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[bookmark: _Toc39873259]1. Introduction
The purpose of this paper is to outline the area of research for a major project. It will give a background to subject area and research the relevant topics that are included in the final study. All this research will be credible as the literature that it was derived from is relevant and specifically supports the project. There will also be a description on the data, how the way this data will be collected, an analysis on the mixed findings and evaluation.

[bookmark: _Toc39873260]2. Hypothesis
[bookmark: _Toc39873261]2.1 Aim
To research and evaluate the usability and requirement specification criteria for a Progressive Web Application (PWA).

[bookmark: _Toc39873262]2.2 Objectives
1. To research the PWA technology and specification criteria that a web application need to meet to qualify as an official PWA.

2. 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 HTML CSS, JS and also could use a JS library.

3. To evaluate the front end usability of a PWA from the user point of view. Looking at the ease of installation and usability comparing it to the other application offered.

[bookmark: _Toc39873263]2.3 Expected Outcomes
From completing this study, a desirable outcome would be a set of requirements that a PWA must achieve. This will all be based on the research gathered throughout the study using primary and secondary sources. Another outcome will be a PWA that would have been designed and developed; this will prove the set of requirements as it will include the relevant functionality for the idea of the PWA.

[bookmark: _Toc39873264]3. Background Research and Literature Survey
[bookmark: _Toc39873265]3.1 Research
[bookmark: _Toc39873266]3.1.1 What Is a PWA
A PWA is a website that can be opened from a device that can access the internet. A mobile phone can use the website as it can use a native phone app, with the same features including offline access and push notifications. 

PWAs are web based applications that can be run in browser and offer many native application features. There is a gaining traction with companies implementing PWAs for their many different advantages over native phone applications. The use of applications on phones is huge, from both the Google Play Store and the Apple App Store there are over 5 million apps that are offered to the public for download. On average users spend 3.5hours out of the 4.5 hours of average daily use, on applications on their phones [1]. Showing the relevance of a PWA in the market.

[bookmark: _Toc39873267]3.1.1 Features
[bookmark: _Toc39873268]3.1.1.1 Performance
When developing a PWA they are written in HTML CSS and JavaScript. Using these languages can improve the performance, as a higher performing application will engage the user more than a poorly performing application, a PWA has a big advantage over a native phone application. All the images on a PWA can be optimised for the web and specific device screen size, so loading the image is very efficient. Also, the JavaScript and CSS can be optimised in different ways including extracting the critical code first and deferring the non-critical code. Using the Networking Information API, a PWA can assess the networking speed of a user’s device and server the features that will give the user the best experience like preloading assets [2].

[bookmark: _Toc39873269]3.1.1.2 Accessibility and Usability
A PWA can be found by searching the internet for the web application and installing it. As the pages at the core of the PWA are web pages they can be developed so they are responsive to any screen size and accessed by any operating system. The advantage for this is the development process is cut down as there does not need to be different versions of the application for different operating systems because each operating system will be able to access and view it though a supported browser. Then the screen size of the device can be effectively handled when developing the pages, using media queries any size screen can be addressed and the pages can react and display content to fit in the most aesthetically pleasing way. To improve the usability HTML 5 full screen capabilities have allowed it to be easier to take over the full device screen. Therefore, giving the PWA more or a native application feel [3].
[bookmark: _Toc39873270]3.1.1.3 Installable
The browser that is used to access the PWA make it possible to install the PWA to the device. Then it can be added to the home screen or application manager of the device, allowing it to be run like any other installed application. Users that install PWAs are the users that boost the engagement metric of the PWA including more repeated visits and longer time on the site [4]. Once installed the PWA can offer the same app icon and name, as a native app would [5].

[bookmark: _Toc39873271]3.1.1.4 Offline Content
When the user is offline but still wants to access the PWA, it is better to offer an offline view rather than a default browser offline page [5]. As it is an installed app it is expected to work as a native app would, so using service workers the app can be cached including the images, code and other media needed to view it offline. When the PWA is accessed online this caches data can be updated so it is relevant, and the newest information can be viewed offline. This also will speed up the PWA when it is being accessed in low network conditions as any content that is cached will be used rather than requesting for it again. Apple have been slow to implement these features to iOS but recently some have been in beta in the newest releases of the OS [3].

[bookmark: _Toc39873272]3.1.1.5 Push Notifications
A PWA can offer notifications to the end user, as a native phone application would. These can be displayed if the user is on the app, switched to a different app or switched tabs. They are coded in the service worker file that can receive these messages in real time from the server and display them to the user keeping them involved and up to date to the context of the application [6].

[bookmark: _Toc39873273]3.1.2 Drawbacks of PWAs
[bookmark: _Toc39873274]3.1.2.1 OS Integration
Some native phone applications can use features offered by the operating system. An example of this would be widgets, changing brightness or setting alarms. There is also the offer of the change of system settings by the phone application like Bluetooth or Wi-Fi. PWAs cannot offer these features as they cannot access the system settings or be integrated this far into the device. There are some APIs to offer similar features being developed at the time of writing this [7].

[bookmark: _Toc39873275]3.1.2.2 Hardware Access
PWAs have limited hardware access on the local device. It can use the microphone and speakers, but for a phone with a fingerprint reader that cannot be accessed. These extra hardware features that cannot be accessed are a major disadvantage for PWAs as they are progressive to the device. As the fingerprint reader is beneficial for security not accessing this cannot support the same security as a native phone app [7] when authorising login to accounts.

[bookmark: _Toc39873276]3.2 What is a Native Phone Application?
A native phone application is an application that has been developed specifically for the operating system it will be run on. It can be downloaded from the application store, specific to the device. A native phone application can take advantage of more of the onboard hardware features on the device but has to be developed completely differently for each operating system, so the time to create the applications will take much longer.

[bookmark: _Toc39873277]3.3 Usability
[bookmark: _Toc39873278]3.3.1 Usability in Software Application User Interface (UI)
The usability is how the human can interact with the software on the device in hand. It is important as it can range from installing the PWA to the OS as this is the first step of using the application. After the user completes the task on the application, measures of how successful performance was will be carried out. This is mostly looked at by the design of the UI, 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 in to seven sections.
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[bookmark: _Toc39873279]3.3.2 Effectiveness
This section measures the ability a user had to complete a task. It can be measured by seeing if the user can complete the set of specified tasks [8].

[bookmark: _Toc39873280]3.3.3 Efficiency
This measures the speed, time, and accuracy of completing curtain tasks in the software UI. This produces the productivity of the applications interface. It can be measured by timing or the amount of touches and keystrokes the users takes to compete a task [8].

[bookmark: _Toc39873281]3.3.4 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 [8].

[bookmark: _Toc39873282]3.3.5 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 [8].

[bookmark: _Toc39873283]3.3.6 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 [9]. 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: _Toc39873284]3.3.7 Errors
This discovers the amount 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 seeing the amount 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 [8].

[bookmark: _Toc39873285]3.3.8 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 a 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 persons movement and ability to use the application correctly, therefore it is important to consider both dimensions [8].

[bookmark: _Toc39873286]3.4 Rationality of Study
[bookmark: _Toc39873287]3.4.1 Is the Research Worth Doing?
PWAs are quickly gaining in popularity and some major tech companies adopting them over native phone applications. To research the usability of a PWA for the potential customer will be an important study to refer too. The users of an application will pick the cleanest, reliable, and most usable application for them, as it will benefit them the most. Therefore, by looking at these points the application that meets the attributes will be the application that the user will use, and the main goal of an application is to be downloaded and used.

Also, there are many different specification criteria requirement points that it must meet to be classed as a functional PWA. These points improve the usability and all functionality parts of a PWA. To understand and implement these points it will improve massively therefore this study will effectively show research and implementation. There is a small gap in the subject area of the usability of a PWA and specification requirements as there are limited study papers on the topics, giving this study a unique area. All these points will give the study an interesting but also topical value.

[bookmark: _Toc39873288]4. Methods
[bookmark: _Toc39873289]4.1 Research Methods
[bookmark: _Toc39873290]4.1.1 Research Philosophy
The theoretical approach of this study will be positivism; therefore, meaning that the study will attempt to take objective experiments and observe the results. The testing will product quantitative and qualitive data that can be assessed and used to draw a evaluative conclusions from [10].

The approach made to the study will be deductive reasoning. As the study strives to test the hypothesis, observe the user when testing the software developed and therefore derive a conclusion from this information.

[bookmark: _Toc39873291]4.1.2 Research Strategy
A research strategy that will be used is a questionnaire to find out information on PWA features and usability attributes. Therefore, providing me with different qualitative and quantitative information, helping towards the mixed method of approach being taken.

Another strategy that will be used is software development and simulation. Throughout the study a PWA will be created and used for testing; the testing which will take place on the PWA will include gathering data on all the attributes of usability. Further providing me with qualitative and quantitative information as the attributes being tested will be the PACMAC usability model.

[bookmark: _Toc39873292]4.2 Data Collection Methods
A strategy that will be used is document review. Therefore, going through documents and studies in the subject area and looking at the conclusions created. This can be used to inform and find secondary results to add data to the study. 

The questionnaire will include closed and open ended questions designed to be distributed to as many people as possible. This data can therefore be used to reinforce any findings throughout the study and the larger sample reached will provide a more accurate and less bias dataset. In turn the subjects that will be chosen will be from different backgrounds and ages, creating a broad base opinion.

Once the PWA has been developed there will be a series of users testing the usability. 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 [9] thus a trust worthy bases.

[bookmark: _Toc39873293]4.3 Development Methods
As part of the development the technique that will be used is agile software development. This is adaptive rather than predictive meaning the implementation of the features are done so when are requested. As it is intuitively orientated there will be many user tests by the developers, so it relies on expertise and direct collaboration to produce the high quality system [11].

The development will also include agile modelling. This aims to give the developers a guide of the deign models and how to overcome problems faced. Agile modelling requires lots of testing and brainstorming of the PWA as it practices support [11].

[bookmark: _Toc39873294]4.4 Issues
[bookmark: _Toc39873295]4.4.1 Legal
There is a legal issue with sorting personal data. As the PWA that will be developed will have login system attached to it giving different user different access levels. Thus the system will be storing the username, password and potentially more personal details internally. To ensure the application abided by all the laws relating to personal data, it will be meeting all the regulations in the GDPR [12].

[bookmark: _Toc39873296]4.4.2 Ethical
There will also be some ethical issues relating to the storage of personal data. The system will need to be designed in a way so there is no unauthorised access to any of this data through access to the database or file system. As well as requesting for the user to allow the system to collect this data and store it, giving them all the rights to inspect and update their data [13].

[bookmark: _Toc39873297]4.4.3 Limitation
One of the major limitations to this project is time. Throughout this project there is a vast load to be completed for a fully functioning PWA to be developed. Once it has been developed there will be a series of testing, this testing will be taken over a long period of time. One of the testing attributes is learnability, so the users will need to be tested using the UI then retested on the same tasks after a long period of time. 

A Further limitation to this project will be the resources available. This limitation will include gathering people to test the application once it is developed. The study will require at least 10 individuals so that it can gather a comprehensive amount of data to draw an accurate conclusion with the data. Also, as in all studies there will be outliers and anomalies so this amount of participants should balance the amount experienced.

[bookmark: _Toc39873298]4.5 Data Analysis Techniques
Once the collection of data has been completed, there will be various methods used to evaluate the data. Firstly, the quantitative data can be loaded into graphs and compared against itself. This will be the usability data collected by timing or looking at the keystrokes taken to complete a task. The evaluation of this data can be looking at the difference in the numbers and finding the averages. The qualitative data that is the text, can be viewed and taken it to account when backing up points and conclusions made from the study.

Also, another technique can be benchmarking the system. There are many different ways of doing this, for example google has released a plugin to evaluate a PWA and give it a score depending on the features, which is called lighthouse. This will be heavily used to ensure the PWA meets the relevant specification criteria, as well as looking at research and specification criteria that was developed.

[bookmark: _Toc39873299]5. Resource Planning
[bookmark: _Toc39873300]5.1 Resource Required
This study will require access to a normal functioning PC with an internet connection and an IDE to develop the PWA. The specialist access needed for completion of the PWA will be a server space to host the PWA on the internet. This will be done by purchasing a domain and server so that it can be access and properly tested on multiple devices and operating systems.

The other resources that will be required are for the researching section of the study. This will be the access to different journal articles, past studies, and library resources.

[bookmark: _Toc39873301]5.2 Gantt Chart
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[bookmark: _Toc39873302]6. Conclusion
This study set out to provide the background infomation and research into the surrounding topic area. It identifies the way in which the PWA will be developed and used to collect data for the final study. The most obvious finding to emerge from this study was is relevant it is to look at the development of a PWA, as they are quickly gaining traction in the market and being adopted by various companies; this gives the study relevance in an everchanging field.
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