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[bookmark: _Toc99624250]Abstract
It is reported that one billion of the global population are registered to be living with a disability in their day to day lives [1]. This statistic doesn’t consider the disabilities that haven’t been reported. In a time like this, web application accessibility has a vital importance, in complying with web accessibility guidelines, the web can be accessible while also continue to not discriminate. This study aims to further the knowledge that is required of developers to consider when developing a web application. 
1. [bookmark: _Toc99624251]Introduction
The focal point of this assignment is to propose a project idea for a master’s dissertation. This will expand in a detailed manner the core components to a research proposal. The paper will investigate an overall background on the chosen subject area within the field of computer science. It will then thoroughly investigate the extensive research which has been done in the field to emphasise why this study has an integral position within the field of research. The methodology for the project will then be proposed and discussed at length to understand the expected outcome from the project idea. 

   


1.1. [bookmark: _Toc99624252]Keywords
[bookmark: _Toc99582254]Table 1 - Keywords
	Keyword
	Explanation

	UX
	User Experience

	UI
	User Interface

	UCD
	User-Centred Design

	HCI
	Human Computer Interaction

	JS
	JavaScript

	React.JS
	JavaScript Framework

	Angular.JS
	JavaScript Framework

	Vue.JS
	JavaScript Framework

	ARIA
	Accessible Rich internet Applications

	SPAs
	Single Page Applications

	W3C
	World Wide Web Consortium 




2. [bookmark: _Toc99624253]Background
The next section of the proposed study will discuss the background to emphasise as to why the study should be completed. 
To continue, the purpose of the study is to investigate web application accessibility and usability and whether there are web development tools which allow a development team to easily implement and assess these important components of a web application. Web applications are utilised through different areas and would be used accordingly with someone’s interests or needs. For example, a software developer may use the internet to research possible solutions to potential bugs in their software. Whereas, in their personal life, they may enjoy using social media to communicate with their friends [2] [3] The study aims to conclude whether there is a process to which accessibility tools can be achieved with a high level of effectiveness.   
Usability is extremely important to the development team to achieve the best overall user experience [2], as ultimately, this increases the profits of the organisation [4]. Web usability has progressed from being a want to a need [3]. Usability can be defined as a web application which accomplishes a set criteria, users should feel satisfied when using the product and the application should be able to perform in an optimal manner [3] [5] while the user should also be able to adapt and learn how to use a product independently [3] [5]. An understanding of the usability is also completed through researching the target audience the web application is attempting to reach, completing sessions of attempting user stories to define user requirements and in doing that, the team can understand how the human computer interaction, or HCI, should integrate. This will also guide the order in which the teams publish the initial software and following updates [3]. 
Usability leads to the web application being developed with accessibility standards. 
Web usability can be achieved through various methods during development, such as its responsiveness [5]. Responsiveness often refers to the web application adjusting to the browser and scaling to the screen size that it is being viewed on as there are various devices globally. Ultimately, the user interface of an application has vital importance as it reduces the time in which the user must learn how to use the system, although they should be self-intuitive, and it will also entice them to use it again [4]. 

Web accessibility is a prominent problem within the web development sector. The problem within this is that not all websites are tailored for all users, thus resulting in a bad user experience. When discussing web accessibility, the term is defined as developing a website for all types of users. Ultimately, an organisation would want their application to reach a higher breadth of users, while also enhancing the organisation’s reputation as they are showing their efforts to not discriminate based on a user’s potential disability [5] [6] [7]. This would enable, all users to utilise the web effectively. Accessibility as a research area, encounters many challenges, one challenge that it faces, is that there are wide varieties of potential users and for an application to be deemed accessible, it should be able to aid towards those users who may have a potential disability [6]. It is often the case that web applications are developed without considering the diversity of its users [2], whereas in truth, the web should be developed for everyone. These guidelines were developed so that there was a global connection in strong development practices to adhere to all, as web applications can be a primary source of excelling a business through being able to communicate with potential customers at ease [5]. Web accessibility and its challenges will be explored in further detail within the literature review. 
There isn’t one set term in which usability and accessibility can be defined, but it can be understood through various different definitions to form a deeper understanding [2] [5] [6] [8]. 

JavaScript is an extremely popular programming language; It has a breadth of extensibility and adaptability to various kinds of development [9] but is one of the core technologies in the field of web development [10]. Due to the increasing popularity, JavaScript developers have an in-depth access to tools and libraries when developing with JavaScript [10].  These include various JavaScript frameworks. JavaScript is used due to its versatility, it enables a web page to progress from simple web pages with HTML/CSS to an interactive web application, enhancing the overall user experience (UX) [11]. This paper will expand further upon JavaScript in the literature review.
The research is relevant as it is of vital importance that web applications are developed with web accessibility guidelines, adhered to with the strictest caution. Although there has been research completed in this field, it is still a high priority target for a web application for any development team. It is evident that the concept of usability and accessibility have a causal link in achieving a high-quality end-user experience and there is a clear indication that if these two aren’t linked to one another within a web application then the user experience will have problems as a result which would conclude in an unsatisfied user, leading to them not returning to the website.

It is clear to understand that the research is important, accessibility and usability remain key pillars that ensure a strong web application. The research is relevant and is being completed as it is believed that the world should strive for complete inclusivity where everyone who has access to the web, is able to utilise it. The research is also important as it could conclude in there being a set of tools understood to assist in achieving higher levels of accessibility tools than others. Moreover, developers would be encouraged to evaluate the accessibility of their web applications at the development stage rather than at the testing phase, this is beneficial as one of the common downfalls within the field of accessibility is a lack of knowledge and developer’s not understanding the need of it completely and by assessing at the development stage, it could widen the breadth of knowledge within the developers [12]. 



2.1. [bookmark: _Toc99624254]Aims and Objectives
For the project to be achievable, there will need to be concise requirements in the form of aims and objectives. The overall aim will be achievable through the objectives that are set to form the completion. The background study completed in the previous study enables the research objectives to be formed. 
2.1.1. [bookmark: _Toc99624255]Aim
The aim of the project is to investigate and understand the integration of external tools used by developers to enhance the usability and accessibility in any given web application during the development.
2.1.2. [bookmark: _Toc99624256]Objectives
1. Investigate current standards and methods used for the implementation of usability and accessibility to establish an understanding of its importance
1.1. This will include a comprehensive and clear literature review within these areas of the field to understand why the study remains relevant.  
2. To develop and test user interfaces against accessibility guidelines within a selected JS Framework  
2.1. This will occupy large periods of the project as this is the point the application
3. To Collect Accessibility Test Data to Improve the Application
3.1. This will be in the form of data collected from multiple accessibility testing tools to form the overall points of improvement
4. To analyse and critically evaluate the test data collected to understand ways to improve usability and accessibility 
4.1. This will be included within the final reporting, critically analysing where the project was successful and where it could have been improved. 


3. [bookmark: _Toc99624257]Literature Review
3.1. [bookmark: _Toc99624258]Usability
One method which user researchers can measure their application’s usability, is through UCD, UCD is an acronym for user centred design. This methodology enables the team to focus on the user’s input consistently throughout the product life cycle [3]. Similarly, to that of software development teams who function within an agile development methodology. These are similar across various software products, whether they are console, mobile, or web applications as there are a variety of organisation sectors that can utilise a web application to connect with their customers [13]. 
Research completed in the field expanded that there are metrics to which a team can measure the usability of a web application. These are effectiveness, efficiency, satisfaction, and memorability [4]. It’s important to understand that measuring usability isn’t exclusive to these focused metrics and they can be measured through other methods. ElRawi defines these as:
1. Effectiveness – The level of effectiveness the application has in assisting the user to reach their end goal [4].
2. Efficiency – The resources that are used to achieve the end user goal in a quicker duration of time [4].
3. Satisfaction – The level of satisfaction the user gains from the application. This can be measured through a metric such as user ability to change content [4].
4. Learnability – This is measured through how well the application can inform the user in how to use the application without external sources [4].  
5. Memorability – This is measured through how well the user remembers how to use the application after a long period of not using it [4].

These are all centred surrounding the user, it is important that organisations focus on this as it increases the reputation of the web application but also encourages users to return and use the application again. A paper by Kumar at al, focuses on analysing a web applications performance through utilising automated tools to ensure efficiency [13]. The study follows a methodological approach to assess a web application, use the tools to extract meaningful insights and then to analyse the findings. They use different tools, one of them is for search engine optimisation, or SEO, so that businesses can appear in results nearer to the top of a relevant search. It is a powerful tool that can assess within thirty seconds. This analyses variables that could result in better optimisation, such as page loading speed, and whether the site will render on a mobile device [13]. This is a strong tool to consider for the proposed study as it could improve the usability of the application. It represents the data in a graph for the developers to understand the strong and the weak points of the application. It also discusses other tools, such as Website Grader, this is used to award the application a grade from zero to one hundred and it scores this based on some metrics, such as website traffic [13]. These blends of tools can result in developers understand their overall user experience, SEO, and security of the web application [13]. 
The last paper concerning usability, focuses on the design of the web application [14]. This paper discusses different tools which can assist in automated repair of UI problems within a web application. It uses an automated tool, called MFix, to repair the UI aesthetics of a page, through calculating the distance between components and then they use a tool to assess the overall user-friendliness. The issue that would arise with these is the potential that automated tools haven’t got the ability to repair to the same level that a human could detect while developing. This paper proposes a framework which utilises an algorithm in the final stage to automate the repair of damaged web pages that are identified in the previous stages of their framework. The paper resulted in their framework having a strong effectiveness in assisting the pair of web pages [13]. 

3.1.1. [bookmark: _Toc99624259] Accessibility
Firstly, accessibility is a vast subject area, but also a subset to usability, they complement one another to improve the overall user performance. It has been a widely adopted component amongst development teams to increase end user satisfaction. Moreover, different organisations have published guidelines in which a team can follow during their development process. It is important to mention that these are not official guidelines that must be followed by law in the United Kingdom, although some countries have adopted these as laws [6] [15]. However, it is widely regarded as best practice for these to be followed. There are many different standards which have been published, in the paper, Web Accessibility Challenges [6]. It details different accessibility guidelines and the challenges that they may encounter. W3C’s Web Content Accessibility Guidelines, or WCAG [6]. W3C’s Web Accessibility Initiative have developed a wide range of different standards that form an overall guide to improve accessibility. The WCAG details of four design principles with each design principle having testable criteria for a web application to pass, and in doing so, it can be deemed accessible. It is important to note that each principle is contained to include their own test criteria to meet [6]. The principles are that applications must be robust, operable, understandable, and perceivable [6]. The paper also details that there are challenges to overcome, these include challenges such as, developers not having in-depth knowledge surrounding accessibility and the automated testing tools being difficult to understand as they require employees to check against the guidelines [6] When each guideline and success criteria of the principle is met, the web application can be granted a conformance level and the web application will only achieve the full conformance level of AAA by adhering to all of these [15]. There should be five stages to the testing of accessibility, these are seen in the figure below from the paper:
[image: Diagram
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[bookmark: _Toc99618481]Figure 1 - Accessibility Evaluation Phases [15]. 
 
Research completed by Michael Longley and Yasmine N. Elglaly, they assessed accessibility support through comparing three JavaScript frameworks. This has similarity to the proposed study. During this study they used the WCAG to assess their application against the test criteria to achieve complete accessibility. This used three of the most popular JS, Vue.JS [16], React.JS [17], and Angular.JS [18]. They tested these by checking whether the IDE returns a warning that a guideline had been violated, they also used accessibility testing tools to generate their comparison. They found in this study that the testing tools uncovered accessibility violations with a higher success rate over the frameworks, however, React.JS was the only framework which detected a violation and warned the developer of the violation. This was in relation to a styling problem with the text. This emphasises a lack of developer support for accessibility as it ensures project teams rely on automated testing tools to detect accessibility faults [12]. This could result in not all errors being discovered, a blend of human detection, framework detection and tool detection should be applied to ensure that the web application is completely accessible. 
One of the difficulties during accessibility research was locating literature that was up to date. Although, it can be relevant information, the industry progresses at a high speed to minimise problems. There are a range of accessibility tools which organisations can utilise to test their applications against accessibility violations. The proposed project will make use of these to test a web application. The paper by Campoverde-Molina, et al discusses a few of these testing tools [15]. It is a recent publication to it has higher validity. The tools can be applied to check various success criteria, such as colour contrast [15], readability and whether they’d be accessible for various disabilities. However, it is important to note that it states that the testing should be a first phase and there should constantly be human testing involved as a human has a degree of empathy to understand the human experience [15] This is important as it is mentioned in previous studies to the emphasis upon human detection of accessibility issues is clear. During this study, they analysed sixty-five educational sites for accessibility issues and used a variety of tools to do so. They used the tools, AccessMonitor, AChecker, TAW, and WAVE [15]. They discovered that AChecker had the highest rate of revealing accessibility problems. The problems revealed varied from navigation problems, keyboard accessibility problems and text alternatives. The robust principle had the least errors while perceivable had the highest [15]. To react to such issues within a web application, there would need to be an iterative approach to testing of the application with each iteration focusing on complying to a group of failed guidelines. 
The next paper, by Sousa et al, focuses on accessibility testing for people who are deaf [19]. The paper draws on one of the core concepts of accessibility, which is that a web page should be available for anyone who would like to use it [19]. It discusses the potential requirements that a web application would need to pass to be deemed accessible for a user who is hard of hearing, such as captions, images to convey material [19]. This paper discovers that automated testing for sign language applications have been developed but are not a common approach [19]. It can be assumed that this is because there are strong guidelines and procedures which development teams can take to complete this but the problem that arises is that research is proving there is a lack of knowledge amongst the development community. The solutions the paper offers are to include text materials to assist during media within a web application which includes a volume, it also outlines the need to discourage any content that has a set duration to complete as someone who is deaf, may process written information at a slower rate [19]. They proposed a research question to evaluate HTML code or the DOM (Document Object Model) [20]. The DOM was chosen due to reliability. They developed a tool, called “Web Accessibility Evaluation Testing (WAET)” [19]. This could compare a data attribute in HTML with another and if the ID matches, they can deem it as accessible, if not, it would provide feedback that the guideline had been violated. The problem that was seen is that guidelines are updated constantly, which results in them violating the guidelines unintentionally. In a paper by Marine Reichling and Samira Si-said Cherfi, they discuss other tools used for web accessibility, these vary from accessibility inspectors, tools to help designed like they are perceived by the disabled. There were also tools to check against colour contrast which is another common problem [21]. 

	
3.2. [bookmark: _Toc99624260]JavaScript and the Relevant Frameworks
Firstly, JavaScript is used across web apps in all sections of the development [10], a popular implementation option within the industry currently is the practice of single page applications , these increase usability and accessibility while also being more optimal as there is no switching between pages [22]. The front-end frameworks that had been chosen for this study was Angular [18], Vue [16] and React [17]. The research surrounding these technologies were difficult to locate, as there were many that were not verified pieces of literature, therefore they could not be accepted as reliable. The literature that was predominantly looked at was comparison literature to understand the frameworks but also to gain a further insight into how they could be tested against during the study, this will help form an approach for the methodology as the research will influence which framework is used within the study. Firstly, Angular.JS is a front-end framework, it uses the Model-View-Controller architecture and is built in typescript [23] [24]. React.JS is an open-source framework, maintained by Meta, it has a high level of support due to how often it’s commonly adopted by industry professionals. It is used to UIs in web application development and is component based and uses syntax called JSX [11] [17] [23] [24] [25]. Vue.JS is a component-based framework, that encompasses features like React.JS and Angular.JS [23]. It is a growing framework that has seen increases in recent years [24] [26]. 
The first study compared Angular.JS and React.JS [11]. This study outlined that the learning curve to understand React.JS is much more simplistic in comparison to Angular.JS, however the paper is very short and doesn’t expand in depth about the two frameworks, however it does state that there is a good level of community support for the frameworks [11]. The next study compares the three frameworks that have been mentioned previously [23], the study emphasises that there is wider support for Angular.JS. For example, a HTTP client being a part of the framework whereas the other two don’t [23]. This paper was published in 2020, this means React.JS and Vue.JS could have been updated within this time frame, for example, according to paper, Vue.JS doesn’t have form validating, whereas the Vue.JS tutorial web application states a module which is focused to learn how to validate forms with the framework, this concludes that the technology has progressed and advanced since the date of the comparison paper [27]. It also states that the ability to adapt to the Vue.JS framework is far easier than adapting to React.JS and Angular.JS, this is because Vue.JS has a minimalistic setup and requires a minimal level of syntax to be learnt, whereas Angular.JS uses TypeScript and React.JS uses JSX to implement the component-based framework but they are all similar in how they perform [23].  The next paper which was researched included an analysis on a variation of front-end frameworks [24]. The paper shows that the three chosen frameworks for comparison are the top three used frameworks for web application development currently, this is advantageous as it emphasises that they are current technologies that are used at an industry level. There is a similarity between the papers in that they mention that Vue.JS has a small learning curve, this reinforces the idea as other researchers have observed similar findings in their research [23] [24]. One observation that was unique to Vue.JS is the ability to link the different coding languages within the framework, such as HTML and JavaScript, one of the disadvantages that it is a relatively new framework so the support is limited in comparison to React.JS and Angular.JS which have been at the forefront for many years [23]. One feature that has been mentioned in this paper, that hasn’t been in the others, is that React.JS uses functional programming, which enables the code to gain higher reusability, which is advantageous over the other frameworks [24], the area which it doesn’t perform over the other two frameworks is that it requires different libraries to be imported to use in the framework. Angular.JS is also stated as being difficult to adapt too [24]. The paper uses a methodological approach of analysing the frameworks through their performance and displaying the data of the findings within tables. It was found from these that they are all similar frameworks with individual strengths for different scenarios but all being a good option for building SPAs [24] [26]. The last paper which will be studied compares two of the three frameworks to form an opinion on which is more applicable in each scenario [26]. This paper details that React.JS has higher support, like the previous papers, and details extensibility, with a high volume of libraries for different scenarios available. This paper used an experimental approach to check the performance of both frameworks, used in different scenarios. The research details that React is a difficult learning process as it requires a deep understanding in JavaScript, whereas Vue, as previous research has shown, can be used from a beginner’s level and both framework offer opportunities for code reusability, while the architecture in Vue.JS is stated as being intuitive as it’s architecture allows for an easier experience due to its lightweight development experience in comparison to how React.JS is used, at hugely successful companies, such as Netflix [24] [26]. The experiment of the paper involved creating two applications and the researcher measured the performance of the framework. The experiment concluded in React.JS having a quicker run time than Vue.JS. These were tested rigorously to ensure accurate results [26]. The paper also concluded that the frameworks are similar and can be used in different scenarios, Vue.JS would be used for a smaller-scale application, in comparison to React.JS being used for a larger scale application where performance is an essentiality [26].  
In conclusion, the web application will use Vue.JS as it has a minimalistic learning curve which aligns with the time constraints that are already within the project, it is also a strong framework for SPAs, while also being lightweight and usability focused, while also applicable for a smaller scale application but also having in-depth documentation support when it’s needed [10] [23] [24] [26].

4. [bookmark: _Toc99624261]Methodology
As part of this research, it is appropriate to select a relevant methodology for the research to be thoroughly completed. 
The methodological approach chosen for the project is the experimental approach, this is a popular approach to complete during Human-Computer-Interaction [28]. It is also used as the approach requires tools and the study intends to use a variety of tools through consistent iteration to ensure accuracy. These tests, using external tools, will help prove the need for the accessibility to be tested thoroughly throughout the development cycle. This uses scientific approaches as it controls the conditions of the experiment [29] by testing the application’s code.
The study will utilise the positivist paradigm as it is objective. The data will be drawn from the testing tools and not from opinions of the researcher, so they are excluded from the research. The study will also use quantitative research, these can establish trends within the data with ease [30]. The disadvantage of this is that the results can conclude in unpredictable findings [30].
The approach to the overall study will follow the process of reviewing existing literature, and tools in the field to form the overall direction of the next stages, from this the development stage will begin where a web application will be completed. Through the testing stage, there will be consistent iteration throughout to experiment and collect a high volume of data for analysation against the necessary accessibility guidelines. The data will be collected and observed to then confirm and complete the overall aim and objectives of the project.
4.1. [bookmark: _Toc99624262]Development Methodology
The development methodology will adopt an agile approach to development. Agile focuses on consistent iteration and focusing on the overall end-user experience [31]. This process will utilise the iterative approach to yield a higher volume of results. As each development stage is completed, it will be tested, using the tools available and if there are violations, the next iteration will begin to improve the overall web application. A diagram of the framework can be viewed below: [bookmark: _Toc99618482]Figure 2 - Development Approah Following Agile
Research and Understand the Criteria to Conform to an Accessibility AAA standard
Design the Web App Through User Based Thinking
Develop and Implement the Software Product
Test the Software against the Guidelines to Improve Software
Re-Iterate Process

4.2. [bookmark: _Toc99624263]Planning
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[bookmark: _Toc99618483]Figure 3 - Planning Chart for the Project
This chart is to show a potential outline of the project, it would be subject to change as unpredictable variables could occur. This would be adjusted accordingly as the project progresses through the course of four months. 
5. [bookmark: _Toc99624264]Results
The study will collect data through the accessibility tools, these tools will be further investigated during early stages of the study to carefully evaluate which tools will be used during the development of the web application. There will be a blend of a tools to detect all accessibility violations within the web application.  
These results will firstly be collected, and the data will be arranged into a table, and those findings will then be presented through the method of graphs [30]. This will be completed using the Microsoft Excel Software.
To ensure that the results of the study are accurate and a strong aspect of the research, a process of validation will be completed for quality assurance at different stages of the research. Firstly, at the research stage, there will be a method to ensure that sources are from trusted sources with guaranteed credibility [30], such as IEEE. Secondly, there will be a variety of tools applied so that the results are not concluded from one source, these tests will also be completed more than once to ensure accuracy of data before arranging the data within an excel spreadsheet. This method of re-iteration will also guarantee higher validity amongst the results [30].
The results also aim to be reproducible by any other researcher in the field and, if necessary, be able to scale to a larger application, should the opportunity arise. 

6. [bookmark: _Toc99624265]Evaluation
The study that has been proposed is an important study to complete. It will not only expose how accessibility issues can be easily missed but also emphasise the rigorous approach to implementing the accessibility features using multiple resources. The resources would include the web accessibility guidelines, different tools to reveal violations and through human detection within an iterative development approach. There will also be insight from the Vue.JS documentation. These are highly detailed and informative and there are sections dedicated to achieving accessibility within the framework. It is also an important study as accessibility is gaining more exposure in the industry and there is a higher volume of companies that are implementing fully accessible web applications. This study could also encourage developers to have a wider breadth of knowledge in the subject area. Like any other project, this project has potential risks involved. The first being that the researcher is relatively new to the field of accessibility and this lack of knowledge could prove damaging as familiarity would be needed with the accessibility tools, this risk can be mitigated using in-depth research and a positive approach to learning how the tools function. The next risk involved will be a lack of technology knowledge within JavaScript, the researcher is consistently learning JavaScript through various online sources and building personal projects to ensure that, at the time of the development stage of the project, they can confidently implement the correct functionality to build a web application to prove their research within accessibility is important. The knowledge in the chosen framework is also limited, but the researcher will also be using dedicated time to learn Vue.JS so they can confidently utilise its advantages. The last risk that has been predicted, is time. Time will be planned carefully through a strict Gantt chart to ensure that the research can comply to its predicted deadlines. It’ll also be mitigated by starting the project early, in doing this, the research stage can be completed before the predicted deadline. 


7. [bookmark: _Toc99624266]Conclusion
In conclusion, a research project has been proposed for the master’s dissertation. Background and generalised research have been completed to not only outline the area which the research lies within, but also to convey why the research is appropriate, as accessibility is an important field and research into improving the development process of accessible web applications should be completed. A methodology has been proposed to complete the research and appropriate planning has been proposed, with the subsequent risks that are involved within the project. 
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