of them with different advantages and disadvantages.

[bookmark: _Toc69559805][bookmark: _Toc70676666]2.6.1.1 React
React is a JS library that was developed by Facebook in 2013. It can be used to create the UI for the web. The most popular use of the open-source library is Instagram and WhatsApp. React pages are built of components that include JS and HTML and has a hierarchy of pages staring from a ‘App.js’ and filtering down to components that hold simple things such as forms or even titles [43].
React integrates well with Node Package Manager (NPM) which enhances the capabilities as the third-party library can add extra functionality [44].

[bookmark: _Toc69559806][bookmark: _Toc70676667]2.6.1.2 Vue
Vue relies on HTML pages and injects the data in using double curly brackets. Then everything in these brackets is called a Vue instance and runs the JS attached. Vue is a very lightweight JS framework and does not add much too the functionally but offers better ways of injecting dynamic data to HTML pages [44].



[bookmark: _Toc69559807][bookmark: _Toc70676668]2.6.1.3 Angular
Angular was one of the first JS libraries created by a Google employee. It was created to solve the stat problem of HTML pages as when a navigation link was presses a new request went to the server, but when implementing angular the JS dynamically swapped the on-page information out creating the first SPAs. Now Angular 2 is the newest version that is a complete rewrite of Angular 1 but using the same concepts. It is thought of as the most complex and heavy-weight framework that implements scopes and controllers as the main architecture and is written in Typescript [43][44].

[bookmark: _Toc69559808][bookmark: _Toc70676669]2.6.2 Database Service
[bookmark: _Toc69559809][bookmark: _Toc70676670]2.6.2.1 NoSQL
NoSQL are non-relationship databases, and the data is stored in collections of documents. These documents then store objects and variables [45]. The different collections have documents in them, and the documents can hold the unique identification code of other documents in other collections so when they are interacted with, they act as one document.
NoSQL mainly uses a database service called MongoDB and have different advantages over SQL databases. Firstly, the performance of the read and write is quick due to the format they are designed in [45]. Secondly, NoSQL databases can store a large amount of data and finally they are low cost [46].  

[bookmark: _Toc69559810][bookmark: _Toc70676671]2.6.2.2 Structured Query Language (SQL)
SQL is designed for holding data in relationship databases and is the industry standard for data storage. It uses tables to store the data in columns and rows. This type of storage has been available for many years. SQL database are fast to process the data and manipulate it as is based on data indexing to give it the speed advantage [47]. A disadvantage to using SQL is the cost implications to storing a large amount of data.

[bookmark: _Toc69559811][bookmark: _Toc70676672]2.7 Usability in Software Application User Interface
The usability is how a human can interact with the application. It is important as it can range from the initial installation of the PWA to the OS as this is the first step of using the application. After the user completes this task on the application, measures of how successful the performance was will be evaluated. This is mostly looked at by the design of the UI, and there are different usability models that can be used to evaluate the usability of software UIs. The most relevant one is PACMAD and is broken down into seven sections.
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Description automatically generated][bookmark: _Toc58860252][bookmark: _Toc70428456][bookmark: _Toc70428461][bookmark: _Toc70432276]Figure 5 - PACMAD Usability Model

[bookmark: _Toc39865269][bookmark: _Toc69559812][bookmark: _Toc70676673]2.7.1 Effectiveness
This section measures the ability a user had to complete a task. It can be measured by analysing whether the user can complete the set of specified tasks [48].

[bookmark: _Toc39865270][bookmark: _Toc69559813][bookmark: _Toc70676674]2.7.2 Efficiency
This measures the speed, time, and accuracy of completing certain tasks in the software UI. This produces the productivity of the application’s interface. It can be measured by timing or the number of touches and keystrokes the users take to complete a task [48].

[bookmark: _Toc39865271][bookmark: _Toc69559814][bookmark: _Toc70676675]2.7.3 Satisfaction
This section identifies comfort and ease regarding the interface of the software. Although this variable is subjective to the users’ specific attitudes for the UI, it can be measured using different qualitative and quantitative techniques [48].

[bookmark: _Toc39865272][bookmark: _Toc69559815][bookmark: _Toc70676676]2.7.4 Learnability
Learnability is vital as there is a vast range of applications on the market to choose from. Therefore, if this is not fully achieved then the users will switch to a different platform or application. This aspect will reflect how long it will take a user to learn the interface and therefore use it efficiently. This can be measured by looking at the performance a user can have using the application when completing a series of tasks [48].

[bookmark: _Toc39865273][bookmark: _Toc69559816][bookmark: _Toc70676677]2.7.5 Memorability
The memorability attribute is about the user’s ability to effectively use the application after not using it for a long period of time, so they will not have to relearn it in any way. This can be measured by getting users to complete tasks, then after a long period of time getting to retake the same task and see if there is a difference. A study found that 50% of applications are used on the phone once a month, being classed as inconsistent use [49]. Therefore, meaning this attribute is important as it could affect a uses recollection of the function of the application and how it was used.

[bookmark: _Toc39865274][bookmark: _Toc69559817][bookmark: _Toc70676678]2.7.6 Errors
This discovers the number of errors that are made by the user. This firstly allows developers to see areas most prone to errors and therefore implement changes to fix them. But secondly, reflects how well the user can use the application without errors. The error rate can be measured by simply analysing the number of errors, if any, made by the users and measure the nature of the error. This section can also measure how quickly a user can recover from made errors [48].

[bookmark: _Toc39865275][bookmark: _Toc69559818][bookmark: _Toc70676679]2.7.7 Cognitive Load
The main section of the PACMAD model is the cognitive load. When accessing an application, not on a mobile device the user is normally fully focused on the task and not doing anything secondary, whereas on mobile the user can be walking or doing another task as well. 
Cognitive load specifies the cognitive processing requires to use the application. Before developing mobile applications, this was not a problem, but now as the user could be preforming multiple tasks, the user interface needs to be developed with this in mind. While using the application, it may affect the user’s movement and ability to use the application correctly. Therefore it is important to consider both dimensions [48].

[bookmark: _Toc69559819][bookmark: _Toc70676680]2.8 Stock Tracker Apps 
There are a number of different web applications and native phone applications with the main function of tracking stocks, three popular apps are listed below. None of them hit all the main points of a stock watchlist, contain a large amount of historical data, user alerts of current prices and are user friendly. All of these apps hit different points very well but no app hits them all, and none implement a PWA for this. The user is looking for a well-rounded application that can do all of this on all their device. 
· https://www.hl.co.uk
· https://www.trading212.com
· https://uk.tradingview.com


[bookmark: _Toc70676681]Chapter 3 – Methodology
[bookmark: _Toc69226311][bookmark: _Toc70676682]3.1 Chapter Introduction
The section will provide information on the methods used to gather the most reliable information for the study. The philosophy, approach, strategy, time horizon, data choice and collection of the research were explored in different subsections to prove a higher understanding of how the study would collect the relevant data. This was looked at through the six-layer research onion provided in Figure 6.
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Description automatically generated][bookmark: _Toc70432277]Figure 6 - Research Onion

The section following the research methodology is the development methodology. It outlines the way the development was undertaken and how the chosen software development methodology improved the project, also stating the advantages and disadvantages with ways of working around the negative aspects. The subsequent section summarises the tools and packages that are appropriate to use when developing the system and how they improved the overall development.

[bookmark: _Toc69226312][bookmark: _Toc70676683]3.2 Research Methodology
[bookmark: _Toc69226313][bookmark: _Toc70676684]3.2.1 Research Philosophy
The theoretical approach of this study was positivism. When this approach is used, the study takes advantage of analytical or logical analysis through observing the results using an experiment [50][51]. It was appropriate for this project to use positivism as the research philosophy because it allowed for the results to be evaluated to draw a conclusion. The experiment produced quantitative and qualitative data to assess [52].

[bookmark: _Toc69226314][bookmark: _Toc70676685]3.2.2 Research Approach
The approach made to the study was deductive reasoning. This type of approach is the method of using existing theory to formulate and test a hypothesis [53]. As this study strived to meet the aims and objectives, the users were observed when testing the PWA in order to assess the feature functionality and feature usability of the PWA. Therefore, it was possible to derive a conclusion from this information. 

[bookmark: _Toc69226315][bookmark: _Toc70676686]3.2.3 Research Strategies
There were three research strategies used in the study. The first one was a questionnaire that was used to gather information on the PWA, such as the feature functionality and feature usability attributes. This was chosen as a research strategy as it provided different qualitative and quantitative information, helping towards the data method being taken [54]. Also, a questionnaire can be accessed by many people independently without the researcher`s guidance. Therefore, a questionnaire is able to generate many results quickly with little input needed [55].
The second research strategy that was used was a focus group. Completing a focus group meant gathering individuals to test, discuss and comment on the topic at hand from personal experiences [56]. The focus group provided the data that can be assessed giving the study an evaluation on the impact it is having and its usefulness [57]. Normally a focus group would consist of multiple people grouping together all interacting with the same tasks and commenting on them [58], but as Covid-19 restrictions do not allow multiple people to group together, these focus groups were undertaken online and recording the data one by one. As the tasks the users needed to complete could be hindered by others, they could not all be in the same online call as that would result in the data collected not being reliable because they could copy each other’s screens being shared.
The final research strategy used was a software development evaluation tool. This tool is called ‘Lighthouse PWA Analysis Tool’ and is used to audit a PWAs features, is open source and developed by Google [59]. When it is run on a PWA, it provides the tester with a set of metrics on how the PWA is able to give a full application experience.

[bookmark: _Toc69226316][bookmark: _Toc70676687]3.2.4 Choices 
The strategies chosen for this study allowed for multimethods. The different research strategies provided a wide range of qualitative and quantitative that can be used for analysis to derive the relevant conclusions from. A multi methods approach is similar to the mixed methods of collecting qualitative and quantitative data, but from multiple sources [60]. This was applied to the project as there will be qualitative and quantitative data from the questionnaire and focus groups giving two different sources and quantitative from the software evaluation tool.

[bookmark: _Toc69226317][bookmark: _Toc70676688]3.2.5 Time Horizons 
The time horizon for this study was cross-sectional and longitudinal as the different research strategies allowed for different testing over time. The cross-sectional time horizon was completed by the focus group and the questionnaire. The reason for this is that the focus group took place within days of each other alongside the questionnaire that the user had a week of app use then one chance to answer it.
The longitudinal came from the PWA evaluation tool. The tool was used to test the application and gather results throughout the development stage allowing the development to keep on track. These results were documented with the development changes to show how the results were affected.

[bookmark: _Toc69226318][bookmark: _Toc70676689]3.2.6 Data Collection
A data collection strategy that was adopted was document review. Therefore, going through documents and studies in the subject area and looking at the conclusions created. These conclusions already in the field helped guide the project in the current direction.
The questionnaire produced included closed and open-ended questions. The questions gathered information on two major points, the PWA functionality and usability with a small section collecting information on the user themselves. The sampling techniques used is quota sampling, which is the process of the researcher choosing the necessary number of people per stratum [61]. This sample technique was chosen for the questionnaire as it allowed the researcher to sample the subgroup of the population that are the highest interest to the study, as the application is specific not everybody will be use only a niche subgroup [62]. Also, if too many people were chosen that do not have knowledge in the applications background, the technical features could be overlooked by the users.
The software evaluation tool will provide numeric data allowing for statistical analysis. This type of quantitative analysis will include interpreting the data so that trends and correlations will be uncovered [63].
Once the PWA was developed, there was a series of focus groups conducted. The was the data was collected was analysing how the users undertook the task provided. The type that was undertaken was synchronous online focus grouping. There are many benefits for synchronous, the main ones being that it is simple, they are fast to conduct, cost-effective and the moderator can direct the flow encouraging the participants to provide the most reliable results [64]. The way the data will be collected is by analysing the effectiveness, efficiency, satisfaction, learnability, memorability, errors, and cognitive load. To test these attributes the users will perform multiple tasks to test each component specifically and therefore will provide data that can be analysed thoroughly. An example of this is the efficiency, the users will perform a task and the time taken, touches and keystrokes made will all be recorded. This method of data collection is reliable as the PACMAC usability model is highly used throughout the industry [49] thus a trust worthy bases.

[bookmark: _Toc69226319][bookmark: _Toc70676690]3.3 Development Methodology
[bookmark: _Toc69226320][bookmark: _Toc70676691]3.3.1 Agile Methodology
When developing a project, using an agile methodology helps manage the projects flow. When implementing agile it allows the software development team to improve efficiently especially when the project is complex [65].  Agile breaks down the project in to more manageable chunks, called iterations [66]. Once one of these iterations have been completed, the success is measures by the production of something of value.
The development methodology that was chosen for this project is an agile methodology called feature driven development (FDD). This follows the agile standards but is more suited to smaller development projects. FDD consists of five main steps, these steps are:
· Develop overall model [67].
· Build feature list [67].
· Plan by feature [67].
· Design by feature [67].
· Build by feature [67].
The first two steps are done once, then the last three are repeated for each of the features in the feature list. Each of these strategies take elements of the main agile methodology and apply it the FDD [68]. When in the planning by feature stage there are different approaches taken to get the most out of the process. Firstly, a task analyses of the future users to get an understanding of what they are looking for and then developing these into user stories to make them more accurate. User stories are a big part of the agile methodology as it can break the problems down and allow the developer to understand the process in smaller chunks [69]. This is another reason why FDD will support the project being completed as the project has many small features and it is very user orientated [67]. 
Another reason for implementing FDD using the agile methodology framework was the wireframe diagrams. As this project has some usability features being addressed the chosen methodology allows for wireframe design which is a user interface design process that allows for a hierarchy of design, making it easier to propose how the user will process the data [70]. A wireframe will determine the layout of the components going on the screen allowing the screen to meet the users’ needs [71]. This can then be built on when the paper prototype is developed as the components will already be planned and placed correctly. Using this methodology will give the project a better frontend design as both of these processes will improve the final overall interactive software design.
The development of the application was completed in sprints using the agile methodology. The user stories and feature driven development ensured that the coding was clean and efficient. This was the case as the developer could understand how each feature worked and how it interacted with the other aspects of the application. 



[bookmark: _Toc69226321][bookmark: _Toc70676692]3.3.1.1 Advantages of Appling FDD Using Agile Methodology
The FDD using the agile methodology for development has given the project many advantages. Firstly, after every sprint the success is measured by new features or elements. This ensures the development is moving quickly and there are always visual changes being added. 
Another advantage that came from implementing agile was the four principles of agile that need to be met. These are: 
· Individuals and interactions over processes and tools [72].
· Working software over comprehensive documentation [72].
· Customer collaboration over contract negotiation [72].
· Responding to change over following a plan [72].
One main benefit of these four principles is the fast response to change. This gives the project the ability to adapt to change and implement it over a plan made that does not support the change. The second principle guarantees that the long delays caused by documentation do not affect the timescale of the project. Agile does not take all the documentation away from the developer but streamlines the process by only producing and using what is needed, such as the user stories and the designs. The value of working code is higher than the value of the documentation [73].
Finally, a befit added by implementing the FDD agile methodology is the user stories. As there were many requirements to the application that was being built the user story bridge the gap with the potential customer and the developer by them being written in a common language. The user stories are short, concise and accurate giving the developer a better understanding of the requitements [69]. Also, the user stories improve the project by allowing them to individually have a timeframe as each of the user stories can be used as a sprint.

[bookmark: _Toc69226322][bookmark: _Toc70676693]3.3.1.2 Disadvantages of Appling FDD Using Agile Methodology
One of the main weaknesses of using this methodology is the potential for wasting resources. As agile is quick to adapt to changes, if the developer spends time designing screens and user stories for development these could be useless. The reason for this is the requirements or an unforeseen bug could arise making the developer have to redo all the rescores. To avoid this disadvantage to using the methodology, the process will have to planned well but also know this could occur, so it can be expected and reacted to quickly.
An element of FDD agile methodology is class-responsibility-collaboration (CRC) cards. These cards provide the developers with a plan of the classes that are needed to implement the system. CRC cards are not needed for the project as the development has no need for classes as the framework that is needed does not rely on classes.

[bookmark: _Toc69226323][bookmark: _Toc70676694]3.3.2 Software
[bookmark: _Toc69226324][bookmark: _Toc70676695]3.3.2.1 Design Software
[bookmark: _Toc70676696]3.3.2.1.1 Adobe XD
A tool that is important to this project is Adobe XD. This tool can be used in many ways, but the main way is the design use. Adobe XD is a rapid software prototyping tool, which is the proof of concept, by designing, reviewing and refining [74]. XD handles the rapid prototyping well with all the different functionalities and the ease of use. The whole application is designed intuitively and very simple to use.
It will be used in the project to design all the different screens needed throughout the system. The easy of the duplication of elements allows for a consistent design and quick changes so the screens that are similar can all be based off a default style. Another important feature Adobe XD offers, is the speed of change, as the project has may pages the design of them will change as more features are added, so this application will allow for these changes to easily be implemented without the need of a full redesign. The final use of the application is the software interaction and implementation feature, this will improve the project as the screens that are designed can be linked so an interactive walk thought can be undertaken. This will highlight if any information is too hard to reach with too many clicks.

[bookmark: _Toc70676697]3.3.2.1.2 Adobe Photoshop and Adobe Illustrator
These two packages, Adobe Photoshop and Adobe Illustrator have improved the projects logos. Illustrator is a vector editing tool that can make logos and icons and photoshop is a photo editing tool than can further edit them. They will be needed throughout the project for use on creating the logo, favicon, app icons and other icons needed.

[bookmark: _Toc69226325][bookmark: _Toc70676698]3.3.2.2 Development Software
[bookmark: _Toc70676699]3.3.2.2.1 Visual Studio Code
Visual Studio Code (VSCode) is code editor with many features built in. Using this application to develop the project will give it many improvements. VSCode is streamlined for quick coding so the first improvement is time, there will be a reduction in developing time just from using the application. The application has a built-in bash terminal allowing for commands to be run on the code that is being developed in the editor when it is being saved. 
VSCode is lightweight and not heavy on hardware so there is no need for extra hardware when developing the project using this application. VSCode also allows for third part extensions or plugins developed by others that use the application. These extensions can be under to improve the project from allowing the use of boilerplate code, testing, finding syntax and may more things. 
Finally, VSCode has access to a built-in version control that links with Github, version control will be used in the application and explored on more in the next section. Overall, using VSCode will improve the project development by the ease of use, making the main focus the development and not setting the environment up or completing mondain task to get the development working. 

[bookmark: _Toc70676700]3.3.2.2.2 Node and Node Package Manager
Node JS is a backend JavaScript environment. Node JS is built for scalable networking application effortlessly as it is lightweight and efficient and good for data extensive application that run across different devices [75]. 
Node Package Manager (NPM) is bundled with Node JS. NPM provides opensource packages to developers, these can range from icon sets to full development frameworks. They are publicly available from repositories and installed using the NPM CLI tool [75]. 
These two tools are appropriate to use in the project as the Node JS backend is firstly written in JS, as the client is, therefore reducing code content switching as the backend and client are written in the same language. The NPM tool is one of the main ways why this tool is used as the packages provide on the repositories are developed for web applications so there are many that can be implemented to improve all the parts of the application being built. 
The way that Node JS is built will improve the web application as the tool’s architecture consist of layers, and the top one being a JS API, the communication layer. As JS also works very well with JSON all the data is native JS and converted in to JSON when being transferred.

[bookmark: _Toc70676701]3.3.2.2.3 Postman
Postman is a platform for testing and developing APIs. When the backend and the frontend of the application are communicating postman can hit the endpoints and give test data then show the result. It is a very useful tool for testing and giving the correct errors if there are any.
Postman can send REST requests so if the endpoint is not yet developed the tool can stand and proved the data needed to then carry on with the development without needing to develop the endpoint. A good use for this is the login system and cookie offload. When the backend is being developed and the user login is being used to then developer the cookie that is being deployed postman can mock the front-end request with the username and password to allow development when the user is logged in without have a frontend. Then postman can show the cookie that it has received.

[bookmark: _Toc69226326][bookmark: _Toc70676702]3.3.2.3 Other Software
[bookmark: _Toc70676703]3.3.2.3.1 Version Control
Using a version control system improves the reliability of the development files as a version control system (VSC) saves a complete snapshot of the project when its triggered too [76] and holds it in a repository. A VCS tracks and manages all the changes that are made to the code, this gives the developer the ability to roll back and compare the earlier version of the files. This causes less disruption therefore improving the development process [77]. 
The VCS that will be used in this project is Github and the Git CLI. Together these allow the code to be pushed to the remote repository on Github from the command line. This will give a backup of the code in case of a failure with any local storage it is on. The main improvement that using the Github VCS gives to the project is the roll back feature. When a bug harms the code files it is easy to roll back getting the old working code. Also, this will be used for backwards testing, if a bug is found and there is no root of the problem a roll back can be made to see if it was working previously and what new code was added.
[bookmark: _Toc70676704]3.3.2.3.2 Mongo Compass
Mongo Compass is a tool used for accessing a MongoDB Attles database that is storied in the cloud. This tool can perform all the queries from a graphical user interface (GUI), create, remove, update and delete data. Using this tool though the project will allow the viewing of the data in a GUI over a CLI.


[bookmark: _Toc70676705]Chapter 4 – Design and Implementation
[bookmark: _Toc69978272][bookmark: _Toc70676706]4.1 Chapter Introduction
This section provides the design requirements with the process of choosing the final design. All the user interface design steps taken are justified with the requirements to improve the overall usability. The design techniques that follow the requitements is the wireframe diagram, paper prototype, software version one then software version two.
Succeeding the design is the implementation section. This section highlights the technologies used to develop the application and reasons for it. Then the section also provides information on the successes and any errors encountered with the development. Using this the testing of the application and major sprints are shown.

[bookmark: _Toc69978273][bookmark: _Toc70676707]4.2 Design
[bookmark: _Toc69978274][bookmark: _Toc70676708]4.2.1 Design Requirements 
To start the design process, the requirements were drawn up. As one of the aims and objectives refers to a usability aspect of the application produced for the project, completing relevant and accurate design requirements is critical. A list of the generated design requirements are below:
· Simple design so the user can focus on the main content the app provides [78].
· Use a colour scheme that does not interfere with the chart data or colour ticks.
· Include icons on the application so it is easy to navigate and can scale to small screens easily.
· Design the navigation with limited clicks intended so the user can move through the application quickly and without much thinking.
· Use a background colour, so the main content is what the user’s eye is attracted to.

[bookmark: _Toc69978275][bookmark: _Toc70676709]4.2.2 Wire Frame
A wireframe allows for a hierarchy of design, making it easier to propose how the data will be processed by the user [70]. It determines the component layout allowing the user interface to meet the user’s needs [71]. As seen in Appendix 1 – Wire Frame Diagram, the overall design is simple, with all the content in a place that is it is expected to be, making it familiar to the user. As this wireframe is simple, it meets the first design requirement. This requirement is essential to the application because an intuitive and straightforward design allows the users to understand the page immediately [79]. 
When the wireframe was designed, the content types are consistent throughout the pages. The header is always at the top of the page with the navigation in a sidebar panel. Many advantages are brought to the application through this design, but mainly the user will be able to predict where the content is as these panels stay in a consistent place.
Creating the wireframe as the first step in the design process allowed for an overview of how the data flows and how the user will initially view the content panels. This then allows the paper prototype to follow the effective hierarchical design and continually meets the wireframe requirements.

[bookmark: _Toc69978276][bookmark: _Toc70676710]4.2.3 Paper Prototype
The second step in the design process was paper prototyping, as shown in Appendix 2 – Paper Prototype. By developing a paper prototype, the human factors can be applied to the paper prototype allowing a better insight into how the design is successful.

[bookmark: _Toc69978277][bookmark: _Toc70676711]4.2.3.1 Theory of Visual Perception
Users look at web pages from the left to the right of the screen [80]. Therefore, the sidebar gives a tabbed order of hierarchy from left to right as, intuitively, the left panel will control the content on the right panel. Also, when the human eyes look at the screen they scan for the main sections of the page that will change, the section in the design is therefore the most significant section drawing the eyes in [81].

[bookmark: _Toc69978278][bookmark: _Toc70676712]4.2.3.2 Human Memory
All the icons on the paper prototype are designed with intent of what will happen when these icon buttons are pressed [82]. These icons are in the sidebar and one on the header once the user logs in. When the application is viewed on a smaller screen, the responsiveness makes the description of the pages in the sidebar disappear, the icons will show where the navigation will take the user. Finally, the human memory can only hold and make decisions on seven pieces of information in their short term memory [83]. As seen in the paper prototype, the sidebar navigation links are kept below to keep the user’s cognitive load down. 

[bookmark: _Toc69978279][bookmark: _Toc70676713]4.2.3.3 Human Reasoning
The prototype uses deductive reasoning throughout the design. As the user can use logic to understand when they click on the navigation link on the sidebar, the content will show to the right. Also, the prototype keeps an overall house style that also relies on deductive reasoning.

[bookmark: _Toc69978280][bookmark: _Toc70676714]4.2.3.4 Interface Metaphors
Interface metaphors are attributes of the interface that explain what the task will do by mimicking real like items or events. Throughout the paper prototype design, all the icons do this as the navigation icons show the home page as a house icon and adding an item to the watchlist is a plus icon. By implementing interface metaphors into the design, the usability can show the functions the element will carry out when interacted with.

[bookmark: _Toc69978281][bookmark: _Toc70676715]4.2.3.5 Affordance
The paper prototype gives the user visual clues in different areas of design [84][85]. An example of this is on the details page when the user is logged in, the add to watchlist button is green showing that proceeding this button, the action is positive, whereas when it is being removed the button will be red.
[bookmark: _Toc69978282]
[bookmark: _Toc70676716]4.2.4 Software Design
[bookmark: _Toc69978283][bookmark: _Toc70676717]4.2.4.1 Version One
The following process in the design stage was developing the design into a rapid prototyping application. The application chosen was Adobe XD. This process took the paper prototype and developed it further to enhance the design and improve on it. This section is referring to the Appendix 3 – Software Prototype Version 1.
[bookmark: _Toc70676718]4.2.4.1.1 Colour Scheme
The first significant improvement made on the paper prototype is colour, adding colour made the design more realistic so it could be pictured easier. The dark blue header was chosen to show that high contrast with the rest of the website making it standout. Then the sidebar colour got added to a grey. This help divide it from the main content on the screen.

[bookmark: _Toc70676719]4.2.4.1.2 Sidebar
The sidebar had usability improvements from the previous paper prototype as all the navigation links are added. This allows the user to see all the available links to the pages on the application in one place. This improves the cognitive load aspect of usability so the user can view all the options and decide rather than looking in more than one pace to find navigation links.

[bookmark: _Toc69978284][bookmark: _Toc70676720]4.2.4.2 Version Two
The software paper prototype version one was updated with some minor usability improvements. See Appendix 4 – Software Prototype Version 2 to view what this section is referring too.

[bookmark: _Toc70676721]4.2.4.2.1 Colour Scheme
The main change to the updated version was the overall colour scheme. The sidebar, header and background had improved colours. The header bar was a lighter blue, the lightened the whole app feel and allows content like the logo to stand out better.
The following colour change is the sidebar, that was a light grey and is updated to white. As the background is now a light grey this adds contrast and makes the sidebar standout but not overtake the cards, as the cards are overlayed on the background colour. The final colour change was the addition of shadowing effects, this adds depth to all the layers adding a hierarchy to the design.

[bookmark: _Toc70676722]4.2.4.2.2 Pages Layouts
As seen from the updated design all the pages now have a background colour and use cards. This improves the design and usability in multiple ways. Firstly, with the cards the content can stand out more, these cards use shadow and are a lighter colour than the background therefore the users are drawn to them. Also using these cards all the pages to have sections of content, as there can be multiple cards on the same page showing different content. These cards also allow the responsiveness to improve as the cards can react to the screen size more naturally so all the other sizes can see consistent content.
These cards are used on every page for the main content giving consistency on all the pages. An advantage of this is that the user knows where the content will be and knows anything outside these cards is not the main content. 

[bookmark: _Toc69978285][bookmark: _Toc70676723]4.3 Implementation
[bookmark: _Toc69978286][bookmark: _Toc70676724]4.3.1 MERN Stack
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Description automatically generated]For the development of this project the MERN stack was chosen. It consists of MongoDB as the database server, ExpressJS as the web framework, ReactJS as the client-side framework and NodeJS as the web server.[bookmark: _Toc70432278]Figure 7 - MERN Stack

By combining these open-source technologies it allows for an end-to-end framework for developing web applications [86]. An advantage to deploying the MERN stack is react, express and node all use JS allowing for common technologies, the JSON and JS objects can all be read without converting and all the technologies use asynchronous calls. 

[bookmark: _Toc69978287][bookmark: _Toc70676725]4.3.1.1 Frontend
As previously stated, the frontend framework used for the implementation is ReactJS. There are many advantages of using this framework for the frontend of the application. Firstly, React works well with stateful, data-driven interfaces and can easily pass the data between the different components [87]. This was one of main factor for choosing React as the framework over the others as the application is heavily built high data interfaces.
Another advantage React offers over the other frameworks is a prebuilt service worker for its own configuration and files. All the developer needs to implement is the UI and the desired code for the added content in the service worker, not the content that is bundled with the framework.

[bookmark: _Toc69978288][bookmark: _Toc70676726]4.3.1.2 Backend
The backend for the implementation was developed using NodeJS. It was chosen for the backend of the development application mainly for asynchronous event driven engine, allowing for parrel computing through the use of pushback functions [86] allowing advantage of a blazing fast backend.
This type of server allows for the installation of third-party open-source modules via NPM. One of these that is heavily relied on is ExpressJS. ExpressJS is a server side framework that allows URL routing and handles all the HTTP requests and responses [87]. It is also developed in JS so JSON objects can be passed form the front end to the server, then to the database seamlessly.

[bookmark: _Toc69978289][bookmark: _Toc70676727]4.3.1.3 Database Server
The database server to store all the applications data is MongoDB. It is a non-relationship database and stores all the data in a JSON also showing the seamless speed as all the datatypes are the same. MongoDB can be used in Atlas, their own cloud provider giving a setup and speed advantage to the project. As shown in Figure – 8 there is a database diagram.
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Description automatically generated][bookmark: _Toc70432279]Figure 8 - Database Diagram

[bookmark: _Toc69978290][bookmark: _Toc70676728]4.3.2 Successes
[bookmark: _Toc69978291][bookmark: _Toc70676729]4.3.2.1 Push Notifications
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Description automatically generated]A success of this project was implementing the push notifications to the user. An example of the push notification is Figure – 9 and Figure – 10.[bookmark: _Toc70432280]Figure 9 - Push Notification MacOS
[bookmark: _Toc70432281]Figure 10 - Push Notification Windows 10
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Description automatically generated]The way push notification was implemented was firstly by getting the unique endpoint of the active service worker and sending it to the backend, as shown in Figure – 11. This unique endpoint is what needs to be hit for the notification to deploy to the user frontend. Then this unique endpoint is saved in the database for later use when the notification needs to be sent, seen in Figure – 12. With the endpoint, the date and time that the endpoint was created, and expiry time is saved.[bookmark: _Toc70432282]Figure 11 - Registering Client Endpoint
[bookmark: _Toc70432283]Figure 12 - Saving Endpoint from Backend to Database
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Description automatically generated]Following this, each time the live data is collected the backend searches for if a notification needs to be sent. As seen in Figure – 13, the condition for this is, if a stocks percentage change has increased or decreased by five percent. If so, the payload is created and sent to the endpoint using the webpush module installed using NPM. [bookmark: _Toc70432284]Figure 13 - Notification Checking
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Description automatically generated]The service work, when active, has an event listener that is looking for a push event to take place. As seen in Figure – 14, once it receives this push event the notification is shown on the screen for the user. The only downside to this is the service worker needs to be actively running, this is done by keeping the browser running in the background and not quitting it. If it is not running, then the notification will be shown next time the browser opens.[bookmark: _Toc70432285]Figure 14 - Service Worker Push Notification


[bookmark: _Toc69978292][bookmark: _Toc70676730]4.3.2.2 Installability
Another success for the development was the ability to install the application locally to the client’s device. This was done in one file called ‘manifest.json’. The file is a json file and stated how the application will show when it is installed, as seen in the Figure – 15. The main aspects of this file are the icons and logos so they will show correctly in the different situations and the starting URL the installed app will fall to.
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Description automatically generated][bookmark: _Toc70432286]Figure 15 - Manifest File

[bookmark: _Toc69978293][bookmark: _Toc70676731]4.3.3 Errors
[bookmark: _Toc69978294][bookmark: _Toc70676732]4.3.3.1 Caching Content
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Description automatically generated]One of the main problems that was encountered when developing the application was the caching content for the user to be able to view it offline. There are two main ways to develop this into the application, the first is caching static pages for offline use. The other method is caching all the fetch requests from the server and if the networking speed is slow this content is shown until the new content is delivered, also when it is fetched the cached content is updated. As seen below both ways mentioned are shown in code, Figure – 16 and Figure – 17.[bookmark: _Toc70432287]Figure 16 - Caching Static Pages
[bookmark: _Toc70432288]Figure 17 - Caching Fetch Requests

The main error encountered with caching the static pages was the browser not knowing to server the offline page when over the default page of ‘No connection to the server.’. When looking at the caching of fetch requests, the problem that was confronted, was when cached data interrupting and ignoring the client-side variables. An example of this was the sidebar showing the correct links for a user not logged in, but once they were logged in the local variable that authenticated them, then setting the links to show was being ignored and the fetched sidebar component was being shown.
Also, sometimes when the JSON data being fetched was slightly changed, it would not be served on the front end, implying that the old, cached data was being shown.

[bookmark: _Toc69978295][bookmark: _Toc70676733]4.3.4 Testing
There were two types of testing that were undertaken on the application. The first and main testing strategy being acceptance testing. Then following this standard system testing was undertaken.

[bookmark: _Toc69978296][bookmark: _Toc70676734]4.3.4.1 Acceptance Testing
After each sprint was completed the process of acceptance testing was undertaken on the newly added feature. The process of non-user acceptance testing is when the developer accepts the code will work how it was intended to for the user to get the feature that they strive for in the user story that was developed in the sprint.

[bookmark: _Toc69978297][bookmark: _Toc70676735]4.3.4.2 System Testing
Once the software application was developed system testing was undertaken, this consisted of end-to-end testing of the system application as a whole and all the peripherals and inputs and outputs. Two types of system testers took place, usability testing and functional testing. This consisted of going through the application as a user is expected to, entering all the data in the input forms and getting the desired outputs, clicking on all the links and using all the features.

[bookmark: _Toc69978298][bookmark: _Toc70676736]4.3.5 Feature Driven Sprints
As this project was developed using feature driven development through the agile methodology, all the major sprints consisted of a feature that was defined by a user story. Some of the main sprints are expanded on.

[bookmark: _Toc69978299][bookmark: _Toc70676737]4.3.5.1 Register, Login and Authentication
The first major sprint was implementing a register, login and the authentication to go with it. The reason for this being one of the first sprints is that the application was built off having user functionality, so logically the login system was the first step. There is essentially an application that shows when the user is authenticated and not authenticated.
The main development of this sprint was the backend and database as the best ways build applications is backend first. The application Postman was very helpful here are the endpoints could be tested without a frontend, then a very simple frontend could be built using the same POST method Postman used.
Once the user registers the NPM module Bcrypt hashes the password and saves it in the database. Then the user logs the backend compares the hashed passwords and if they are correct, authenticated the user and sends a cookie. The cookie is a JSON Web Token (JWT) and stores the username, role, authentication and expiry time, allowing the frontend to access this data. When this cookie expires the user is automatically logged out.
To complete this feature with high security, there was a YouTube playlist of helpful videos that provided inspiration [88]. These videos allowed the security and the password to be hashed correctly and cookie to be stored as an industry standard would.  

[bookmark: _Toc69978300][bookmark: _Toc70676738]4.3.5.2 Details Page
One of the next major FDD sprints was completing the user story as follows.
“As a user, I want to view company details such as a twenty-year historical chart and descriptions, so I can conduct proper analysis on the company before investing.”
This user story is set in to two major requirements, the chart and description data. These are both on the same page and function the same, but the data collection is where they differ. When the admin user adds a stock, the backend intercepts it and uses the name as a parameter for three different APIs. These APIs get the historical data, logo, and company details as seen in Figure – 18, Figure – 19 and Figure – 20. 
[image: Text

Description automatically generated][image: Text

Description automatically generated][image: Text

Description automatically generated]The data is then formatted, and the newly added stock is updated with this data in the MongoDB. Once the stock is added these three APIs are hit using a script that runs every week, so the weekly historical data can be updated and the logo and company description if changed.[bookmark: _Toc70432289]Figure 18 - Logo Code API
[bookmark: _Toc70432290]Figure 19 - Historical Data Code API
[bookmark: _Toc70432291]Figure 20 - Overview Data Code API


[bookmark: _Toc69978301][bookmark: _Toc70676739]4.3.5.3 Watchlist
The watchlist is an important feature to this application with lots of different functionality. The watchlist needed to show different data depending on whether the user is logged in or not, if they are then their personalised watchlist is needed to be shown, otherwise the default watchlist. 
When the user is not logged in there is a component shown that requests the data from the backend and then it is served. If the user is logged in, then a different component is shown. This component requests from the backend watchlist, the backend uses the cookie attached to the request for the user id and complied an array with all the relevant data.
Once this was working the watchlist then needed to show the live data which is the stock price, date the price was updated, percentage change and price change. The live data is gathered by the backend, there is a script running that sends an API request for all the stocks in the database every ten minutes, this equates to each individual stock price being checked every twenty seconds. This data is then passed into the database and updates the live data object for the stock with the new data.
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Description automatically generated]Separate from this the frontend uses the previously stated watchlist requests to get the live data from the backend that gets it from the server. The frontend page runs the function holding the request on page load using a ‘useEffect’ function that is built in the ReactJS. This function runs when the page is initially loaded, or when a state gets updated. Also, within the ‘useEffect’ function there us an interval timer that runs the fetch request function for the watchlist data every twenty seconds, the ‘useEffect’ function can be seen in Figure – 21.[bookmark: _Toc70432292]Figure 21 - useEffect Function

All this equates to the user seeing the watchlist on the home page of the application and the watchlist then updates dynamically without the page reloading every twenty seconds. Furthering this each watchlist item is linked to the details page of the company where the accompanying button is placed so the user can add or remove the company from the watchlist.





[bookmark: _Toc70676740]Chapter 5 – Analysis
[bookmark: _Toc70414844][bookmark: _Toc70676741]5.1 Chapter Introduction
This section will provide analysis on the data gathered. The first method of gathering data was using the open-source lighthouse testing tool. The results from the final application version will be looked at and shown why they are not at one hundred. 
The second data gathering method was a questionnaire. These results are looked at question by question and any correlations pick up on. Then finally, the last section is the focus group results. This section will look at the results gathered from the user and compare them to the questionnaire results.

[bookmark: _Toc70414845][bookmark: _Toc70676742]5.2 Lighthouse
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Description automatically generated]There were a few lighthouse tests conducted through the project development to get results. These tests were mainly user taken after the bulk of the development was done as the tool evaluates the application as a whole and without the main codebase completed it would not score. The tool evaluates the application in five different aspects. These aspects are performance, accessibility, best practice, SEO and PWA.[bookmark: _Toc70432293]Figure 22 - Lighthouse Results

The results shown in Figure – 22 are the final results taken on the application when launched on desktop. Starting with the most important metric that this tool was used for, the PWA section. As seen, there is a green tick on the PWA section on the results of the tool. This indicates that the application met the two main aspects of the section, installable and PWA optimised. Looking at Figure – 24, all the testing points for the desktop PWA are hit successfully bar the mobile responsiveness. When redeploying the tool on a mobile interface all the points are now hit including the mobile responsiveness, as seen in Figure – 23. Hitting this assessment point of the tool was the most important to hit fully as it shows the application that was developed is officially a PWA by Googles standards. Also, this meets the objective of implementing a PWA. 
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Description automatically generated]The second result that lighthouse gives is accessibility. On desktop the tool gives a ‘84’ and gives a mobile score of ‘72’. Both of the scores cannot get any higher as they have the same code that is not looked at as common practice. This code stops the user interface zooming to page in on a touchscreen device when the user presses a form to make it the width of the page. It was chosen to take a lower score but keep this in the code as there are forms in the frontend that are only big enough for numbers. Also, if the screen zoomed in for the form was the width of the screen on a smartphone, then the user would have to use the pinch to zoom gesture to zoom back out to view any more content and move on with the form. The only other point that was flagged up by the testing tool in this section was on mobile. When the screen width goes down so the sidebar menu cannot be shown, there is a hamburger menu to make navigation section appear and disappear. As this menu icon does not have a text to describe what the icon does the accessibly score is brought down.[bookmark: _Toc70432294]Figure 23 - Lighthouse PWA Mobile
[bookmark: _Toc70432295]Figure 24 - Lighthouse PWA Desktop

The performance section of the lighthouse analysis tool measures different metrics relating to the performance and give an overall score. This section is important to every application but the way the tool gave the score is not as expected. The desktop score is ‘76’ and the mobile is ‘32’. As the code is the same the mobile score is so low as the tool uses a Moto G4 and simulates a low network speed making the test not as reliable as it is expected to be.
The final two sections are not as important for the application, but it still gets them in the green. The best practise and search engine optimization (SEO) have ‘93’ and ‘100’. The SEO was simple to meet as it checks the HTML page is correct and uses tags like title and meta correctly, with all the images having an alt attribute. The best practice has not scored the full ‘100’ as there are some errors that are logged to the console. This was a problem that was encountered as one of the ways that the authentication was developed was fetching a backend endpoint, and if there was no cookie from the frontend then the endpoint is unauthorised causing a 401 error in the console.
Overall, the project performed well against the testing of the lighthouse tool developed by Google. The tool itself was unreliable in a few instances as it firstly it does not take the page and concept into consideration when doing the analysis. As seen from the examples the mobile responsiveness is marked as a pass on the mobile test but not the desktop. Also, the accessibility was an improvement to the overall system and user’s usability, but the tool marked it down as it would be a disadvantage to another system in a different instance. Finally, the performance is an interesting point as the tool marks mobile metrics with a 7-9x disadvantage as the hardware it is tested on is old and not the standard speed of mobile devices.

[bookmark: _Toc70414846][bookmark: _Toc70676743]5.3 Questionnaire
The questionnaire had three main sections all covering general questions, PWA functionality and usability. There were fourteen questions, and these will all be broken down individually. The full results are included in the Appendix 5 – Questionnaire Results.

[bookmark: _Toc70414847][bookmark: _Toc70676744]5.3.1 Question 1
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Description automatically generated]This question is the age of the user undertaking the questionnaire. Looking at Figure – 25 shows the spread of ages is close to being equal through all the sections up to age fifty-five. This ensures all the people who answered the questionnaire have a wide variety of ages ensuring more reliable results.[bookmark: _Toc70432296]Figure 25 - Question 1 Results



[bookmark: _Toc70414848][bookmark: _Toc70676745]5.3.2 Question 2
This question was used to see what device the user accesses the application on. The main reason for the question is to draw correlations from further on. These results show what was expected as all the device types were used several times. 

[bookmark: _Toc70414849][bookmark: _Toc70676746]5.3.3 Question 3
The third question in the questionnaire assesses the computer knowledge the user has. This is done by asking the person to pick one of six levels of literacy. The aim for this question was to get a spread of results with more towards the top end. As seen in the Figure – 26, the results show that there are over half that are advanced and proficient computer users. Also, there is no correlation with the more advanced a user is the older or younger their age is, it is all mixed.
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Description automatically generated][bookmark: _Toc70432297]Figure 26 - Question 3 Results

[bookmark: _Toc70414850][bookmark: _Toc70676747]5.3.4 Question 4
The fourth question in the questionnaire is the first question in the second section. This section has the title ‘PWA Functionality’, giving the users an insight to what the section is asking. After this there is the subtitle of ‘Ease of Installation’ with three questions under it.
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Description automatically generated]This question asks how successful the user was at installing the application locally to their device. As seen from the results in Figure – 27 all users successfully installed the application. This was a result that was expected showing that all the different OSs and devices used were capable of installing the application.[bookmark: _Toc70432298]Figure 27 - Question 4 Results


[bookmark: _Toc70414851][bookmark: _Toc70676748]5.3.5 Question 5
The next question in the questionnaire was following on from the previous one, asking for a description of the install experience. All the results are positive as seen from the results in Appendix – 5 Questionnaire Results. Most of the results say how easy the install was on their device, also some of them compare the install experience to the native app stores and say how it was an improvement on them. These results were expected as the install experience is only two clicks from the user’s point of view. The main take away from this question is all the users from low end of computer knowledge to the high end all found it easy, showing it can be understood by anyone.

[bookmark: _Toc70414852][bookmark: _Toc70676749]5.3.6 Question 6
The sixth question was gathering results on what application type the users found more engaging. The results that were expected was a higher proportion of users finding the installed application more engaging over the web application. The actual results showed that only eight people found the application more engaging as eleven found it equally engaging. These results are very similar to the results that were expected, as the main goal of the question was to ensure that the PWA preformed when installed. A reason for the results being as they are is if the users used the application overtime the ease-of-use factor would apply so the launching the app and so on would mean more people picking the installed app as more engaging.
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Description automatically generated]A correlation that was spotted on this question was the minority of user that picked the installed application as being more engaging were on a laptop. A reason for this could be that viewing the application in the browser has lost of panels that come with the browsers such as toolbars but when it is installed then the user is only view the page in a separate window. Also, this window is resizable so the user could have resized it on the screen with better accuracy than in the browser.[bookmark: _Toc70432299]Figure 28 - Question 6 Results


[bookmark: _Toc70414853][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Toc70676750]5.3.7 Question 7
The next sub section of the PWA functionally touches on the security of the application. Figure – 29 shows that all the security answers, as seen they are all in the top fifty percent of the available choices. These were the results that were expected, there is not much on the application that is a security risk, only the login details. The main advantage that can be taken away from these results is the face that all user installed the application and found that process to be secure.
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Description automatically generated][bookmark: _Toc70432300]Figure 29 - Question 7 Results

[bookmark: _Toc70414854][bookmark: _Toc70676751]5.3.8 Question 8
The question of the questionnaire is asking the user if they received a push notification while using the application. As seen from the results in Figure – 30 only twenty percent did not receive a notification from the application that was expected too, this equates to four users. It was expected that all users would have received a notification that was not using iOS. So, a reason for this result is that these users did not accept the push notification, so the service worker did not register the endpoint. This was stated in the literature review the user needed to accept push notification when viewing the first page of the application, if they do not then no notification can be sent to them. 
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Description automatically generated]The other reason why the users did not receive a notification is that they could have used the application on a day where no stock dropped or increased by five percent or more. Therefore, no push notification needed to be sent meaning the application worked as intended.[bookmark: _Toc70432301]Figure 30 - Question 8 Results

[bookmark: _Toc70414855][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Toc70676752]5.3.9 Question 9
The next major section of the questionnaire starts with this question looking at the usability attributes of the application. The first sub section is colours, and the question was asking the users opinion of the overall design of the website. As seen from the results in the Appendix 1 – Questionnaire Results all the responses are positive with good feedback expected. There was one response, R10 that stated some improvements.
 R10: “Overall design is ok, but there's no click through on the top performers list, you cannot add them to a watchlist, and you cannot jump to the alerts with that stock prepopulated. The stocklist could be sorted alphabetically. You cannot see your alerts when looking at a specific stock. There's no daily/todays trade view, and there's no high-low range for the day and where it's currently positioned.”
These improvements do not hinder the use of the application, just give small functional features that could be added to system.

[bookmark: _Toc70414856][bookmark: _Toc70676753]5.3.10 Question 10
This question is gathering data on the colours of the website. All the users that answered the questionnaire gave positive feedback on the colours. This was expected as the required research was done and development of the colours through the design and implementation section ensured that the colours were aesthetically pleasing to the users.

[bookmark: _Toc70414857][bookmark: _Toc70676754]5.3.11 Question 11
The question that was asked was “Do you think you had to click too much to get what you were looking for?”. The results for this question were very positive as the all the users bar one user answered no, equating to ninety five percent as seen in Figure – 31. The only user that answered this question was with ‘No’ was R6. This user also answered question nine regarding the design as, “Very Clear” implying that that the navigation was the only problem. It can be assumed that this user is referring to searching for a stock taking too long to get to the details page.
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Description automatically generated][bookmark: _Toc70432302]Figure 31 - Question 11 Results

[bookmark: _Toc70414858][bookmark: _Toc70676755]5.3.12 Question 12
This question was expecting to get results on how well the pages rendered on the device the user is completing the tasks on. As seen in Figure – 32 all the users stated the paged rendered well in the browser and when it was installed. This shows that a PWA can be used successfully as an application for every device screen size. 
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Description automatically generated][bookmark: _Toc70432303]Figure 32 - Question 12 Results

[bookmark: _Toc70414859][bookmark: _Toc70676756]5.3.13 Question 13
This question is in the subsection of performance. The aim for this was a high performance score with the majority of the users answers to be over seven out of ten. The reason for these expected results is the lighthouse score for desktop is high. The results, as shown in Figure – 33 demonstrate that ninety percent of the users thought the performance of the application was over six out of ten.
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[bookmark: _Toc70432304]Figure 33 - Question 13 Results
A correlation in the data is that every user who accessed the application on a smartphone or tablet all gave the performance of the application an eight or above. This shows that a PWA can contend with a native application as the performance is so high. Also, this shows that even though the lighthouse score was low the frontend users marked the application as well performing.

[bookmark: _Toc70414860][bookmark: _Toc70676757]5.3.14 Question 14
When looking at the results in the Appendix 5 – Questionnaire Results, only two users stated that they encountered errors while using the application. One of the errors they both mentioned in the comments, that the alerts page needed to be refreshed. This error is caused by the component on the screen not updating when the user inputs a new alert. The second error that only one user flagged up was the stock chart. It cannot be fully extended to the current date, the ‘all’ tab needs to be selected to see the full chart.
These errors do not affect the overall use of the application and only a small function of it and it is still usable with these bugs.



[bookmark: _Toc70414861][bookmark: _Toc70676758]5.4 Focus Group
The results for the focus group can be found in the Appendix 6 – Focus Group Results. There were around 15 tasks that the user completed, a full list of all the tasks can be found in the Appendix 7 – Focus Group Tasks but only the main task is being used for analysis.

[bookmark: _Toc70414862][bookmark: _Toc70676759]5.4.1 Task 1
The first task that the user completed was registering for an account and then logging in to the account that was previously created. This task was testing how many clicks the user needed to take to log into an account. The expected amount was seven as they needed to navigate to the register, click to type the username, click to type the password, press the form button, then repeat this on the login page. The first user completed this task as expected with the correct number of clicks, whereas the second user tabbed through the form leaving them with five click. Then the last user clicked the login page rather than waiting for the page to auto navigate them to it.
When looking at these results and comparing them to question eleven of the questionnaire, the results agree as the users did not feel like they had to click too much to get what they were looking for.

[bookmark: _Toc70414863][bookmark: _Toc70676760]5.4.2 Task 2
Task two timed the users to see how long it would take for them to add an item to their watchlist. The results showed that the uses all took under seven seconds. This was expected to be short as the button stands out so much it is hard for the users to miss it on the page.

[bookmark: _Toc70414864][bookmark: _Toc70676761]5.4.3 Task 3
For the final task there were two results taken, the number of clicks to install and the amount of time it took the users to work out how to install the application. As seen in Figure 34, it took all the users two clicks to install the application, the install button in the taskbar then confirming the install. The place where these results differed is the time it took the user to work out how to install the application. The first user was computer literate and knew how to install PWAs, therefore only taking him five seconds. The second user found the button simply and installed it without a problem. The third user took a while looking for the button, but with no help they located and installed it after fifteen seconds. These results agree with the questionnaire as all the results in the questionnaire are positive saying how easy the installation was of the application.
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[bookmark: _Toc70432305]Figure 34 - Focus Group Task 3 Results

[bookmark: _Toc70676762]Chapter 6 – Evaluation
[bookmark: _Toc70676763]6.1 Chapter Introduction
This section breaks down the conclusion drawn from the study looking at all the data collected. Following the conclusion there is a section to analyse if the data met the literature review in the beginning of the study. Then an evaluation on the aims and objectives to see of the study met these points. Finally, a small section on the overall study and if there are any changes if the project was to be redone.

[bookmark: _Toc70676764]6.2 Conclusions Drawn
From the data that was collected on the usability aspects of the application developed, a positive conclusion can be drawn. When looking at the results gathered about the usability standpoint of the PWA, the conclusion can be positive as all the answers on the design and colour scheme were positive. Also, the focus group showed that the usability design was at a high quality. Therefore, the results show that the usability side of the PWA can be used as an application alongside or over a native application for the OS.
The PWA functionality covered the majority of things that a native application can also do. Firstly, the application can be installed with ease over a native phone application. This is backed up by the focus group data collected on the time taken and amount of taps it takes the users to install the PWA. Also, the questionnaire shows that all the users found the install process to be seamless and found the installed PWA more engaging over the web based version. Another conclusion that can be drawn from the data collected is that all the users installed the application no matter how computer literate they are. This shows that the installation process was understandable and easy from every user’s knowledge point.
The second aspect of the PWA is the push notification, this worked as a native application would have with two downfalls. The first downfall being that the notifications are only sent if the PWA is active when installed or if not installed then the browser used to install it is open. The second minor downfall of the push notifications is the compatibility of OS and devices. The notifications will not work if the application is being used on an iPhone, iPad or used in Safari. This is where a native application would work as its developed for each specific device and OS. Overall, when looking at the results from the data gathered all the users except from four that were expected to receive a notification did. Therefore, when using PWA push notifications they can hold up well against native applications. 
The final aspect of the PWA when comparing it to a native application is the offline content. There was a problem incorporating this in the project, but native applications have an easier way of doing it because those application types have more access to onboard storage.

[bookmark: _Toc70676765]6.3 Back up Research
As mentioned in the literature review PWAs have a shorter development time than rivalling applications. This is the case as the one PWA that was developed for this project can be run on any device that has a web browser and can be installed to any device that supports it. Also, it was developed using one codebase whereas a native application is developed differently for each device and devices OS.
When looking at the literature review the data collected backs up the performance mentioned of a PWA. The review states that using the modern web technology languages it can improve performance therefore engaging the user for longer. The lighthouse score for desktop performance is high and all the user that used the PWA and answered the questionnaire scored the performance high.
The literature review states that the accessibility and usability is easy to implement. As the PWA uses CSS so when the page is resizes the windows can dynamically react to show the content in the best way. This makes the responsiveness reliable and keeps consistency through the PWA when viewed on any screen size.
As mentioned this study was unable to implement caching content for offline use as the feature is still in its infancy. It was observed in the literature review that some devices and OS support showing the user offline cached content and informing them that the device is offline and the content they are seeing is from the offline content.

[bookmark: _Toc70676766]6.4 Project Aim
The project aim was to research and evaluate the functionally, feature usability and requirement specification criteria for a PWA. The aim was met throughout the project as the all the objectives are broken down from the main aim and they were all met successfully. The main evaluation of the features and use of the features was done by analysing all the available data collected and ensuring that it supports the successful use of these features.

[bookmark: _Toc70676767]6.5 Project Objectives
The first objective of this paper was to research the technologies and specification criteria that a web application needs to meet to qualify as an official PWA. This was gathered in the literature review and backed up by the lighthouse testing criteria.
Using the results of the first objective, the second objective of the paper was to design, develop and implement a PWA using requirements, therefore allowing all the functionality a PWA requires to be included in the development. This objective was met as the lighthouse testing tool states that the developed application meets all the requirements and is an official PWA. These features that were included are installability, PWA optimised and performance.
The third and final objective of this study was to evaluate the functionality and usability of a PWA from the user’s point of view, looking at the ease of installation and usability comparing it to the other application offered. This objective was complete in multiple sections, firstly the gathering of data was undertaken so that the user’s point of view could be evaluated. Once this was complete the evaluation of installing the PWA and usability was complete in the analysis and evaluation section. 

[bookmark: _Toc70676768]6.6 Expected Outcomes
When looking at the study all the answers except one or two were as expected. One of the answers that was not expected was the cashing content. This was expected to work so the user could access content when the device was offline. As the result was not expected the question needed to be cut from the questionnaire and the focus group.

[bookmark: _Toc70676769]6.7 Further Work
If this study was repeated, the first change would be focusing more on the process behind the PWA and how they work over the frontend. This change would make the study more in depth to the technologies behind a PWA and therefore may give different results. The problem with this change would be there would be a lesser understanding on the whole process of the PWA and more on the backend and how they work rather than the implementation.
Another change would be to complete more focus groups. A reason for completing so little is COVID-19 did not allow for meeting of people and completing these focus groups. If the study had a wider audience the results could have potentially been more reliable or shown different conclusions when analysing the data.

[bookmark: _Toc70676770]Chapter 7 – Conclusion and Recommendations
[bookmark: _Toc70676771]7.1 Chapter Introduction
This chapter concludes the study. The first section is the summary of the project, following this is the conclusion of the main aims and objectives. The final section then covers any further work and recommendations.

[bookmark: _Toc70676772]7.2 Summary
This project was set out to research the specification criteria and develop a functional PWA. Chapter two was used to research and gather the knowledge required to complete the study. The following chapter was used for the main methodology for the project, looking at the research onion and then development methodology. The fourth chapter was the design and implementation, ensuring that the design and development meet the requirements. Then chapter five, this chapter was the data collection from the different methods used.

[bookmark: _Toc70676773]7.3 Conclusion
The aim for this project was to research and evaluate the functionality, feature usability and requirement specification criteria for a progressive web application. This allowed for the gathering of the specification criteria of what a PWA is defined as. Using this the author was able to implement a successful PWA to be used for data collection. The overall objectives of the project were as follows:
· To research the PWA technology and specification criteria that a web application needs to meet to qualify as an official PWA.
· To design, develop and implement a PWA using all the requirements researched. This will allow all the functionality a PWA requires to be included. It will be achieved by developing the PWA using web technology languages and a JavaScript library.
· To evaluate the functionality usability of a PWA from the user’s point of view. Looking at the ease of installation and usability comparing it to the other applications offered.
These objectives gave structure to the study as the second chapter was able to meet the first object by researching the main criteria that was needed. Following this the third chapter was the data collection methods, which ensures an accurate evaluation. The design and implementation section allowed for planning of the main development of the PWA and how it would work.
The key result from this project was the development piece, the developed PWA was a considered a success that allowed the testing on.

[bookmark: _Toc70676774]7.4 Further Work and Recommendations
This project outlined different areas for further research. One of these being the commercial use of PWAs for a major application type like a social media application. Another area is the content of a PWA and if it is able to successfully include offline storage on the local device. This will allow the application to stand against a native application with more strength. The final area for further research is looking in to if the frontend of the PWA stays the same using ReactJS, but the backend and database server changed to PHP and SQL. This would be an interesting item to test and analyse the speed difference and performance of the application when the backend is different, but the user’s interaction is the same.
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[bookmark: _Toc70676776]8.1 Chapter Introduction
This chapter is used to discuss my feelings of the project. The chapter will look at the overall positive and negatives of the project after completion then conclude the outcome of the project.

[bookmark: _Toc70676777]8.2 Positives
I had many positives to take away from this project. Firstly, the collection of the related work in the second chapter. This section gave me the knowledge that I did not previously have. From gathering this background knowledge, I was clearer on how the project was going to be formulated. Following this I undertook the methodology chapter. This gave me a clear understanding on the methods to follow to complete the project to a high standard. 
Another positive that I found is the implementation process. I had very limited experience in the technologies used in this study therefore completing a working PWA was considered a success. Finally, a positive skill that I developed was time management.  The project required many actions to be completed by a fixed dead-line so managing the time spent on each individual item was essential, the project was completed on-time so the time-management planning can be considered a success. Using a Gantt chart enabled the me to plan the written chapters and also the implementation. The development of the PWA was hard to plan as there can be many unforeseen issues that can occur during a large project, but detailed planning with some contingency ensured the project was completed on-time.

[bookmark: _Toc70676778]8.3 Negatives
I found the deployment part of the PWA a difficulty. If there was research completed on the way PWAs are deployed in chapter two this could have helped, but there was an oversite on the research of the development looking at this aspect. The second negative for the project is looking at different technologies for the backend of the project as this could have improved the overall performance of the lighthouse score.

[bookmark: _Toc70676779]8.4 Conclusion
The skills learnt from conducting this study will ensure that any other large project that I complete will be finished to a high standard. The time management aspects of this project will allow all future project to be planned extensively and correctly as this one was. Finally, the development skills that I learnt in this study will carry me on to any other development task in the future. The ability to improve development skills and languages not previously known by completing side projects that build knowledge and understanding documentation, will allow for the quick understanding of new development techniques and languages.
I believe the completion of the project can be considered an overall success. The main reason for this being that the aims and objectives of the study, which were set out in the introduction, have all been met. Also, the data gathered from the study was as expected which can be a key factor when deciding on a project's success. On reflection, one improvement of the project could have been to allocate more time to the development phase to address any small bugs and improve the overall performance.
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[bookmark: _Toc70432490]Table 1 - Questionnaire Results Question 1
	User
	How Old Are You?

	R1
	18 - 24

	R2
	18 - 24

	R3
	45 - 54

	R4
	35 - 44

	R5
	25 - 34

	R6
	45 - 54

	R7
	45 - 54

	R8
	35 - 44

	R9
	25 - 34

	R10
	18 - 24

	R11
	18 - 24

	R12
	35 - 44

	R13
	35 - 44

	R14
	25 - 34

	R15
	25 - 34

	R16
	25 - 34

	R17
	18 - 24

	R18
	25 - 34

	R19
	45 - 54

	R20
	35 - 44





[bookmark: _Toc70676796]10.5.1.2 Question 2
[bookmark: _Toc70432491]Table 2 - Questionnaire Results Question 2
	User
	What device have you used to access the application?

	R1
	Desktop PC

	R2
	Laptop

	R3
	Tablet

	R4
	Laptop

	R5
	Desktop PC

	R6
	Tablet

	R7
	Desktop PC

	R8
	Tablet

	R9
	Desktop PC

	R10
	Smart Phone

	R11
	Tablet

	R12
	Desktop PC

	R13
	Desktop PC

	R14
	Smart Phone

	R15
	Laptop

	R16
	Laptop

	R17
	Laptop

	R18
	Laptop

	R19
	Smart Phone

	R20
	Desktop PC





[bookmark: _Toc70676797]10.5.1.3 Question 3
[bookmark: _Toc70432492]Table 3 - Questionnaire Results Question 3
	User
	How would you describe your computer literacy?

	R1
	Proficient Computing, Application Use and Programming

	R2
	Proficient Computing, Application Use and Programming

	R3
	Advanced Computing and Application Use

	R4
	Intermediate Computing and Application Use

	R5
	Advanced Computing and Application Use

	R6
	Basic Computing and Application Use

	R7
	Proficient Computing, Application Use and Programming

	R8
	Advanced Computing and Application Use

	R9
	Proficient Computing, Application Use and Programming

	R10
	Basic Computing and Application Use

	R11
	Advanced Computing and Application Use

	R12
	Advanced Computing and Application Use

	R13
	Proficient Computing, Application Use and Programming

	R14
	Advanced Computing and Application Use

	R15
	Advanced Computing and Application Use

	R16
	Intermediate Computing and Application Use

	R17
	Basic Computing and Application Use

	R18
	Intermediate Computing and Application Use

	R19
	Fundamental Skills (Typing, Mouse use)

	R20
	Intermediate Computing and Application Use





[bookmark: _Toc70676798]10.5.1.4 Question 4
[bookmark: _Toc70432493]Table 4 - Questionnaire Results Question 4
	User
	Did you successfully install the application to your homepage or dock?

	R1
	Yes

	R2
	Yes

	R3
	Yes

	R4
	Yes

	R5
	Yes

	R6
	Yes

	R7
	Yes

	R8
	Yes

	R9
	Yes

	R10
	Yes

	R11
	Yes

	R12
	Yes

	R13
	Yes

	R14
	Yes

	R15
	Yes

	R16
	Yes

	R17
	Yes

	R18
	Yes

	R19
	Yes

	R20
	Yes





[bookmark: _Toc70676799]10.5.1.5 Question 5
[bookmark: _Toc70432494]Table 5 - Questionnaire Results Question 5
	User
	How would you describe the installation experience?

	R1
	Very easy

	R2
	simple only took 2 clicks

	R3
	Simple and straight-forward

	R4
	Very easy, one click install

	R5
	Straight forward, no problems with the installation 

	R6
	Very easy

	R7
	Very Easy

	R8
	Trivially easy

	R9
	Easy

	R10
	SImple on a iPhone

	R11
	installed on an iPad was very quick

	R12
	Very easy, one click install

	R13
	Very smooth indeed - installed to Edge in Windows 10

	R14
	Very quick to install as a chrome app

	R15
	Easier than an app from an official app store 

	R16
	installed on to MacOS 

	R17
	simple

	R18
	better than installing an app from the OS App Store

	R19
	Straight forward 

	R20
	easier than expected





[bookmark: _Toc70676800]10.5.1.6 Question 6
[bookmark: _Toc70432495]Table 6 - Questionnaire Results Question 6
	User
	Which app type did you find more engaging?

	R1
	Equally Engaging

	R2
	Installed App

	R3
	Equally Engaging

	R4
	Web Interface

	R5
	Equally Engaging

	R6
	Equally Engaging

	R7
	Equally Engaging

	R8
	Installed App

	R9
	Equally Engaging

	R10
	Equally Engaging

	R11
	Installed App

	R12
	Equally Engaging

	R13
	Equally Engaging

	R14
	Equally Engaging

	R15
	Installed App

	R16
	Installed App

	R17
	Installed App

	R18
	Installed App

	R19
	Equally Engaging

	R20
	Installed App






[bookmark: _Toc70676801]10.5.1.7 Question 7
[bookmark: _Toc70432496]Table 7 - Questionnaire Results Question 7
	User
	What is your view on the overall security?

	R1
	Secure

	R2
	Fairly Secure

	R3
	Secure

	R4
	Fairly Secure

	R5
	Fairly Secure

	R6
	Secure

	R7
	Secure

	R8
	Highly Secure

	R9
	Secure

	R10
	Secure

	R11
	Fairly Secure

	R12
	Fairly Secure

	R13
	Fairly Secure

	R14
	Fairly Secure

	R15
	Fairly Secure

	R16
	Secure

	R17
	Secure

	R18
	Secure

	R19
	Secure

	R20
	Fairly Secure





[bookmark: _Toc70676802]10.5.1.8 Question 8
[bookmark: _Toc70432497]Table 8 - Questionnaire Results Question 8
	User
	Did you receive a push notification from the application (Non apple device)?

	R1
	Yes

	R2
	Yes

	R3
	Yes

	R4
	Yes

	R5
	Yes

	R6
	Yes

	R7
	Yes

	R8
	Yes

	R9
	No

	R10
	Apple Device

	R11
	Apple Device

	R12
	Yes

	R13
	No

	R14
	Yes

	R15
	Yes

	R16
	No

	R17
	Yes

	R18
	Yes

	R19
	Apple Device

	R20
	No





[bookmark: _Toc70676803]10.5.1.9 Question 9
[bookmark: _Toc70432498]Table 9 - Questionnaire Results Question 9
	User
	Did you like the design of the website and why?

	R1
	Yes, very usable design

	R2
	Yes the main content was easy to view on the screen

	R3
	Yes, very clean and intuitive

	R4
	Yes clean and simple

	R5
	Yes, very clear

	R6
	Yes, structured and easy to follow 

	R7
	Visually appealing - clean design

	R8
	Yes - easy to read and navigate

	R9
	Overall design is ok, but there's no click through on the top performers list, you can't add them to a watchlist, and you can't jump to the alerts with that stock prepopulated. The stocklist could be sorted alphabetically. You can't see your alerts when looking at a specific stock. There's no daily/todays trade view, and there's no high-low range for the day and where it's currently positioned.

	R10
	Yes looked good on the small iPhone screen

	R11
	Yes all content fitted on the screen well 

	R12
	Yes, clean and simple

	R13
	Yes, very clean UI and easy to find what you're looking for quickly

	R14
	Yeah it looks great on phone screen!

	R15
	Yes suited different widow sizes once installed

	R16
	yes, all content was easy to see

	R17
	yes could make it more obvious what page is begin shown

	R18
	yes, liked the cards operating the components

	R19
	Yes, Easy to move around the website and to follow. 

	R20
	Yes all content was grouped together





[bookmark: _Toc70676804]10.5.1.10 Question 10
[bookmark: _Toc70432499]Table 10 - Questionnaire Results Question 10
	User
	Did you like the colours of the website and why?

	R1
	Good easy on the eye colour scheme

	R2
	Yes the colours allowed the main content to stand out

	R3
	Yes, easy on the eye

	R4
	Yes plain and not distracting

	R5
	Yes, made reading the information easy

	R6
	Yes, they complement each other 

	R7
	Bold - good contrast

	R8
	good use of whitespace

	R9
	The colours are co-ordinated well and it's easy on the eyes, but some users may additionally like a dark-mode version.

	R10
	Yes clear difference in the content using the colours

	R11
	yes

	R12
	Yes, plain and easy to read/understand

	R13
	Colours are good and easy on the eye although header black-on-blue text could be adjusted

	R14
	Very much, very clear interface - dark mode would be great also!

	R15
	yes all easy on the eye

	R16
	yes

	R17
	yes, logo text could be white tho

	R18
	Yes, all contented was correctly contrasting

	R19
	Yes, didn’t distract from the text and diagrams. All worked well together. 

	R20
	Yes simple to see all content





[bookmark: _Toc70676805]10.5.1.11 Question 11
[bookmark: _Toc70432500]Table 11 - Questionnaire Results Question 11
	User
	Do you think you had to click too much to get what you were looking for?

	R1
	No

	R2
	No

	R3
	No

	R4
	No

	R5
	Yes

	R6
	No

	R7
	No

	R8
	No

	R9
	No

	R10
	No

	R11
	No

	R12
	No

	R13
	No

	R14
	No

	R15
	No

	R16
	No

	R17
	No

	R18
	No

	R19
	No

	R20
	No





[bookmark: _Toc70676806]10.5.1.12 Question 12
[bookmark: _Toc70432501]Table 12 - Questionnaire Results Question 12
	User
	Did the website render well in your browser?

	R1
	Yes

	R2
	Yes

	R3
	Yes

	R4
	Yes

	R5
	Yes

	R6
	Yes

	R7
	Yes

	R8
	Yes

	R9
	Yes

	R10
	Yes

	R11
	Yes

	R12
	Yes

	R13
	Yes

	R14
	Yes

	R15
	Yes

	R16
	Yes

	R17
	Yes

	R18
	Yes

	R19
	Yes

	R20
	Yes





[bookmark: _Toc70676807]10.5.1.13 Question 13
[bookmark: _Toc70432502]Table 13 - Questionnaire Results Question 13
	User
	On a scale of 1-10, how would you rate the performance of the website?

	R1
	10

	R2
	10

	R3
	9

	R4
	7

	R5
	6

	R6
	8

	R7
	10

	R8
	10

	R9
	8

	R10
	8

	R11
	9

	R12
	7

	R13
	9

	R14
	9

	R15
	10

	R16
	9

	R17
	8

	R18
	6

	R19
	8-9

	R20
	7





[bookmark: _Toc70676808]10.5.1.14 Question 14
[bookmark: _Toc70432503]Table 14 - Questionnaire Results Question 14
	User
	Did you have any errors while using the application?

	R1
	No, seamless experience.

	R2
	no

	R3
	No

	R4
	No

	R5
	No

	R6
	No

	R7
	No

	R8
	No

	R9
	Couldn't fully extend the stock-chart when manually dragging the date range on the canvas. When entering alerts, if you don't enter in a field, it just says "An error has occured" rather than validating the form, and to continue you have to exit out of the alerts screen and try again. When you add an alert, you have to reload the page for it to appear in the current alerts section.

	R10
	no

	R11
	no

	R12
	No

	R13
	No errors

	R14
	None

	R15
	no

	R16
	no

	R17
	no

	R18
	the alerts page needed to be refreshed once an alert was added

	R19
	No

	R20
	no errors






[bookmark: _Toc70676809]10.6 Appendix 5 – Focus Group Results
[bookmark: _Toc70432504]Table 15 - Focus Group Results
	User
	Clicks To log in
	Time to add to watchlist (s)
	Install App clicks
	install app time (s)

	1
	7
	6
	2
	5

	2
	5
	7
	2
	7

	3
	8
	4
	2
	15



[bookmark: _Toc70676810]10.7 Appendix 6 – Focus Group Tasks
Navigate to register page
Register for an account
Navigate to login page
Login to previously made account
Navigate to the search page
Search for Apple
Open Apple's details page
Add Apple to watchlist

Install app

Open installed app
Login
Navigate to the search page
Search for Microsoft
Open Microsoft details page
Add Microsoft to watchlist
Navigate to Alerts Page
Add alert for a company of your choice
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manufacturers, and cloud service providers. Intel Corporation was founded in 1968
and is headquartered in Santa Clara, California

Description

Name Intel Corporation
‘Symbol INTC

Exchange NASDAQ
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Apple Inc. designs, manufactures, and markets smartphones, personal computers, tablets, wearables,
and accessories worldwide. It also sells various related services. The company offers iPhone, a line of smartphones;

Mac, a line of personal computers; iPad, a line of multi-purpose tablets; and wearables, home, and accessories.

ccomprising AirPods, Apple TV, Apple Watch, Beats products, HomePod, iPod touch, and other Apple-branded and Name Apple
third-party accessories. I also provides AppleCare support services; cloud services store services; and operates various

platiorms, including the App Store, that allow customers o discover and download applications and digital content, such as books,  gymbol AP
music, video, games, and podcasts. In addition, the company offers various services, such as Apple Arcade, a game subscription

service; Apple Music, which offers users a curated listening experience with on-demand radio stations; Apple News+, a

subscription news and magazine service; Apple TV+, which offers exclusive original content; Apple Card, a co-branded




