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An Investigation of the Accessibility and Usability Testing of Progressive Web Application
[bookmark: _Toc69835612]Abstract
In this project, two Progressive Web Applications are developed, one with very poor accessibility and usability and one with complete accessibility and usability. The aim of this project is to analyse the accessibility and usability techniques for Progressive Web Applications (PWA). This aim is split up into the smaller objectives of researching these accessibility and usability principles, concepts, and techniques in the form of a literature review before evaluating them, leading into the investigation of these approaches by implementing two PWA’s, the first on the two application with poor accessibility and usability before creating a second app, which will be refined with research conducted and have excellent accessibility and usability. These two Progressive web applications will be developed using cloud web services for the data storage. The Database will be created through MongoDB connected to the server-side created using Node.js along with express. The client side of the application will be create using React.js and many different plugins. All before the testing is conducted to analyse the results from the two applications.
To conclude the project, there were some varying results with the manual testing, more precisely, the lab-based testing. Each user did not necessarily reflect the data returned from the automated testing. The automated testing produced interesting results and an insight into the need for multiple pieces of software. This project shows the need for accessibility and usability as the issues raised from the first application can really affect certain users, however it does show that poor accessibility does not affect all users.
1.0 [bookmark: _Toc69835613]Introduction
The following report has been written regarding the accessibility and usability of features within the development industry, more specifically, within web applications. The report investigates how important these features are to users with assistive technology and to the general users. This project will investigate and compare the issues raised by users through the development of a poorly designed application in terms of accessibility and usability, compared to a refined application that has been optimised on the accessibility and usability side. This project will also be investigating the importance of manual and automated testing. Accessibility and usability development principles will be analysed through the development of a progressive web application.
The application that is intended to be developed is a Progressive Web Application or otherwise known as a PWA. These applications just as standard are more accessibility and usable more than its competitors like Native web applications. This leads onto why this report investigates the accessibility and usability within web applications through using and developing a PWA These types of applications are accessible to all and are not restricted to just one type of operating system or one type of device. These applications can be accessed cross-platform and are responsive, whether you are on a phone, tablet, or laptop the app functions efficiently and looks as it would on any device. Where does accessibility and usability fit into all this? Users might need some additional features to enhance their experience on the application and the research will allow the decision to be made on the best approach and principles to implement these features into the app in question. Analysis of the benefits and the drawbacks of the approaches that have been researched to enhance the decision on the approach that will be taken in the development of the application.
[bookmark: _Toc69835614]1.1 Aim and Objectives
[bookmark: _Toc69835615]1.1.1 Aim
The aim of this project is to analyse the accessibility and usability techniques for Progressive Web Applications (PWA).
[bookmark: _Toc69835616]1.1.2 Objectives
· Evaluate accessibility and usability principles, concepts and techniques applied to web application.
· Investigate good approaches to applying accessibility and usability techniques in web applications by developing and testing an PWA.
· Analyse the benefits and drawbacks of different accessibility and usability approaches applied to the development of a PWA.

[bookmark: _Toc69835617]1.2 The Problem
The driving factor in this project was to create a fully functioning progressive web application that would allow friends, families and volunteers to create or view lists that have been made allowing both users to either update the list at a moment’s notice without the end user (the user doing the shop) to have to stop what they are doing nor cause them to change or add something their self, it would all just be in front of them on their mobile device. This apps aim is to serve all users in the community therefor the need of the pwa to be fully accessible and usable to all by implementing these accessibility and usability features that have been researched in depth. By developing two applications, one with accessibility features and one without will allow the writer to see first-hand the issues that can be caused by not having all the correct features implemented. This topic is important to the writer and something they want to achieve as Covid has affected everyone in 2020 and an app like this, if developed correctly could really help within all communities.
With the initial idea of the app, there was a drawback. This drawback was the usability and accessibility of the application. The prominent questions in mind were, why are accessibility and usability feature’s so important in an application? This is what the research and development of the app was set out to answer. The initial problem of all users with all devices was easily solved by creating a Progressive web application, however this was not the only issue faced by the author. The writer of this report knew that there are many issues within the accessibility and usability of applications, missing ‘alt’ text on images or missing input field labels for screen readers. To create the pwa that has been implemented took research of the issues mentioned as well as the developmental processes used to allow application to be accessible and or usable to all its users. These issues would be address using JavaScript libraries, React and Node. Once the research on the accessibility and usability issues had been carried out, the documentation for both languages was then reviewed to investigate the best way fix the issues raised providing a fully accessible and useable applications to be created. As mentioned previously the two apps developed would be reviewed and analysed to see if the features added really did make a difference to some groups of people and how much of a problem with less accessibility and usability features really affected those who need them.
[bookmark: _Toc69835618]2.0 Research and Review of Literature
[bookmark: _Toc69835619]2.1 Progressive Web Applications
Progressive web applications or more commonly known as PWA are a new type of web application that has recently come to the market which competes with the ordinary web applications and native applications.  Progressive web applications are a cross-platform friendly application that allows the user to use the app all operating systems and all devices. Out of the box, progressive web apps are very usable due to running on all devices using the same application. Even though a PWA is essentially just a web application, through the technologies that it offers in development they have a native app feel to it without limiting the operating system in runs on. Native applications will only work on a specific OS. “A PWA is a web application that aims to deliver a native-like user experience on a mobile device, such as offline support and push notifications” [1]. To have a native application across different operating systems the application must be developed for each specifically for each operating system. “Progressive Web Apps (PWAs) are a novel way to develop, they promise to combine Web technologies’ ease of development with the versatility of native apps” [2]. PWA’s are designed to have the best of both worlds, to be able to function like a standard web application or to appear as a native application without being either. A progressive web application is developed using standard web languages, HTML, CSS and JavaScript which is the same as developing a standard website but just making use of the additional features that a progressive web application has to offer. Progressive web applications have really had an impact on the industry in terms of the way applications can now be developed and used.
[bookmark: _Toc69835620]2.2 Technologies & Features
Progressive web applications while having many similarities to standard web applications and native apps are different and have their own technologies along with their very own development concepts to make them a unique application. These technologies define what PWA’s are and how they function. 
[bookmark: _Toc69835621]2.2.3 Offline
To begin, progressive web applications have an offline mode feature, this means that the user can use a limited amount of a progressive web application even if there are offline, providing that the app has been initially loaded with a network connection. An initial connection to a network is required to allow the app to be cached in the browser. This is done by having static files like the html, CSS, JavaScript files and all images can be stored in the browser allowing them to be rendered on the application for the user without having network access. This is achieved through the user of a JavaScript service worker file, “The “service worker” JavaScript that runs along with the app caches content. This means many functions work even when the device is offline” [3].
[bookmark: _Toc69835622]2.2.4 Push Notifications
The service worker file also allows a couple of other features. Push notifications are another driving factor in progressive web apps and making them function very similarly to native web applications. Push notifications are used for user engagement and having your app send notifications to a user when an event takes place with your app, it is an intuitive way of keeping the user coming back to the app. “With the help of its service worker, the PWA can communicate with the server and push notifications to the user even when the browser is closed” [3].
[bookmark: _Toc69835623]2.2.5 Cross Platform
The biggest benefit of using a creating a progressive web application is the progressive side of the app, the cross-platform development of the application. The app can be used on any device, operating system or browser, “Regardless of the browser that you are using or even where you are situated in the world, Progressive Web Apps work for every user. So, if a user uses Chrome or Opera or whether the user is living in India, UK or even North Korea, it does not matter! Progressive Web Apps will work just as well because they’re built with progressive enhancement as a core tenet” [1]. This really plays into the usability of progressive web apps. Cross platform development is something that puts PWA’s on a pedestal, native applications, as it says in their name are for specific operating systems.
[bookmark: _Toc69835624]2.2.6 Discoverability
The discoverability is a desirable of progressive web applications. They are very easily optimised and SEO friendly. As they are just websites, they can easily be searched for or even shared between users through sending a link, “Discoverable - Progressive Web Apps are recognizable as applications. The service worker and W3C manifests registration scope allow search engines to find them easily” [1].
[bookmark: _Toc69835625]2.2.7 No download / Home screen functionality
Progressive web applications require no download to be accessed on the user’s device. This means that the pwa takes up minimal physical storage on a user’s device, in comparison to native apps, where some apps can be very heavy in size. However, the app can be added to the home screen of any given device giving it that typical native app feel, “Unlike a mobile browser experience, which disappears as soon as the tab is closed, a PWA offers an “add to home screen” option, producing an icon like a traditional mobile app” [3].The app being added to the screen includes no download time, this just saves the user opening the browser and searching for the app each time they wish to use it. This is a big driving factor in the popularity of pwa as “Half of smartphone users download zero apps in a typical month, and another 13% download just one app/month on average. PWAs jump the hurdle of reaching app-resistant users” [3].
[bookmark: _Toc69835626]2.2.8 Security
The security of progressive web apps as standard is to a very high level. All “Progressive Web Apps are served via HTTPS, which ensures that without authentication it cannot be tampered by anyone” [1], this ensures that all users and use of the application are encrypted and secure so that no personal data is left unprotected. This is also a very big requirement of the application when it is being deployed due to how powerful service workers are. “Using service worker’s, you can hijack connections, fabricate, and filter responses” [4], this is how powerful service workers can be and how useful they are. However, they are also very dangerous if in the wrong hands. To make sure that the service workers is not being used for the wrong reasons the app must be stored and served through https for the service worker to do what it is mean to, “To avoid this, you can only register service workers on pages served over HTTPS, so we know the service worker the browser receives hasn't been tampered with during its journey through the network” [4].
[bookmark: _Toc69835627]2.3 Accessibility
Accessibility is a development principle and method to allow a website or web application to be accessed and used by all users irrespective of their abilities. Accessibility in web applications is vital in allowing users with disabilities to have the same access as any other user including their experience while using any application. These features do not only benefit users with disabilities, they also have benefits for “the young, poor lighting conditions, small screens, and plane rides with laptop screens at sub-optimal angles reduce our ability to easily read and navigate” [5]. A web application which has been developed in accordance with the accessibility guidelines [6] [7]. If the accessibility guidelines are followed correctly, they can really have a positive impact on users with “auditory, cognitive, neurological, physical, speech or visual” issues and the features will allow these users to “perceive, understand, navigate, and interact” [8] with the application. For the user who could be viewing the app on their mobile, if there is audio on the website, there are accessibility features such as subtitles to allow the user to watch the video and understand what they are watching if they are unable to play the audio of the video out loud. Another example of this, for people with a slow or limited network connection, this approach to designing and developing an accessible web app will allow these users to still be able to get full use and the full experience of the application. Some examples of accessibility features in web applications are “Alternative text for Images” [8]. Within the image mark-up code for an image there should be alt text. This alt text should provide information in text as to what the image on the screen is. For those people who may be blind or have visual impairments that have their browser set up to benefit them, they can have the web page read out to them and the image alt text will be read for the user to understand what is on the screen, “Providing a text transcript makes the audio information accessible to people who are deaf” [8]. Another accessibility feature that is very important to the navigation for a user is the ability to be able to navigate through a web app via the keyboard as some users cannot use a mouse. This feature benefits those with motor issues, however, this is not the only use of this feature. There are “assistive technologies that mimic the keyboard, such as speech input” [8]. This benefits those who might not have the ability to use a mouse nor keyboard. Overall, accessibility is an important part of the design and development of web applications currently especially with all this technology and the disposal of developers and users alike. 
Accessibility in web applications has become increasingly more important if not vital in the development of any application currently. With the ease of access to the internet and smart phones more and more users now have accesses to web apps. Many users have varying abilities as well as disabilities. As previously mentioned, accessibility in apps allows users with varying disabilities to access any web app as well as use it just as any other user would be able to with the correct features implemented. “For people with disabilities, accessible technology is essential in order to provide equal access to information and interaction and equal opportunity in today's digital world” [9]. With smart phones allowing a user to access the internet wherever they are, accessibility also allow this to be more prominent more than ever and deal with the changing situations of a user [5]. When developing a web application, the accessibility features must be tested to check that they function as purposed and check that the app meets the needs of the different abilities of their users. This can be carried out by running manual tests to the application, one example of this would be rolling out the application to a selected group of users with varying abilities to see first-hand how they cope with the application. Another method of testing is automated testing which are completed using different evaluation tools that run their own tests on the application.
[bookmark: _Toc69835628]2.3.1 Manual Testing
Manual testing of the accessibility is just one of two different approaches that are carried out to verify the application has been developed within the guidelines and meets the requirements. There are a couple of different pros and cons of manual testing of accessibility. Some of the benefits of manual testing are that this method is “more thorough” [10] and checks results against WCAG 2.1 criteria” [10], due to this, manual testing results are seen as “much more reliable and trustworthy” [10]. The downside of this in-depth testing is that it is “more time consuming and therefore expensive compared to automated testing”, and the validity of these results come down to the “knowledge and experience of the accessibility expert who carries it out” [10]. Manual testing of the accessibility of an application as previously mentioned can be carried out by having a group of users test a given application, that can get carried out by “getting a few people with disabilities - and depending on your target audience, older users”, “including them throughout the development process to complete sample tasks on prototypes so you can see how the different aspects of the design and coding could be improved”, and “discussing accessibility issues with them”. Following on from this, getting feedback from the users and recording it [11]. Another method to the manual testing is running specific validation tests on the code, including checking the mark-up of the code. Running a “Validate HTML” test runs through the code and checks its validity to the industry standards [12]. Checking the mark-up would include checking the page titles and heading tags just to begin with. The page titles can be used by “screen readers”, “used for browser bookmarks/favourites” and “shown in browser’s tabs when there are multiple web pages open” [13]. This test is carried out by looking at the title of the page tab or listening to it with a screen reader [13]. Headings should also be accessible by screen readers as well as including those who cannot use a mouse. Heading tags should follow a “meaningful hierarchy” [13] beginning with h1 tags and working down. Alternate text testing is an important test in terms of content on a web page. For users using screen readers without this test and this guideline being followed would either mean the user would not know of the content on the page or if the text is incorrect, they would receive the wrong information. This is a benefit to manual testing over automated as automated cannot check the relevance of the text in accordance with the image.  A few other examples of these manual tests are the high contrast test, font testing and keyboard operation testing. These accessibility tests are usually run by “an accessibility test expert who is technically cognizant of all the accessibility compliances and nitty-gritty. This approach helps to attain end-to-end testing of any website” [12].
[bookmark: _Toc69835629]2.3.2 Automated Testing
Automated testing is the second of the two different approaches taken in testing a web application. There are many different options of software choices to carry out this testing, some of these pieces of software are as followed, “Access monitor, AChecker and WAVE” [14]. These example testers vary from being free and paid tools. Automated testing software runs “a set of scripts” that will check the content of a web application and check it against the WCAG criteria. This method does not work best just on its own and it does miss out some vital areas in a web application, or the relevance of the data it is testing. As the Journal of Web Engineering (JWE) reported in their article discussing Web usability and accessibility, “Automatic tools are therefore useful when their use complements the activity of human specialists, since they can execute repetitive evaluation tasks to inspect the application and highlight critical features that should later be inspected by evaluators” [15]. Access Monitor creates and accessibility report with the results from the evaluation that it has made from running its scripts to evaluate the web application with it “summing up the level of accessibility achieved”. AChecker produces results from the tests that it runs on your application and groups the data into three separate groups, “known, likely and potential problems” [14] which gives you, as a developer a clear place to start from and to see where you need to begin working from to meet the accessibility criteria. The final example piece of software, WAVE, produces four different types of reports and they are as follows “errors, features and alerts, reading order and structure of the page, page display in text-only format” [14]. As there was with manual testing, there are both advantages and disadvantages to this testing approach. To begin with, Automated accessibility is fast and easy, an application can be tested with just one piece of software and check the whole application that could be “hundreds of pages” long, and “provide results in a matter of hours” [14]. There are also some tools that can be implemented in an IDE that will detect issues and problems early on. One of these software tools are ESLint, this can be added to vsCode and will display these accessibility issues while the development is being completed. It can remind the developer to add for example alt tags to the image tags to meet the accessibility guidelines [16]. Some of the disadvantages to this method of testing is that automated testing tools “are not able to test websites or apps against all success criteria listed in WCAG”. Another example of the issues that automated testing can have is with the image tags. It will check to see if you have an alternate text tag to provide information to users who may be user screen readers as to what the image is, the automated software can only see if this tag is there not its relevance to the image itself [14].
[bookmark: _Toc69835630]2.4 Usability
Usability of a web application is just as important as accessibility, it is also a driving factor as to how successful the application will be, “Web applications are very complex and highly sophisticated software products, whose usability can greatly determine their success or failure” [17]. This has been recognised across the industry along with the importance of testing web applications before deployment and post deployment to keep track of any issues that may arise, “much attention is currently paid to usability by industry, recognising the importance of adopting methods for usability evaluation before and after application deployment” [17]. Usability refers to the ease of use of an application. No user wants to have to spend hours of their time learning how to use and application, it needs to be straight forward to use or more importantly, the structure in place on how to navigate around the application must be straight forward and easy for the user to understand and get to grips with, “the ease with which a user can operate, prepare inputs for, and interpret outputs of a system or component” [18]. With so many users having access to smart devices and tablets, lots of people access the internet and application via mobile devices. These devices having smaller screens which can cause visibility of the application to be affected by light or the location the user is in, the quality of internet connection can also cause and issue for users when operating the application, “The very nature of handheld devices make their programs particularly susceptible to poor usability; the smaller size, lower resolution screens, limited memory, lack of keyboard and mouse” [18]. The usability of web applications can be broken down into 5 main areas of interest, “Learnability, Efficiency, Memorability, Error tolerance and prevention, Satisfaction”. These five main principles also link very closely to Human Factors which consist of, Visual Perception, Human Memory, Human Reasoning, Interface Metaphors and Affordance. Learnability refers to the application being easy to understand and learn how to use for a new user without a steep learning curve or trial and error. Efficiency refers to the system being quick to understand and allow the user to be productive after quickly learning how to use the system or application. Memorability refers to the system being easy to remember how to use so, when a user returns to the app, they can get straight into carrying out the tasks that they wish. Both learnability and memorability are closely linked with Visual Perception, Human Memory and Affordance. Visual perception will dictate how a user absorbs the information on display or decide the specific information that they look at first [19], while maintaining the solidarity of all elements on a page [20]. This leads into the human memorability factor especially in terms of Short-Term Memory (STM) and Long-Term Memory (LTM). For an application to be efficient as well as learnable and memorable the ease of use must be taken into consideration. Users must be able to begin using the application whether for the first time or returning users with no issues or actions to be learnt. “if a user has to recognise or recall something from the LTM, that takes time, cognitive load and increases error occurrence probability” [21]. This is closely related to Interface metaphors and Affordance. Interface metaphors are features used in the implementation of apps to create a real life feel to something so that a user can create a theoretical model to understand its use [22], which is similar to affordance which is where a feature has a form of prompt for a user to use the select feature, whether this be a submit button or an external link. Error Tolerance and Prevention refers to the application having a low error rate so that users can only make a few mistakes while using the application. Finally, Satisfaction refers to the system being pleasant for the user to use and appealing therefor they will return to the app whereas if the app is not satisfactory the likely hood of the user returning is very small [23]. An example of poor usability with efficiency would be the ease of use for the user. Having clear navigation for the application is very important and keeping the number of options down to a minimum makes the app more effective as it is easier for the user to learn the application and how to navigate around it. This characteristic leads into memorability. If the app is efficient and easy to use, this would mean the users will be able to remember how to navigate around the app when returning to the application. Leading on to another example, the error prevention, the application should not allow the user to be able to make many mistakes which could cause confusion or problems while using the application. During the development of the app these sorts of issues should be blocked or prevented.
[bookmark: _Toc69835631]2.4.1 Manual Testing
Usability testing also has two approaches. Manual testing is one of the two approaches taken by developers and companies to test their usability of the web application. One method of manual testing is User-based Evaluation. This is simply carried out by releasing the application to a group of users for them to test out the application and feedback their experience to the developers post testing, “Users are invited to do typical tasks with a product, or simply asked to explore it freely, while their behaviours are observed and recorded in order to identify design flaws that cause user errors or difficulties” [24]. Some examples of the sort of tests that are carried out is the duration taken by users to complete tasks that have been set, the measurement of tasks completed successfully and finally the number of errors the user has while using the application, “During these observations, the time required to complete a task, task-completion rates, and number and types of errors, are recorded” [24]. This type of testing is usually carried out in a Laboratory where the scenario the users are in are controlled environment. With the users being in a lab for this testing this allows the test teams to ask users specific questions about their issues, “In order to get a better understanding of wrong moves the participants made when executing specific tasks, we talked with them about the difficulties they encountered during the test” [25]. The same test can be carried out remotely where the users are not in the same location. There are two different evaluation methods to “synchronous and asynchronous” [24]. The synchronous approach is that carried out in the laboratory user testing where are the asynchronous is the method used when doing remote testing as the testers do not have access to the data from the users in real time, which they would have in the lab. There are positives and negatives from using this method of testing. An advantage of this testing is that you can really get an idea of the overall look of the application and if it is aesthetically pleasing to users, “Manual testing helps to identify issues related to the look and feel of the application” [26]. Manual testing is easily adapted and “well-suited in the case when you are making a lot of unplanned changes” [26] to the web app. There are some issues with manual testing, some features of usability are challenging to test or in some cases manual testing might not be an option at all, “Some tests are difficult or almost not testable manually. E.g. performance tests”. Regarding the laboratory user testing, this can be a time-consuming process and the users must be selected, tests planned, and evaluations of each user’s experience must be discussed before changes can be implemented, “Could be a time-consuming activity, especially when re-executing regression tests multiple times”. Overall, manual testing is very thorough and is the best way to see how users interact with the application first-hand. 
[bookmark: _Toc69835632]2.4.2 Automated Testing
There are many different automated accessibility testing tools to support developers and testing teams in their testing of a web application. There automated tools have been tipped as the most efficient way to carry out testing on an application, “Automatic tools have been suggested as the most efficient means to treat repetitive evaluation tasks” [15]. From using these automated tools not as much human interaction and resources are required as there is with manual testing. The automated usability tools test the look and feel of the application. They essentially work on what the user will see. Working at this layer of the application the tools main aim is to look for all problems that a user may have, “they operate predominantly at the presentation layer, with the aim of discovering problems” [15]. These tools will look at the presentation of the page and its consistency in terms of the colours that have been used and the layout of content. The navigation of the site is also tested through these tools by checking the “link labels and colour consistency”. Another automated software tool that can be used assists in a manual testing method to make it more efficient. “Automatic capture techniques” [27] to make the user testing more efficient as an evaluator no longer needs to manually take note of a user’s process of using the app. These tools log events and “automatically filters and classifies them into meaningful actions” [27]. There are pros and cons to this method of testing. In regard to the automated capture of the user testing, this approach means the chance for human error is small as the amount of inputs from a human is decreased, once scripts have been created they can just run which requires “less time and resources” [27] which in turn also leads to “consistent test runs” and return reliable results [27]. This does however mean that the initial costs of setting up automated testing software is very high as the software itself can be very expensive, which also leads to “underestimated maintenance costs” [27]. With the scripts that are used themselves there is a fine balance between the script being too complex to maintain, “too detailed scripts will become unmaintainable” and scripts that are “to vague” will not serve the purpose that they were created for. This is also a limiting factor to this method as the scripts will only perform the tasks that are set out in them and to be changed or adapted, they must be re-programmed whereas a human could just adjust on the go [27]. Automated testing overall, is a great way of making manual testing more efficient but on its own would not be sufficient.
[bookmark: _Toc69835633]3.0 Research and Development Methodology
[bookmark: _Toc69835634]3.1 Philosophy
The philosophy chosen for this project, a positivist philosophy, adheres to the approach where the facts taken from observations limiting the researcher to only data collection, while making all judgments from the data objective. The writer chose this as the best option as taking the facts directly from the tests run and making the assumptions from the test based on facts was the best option as these opinions can vary from user to user, whereas the straight facts from the test will produce reliable results on each feature implemented or not implemented [28] [29] [30].
The observations will vary from the accessibility and usability user tests that will be completed. The users will have to complete a set of tasks while the author monitors how they complete their tasks, while noting any challenges they have. This test will be repeated for both applications, firstly the non-refined app for usability and accessibility before moving onto the refined progressive web application. The user group will vary in ability, from those with no disabilities to those who may have some form of disability, where they will rely on the accessibility and usability features more. Data will also be gathered and evaluated from the different automated tests that will be run on the application, which will give another view on the application. This offers a great benefit to the project and the data being gathered as this will allow a large pool of data to be gathered which will vary from user to user. This quantitative data will allow the author to compare the usage of the two versions of the PWA between each user and their requirements before comparing these results to the data gathered from running the automated accessibility and usability tests. This philosophy is open to disadvantages, such as human behaviour, if they had prior knowledge of the system. This can have a detrimental effect upon the results gathered in the manual testing. 
[bookmark: _Toc69835635]3.2 Approach
A deductive approach is used while testing a theory already in place. The research on accessibility and usability is not new in this project and the writer was working off a set of hypotheses. The two hypotheses for this project relate to firstly the need for good principles and concepts to be followed in the implementation of the PWA to create a diverse app, accessible and usable by all users. Secondly, the hypothesis that alone, manual, and automated testing for accessibility and usability is not sufficient to test all aspects of the application [31] [32].
The first of the two hypotheses are to prove how vital accessibility and usability is to those with disabilities who need the accessibility features to be able to use the application just as any user would. This leads onto the usability, which will be looked at and testing to see how important following these principles and concepts are to creating a usable progressive web application. The author expects the outcome to be that both these approaches are vital to designing and implementation of a diverse application that can be accessed and used by all. The writer expects to see from comparing both applications produced that version one without the accessibility and good usability principles being followed that users with some form of disability will have issues using the application while having issues with usability side in terms of its aesthetics. The second hypothesis regarding testing has an expected outcome. As mentioned, the author expects that manual and automated testing run individually will not be enough to test the full application.
[bookmark: _Toc69835636]3.3 Risk & Limitations
To any research project there are limitations that can cause issues. These risks and limitations “can appear due to constraints on methodology or research design” [33]. The way to counteract these risks and limitations is to find alternative methods to get the same results [34]. There are various factors that pose a risk to the project. The main issue that posed a threat is the Covid 19 pandemic rules. This has caused a problem with the lab-based user tests for both version of the application. This has meant that getting a group of users together in one place to watch and take notes while they use the application to complete set tasks has become impossible. However, the author has found a work around that solves this issue. By getting the users to complete the tasks set for the test using online meeting software while either sharing their screen or screen recording during the time the user is taking part in the test.
[bookmark: _Toc69835637]3.4 Validity, Reliability & Generalisability
[bookmark: _Toc69835638]3.4.1 Validity
For the desired outcome of this project this is an appropriate approach. The research conducted in the literature review provides the approach to gather the information that will then later be applied in terms of the implementation before conducting the tests and survey. It provides the knowledge to set the hypothesis for this project. This allows the research methodology to be followed as set out. 
[bookmark: _Toc69835639]3.4.2 Reliability
If another researcher were to carry out the same project as the author, by following the same approach to the research, development and testing they would almost certainly get the same results from the data. The data has the potential to be slightly different depending on their user group in terms of the number of impaired and non-impaired users. If the researcher chose to not use an agile approach, this would not have a detrimental effect on the outcome of the project. 
[bookmark: _Toc69835640]3.4.3 Generalisability
This project applied to any sector that user any form of application or website, however this project applies mostly to the business sector. So many businesses today are all online. With so many people with varying abilities with technology it is vital that apps and websites adhere to the accessibility and usability principles and approaches to ensure the success of the application over a wide variety of users.
[bookmark: _Toc69835641]3.5 Data Evaluation Methods
[bookmark: _Toc69835642]3.5.1 Data Collection
Observational data is the form of data collection that will be used in this project. This is from the observations that will be carried out firstly, from running the different manual and automated tests on the application. Secondly, where the main bulk of the observational data will come from will be the user tests as well as the surveys they will complete after running the set tasks that have been set out. To be able to gather enough data, 6-10 respondents will be needed to run the application tests and to complete the survey. This group of users will vary in age and ability to test all aspects of the accessibility and usability.
[bookmark: _Toc69835643]3.5.2 Data Evaluation
The data collected will be evaluated through statistical analysis. The technique chosen by the author is a hypothesis testing method. The data collected from the user tests as well as the feedback from the survey the users complete will be compared against the hypothesis, which will provide an answer as to if the hypothesis was indeed correct or whether it was incorrect. The data that will be collected from user testing will be formatted and displayed into a table to show the anonymous results for each user and whether they had any disabilities or not. The data from the automated tests will be displayed in charts and or graphs. 
[bookmark: _Toc69835644]3.5 Software Development Method
The software development methodology that will be used in the development for this project will be using aspects of the Agile process. Using this method of development has allowed the author to break the implementation of the progressive web application into smaller problems to be designed and developed before bringing them all together once testing and working correctly. This allows the writer to break down each section into smaller sections for the design and the development. To identify the needs of the user the writer will create user stories to map out how they want the user to be greeted and navigate through the application. This will allow the writer to identify all the user’s needs and how they want the user to interact with the application. This is where the initial break down of the application begins before the physical designs begin. This will lead the writer into the wireframe diagram. Using the user stories identifying each page to meet the user requirements. Using the Agile process, the app can be split up into each separate page or component. At this point, on completion of the user stories the author will create a wireframe diagram which will show the individual page design of the application before being followed up by a software prototype to round off the design of the application. Once the designs were completed the different tasks in the design phase could be split up into the same sections for both the client side and server side. The methodology would move into the development sprint stage. Beginning with the server side each of the same sections of the design phase were split up into their own respective sections. To complete these tasks each of the sections would be completed over sprints that can range from 5 days up to 2 weeks. At the end of the sprints the section will be tested to assure the app works as intended before merging the sections together to create the whole PWA. This methodology allows the author to always have some working code. Another advantage of this methodology is the approach to solving issues while in the sprints and when merging each section together. This has the same benefit as previously mentioned as well as meaning that the issues are smaller to solve and easier to narrow down, always leading to smaller but completely functioning code.
[bookmark: _Toc69835645]3.6 Resources
[bookmark: _Toc69835646]3.6.1 Hardware
On the hardware front, this project does not require much more than a networked PC. All the design, development and testing will be done locally on a standard PC. A raspberry pi [35] will be used to host the production application while the testing is carried out before using the Heroku cloud server to host the PWA once functionally testing for users to review the application.
[bookmark: _Toc69835647]3.6.2 Software
The list below is of the software used in various areas of the project.
[bookmark: _Toc69835648]Development
· Visual Studio Code – IDE
Frontend
· Reactjs – Frontend
· Bootstrap5 – Frontend styling
· SCSS – Frontend styling 
Server Side
· Nodejs
· MongoDB
· Express
Testing
· Lighthouse – Accessibility and PWA
· Web Aim – Colour Contrast Checker – Accessibility & Usability
· WAVE Evaluation Tool - Accessibility
· Web Accessibility Access Tool – Accessibility
· Zoom & Google Forms – Usability, user tests 
[bookmark: _Toc69835649]4.0 Design and Implementation
The following section will discuss the Design and Implementation stage of the project. As previously mentioned, the Agile development methodology has been the choice of design and implementation for this project. This section will begin with a set of requirements for this project and how these requirements were met through this phase. 
[bookmark: _Toc68192452][bookmark: _Toc69835650]4.1 Requirements
Software requirements are a vital part of the design process when creating any form of software application. The requirements set out will play a big factor in the “success of a software project, both functionally and financially”, which can be directly related back to the requirements set out at the beginning of the project [36]. 
[bookmark: _Toc69835651]4.1.1 User Requirements
1. An account to store users lists.
2. Separate lists for different categories
3. Ability to get in touch for help.
4. Complete button on each item.
5. Easy to navigate around.
[bookmark: _Toc69835652]4.1.2 System Requirements
1. Applications must be easy to learn and operate for new users.
2. Must meet accessibility requirements.
3. Must meet usability requirements.
4. Be available to all users (bullet point 2&3).
5. Login and Register authentication
[bookmark: _Toc68192453][bookmark: _Toc69835653]4.2 System Models
Following on from the requirements section is the system modelling. In this section the writer will showcase the designs that they created from the requirements that were set out. This section will show the complete user story board, a sequence diagram and a software prototype which will round off the design process.
[bookmark: _Toc68192454][bookmark: _Toc69835654]4.2.1 User Story Map
The first phase of the design was the user story mapping. User story maps are a way of describing the user’s needs, products needs and the way of describing the application that is being created in an informal manner [37] [38].
Figure [1] in the appendix section is of the user story map that the author created. The user activities are the tasks the initial prompt for the user before moving onto the task the user is attempting to complete, finally the user stories are what the user wishes to do and why they want to do this. The user story map begins with the opening the app in the browser and download the app for quicker access before registering and logging in. The user can then access their personal lists which is shown in the third map. The next section of the user map is the select category user activity. This is where the user will be able to add an item to a list, view it in the table, tick an item is complete so it disappears and finally, delete an item if they no longer require it.
[bookmark: _Toc68192455][bookmark: _Toc69835655]4.2.2 Wireframe Diagram
The next step in the design process was the creation of the wireframe diagrams. Wireframe diagrams “depict the layout of a user interface” [39] which is what the designs the author created do. They do not show the design of the application in great details just where the content will be placed on the app which provides a brief outline of the layout of each component in the application.
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Figure 1 Navbar
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Figure 2 User Navbar
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Figure 3 Footer
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Figure 4 Index Page
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Figure 5 Login and Register Page
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Figure 6 Category Page
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Figure 7 List Page
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Figure 8 Contact
The images above, figures [1]-[8] are the wireframe diagrams that the author created. As you can see the navigation bar, user navigation bar and the footer were split into their own design, this was to stop the writer repeating the same design over and over, therefor could just title header and footer. As you can see, these designs are very basic but clearly provide the layout prior to the software prototype before planning the layout of each of these features.
[bookmark: _Toc68192456][bookmark: _Toc69835656]4.2.3 Software Prototype
The final stage of the design process was the software prototyping. The writer would design two applications, the first app, version one was to be a poorly developed application in terms of the usability and accessibility which left the second app, version two as the refined, final product application.
Below are the two sets of design that the author has created, Figure 9 is the version one app and Figure 10 is the version two application.
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Figure 9 Prototype 1
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Figure 10 Prototype 2
[bookmark: _Toc68192457][bookmark: _Toc69835657]4.2.4 Design Evaluation
The choice of the Agile methodology and selected features of the process, the user stories, wireframe diagrams and the software prototypes were chosen as it was decided this was the best approach for the project. This choice was made as the user stories would allow the writer of this report to design the application from a user’s point of view with what the user would want from an application like this, breaking down each process and feature that a user might expect initially from using this application. Likewise, with the wireframe diagrams, by designing very basic page designs allowed the author to have a visual idea as to what the application would look like without too many intricate details. The writer chose to create the software prototypes as both the user stories and the wireframes were combined and taken to create the product. Each of the design stages had an impact on the completeness, consistency, and correctness of the application for the inputs from the user matching the user stories, the wireframe layout matching the software prototype, finally, the software prototype being a true reflection on the developer apps.
In this design process, to meet the overall aim of the project to have an application that is both usability and accessible to all, some very important decisions had to be made in this design phase, which were added to the refined version, the second application. Design for both a mobile and a laptop/PC were taken into consideration, which there were two different designs rather than creating the same design and applying it to both. This meant changing the layout of the home page, login page, registration page and the contact page as these would need to appear different on each type of device for the usability to remain high.
[bookmark: _Toc68192458][bookmark: _Toc69835658]4.3 Implementation
The author followed the Agile methodology in the development process likewise with the design. This meant breaking the development process up into separate sections which would be completed in sprints to ensure that there is always a piece of working code. The development was first split up into two main sections for the PWA. The server-side and the client-side. Once the dependencies had been set up and a basic web server. The sprints were split up into components/screens the application would use.
Throughout the development there were a few obstacles that had to be overcome, more so in the development of the second progressive web application as this was the refined app with the accessibility and usability added to it. The biggest issue faced was the usability between both a mobile device and a pc or laptop. While the use of media queries was the initial option, the app was firstly developed for mobile leaving, the design on a larger screen looking very unsuitable (Figure11).
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Figure 11 – Home Page for browser and mobile
After some research prior to developing the version one application, the author found a react module that allowed two different devices to be developed in the same component as seen in the screenshot below (Figure12).
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Figure 12 – Code for browser and mobile home page (v2)



[image: ] [image: ] Figure 13 – Browser and mobile home page (v2)
This module was called “React device detect”. The package allows you to create components for mobile or browser which was displayed using an if statement while calling the isMobile variable which is important within the file allowing the application to detect the device that the app is loading on and render the correct component, this can also be done using isBrowser too. Other techniques used in the development of the second application to meet problems within the input fields were the aria-labels. Aria labels were added to allow screen readers to read off the input fields name which meant that each input field did not need a visible label which would have spoilt the clean and minimalistic feel to the application. These problems turned into success, especially the react device detect, this was a big success on the usability side to the application. This really made the app diverse and shows that anyone can use the app no matter the device as all possibilities have been catered for which was the whole purpose of its addition to the app, allowing users to have specific designs for their devices. Another issues that occurred was on the accessibility front during development is page titles, for screen readers, as out of the box React uses the title set in the main file. This was an issue changing between pages as they all had the same title. There was yet another module that was implemented to solve this problem, it was that of “React Helmet”. React Helmet allowed the author to implement a head and title to each page to ensure they the individual pages when rendered. This can be seen it the code snippet below (Figure14) and the title of the page, the second snippet. This solution means that screen readers can now declare different pages when the user is on them, which only add to the complete accessibility of this application.
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Figure 14 – React Helmet (v2)
The third and final issue that needed to be implemented in this project, especially in terms of usability was the navigation bar. The writer did not want to have the same one showing when the user had logged in. This is where an authenticated navbar was created and an unauthenticated navbar for all other users. This can be seen in Figure 15 and 16 below, the circled area in the third image is how the navigation bar are displayed depending on user authentication.
[image: ]
[image: ]
[image: ]
Figure 15 – Authenticated Navigation bar
The system has been implemented in this way as there would be a lot of data to compare both applications with. Version one was an intentionally poorly design and developed app, lacking much in terms of accessibility and usability while still holding the core functions of a progressive web application. The second PWA consisted of more features for usability while considering the accessibility side to meet all requirements and aim and objectives of this project. This was done to prove the need for this type of development so that all types of users can use an application no matter the technical knowledge or abilities. The results of this implementation can be seen below.



Figure 16 – Authenticated Navbar UI (v2)
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[bookmark: _Toc68192459][bookmark: _Toc69835659]4.4 Testing
On completion of the implementation of both applications, testing was required to ensure that the applications were complete and ready to be deployed as well as to get the results to prove the issues in the version one applications and the improvements in version two of the PWA.
The initial testing, before the frontend development began was the testing on the backend routes, which was run using a piece of software called Postman, which provides a client-side UI to access the server that was created. Once checking these routes and all their functions, the frontend development began. The system testing of each of these sections required a user input to test functionality. 
The first accessibility and usability testing to be conducted were the manual tests. These manual tests were for both applications. They were run as “lab-based tests” which were observed. These were done either in person or over Zoom by creating an online meeting and using the screen sharing feature. The user was provided with a list of tasks to complete. 
These tests were followed up by a questionnaire one for the version 1 application [figure2] and one for the version 2 application [figure24]. These questionnaires were to get formal feedback from the user on how they found each task, while also getting some more general feedback on anything they felt could be improved. These tests were carried out on a variation of different size mobiles, tablets, and laptops.
Continuing with the testing for both apps, the next phase of testing was the automated testing. The first automated test to be run was using the Lighthouse software [40], this was used to test both accessibility and the PWA requirements. The second piece of software to be run was the WAVE evaluation tool [41]. This tests for the accessibility on each page of the applications and makes sure that it meets the WCAG criteria. The third automated accessibility test to be run is the web accessibility checker tool called access assistant [42], this again, reads through all source code of the application and returns its results. The final accessibility test was a colour contrast checker [43], to check if the colour theme used in the application would pass the various constraints such as the AA test and the AAA. Once these tests were complete, to verify the results, the manual accessibility test will be conducted by the author reviewing each page of code, closely looking at the regions of the app, links, buttons, images, and the input fields to check that all aria-labels added are relevant which is something the automated tests cannot do. 
The final test to be conducted is the Acceptance testing. This would be completed by a selected user, using the application in its purposed scenario, and feeding back if they feel the application is up to the right standards to meet the requirements set.

[bookmark: _Toc69835660]5.0 Results and Analysis
In this following section the results that have been gathered from the testing that was spoken about in the previous section will be shown followed by a discussion on these results. The results will be from the automated testing that has been carried out and, their results followed by the results and the feedback from the user-based tests.
[bookmark: _Toc69835661]5.1 Automated Tests
[bookmark: _Toc69835662]5.1.1 Colour Contrast Checker
The first automated test to be run, was the Colour Contrast Checker. This test was to check the colours used both in the foreground and background of the application were compatible with the WCAG guidelines (Figure 17 and 18).
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Figure 17 Colour Contrast Results (V1)
[image: ][image: ]
Figure 18 – Colour Contrast Results (V1)
These tests investigated the orange and dark grey background and vice versa, which can be found through the app in many different elements. These two colours passed most of the tests, meeting the AA conformance levels, meaning the colours were of sufficient contrast for most users, however, did fail the AAA conformance levels. The AAA levels cater for a user with possible more extreme visual issues, like wise, high, and low brightness’s. The test returned an overall contrast score of 6.1 which is high but in comparison to the second app result, it is clear to see the high standard needed. Both colours applied to both the foreground and background failed the same tests. The orange on white background, found in specific elements of the home page failed all tests, which makes this colour choice completely unsuitable.

The second application passed every test as shown in the images below. By passing the WCAG AA and AAA for all text and graphical objects. This means that the second app meets the AAA conference level and has reached the highest form of accessibility in terms of colour and it suitable for all users of varying ability. The overall contrast score for the second application was 7.41, its clear to see the jump in contrast score once, all conformance requirements are met, which only adds to the importance (Figure 19 and 20).
[image: ][image: ]# Figure 19 – Colour Contrast Results (V2)
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Figure 20 – Colour Contrast Results (V2)
[bookmark: _Toc69835663]5.1.2 Lighthouse
The second test to be run on both applications was the lighthouse audit test. This test measured various features; the three main focused section of the test were the “Performance”, “Accessibility” and finally the “Progressive Web Application”. These tests were run between both mobiles and desktops which shows a small variation in the performance results. The performance for the version one application returned a score of 62 for mobile and 96 for desktop. The performance score for the version two application was higher on the mobile, coming in at 75 but ever so slightly lower on the desktop while remaining in the top tier performance range at 94. As is show in the version one and two image sections below, the factors effecting mobile performance is the First Contentful Paint. This refers to how long it takes the application to load from when selected to the first load of a single image or text. The second measurement is the Speed Index. This measurement is based on how quickly the contents of a page is visible to the user. The next performance issues of the two applications, was the Largest Contentful Paint. This refers to the element on the page that is the largest, and when it is visible on the view port. With Total blocking time and Cumulative layout shift not being an issue at all, the lighthouse testing was complete.    
The next part of the Lighthouse test was the accessibility of the application. The version one app came back with a score of 80 out of 100 while the second application came back with 100 out of 100. The feedback on the issues were not in-depth which will be covered in the next two tests but gives a rough idea to the issues. The issues found were colour contrast problems which were highlighted in the previous test, heading elements not ordered in the correct order which is in relation to the <h1> tag not being the first or having 2-5 in the wrong orders. Finally, the accessibility issues with the list items with the application which are not container by the parent elements in the correct manor which can also be seen in the version one and version two sets of images. The second application did not return any issues at all. This result was to be totally expected as there was no plan to add accessibility or much to the first application to have a comparison between both applications, so this was no shock to the author.
The third and final test run on Lighthouse was yet another vital test, which was the Progressive Web App test. This test measures against all of the PWA requirements which look at whether the application is installable, and PWA optimised which is broken down into, the application registering a service worker, directing HTTP traffic to HTTPS, splash screen configuration, setting theme colours for the address bar, content size being correct for a given view port, the meta tag set to be responsive for view ports, provides a valid apple icon and finally that the manifest file has a maskable icon for users of other operating systems. These requirements were all met which makes each of the application a full-fledged PWA, meeting part of the aim for this project (Figure 21 and 22).
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Figure 21 Version One Lighthouse
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Figure 22 Version Two Lighthouse
[bookmark: _Toc69835664]5.1.3 Wave and Web Accessibility
To continue from the Lighthouse automated testing, the more in-depth accessibility tests were conducted using the WAVE Evaluation tool and the Web Accessibility Access Assistant. These two tests were run alongside one another to compare results to make sure no elements were missed and both applications had been tested vigorously. The first piece of software used was the WAVE evaluator.
5.1.3A Home Page
The home page was the first to be tested on the version one application. The results returned from this test can be seen in Figure25, before being broken down into more details in Figure26. Figure 25 shows no major errors in accessibility. The six contrast errors were referring to the poor choice in foreground colour and background colour on the login, register and download button [figure26]. This is a real issue as colour contrast issues will create problems for users with low vision as this could lead to the users not being able to see these buttons while using the application and the buttons in question play a vital role in the functionality of the PWA. The colour contrast issues also hinder usability of the application in high lighting scenarios. These contrast issues also refer to the features section of the application [figure23] but instead of the white to orange, this time its orange to white, posing the same issues to a user. The alerts returned in this test were referenced to the heading elements on the page, these must be in descending order beginning with the H1 tag. This is not the case on this page of the application. This poses an issue to accessibility as many assistive technologies such as screen readers use heading tags and a visual structure to the page.
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Figure 24 Button Contrast
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Figure 25 Title Contrast
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Figure 26 WAVE Details V1 Home Page

Staying with the testing on the home page, the Web Accessibility Access Tool highlighted the same issues with colour contrast and structure of the headings, this test picked up on other issues that were not highlighted during the WAVE tests. This second test highlighted issues with no alternative text for the image in the feature section (figure25) which is yet another issues for screen reader users as would not be able to provide the user with the information of what the image is in text form. The second issue that was raised in this test was an issue with a ul tag sub-list not marked up correctly, which again provides problems for nonvisual users as there is a potential to get lost in a list, likewise with an item from said list not being found in a container which can be problematic when there is another list very close by. The next issue raised in the results from this test was missing iframe titles, again this poses issues for assistive technology when scanning the page. The final issues raised from the home page was improper nesting of form elements with links which referred to a button within an “a” tag. This can cause yet more problems for screen readers as it may not be able to identify the element while also causing issues for users not using a mouse and instead tabbing between links, this could make it difficult for this user to invoke the element. The images below are of the results from this second test.
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Figure 27 Access Tool V1 Home Page


The same tests were then run on the version two applications home page. The results for the Wave tests came back with no errors. The test identified the use of Aria elements, four of which were aria roles to identify images used followed by aria labels to provide a description for the images for a nonvisual user as shown below in figure 28.
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Figure 28 WAVE Home Page

5.1.3B Login and Register Page
Excluding the same issues already flagged, the login and register page produce some new results which were in relation to both forms. The first of these issues were there were no alternative text tags for the input field images, this would not have rendered the form unusable to nonvisual users but would have taken away the same layout that other users would have had which, does not make for a usable or diverse application.  The second issue on the input forms between both pages were related to the input fields themselves. These fields did not contain labels only placeholder text. The placeholder text cannot be accessed by screen readers and other technologies, which makes it hard for some users to identify these fields and, they are vital to the function of the app. The third and final issue that was returned was related to the register form. This was targeted at the multiple option input field as there was no label for the fields, which would stop any screen reader users getting total access to the dropdown menu.  These results can be seen below in figure 29.
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Figure 29 Login-Register

The image issues were solved by the addition of alternative text tags to hold a description of the image that was being used in each of the input fields. The Input labels were rectified using aria-labels so that each input box had its own individual title for screen reader access which, was added to the dropdown menu to have the same effect (Figure 30.
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Figure 30 - Login-Register


5.1.3C Menu and List Page
The menu and list pages when tested produced some errors that have been previously discussed and likewise were solved using the same solutions. There were however, some new, unsolved problems.
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Figure 31 Menu and List
2

Between these two pages there were three errors and severn contrast errors with a simular problem to other pages but on a new feature. The user navigation bar which had the same styling with colour as other buttons had contrast problems and was an issue. As the results from the previous buttons with the same styling this was expected to return this data. This navigation bar was also returning an unordered list as well as no aria region. Aria regions are a tag that are used to identify a region of elements as a landmark within the application, such as a navigation bar in this case. The solution that was implemented in the second application, firstly with the addition of new colours and to solve the issue of an unorded list, the use of a react bootstrap navbar to order each of the link items was implemented to rectify the “ul” tag issue. The new navigation bar below can be seen in the images with both old and new navigation code being implemented. The first navigation bar is the version one bar with the second image being the updated bar. Another issue, not seen before on any other page was an accessibility issue with the table when displaying a users list. This issue relates to the automated testing too. The issue was raised as the purpose of the table was not set, it should be set to “presentation” for presentation purposes not to affect assistive technology and not to cause problems like false positives in autmated testing like this. Figure 32 below is of the aria region issue, table presentation role issue (Figure 31, 32).
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Figure 32 Menu and List

5.1.3D Contact Page
The final pages to be tested between both the applications were the contact forms. No errors were returned as expected in the second application and even though there were still four errors with four contrast errors and alerts that would cause problems to users that use assistive technology (Figure 33, 34).
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Figure 33 WAVE Contact Page
[image: ]
Figure 34 Access Tool Contact Page
[bookmark: _Toc69835665]5.1.4 Overview of Automated Tests
To conclude the automated testing section, the author felt that it was very important to run each of the tests to verify the results given back from each piece of software. A prime reason for using multiple pieces of software was the contrast colour checker. This test was used to verify the colour contrast of each application from its foreground and background colours and to see its physical rating not just an error to determine the level of accessibility and usability in terms of colour choice, which was confirmed using the WAVE and Access tool software, yet another vital point in the importance of using more than one accessibility validation tool.  Another good example of this is shown in the Lighthouse testing. This test came back showing higher levels of accessibility and the issues that were raised in this test did not even scratch the surface of the application, especially compared to the WAVE test and the Web Accessibility Access Tool. These two tools worked well hand in hand as shown on the testing of the home page. The WAVE test missed out on the alternative image text even though it still picked this issue up on other pages. Running this separate test lowered the chance of missing accessibility issues, while also missing the importance to verify results. 
The results shown from the automated tests were completely expected as this was the target of the project. Not only did the tests show the need for complete accessibility in an application but also the importance to using more than one testing tool to thoroughly check the app for any issues which was another hypothesis set for the project.

[bookmark: _Toc69835666]5.2 Manual Testing
In the following section the manual testing from the code review to the user-based tests will be discussed along with the results that each of these tests returned.
[bookmark: _Toc69835667]5.2.1 Manual Accessibility Test
The whole purpose of the manual accessibility testing was to check certain aspects of the code that had been implemented and scanned by the automated tests. A topic that was discussed in the literature review as the fact that automated tests cannot check the relevance of alternative text tags on images or buttons, likewise with labels for input fields and links, these could be given any name and would pass the automated tests just for having one, even if it has no relevance. The version one application did not have any of these labels so no manual testing of this application occurred, it was only applied to the second PWA. The testing results can be found below.
The first manual tests were run on the navigation bars for mobile and browser along with the home page. These images can be seen below in figure 35 and 36.
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Figure 35 Navigation bar
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Figure 36 User navigation bar
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Figure 37 Home Screen images


The highlighted area’s above in figure 38 are the tags that the developer was looking at in the manual accessibility review. From the automated tests, it was known that these tags were here, but the relevance of these tags had to be checked in relation to the image, and as is shown, these alternative text tags match the image displayed, likewise, part of the review was to check that the role set on the individual icons that were encapsulated by navigation links had their role set to “img” for image, so that screen readers are able to understand that the element is an image. On the topic of screen readers, in the first image a span tag is present with the class “sr-only”. This is a bootstrap class so the author could add text to the image link without it being present to the non-screen reader user however, screen readers are able to pick this up, so the link has text available to be read and provided to a user if they require it.
The next set of tests were run on the input fields on the register and login form to the item input and contact form. These tests were run to check the relevance of the Aria labels and of the small icons used on the register and login forms to check their roles and Aria labels. These results have been highlighted below. The results returned were expected, which was all accessibility tags were correct, present, and relevant to what they were related too (Figure 38). 
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Figure 38 Login and Item Inputs
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Figure 39 Contact form inputs


As expected, the manual accessibility testing was successful, and all elements passed the test. These elements were checked during the development sprints but the test at the end was more than anything to verify the results of the automated tests.
[bookmark: _Toc69835668]5.2.2 User-based Test’s
The final testing to be conducted was the user-based usability testing. This testing was vital in the author being able to understand how users would go about using the first application and any issues or feedback they would give to address these problems raised in the second application. The testing of the second application was to verify the work that had been completed and for the users to provide the feedback on if they preferred this application and its design over the first application. These tests were conducted over a variety of devices from mobile phones, tablets, laptops, and desktops. The test group was made up of seven users, one of which had some form of visual impairments, while two were in the 70+ category and two in the 45+ category providing four users with lesser technical ability and two users with fair technical ability with one user being in the more advanced ranges of ability. The chart below, figure 40, shows the age range of the seven users.
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Figure 40 Age Chart
5.2.2A Version One
The users were asked to carry out various tasks while being monitored to see how these tasks were completed. These tasks were:
· Create an account.
· Login
· Add items to five different lists.
· Delete 1 Item.
· Send a message using the contact form.
· Logout
Each user in the tests completed all tasks. None of the users said they had any forms of disabilities other than one user who stated they had slight vision issues, which provides an interesting insight into certain aspects that were not an issue in these tests compared to accessibility testing. All 100% of users found it very straight forward to register an account and login, they provided the same feedback that both the buttons on the home page as well as the links, made this very clearly from the start. The feedback from the questionnaire showed that one user struggled with adding an item, in the lab testing they stated that the adding of the first item was easy it was more the navigating back to the menu to add more items that was the issue (Figure 41). 
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Figure 41 Questionnaire (V1)
Following on from this, deleting an item was an easy and clear process for all users. The next test, using the contact form to send a message caused an issue for one user as they said that they did not find it straight forward to locate it on the bottom navigation bar as the white text colour on the orange background was not eye catching leading them to miss this initially. The next question regarding how easy the application was to learn and understand confirmed what was observed in four of the tests and this was that user struggled initially with the navigating around using the dashboard navigation between the list menu and the specific lists themselves (Figure 42). 
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Figure 42 Questionnaire (V1)
Other issues raised was the logo that was used a link to the home page was accessible whilst logged in, one user clicked this link and found themselves stuck and being forced to logout just to re-login to get access back to the menu page. This highlights a major usability issue. Rounding off the user evaluation tests, four users stated that they liked the layout of the application and the colour choice, whereas the three users stated they did not. The three users directly pointed at the orange text to white background on the home page and the white text on the orange background on the buttons on the application. Two of the users were in the 70+ category, this result confirming the automated contrast issues, while the third user was in the under 18 categories. The two 70+ users said that with less visual ability, this contrast was more difficult for them to see while the under 18 user, with no visual impairments said these colour choices did not make these elements standout (Figure 43). 
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Figure 44 Questionnaire (V1)
To end the questionnaire, each user was asked to give some general feedback/comments on the application which six out of seven users had feedback and ideas on the issues and improvements. Three users stated that on completion of the contact form message, there was no confirmation that the message was sent. On the usability front, not having this feature present does not show if the message were sent as if there was an error it would not show, leading the user into a false sense of success. While another three users picked up on the orange on white and white on orange colour scheming and said that this was an issue in terms of viewing the content. The final comment, an interesting one, was that a user would have liked to have seen a complete list with all items on there while keeping the individual categories on adding the items (Figure 45). 
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Figure 45 Questionnaire Response (V1)

On conclusion of these tests, it was clear to see the issues that certain aspects caused like the orange on white titles and white text on orange buttons, especially after being picked up in the automated tests, moreover, it was just as interesting to see that even though these were raised in those tests, not all users found this an issue and some even liked the design. The results from being able to access the home page while logged in was a real usability issue as this is something that considered when looking at error prevention. Finally, a confirmation message once the contact message is sent is a rather standard element that was lacking and was interesting that not all users picked up on this. In some ways it could show that the user just assumes the application will work and the message will always be sent whereas other users do not have such faith. This usability test showed the lack of usability in the application from the number of splits in feedback in certain tasks, even though not all users had issues, to have just over half the users being able to complete tasks or in some cases under half, this does not make for a very accessible and usable application as only select few users can use the application easily.
5.2.2B Version Two
The user-based testing of the second application provided some interesting results in comparison to the first applications. Second time around all users found it easy to complete all the tasks that were set whilst also observing every user instantly finding the bottom navigation bar, which possibly was down to knowing it was there second time around, however every user said it was clearly to spot with the icons on the mobile version standing out because of the colour choice, but the browser version, they still stood out but were not as quick to spot as on mobile. All users fed back in test that they found the icons very intuitive as to what the function of the button was. 
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Figure 46 Questionnaire Response (V2)
As Figure 46 above shows, only one person (14.3%) found the application second time around, still challenging to understand. This was potentially down to their lack of technical ability however, this does leave the application open to improvements to reach that 100% learnability. With all users in agreeance that the tasks themselves were completed easily this was the only result the users disagreed on. The feedback given by the users post-test, were interesting. Two out of the seven users had no feedback as they were completely happy with the application. The interesting results were that four users all said they would have liked to have seen a complete list compiled whilst keeping the categories split in that list but also the functionality of how items are added currently as these users said that they found this feature very useful. It was clear to see that questions such as the contact form message were answered in this application as it was implemented, likewise a more successful user navigation bar as this was spotted and the users much preferred this. The final point of the second application was in terms of layout and colour, all users said both layout on a phone, tablet or desktop computer were to a high standard and much better than previously, the colours were crisper and clearer with one user commenting that it was more appealing to the eye. One user did add that, in terms of “completing an item” they would like to see a transformation whether there be a line through it or fade the item out slightly rather than just deleted all together, something that could be added to the full product list. From this testing it is clear to see that this application was successfully implemented on the usability side with all previous issues raised with existing features being fixed and creating what was an aesthetically pleasing app with high learnability and efficiency to the majority of users while still meeting the core purpose of this application, which from testing proves that it would work for users in the covid scenario if helping friends or family of any ages as both the younger and older generation did approve of the application.
5.2.3 Acceptance Testing
The acceptance test was the final test to be completed during the testing process. This test was simple and short, all to ensure the application functions as expected and in a was the user would expect. One user took part in this testing and had to complete the user. After conducting an interview with the user and gaining feedback on the relevant tasks, it was clear that the application functioned as expected, therefor the application passed the test (acceptance test run on version two app).

[bookmark: _Toc69835669]5.2.4 Overview of manual testing
The lab-based user tests were a very important part of the testing phase, just as important as the automated accessibility testing. The difference in the two PWA’s is clear to see in the feedback gained in both tests, as well as being clear to see the improvements related to what has already been mentioned with the user bottom navigation and the contact form. It was also a very useful way of being able to see physical factors come into play in terms of age generation, ability and any disabilities or small issues on how they effected the user’s ability to complete all tasks.
Most of the results were as expected in the test especially with the lack of usability in some cases of the first application so this was not a shock. However, the feedback given in one aspect on the second application was unexpected, where multiple users would have like to have seen a complete list once all items are added with a styling effect on the completed items rather than just have the item removed. Overall, these user tests made for some interesting results, especially from being able to observe the tests.
[bookmark: _Toc69835670]5.3 Testing Overview
The testing was very successful in comparing both the application, on an automated testing front as well as the manual side of it. These tests all linked back to the literature review on the aria tags like alternative text tags and labels to be applied to various elements of the application. This research showed the importance of these features which was only confirmed in the automated testing. The research conducted on the literature review, especially on the five main factors, Learnability, Efficiency, Memorability, Error tolerance and prevention, Satisfaction. The first application did not meet all these factors. Some users found the first app learnable, efficient, and memorable but most did not, likewise the error tolerance and prevention along with the satisfaction was a lot lower compared to the second application. Most users apart from one user found the second app learnable, efficient, and memorable whilst also being a lot more satisfactory, which can be seen in the testing when looking at the comments for colour and layout, but the error prevention was met through the user of private and non-private routes to stop users being able to access pages if they are not logged in, also not access pages like the home page, login or register whilst being logged in, which was an issue raised, as expected in the first application by one user.
To conclude the testing, the results were as expected from the automated tests, return issues with accessibility of navigation links, images, and input fields to name a few, with the first application while the second, more refined app passed all tests with flying colours as this was the overall goal. The results for the manual testing were mostly expected other than the additional feedback on features that could be implemented to make the app even more usable and efficient. The testing did prove the hypothesis for the need of both forms of testing as they verify each other’s results but also pick up on additional features to add, which would not be the case for just automated testing. While automated testing can be conducted with one piece of software, this testing has shown that it should be run with a minimum of two are as from the results Lighthouse and WAVE missed out on problems that Web Accessibility Access tool flagged. Using more than one piece of software leaves no stone is left unturned, and all issues are flagged.
[bookmark: _Toc69835671]6.0 Evaluation
In this section of the report, the overall outcome of the project will be discussed in term of how successful it was. If the project met the aim and each of the objectives it will be seen as a success.
 
The complete aim of this project was to analyse the accessibility and usability techniques for Progressive Web Applications. This aim was broken down into three objectives which were to, evaluate accessibility and usability principles, concepts and techniques applied to web applications, investigate good approaches to applying accessibility and usability techniques in web applications by developing and testing a PWA, finally, Analyse the benefits and drawbacks of different accessibility and usability approaches applied to the development of a PWA. Focusing firstly on the first objective, the project evaluation accessibility and usability techniques to begin with in the literature review by researching the elements that are implemented into an application to make these apps accessible and usable, but this evaluation also continued in the comparison between both applications developed to see the difference between the user of good techniques and poor ones as well as being able to see their effect or lack of effect on its users. 

The second objective was completed once again, beginning with the research in the literature review on the different ways of implementing these elements, likewise how they would be tested before then developing the two apps and testing them two show the differences between the application, in particular the accessibility issues raised in the automated testing before looking at the elements that were flagging in the testing of the first app and observing how these effected or did not affect the usability of the application in the user-based tests. 

The final objective which flowed from the second part of the previous objective was achieved through the testing of the applications. By first, comparing both app one with very poor accessibility and one app that passed all of the automated accessibility tests it was clear to see from this analysis the area’s that need to be focused on and how if not implemented correctly it would affect users with assistive technology as well as how easily they could miss and element on the page and have a completely different experience of an application if not implemented right. Whilst also looking at the negatives it was clear to see the positives. This was shown as the designs can be the same, using icons for links to give the user what would be a totally different mobile view to the browser and vice versa just with the addition of some simple elements and simple tags to allow a potential use of assistive technology. From meeting each objective that was set, the author is pleased that this shows that the overall aim of the project has been achieved.

The results that were produced did cement the research in the literature review on how important elements are to accessibility and the users experience likewise with the usability. The research also showed the importance of multiple automated tests run along with manual testing allowing both methods to verify both sets of results. What the research did not cover which is something that had been identified during the project is the need for multiple pieces of automated accessibility software.

[bookmark: _Toc69835672]7.0 Conclusion and Recommendations
[bookmark: _Toc69835673]7.1 Conclusion
To conclude this project, each of the tasks that were completed and meet each of the objectives to complete the overall aim. This began with the initial research that was conducted in the literature review. At this stage of the project, this is where the author was initially looking into the various principles, concepts and the techniques used in the implementation of accessibility and usability features applied to web applications. From this research, this is where the evaluation on the features that would benefit this project began, and what ones would not apply to the Progressive web application being developed. This research was also vital in the project to understand the importance of automated and manual testing, looking into different ways these would be applied to the project, which ultimately is what gave the writer the knowledge of adding specific elements into the refined app and what software and tests to use to gather the best results for the project. The second objective was a part of the literature review process, by identifying the methods used and the features that the automated tests target, while also reviewing the research on Progressive Web Applications. This is where the next step of the objective then progressed, which was completed by the implementation of a PWA, one with poor accessibility and usability to flag the issues that can appear in poorly designed apps, while designing a refined, fully accessible, and usable application and testing the accessibility and usability to show the need for applying these good approaches from the literature review. The third and final objective was the analysis of these two applications, this was done by reviewing and analyzing results from all the tests and comparing both sets of data to see the drawbacks and benefits used and the importance of comprehensive testing methods. Concluding this project, it is clear to see the need for multiple forms of testing software to verify each of the results returned as one tool can miss certain issues which another will pick up. Likewise, user testing is extremely important, as there is only so much software can tell you which does not always relate to a user’s experience on the application, which was seen in the results.
[bookmark: _Toc69835674]7.2 Recommendations
There is some further work on this project that could be completed to improve this project as it is as well as other areas for future research and work. For improvements to this project, some features that the users fed back in the user testing could be added to improve usability which is something clearly most users wanted or expected to see. As also mentioned in the evaluation, PWA’s are not a highly known piece of technology to users, therefor some form of instructions on how to install the application would be very useful.
This project has other potential avenues to go down, such as looking into the use of different NPM packages like the one used in this project, “react-device-detect”. Its sole purpose is not usability based but this package certainly did that for this project. These types of packages have the potential to be researched in more depth to see their benefits and drawbacks to creating and accessible and usable application. These types of packages play a huge role in the development of applications like the one that has been created for this project. There are many different packages, these can be investigated and compared to see their advantages and disadvantages. Instead of a poorly design application and a more refined one, two apps could be developed using different packages then reviewed by users and automated testing software to gather results for a comparison of the apps and their packages at the end. The second area that could be researched into is the use of different JavaScript frameworks, like Vue.js and Angular.js to compare with and PWA created using React. All these apps can be compared to see which has the most effective ways of implementation and gather these results in a comparison. These frameworks are very similar in markup as they are JavaScript based, however, they have their different ways of implementation and this could pose different issues with accessibility and usability which just as the previous opportunity, can be measured and compared to see the benefits and drawbacks of each of these frameworks.
[bookmark: _Toc69835675]8.0 Reflection
On reflection of this project, it was very successful. Firstly, by meeting each of the objectives to meet the overall aim was the major factor in its success. Each date set in the Gantt chart was followed well, allowing the project to be complete on schedule, however, there were some small run overs. If the testing were able to be completed earlier, some additional features could have been added from the user feedback on the second application, as there was not enough time, these features were not added. Some other successes during this project were the successful implementation of a new technology, two Progressive Web Applications, from gaining new knowledge in different languages, React.js and Node.js. A large problem that had to be over come was the COVID 19 pandemic, which had an affect on the testing phase. The testing could have gone differently, in terms of more users being observed and taking part in the lab tests. That said, the testing was still successful. A lesson taken from the testing was that one piece of software was not enough as the different pieces of software were returning or missing different problems but used together covered every aspect of the application. The lesson taken from this is that multiple pieces of software need to be used to verify the results returned. Regarding the literature review research, more research could have been conducted on the issues with only using one piece of software or research into specific software that could be used for testing. Moving onto the design phase, the user of use stories and wireframes was very useful and beneficial to the author. Using these design methods and applying it in the implementation of an application was a good learning opportunity to apply industry approaches within this project.
From this project, it is clear to see the need for good accessibility and usability principles to be followed and the use of good concepts and practices in the design and implementation stage to produce a fully accessible and usable application. Also, the importance for the need of a fully accessible and usable application is something else that has been learnt throughout this project along with the problems that can arise without these features implemented correctly or at all. On the side of the development, this was a good learning opportunity to learn new languages and approaches in development, the chance to understand accessibility and usability was important, especially with applications being access by more and more users of varying abilities, this will only be of a benefit in the future. The research section and development sections were very beneficial to me in terms of learning alternative ways to development and new languages and technology, in developing a PWA and applying these accessibility and usability techniques to these applications, providing me with vast knowledge on a very new technology and principles and techniques for industry.
To conclude, the project was very successful and on a personal note, it was just as successful with the development of my technical knowledge, creative aspect, and my development. This has allowed me, as a developer to grow and learn a deeper understanding of the industry. 
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Figure 47
User Story Map
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Figure 48
Version 1 Questionnaire
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Figure 49
Version 2 Questionnaire
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