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[bookmark: _Toc113485504]Abstract
In 2019, a global performing artist was sued for not ensuring their website was adhering to accessibility guidelines and millions of users were compensated accordingly [1], while a carefully thought out application incorporating usability is an overall investment for an organisation as between 5% and 15% software projects fail due to requirements not being carefully defined [2]. These examples emphasise the importance of the role the user experience has within a web application’s architecture, this project will explore this further. The overall aim of the following project is to investigate current tools used to test a web application against accessibility rules. A development team can utilise these to improve their overall application to be inclusive for all the predicted targeted users. The project utilised a variation of different methods, both quantitative and qualitative data methods were used to extract meaningful data to strengthen the overall research project, producing over thirty pieces of data from these methods. This involved a comprehensive literature review, interviews with external industry professionals that specialise in accessibility auditing, these provided valuable insights to the project, and through thorough testing of applications using 3rd party accessibility tools. These assisted in exposing the accessibility violations in the web application, which further illustrated and emphasised the need of the tools so that a web application has a high level of accessibility conformance, the project emphasises consistently that accessibility should be thought about at all stages of the Software Development Life Cycle, this would ultimately minimise costs to organisations and the deployment would be released in a more efficient manner. It’s concluded that there are a variety of tools available that can be utilised to improve accessibility and they all have their own individual strengths and are simple to access or download, as some function as a Google Chrome extension.  


1. [bookmark: _Toc113485505]Introduction  
The focal point of this document is to report on a large-scale research project. The project itself is an interesting but vast area, it was developed from a personal interest and intends to contribute to the field of user experience, or UX with further emphasis on accessibility. It is a vastly important field of study as although accessibility is extremely important, there are web applications that don’t conform completely to the guidelines to implement an application which is inclusive. Building web applications with integrated accessibility for all potential users concludes that it doesn’t discriminate based on a user’s disability and therefore they are not limited to what applications they can use [3] [4] [5]. By adding depth to this subject area, it will encourage all development teams to consider all the potential users carefully, but consistently for an application at all stages of the software development life cycle, or SDLC. This study intends to discover whether the specific tools make the development process easier when implementing the accessibility features of an application and whether accessibility should be considered from the beginning of the SDLC.
Furthermore, web applications are an important aspect of people’s lives. Various applications are built to support various needs, these can be professional or for personal use. As stated previously, accessibility and usability are an important component in a web application’s architecture, primarily because, a strong user experience will lead the user to return to use the application, whereas the accessibility of an application dictates who can use them. Implementing accessibility further ensures that an application doesn’t discriminate so those with disabilities which lessen their ability to use these, and due to following the accessibility guidelines, they can use them as a result, this ultimately widens the target demographic but also builds a respectable application as it displays that all users were considered in the development process [6] [7], moreover, accessibility can be defined as building application to tailor to all users, regardless of personal circumstance [4]. The accessibility guidelines were developed so all users can connect. It is clear to conclude that there is a causal link between usability and accessibility as a high standard of accessibility will improve the usability of a web application, therefore, improving the overall user experience [3]. There are several areas a development team must investigate to understand the user’s perspective so understand the user’s needs, this is usually achieved through user stories which a team would participate in sessions to complete these, this helps when defining requirements, it’s important to note that these are completed solely without discussions of technical details such as languages and frameworks that will be used in the application. This influences the team to understand how the human-computer interaction (HCI) will take place [7]. A system should naturally be built to be self-intuitive, and in building a system that performs this way, it entices the user to return and re-use the application frequently [8]. Accessibility and usability will be investigated and therefore, explored in further detail in chapter two of the dissertation. It is vital to understand that there isn’t one set term for both accessibility and usability but they can be understood through various areas of research to form a deeper understanding [3] [4] [6] [9].
Moreover, the report will expand upon the overall aims and objectives, discuss a comprehensive but concise literature review to emphasise the work that has been completed within the field of accessibility. Research will be collected through various avenues that are relevant to the study, such as professional books, research papers and through liaising with industry professionals, which will also enrich the project by having industry professionals’ opinions from their experiences working in the field. The methodology will then be explained to show exactly how the research will be completed. It is important to note that the research is integrated within a mixed methods approach, extracting both qualitative and quantitative data, gaining data from the testing tools but also from industry professionals through the method of questionnaires. The report will then continue to explain the development methodology, following on with the design and implementation of a web application which can be tested against accessibility standards, these will all be explained thoroughly. Moreover, the report will continue to chapter 5, where the data collected throughout the research will be analysed to identify any interesting correlations in the data, this will be displayed in the form of a graph to display the data, thus, enabling it to have higher readability and interpretability. The results will then be discussed in further detail to emphasise interesting data that the research discovered. These will be critically evaluated against the literature which was discovered during the literature review in the second chapter. The report will then be concluded to discuss what was successful, what could be improved upon and whether the research has created further avenues to explore in the future. 


1.1. [bookmark: _Toc113485506]Keywords
Below is a list of keywords, these are words that are commonly used in the dissertation or are relevant to the study 
	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 

	WCAG
	Web Content Accessibility Guidelines 


[bookmark: _Toc113485400]Figure 1 - Keywords
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[bookmark: _Toc113485507][bookmark: _Toc99624254]1.2. Aims and Objectives
This section of the dissertation will declare the necessary aims and objectives for the project, it is important that these are completed and in doing so, the project has a stronger probability of being successful overall. 
The aim is set so that the reader can understand what was the overall goal that the project was attempting to achieve. The objectives divide the aim into smaller segments, this enables a researcher to achieve these with confidence as the project isn’t as overwhelming through smaller achievable goals.
1.2.1. [bookmark: _Toc99624255][bookmark: _Toc113485508]Aims
[bookmark: _Hlk111836639]The aim that the project is attempting to achieve is as follows:
1. To investigate and evaluate the guidelines, tools and best practices that are utilised by developers to enhance the usability and accessibility in web applications.
1.2.2. [bookmark: _Toc99624256][bookmark: _Toc113485509]Objectives
1. Research existing standards and methods utilised for the implementation of a strong user experience, including the inclusion of accessibility features within web applications. 
2. To develop a user interfaces, utilising a current web technology, such as React.JS, to test using different accessibility tools.
3. To collect data from various sources to enrich the project and research.
4. To critically evaluate the collected data during the research to create a comprehensive argument to understand how accessibility and usability can be improved within a web application. 
In conclusion, this chapter has outlined the necessary aims and objectives that are required to contribute to the overall completion of the project. The next section is an extensive literature review. 
[bookmark: _Toc113485510]2. Literature Review 
The literature review will focus onto a review of existing literature completed within the technology fields of accessibility and usability. These are sub-fields of the field of user experience, or UX. The literature is compiled of a variation of different sources to enhance the research and further improve the credibility and validity of this. A literature review has an important role within a research project as it enables a specific researcher to further their knowledge and guide them on the next stages that they can complete to excel the project forward.
Sources that have been used include academic journals, published books, organisation’s websites, and web documentation. Documentation will be including official programming language documentation, and the W3C’s accessibility guideline documentation, these allow detailed insights and will be utilised extensively to understand and furthermore, to implement within a web application in the project. The research will also further expand upon the specific tools that are used to test a web application against the web accessibility guidelines. It is also important to note that there will be case studies completed focusing on an organisation to understand what tools, and how they are used in the industry. Case studies will assist in conveying how the accessibility guidelines are used in real-life scenarios, it also shows the level of influence they are having in the industry, these case studies will include a critical evaluation to emphasise relevance. 
The areas that have been explored during the literature review include: 
1. User Experience
2. Usability
2.1.1. Rules of Usability
2.1.2. Responsive Web Design
2.1.3. Icon-Based Design
2.1.4. Card-Based Design
3. Accessibility Overview
3.1. WCAG	
3.1.1. Perceivable
3.1.2. Operable
3.1.3. Understandable
3.1.4. Robust
3.2. Accessibility Tools
3.2.1. WebAIM – web accessibility in mind
3.2.2. Web Accessibility Toolbar
3.2.3. CSS Validator 
3.2.4. Web Accessibility Inspector
4. Coding Principles and Practice 

2.1. [bookmark: _Toc113485511]User Experience (UX)
The literature review will first introduce the concept of User Experience, or UX and through this, expand on why it is important and how it is achieved when an application is being developed as this is a major component within an application’s design. 
[bookmark: _Hlk113480893]User Experience, or UX is an overall term to describe a focal point to which a business will utilise to design, market, and then sell a potential product they are developing [10]. Research completed by Dr Kiruthika, et al found that businesses mitigated to using web applications to minimise optimisation issues [10] [11] and therefore, improve the experience of the user [10]. In recent years, user experience occupied a business’s focus [10], understandably as this would result in a greater volume of sales. This also means that when a team is developing an application, the emphasis is focused upon developing a strong user interface, or UI as this is how any potential users would interact with the product [12]. However, before the development process initiates, there is a long research investigation into the potential users of the application, this is completed to understand the user and by doing this, there are psychological triggers embedded within the application when developing [10]. The research also mentions that the psychological triggers may include a minimalistic approach when designing as too much information can result in a cognitive overload [10]. Dr Kiruthika also explains different UX design methodologies which are applied, such as card-based designs, this sections the web application within to a display resembling a grid which can be scaled to match the device that it is rendered on, there are also a technique called hamburger menus, these represent the dropdown menus which are commonly viewed on mobile as the menu is a stack of three lines which function as a button that opens a menu when pressed [10]. 
The next paper by Osama Sohaib focuses on the two integrated topics of UX and accessibility. The issue presented within this paper is it is dated more than 10 years ago; this means the information could have updated due to the rapid pace that the computing industry changes. Although this decreases the overall credibility, the information in this paper was viewed as relevant as the standards are still widely adopted. It emphasises that UX, does have a causality with accessibility [11]. Ignoring this causal link could result in a bad user experience which would influence a user to not return to the application. 
From this research, there have been a compiled common list of factors that can overall impact the UX. These have been divided into different areas to apply in the development stage, these are:
1. Language Used [10] [11] - It can be assumed this would be friendly, this helps influence the users to return to using the application. 
2. Easy to Navigate [10] [11] – Navigation menus should be recognisable and have an ease when utilising them. 
3. [bookmark: _Hlk113480977]Minimalistic but Consistent Design – Strong UI, enables the user to feel engaged and short content [10] [11]. 
These focal points of UX will influence segments of the development in the latter stages of the project.  
2.2. [bookmark: _Toc113485512]Usability
Firstly, usability is a strong factor to consider when measuring the success of an application, applications are built with user interfaces, or a UI and this is how a customer will interact with the application. These are used across all different types of applications, these include e-commerce, fitness management, inventory, and social media applications [12]. Usability can be defined as the level to which an application enables a user to reach their end goal with ease [2]. It’s important to emphasise usability as there are a variety of devices that an application should be tailored to, such as smart phones, tablets, and computers [13]. 
Sohaib discusses usability and importantly notes that usability does not solely rely on how well structured the user interface is, but there are also other requirements that should be met to have an overall satisfactory application, such as the content in the application, and how the application functions overall [11]. Sohaib discusses a group of challenges which usability engineers will overcome when developing, these are; scalability, visual design, comprehensibility, how easy it is to interact with the application and how it reacts to changing in the application [11]. Sohaib’s paper also mentions Rubinoff characteristics to which the standards can be evaluated against, these characteristics are branding, usability, functionality, content [11]. 
The next paper which was analysed was a study to evaluate the usability of web applications, this was relevant as usability contributes to the overall UX [12]. AXINTE, similarly to Sohaib and Dr Kiruthika, compiles a set of features or standards that an application should have to enhance the overall usability, AXINTE referenced the ISO/IEC 25010:2011 standard, which is a standard which details requirements for System and software quality models [2]. Usability attributes that are mentioned include, learnability, accessibility, aesthetics design, it’s important to note that aesthetic design was also mentioned within Dr Kiruthika’s paper [10] and Sohaib’s paper [11], this further proves that aesthetics and minimal design are important factors in evaluating usability. AXINTE also mentioned operability, user error protection and accessibility [2] [13], which is one of the focuses of this research. 
There are specific methodologies that are followed during the development of a software product, a popular approach, is User-centred design, more commonly known as UCD, this, like agile methodologies [14], these incorporate the user at every stage of the SDLC, this enables a development team to have consistent input to maximise the opportunities to build an application that is best tailored towards the targeted user demographic [2]. This methodology can be tailored to any development model [2]. It is important to note that the principles instilled within UCD, are universal [15], this means that guidelines have strong similarities but may be phrased differently. UCD is so important as through considering the user, accessibility is also considered, but accessibility is an important aspect to integrate within an application [15]. UCD is also mentioned in the following paper and involves following principles such as that the development team should fully understand their user’s needs and the potential environment, they would be using the application in [2].     
A paper written by Kumar et al focused on analysing performance of web applications through the utilisation of automated tools to ensure the efficiency of the application [16]. The study has parallels with the current project as it follows a methodology of assessing selected web applications, then performing tests using automated tools, and then use the results to extract meaningful conclusions to analyse. They used various tools in this study, such as a search engine optimisation, or SEO tool to check how close to the top of a search engine result their application would be [16]. This tool was found to be able to assess an application within 30 seconds in some cases. This analyses several areas of the application, such as whether the web page can render on a mobile device. The tool represents data in a graph, and then the developer can interpret this to understand what areas strong, and which areas are weaker [16]. There are other tools mentioned too, such as Website Grader, this grants a score upon assessing a website or web application. This is based on various metrics, such as the traffic the website experiences [16]. These tools would help a developer improve the usability of an application. 
[bookmark: _Toc113485513]2.2.1. Rules of Usability
[bookmark: _Hlk113481018]Research completed by Dr Kiruthika discussed potential rules that are applied when designing and developing applications, one that is mentioned is the web application being responsive. Responsiveness is followed so the application can adhere to different screen resolutions, different screen sizes and different models of devices as devices that the web applications are accessed on vary enormously [10]. Devices that are used include tablets, mobiles, computers, personal laptops, and smart watches. When testing the application in the project, the google developer tools will be utilised as these can test against a variation of devices within the browser [17].  
The next paper by AlRawi, was completed to help readers in the field to understand the link which usability has with the end user performance [8]. This paper observed users who followed a particular set of instructions within a chosen application to observe the overall causal link between the two factors in user experience. Within this paper there are a group of identified metrics that can be measured within an application to assess it to have a high level of usability [8]. These metrics are effectiveness, efficiency, satisfaction, learnability, which is also mentioned in a paper by AXINTE [2], memorability [8]. These have been expanded upon in further detail below. 
1. Effectiveness – This refers to the overall ability of the application to assist the user to reach their end goal to a high, effective standard [8].
2. Efficiency – The rate in which the application can achieve a set goal [8].
3. Satisfaction – This refers to the satisfaction that the user would feel when using a published application, this can be measured against a metric such as the level of customisation the user has within the app [8].
4. Learnability – This metric refers to how well the application assists in helping the user to learn how to use it [8].
5. Memorability – This is measured to how well the user can remember how to use the application after not using it for a long duration of time [8].
Moreover, along with the usability metrics, there are a few methods to which these can be implemented to improve the UX of an application. Due to the scope of the project, all features won’t be implementable. However, features that will be explored for the literature review to later implement in the project in the following chapters. These include areas such as responsive web design and minimalistic design [10], which has vital importance within enhancing usability. 
[bookmark: _Toc113485514]2.2.2. Icon-Based Design
[bookmark: _Hlk113481108]Icon-based design is being briefly explored due to the effectiveness it can have on an application, in increasing its overall usability, and therefore, user experience [10]. The idea behind this, remains simplistic, to utilise icons, rather than the use of text as icons are universally recognisable [18]. This would also assist in helping people who have migrated to another country and don’t necessarily understand the language of where they are. Whereas, an icon of a home, well be instantly recognisable as being a button to navigate to the home screen in an application [18]. This will be further explored when designing the implementation. 

2.3. [bookmark: _Toc113485515]Accessibility Overview
Accessibility refers to the practice of building software applications while considering the diverse audience, specifically those which have disabilities which could hinder their user experience, or they could potentially not be able to use the application overall [11]. It integrates with usability to overall grant a user a more pleasant user experience. This means that there has been a vast level of research completed in the field as it is becoming an increasingly popular and more importantly, essential component of a web application. Accessibility is a characteristic to achieve stronger usability of the web application and therefore, the user experience [13]. It’s important to emphasise that accessibility refers to striving towards an all-inclusive web for everyone [13] [15]. This section will explore accessibility in its entirety. Firstly, an overview which expands upon what it is and how web pages are tested and why. Secondly, an exploration of the WCAG and there will be research completed on accessibility tools. 
To enable any development team to consider accessibility, there is a selection of accessibility standards. These are a framework which a team can follow to grant different levels of accessibility to the application. At the time of Sohaib’s research, there were three important frameworks which were being referenced to improve an application’s accessibility, these were the WGAG 2.0 [11]. These will be further explored in this chapter. There was also the ISO 9241-151:2008, Ergonomics of Human-System Interaction: Guidance on World Wide Web user interfaces. This would provide guidance on the design and recommendations of how a team could further enhance their application’s accessibility. Areas that would be focused on to improve are, the purpose and strategy of the application, the core content and how the application functions, how the application’s components interact with one another and the overall presentation of the application [11]. The last popularly referenced document at the time of the research was Section 508. This referred to a government document which meant that governments had to make their websites accessible for a diverse range of users, including those with a disability [11]. This paper overall aims to evaluate these quality standards against the Rubinoff usability characteristics, as previously mentioned in the usability chapter [11]. 
[bookmark: _Hlk113470820]The next paper involved assessing accessibility with reference to the WCAG 2.0 guidelines [19]. The paper furthers the field of accessibility and emphasises the need to use the guidelines to ensure that websites and web applications are accessible for all. The paper utilised an automated accessibility tool, called AChecker [19] [20], this will be explained during section 2.3.3.3, regarding accessibility tools. The paper utilised a methodology of analysing a large group of data which was compiled of multiple websites to analyse whether the websites in Malaysia are adhering to the accessibility guidelines, as defined by the WCAG [19] [21] using the AChecker tool [22]. The websites were found to have violated twenty-two of the accessibility guidelines in all sections of the WCAG standards, these include Perceivable, Operable, Understandable and Robust [19]. For example, within ‘Perceivable’, there were errors such as the wrong use of colours, or not including alternate texts for images [19]. It was found that the most occurring problems included the wrong choice of colours to contrast each other. There was also a lack of alternate of text to images, the paper states that this is a fundamental when developing web applications [19]. The paper continues to make recommendations within its discussion to show how to improve upon each of the errors. This method could be applied to the project, once the accessibility tools have been used, another iteration could be completed which would involve an improvement of the accessibility of the application based on the violations found through the external tools which will be utilised as part of this study [19]. 
The next paper by Kathrin Wille, measures accessibility based on the WCAG 2.0 guidelines [13] [21]. The paper mentions some of the common problems that there is within accessibility, such as having the wrong colours contrasting one another, as also mentioned in this paper [19]. The paper proposes a way in which an application can be measured against the 61 success criteria within the WCAG 2.0 [13]. Kathrin Wille, et al further emphasise that there are various automated tools which can be applied, the paper evaluates an estimated one hundred tools. The tools mentioned include A-Checker, as used by the following paper [19], Contrast-Finder, Web Accessibility Toolbar, AccessColor and EIII – Page Checker [13]. These can assist testers in understanding what level of accessibility a web application is. These were then evaluated and granted an overall score of accessibility. The web pages achieved various successes across web pages against the success criteria of the WCAG 2.0 [13]. 
The next paper focused on the integration of accessibility to improve the overall quality of web applications [15]. As stated, accessibility remains an important pillar within usability and the overall capability of a web application’s architecture to appeal to a wider, more diverse audience. The paper further emphasises this, suggesting that, if accessibility isn’t considered at an earlier stage, it could cause delays in the project [15]. This could result in performance issues, or large costs being occurred to the development company as the project would be required to be re-designed with these features integrated within the design. The paper also mentions the WAI-ARIA, ARIA is an acronym for Accessible Rich Internet Applications, these are applications with technologies such as JavaScript for more dynamic web applications [15]. The paper goes onto explain different methods of achieving accessibility, the first is to develop with accessibility integrated into the design and the other is to use accessibility tools to improve a website, these are both methods that are being applied to the project, which will further the researcher’s understanding in the field of accessibility. The paper integrates several approaches to build accessibility conformant applications. This is done through a blend of developing in an agile approach, user testing to gain feedback and then evaluating that information to improve in the next sprint of work that the team completes in their Scrum team [15]. They would complete tasks, considering UCD, such as grouping different potential problems to fix, and in doing that would further enhance the application to be conformant to the WCAG. This method overall enhanced the application. This paper was dated in 2013 but was relevant as it had areas which could inspire this project, such as user testing, using accessibility tools and consultation of the WCAG to ensure an accessible website [15]. 
The next paper by Mora, et al was completed to evaluate web pages for their accessibility. This research is relevant as it was completed in 2021, this means that it is current with the current trend of accessibility in the industry [23]. It is also relevant as it can inspire this project with ways to assess web pages for their accessibility. The paper emphasises the need for accessibility conformant websites due to the exponential increase in technology usage since the beginning of the Covid-19 pandemic [23]. The paper also mentions that there are several versions of the WCAG, but research often refers to WCAG 2.0, rather than the updated WCAG 2.1, however the research suggests that there is a higher level of material in 2.1 to refer to [23]. Mora, et al expands that there are various levels of conformance within the WCAG, as can be seen in the figure from the paper below. 
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[bookmark: _Toc113485401]Figure 2 - Accessibility Conformance Levels [23]
The Web Accessibility Initiative (WAI), who developed the WCAG also suggest a framework which a team can follow to evaluate an application’s accessibility, it can be seen in the figure below. 
[image: Diagram
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[bookmark: _Toc113485402]Figure 3 - Framework to Evaluate an Application's Accessibility [23]
This can be applied during the testing phase of the project as it will suggest a guide to follow to ensure accessibility conformance. The paper evaluated various websites with various violations of the guidelines, the tool that discovered the most violations was AChecker, as mentioned in [13] and [19], furthering the tool’s credibility in assisting a team to discover accessibility problems. It also used tools such as AccessMonitor, the paper overall found that the area of the WCAG guidelines that were most violated was perceivable [23], this paper has relevance to the study as it further enhances the understanding of the areas of the accessibility which would require a higher level of focus.
It’s important to conclude that there will be a blend of techniques to detect and deter all accessibility problems with the project’s final application, this was inspired by the various research done here, the external tools and human-based detection will be adopted to minimise the risk of problems occurring during the development.  The project scale is small in comparison to others so there is chance that the accessibility standards won’t be completely met as there are many. The research presented in this section has varied in age, but they have relevance due to the WCAG following a similar structure for each updated version of the guidelines [21]. The next section of the report will explore the WCAG in further detail. 



2.3.1. [bookmark: _Toc113485516]WCAG 
The WCAG were chosen because of them being commonly found amongst books and research papers, it was concluded that they were relevant for this study. 
Moreover, this section will further detail the accessibility guidelines that will be used within this project, these are the WGAG, this is an abbreviation for the Web Content Accessibility Guideline, this framework breaks down an application’s accessibility into four key areas, which are perceivable, operable, understandable, and robust [11]. This was published by the Web Accessibility Initiative, founded by the World Web Wide Web Consortium, or the W3C [13] [21].  [11] [21]. These four principles are then divided further into thirteen guidelines, these guidelines have further detail in how to meet that guideline, through sixty-one individual success criteria. The documentation explains these to a non-technical audience, so the implementation isn’t focused on development and implementation [13] [21]. There have been several versions of the WCAG, such as the WCAG 1.0 and 2.0 but fundamentally they are similar in their overall aim to improve the accessibility of applications. For this section, the guidelines will be expanded upon using tables as this will assist in summarising and concluding the relevant sections in conjunction with the research. This will also reference other literature to further enhance the validity of the WCAG as that proves how often they are used in the research and more importantly, the software engineering industry. These will be outlined and explained with the aid of a table to show a clear understanding of these and their importance. 
There are, 61 success criteria within the accessibility standards to meet [13], the current standard version which is being adopted within the field of accessibility is the WCAG 2.1, this has been used since 2018, however, at the end of 2022, the standard will move to WCAG 2.2 [21] [24]. This section has vital significance to the study, as it aims to understand accessibility. Furthermore, it aims to build an application which will then pass targeted criteria within the standards, this requires a high-level understanding of the guidelines themselves. This will be primarily based upon the documentation available, published by the W3C [21] [24].
Below is also the WCAG levels of conformance, split into A, AA, and AAA, these represent three levels of conformance, AAA being the highest level [4].
[image: Table

Description automatically generated]
[bookmark: _Toc113485403]Figure 4 - Accessibility Conformance Levels [4].
Lastly, this section will explain in further depth, the basis of each of the principle to clarify what that principle will include [21] [24] [25], this will be done prior to expanding upon each principle to ensure they are clearly understood. The four principles are explained below:
1. Perceivable – All information that the web page is conveying should be presented to all types of users, which means that the information should be visible to at least one of the user’s senses [21] [24] [25]. For example, if the user had a sight related disability, then it should be available through a screen reader, this would enable the user to listen.   
2. Operable – The application must be navigable to all its users [21] [24] [25]. Furthermore, UX research supported this through advising an application to be easy to operate [10] [11]. 
3. Understandable – All content and behaviour of the application must be understandable to the user [21] [24] [25].  
4. Robust – This principle refers to the application being able to be used across different technologies, such as different browsers [21] [25]. To aid the testing of the development, the developed web pages will be tested on Google Chrome [26] and Safari Web Browser [27]. Interestingly, the robust principle also supports the UX and usability research, such as the usability metrics are like being robust, the metrics that are being referred to are satisfaction and efficiency of the application [8].


2.3.1.1. Perceivable
Within the perceivable principle of the WCAG. There are four guidelines to be completed. These guidelines have specific criteria which are required, these are known as the success criteria [24]. Below, there is a snippet of the perceivable principle, with all the guidelines and success criteria to those listed.  
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[bookmark: _Toc113485404]Figure 5 – 1st Principle – Perceivable [24]
2.3.1.2. Operable
Listed below this section, is a snippet of the operable principle, as listed in the WCAG documentation, this is then followed by the success criteria that must be fulfilled to conform with the operable principle. 
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[bookmark: _Toc113485405]Figure 6 – 2nd Principle – Operable [24]
2.3.1.3. Understandable
Listed below this section, is a snippet of the understandable principle, as listed in the WCAG documentation, this is then followed by the success criteria that must be fulfilled to conform with the understandable principle. 
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[bookmark: _Toc113485406]Figure 7 – 3rd Principle – Understandable [24]


2.3.1.4. Robust
Listed below this section, is a snippet of the robust principle, as listed in the WCAG documentation, this is then followed by the success criteria that must be fulfilled to conform with the robust principle. Out of the four guidelines, this has the fewest success criteria to pass, which would conclude that it would be a starting point for development teams to ensure that their application is robust. 
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[bookmark: _Toc113485407]Figure 8 – 4th Principle – Robust [24]
[bookmark: _Toc113485517]2.3.3. Accessibility Tools
Firstly, this section of the literature review will briefly detail the specific online tools that organisations utilise to enrich their applications and in doing so, they are accessible to all. There will be a focus on three tools due to the limitations on time for the focused project. 
2.3.3.1. Contrast Checker – By WebAIM
The first tool which was tested was WebAIM, an online colour contrast tool [28]. This assists in understanding how the colour appears on the web application. This was recommended by the DAC [29] as they use it when testing applications for their clients. WebAIM is referred in a paper by Mora, et al and it expands that the tool also requests that a team completes human testing [23], this is because human testing can conclude things that the tool wouldn’t be able to. The tool checks for normal text, large text and UI component related guidelines and specifies whether they have passed or failed [30].   
2.3.3.2. Wave Evaluation Tool – By WebAIM
WebAIM also offer other testing tools, such as the WAVE extension for Chrome [31], this is a powerful tool which provides detailed evaluations on the system, which further allows the development team to make the necessary fixes once the report has been received, it is also an optimal tool which returns the report in a very small duration of time [32]. 
2.3.3.3. AChecker 
[bookmark: _Hlk113470831]AChecker [19] [20], this works by uploading a web application’s web URL and then it will scan and analyse against accessibility guidelines. It will then return a report to the user [22]. It’s widely accessible in various countries and provides useful reports to the team to improve their system’s accessibility [32].
It is important to conclude that these tools will be tested within the latter stages of the project, during the development stage, which will provide practical results to the project but also convey to the reader how they can be applied to a development project to improve the application’s accessibility, this section is to provide a simplistic overview of how the tool works. 
  

2.4. [bookmark: _Toc113485518]Coding Principles and Practice
Another area which the project explores is that of professional practices within Software Engineering. This was previously mentioned during the objective outline, and this is evident through the research into testing, usability, and accessibility standards. It’s an important area to research as industry standard applications will follow a variety of principles and best practices when writing code for an application. These principles were discovered within various papers to ensure validity and credibility. It’s important to note that all design principles won’t be present in the research. However, there will be ones that are evidently popular through research and ones that are to be used in the development stage of the project. 
Firstly, research completed by Ivan Cabezas, et al, outlined commonly found principles that professional software engineers adhere to in their implementations [33]. These principles are commonly mentioned in the form of acronyms. The first of these is the KISS principle, this is an acronym for Keep It Simple Stupid [33]. This is related to usability, one of the focuses of this research. The KISS principle is in place to retain a sense of simplicity in the design [33], to keep the connecting modules of a system’s architecture at a simple level, this enables them to be edited and built upon with ease. This will increase the maintainability and testability of a system. The next principle is DRY, an abbreviation of the words, Don’t Repeat Yourself [33]. Implementing DRY into a system would reduce the lines of code needed within the system as it forces developers to build a function that could be used across multiple instances [33]. This could improve optimisation, readability of code and maintainability. The next principle was discovered in another paper based around applying it in the industry [34]. This refers to the principle of single responsibility. This principle is utilised in the industry, by doing this, it means that code is written with the intention to build functions which have a single functionality in an application [33] [34] [35], such as outputting a sum of numbers. This principle ensures reusability and maintainability for the developers who are building the application. This assists in the structuring of an application. The last design principle that was found through research was You Aren’t Gonna Need it, commonly abbreviated to YAGNI [36]. Moreover, this means that within development, there are features that aren’t needed to achieve the requirements of the project. This ensures developers aren’t increasing the complexity of an application when it isn’t a need for the project to succeed. This would be used to reduce overall development costs. The next document which was studied was the MISRA documentation. MISRA are a coding standard and are a general guideline to how a professional system’s code should be written. This is a set of coding guidelines which should be referred to overall at many stages of a development life cycle to ensure strong coding practices are present. Without compliance to these, the system wouldn’t be as maintainable or readable [37], their guidelines are as follows:
· Indentation should be present to maintain readability [37].
· Documentation should be present, such as strong comments throughout the application, this ensures maintainability [37].
· Naming conventions are important, this makes the code more readable, for other developers during code reviews. An example of this is naming functions or variables by what they are being written to perform [37].
In conclusion, these principles ensure maintainability across an application’s architecture, through adherence to these, code would be considered clean by a professional development team, these will be explored in the implementation section. 
[bookmark: _Toc113485519]3. Methodology
This section of the dissertation will propose a methodology for the project. This will provide details on ways in which the research will be completed. A strong methodology will conclude in research completed at a higher level to have stronger credibility as it is more robust. The project proposes to use various avenues of data collection, these include questionnaires and acquiring testing data utilising tools that test an application’s accessibility and usability. 
The approach to the research remains simplistic. There will be a review of existing literature completed in the field of user experience. In doing this, it will influence the direction of the research, for example, how many accessibility guidelines there are and how they are passed. There will be various stages where data is collected. Firstly, through a questionnaire that aims to improve the researcher’s overall understanding of the field, this questionnaire will be distributed to two organisations to enhance the depth in results, and then data will also be collected at the testing stage through the utilisation of various tools that test an application’s accessibility and usability. These two methods enhance the research’s validity and credibility by having input from experienced professionals and tools that are used in professional environments. This data will be analysed and discussed to complete the overall aim of the project. 


3.1. [bookmark: _Toc113485520]Research Methodology
The project comprises of a mix of methodological methods to contribute to the overall completion of the research. One of the approaches which is applicable to the project is the developmental approach, with an aspect being within experimental approach. This is a particularly prominent methodology within the field of accessibility and usability as they lie within the field of Human-Computer-Interaction [38]. It is partly experimental as the testing stage of the research will compile of a significant time-period during the project where the accessibility tools mentioned in the literature review will be experimented with to expose any accessibility violations, which will further the evaluation. Through the experimentation with various tools, it is anticipated that this will emphasise why accessibility should be a high priority for any development team. There is also an aspect of experimental based approach as they are completed under a controlled environment, while utilising with various tools to achieve higher results [39]. This is done through a scientific methodological approach [39].
The research will follow the positivist paradigm as the aim is to remain objective in the pursuit of results for the research to be achieved. It follows this paradigm as it is acquiring quantitative data from testing tools, this can remain objective as there will be no opinion from the researcher involved with this as they are excluded from the research when using these methods. These methods are applied to this research as it enables the research to recognise trends in the data with ease [40]. It’s also quantitative as the testing results can only produce a pass or fail, in terms of quantitative data, the pass would represent the numerical value of 1 and the failure would represent the numerical value of 0, this allows the data to be interpreted numerically. This research also adopts a qualitative research approach as well as a quantitative, this is because this research intends to interact with industry professionals, from the Digital Accessibility Centre (DAC) [29] and the Shaw Trust [41]. They are being interacted through using open-ended questionnaires, these will be distributed to five of the employees of the DAC and the Shaw Trust to conclude in 10 responses to the questionnaire. This will enable a greater depth of understanding to be discovered in the research and therefore, furthering the credibility of the research [42]. The disadvantage to collecting data in this manner is that it can be unpredictable, with results in potential difficulty in interpreting it. To overcome this, the data will be collected within the first month and a half of the research being started to allow time to interpret and understand it with confidence. It is important to understand that all data will be anonymised and kept on a safe home storage computer and won’t be distributed amongst any 3rd parties and once the data has been analysed and discussed, the data will be disposed of to ensure anonymity. 
As stated previously, the research is being collected from various sources, the initial research will be compiled of a blend of journals, conference proceedings, books and documentation from official languages/frameworks, standards, and guidelines. Moreover, there will be a process to follow upon collecting research, there will be a method of quality assurance to ensure that the research has been collected by an industry/academic level researcher, and in doing this, credibility will be ensured overall. Firstly, the sources will be collected from trusted sources [40], such as the IEEE database, University database, and sites such as ResearchGate. The credibility of the source will also be questioned if all the information is there to complete the reference input fields (name, title, journal name, etc). These steps will enhance the credibility and validity of the research as the sources can be deemed legitimate. 
Furthermore, during the testing phase of the project, particular tests will be completed a second time to further validate the results. For example, when there are tests being completed with the accessibility tools specified in the literature review, there will be duplicates of tests to ensure they are reliable and the data that is collected can be concluded as credible and reliable. The research will also aim to produce results that are overall reproducible. This is because the tests will be specified in detail to the reader of the research, in doing so, they would be able to see what’s been done to then repeat them. This could then be applied across a larger scale application, if it is necessary or there was a potential opportunity where it was needed. This concludes that the research will have generalisability.


3.2. [bookmark: _Toc113485521]Development Methodology
The development methodology that is being utilised in the completion of this research follows a newly development method, which has aspects of Agile development. Agile is a methodology which emphasises customer satisfaction to improve the overall end-user experience [14]. In compliance with agile methodologies and the research methodology, the development methodology will be utilising sprints, this means to build the application in segments of weeks at a time, it will focus on a component per every three days [43], this will enhance the quality of the implementation that can be produced from the application development as each component will have complete focus. A diagram of the development methodology, as explained before, can be seen in the below figure. 
[bookmark: _Toc113485408]Figure 9 - Development Methodology
Research and Understand the Criteria to Conform to targeted Accessibility criteria 
Design the Web App Through User Based Thinking
Develop and Implement the Software Product in Sprints
Test the Software against the Guidelines to Improve Software

It is important to note within the development methodology that the development is predominantly being completed to emphasise the importance that the overall UX of a user has on how effective the system is portrayed. Due to this, the development will not be of a large data-driven scale, but of a smaller scale. This is to focus on the user interface, the accessibility which the application has and the overall user experience. 



3.3. [bookmark: _Toc113485522]Planning

A chart was produced to illustrate the potential timeline of the project. It is important to note that it is a predicted outline as there are various reasons as to why this could be changed. These are usually unpredictable variables. It can be seen below.
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Description automatically generated]For the convenience of the reader, this has been cropped and then zoomed in on the next pages, these are split into two parts to ensure clarity and readability of the original plan from the project’s proposal. [bookmark: _Toc113485409]Figure 10 - Complete Gantt Chart
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[bookmark: _Toc113485410]Figure 11 - Gantt Chart Part 1
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Description automatically generated]In conclusion, this chapter has identified the methodology that the project will utilise to ensure completion, this included a research methodology which has emphasised how the project will achieve results while ensuring generalisability and reproducibility. The development methodology has also been proposed to show what process will be followed to achieve the development of a user interface in the next chapter of the dissertation. The next chapter will detail the design and implementation of a user interface, or UI, to test with 3rd party accessibility and usability tool. 
[bookmark: _Toc113485411]Figure 12 - Gantt Chart Part 2

4. [bookmark: _Toc113485523]Design and Implementation 
The focal point of this project is to develop an application which is conformant to some of the accessibility guidelines, with focus within the WCAG for reference on different methods that can be completed to reach conformity. To test these, accessibility tools will be utilised, while also retaining strong coding practices when developing. Furthermore, the application won’t be large as the project wasn’t proposed for that purpose.
4.1. [bookmark: _Toc113485524]Design
It was decided that there would be a singular user interface developed. These can have a variety of research-based implementations, such as minimalistic design, responsiveness [10] [11]. Therefore, this design has been influenced by the research completed in the literature review. These will be documented in the following chapters to ensure generalisability of the study. This ensures that it can be reproduced, the interface will have a prototype designed on an Apple iPad [44], in an app called MockUp [45]. This enables clarity for the reader to show the process the design followed. It was decided that there would be selected accessibility success criteria to meet during the development rather than building to meet all success criteria because the duration and scope of the project is too small to complete a fully conformant, accessible application. This still aligns with fulfilling the objectives of the project and therefore, the overall aim of the project. They will also include a selected targeted accessibility enhancements that have been found through research. All the interfaces will have a responsive design, this ensures that applications are cross compatible. This means that it would be able to render on different devices and browsers, such as mobiles, computer monitors and tablets [46]. An efficient way of testing will be to open the UI in different browsers and the screen sizes can be tested using the Google Chrome Developer Tools [17]. Ultimately, through building responsive web pages, it increases the usability and makes the web page more accessible for all. The interface will also use a framework such as React.JS [47], or Vue.JS [48]. React.JS, more commonly known as React is a JavaScript front-end framework [47] [49]. These frameworks will potentially be used due to them being adopted in the industry and can be viewed as a current and up-to-date technology, this can be proven in the fact that JavaScript is the highest ranking used technology according to Stack Overflow [50], and React is the top ranked framework [50], while Vue is the fifth ranked framework, lower than other forms of JavaScript frameworks [50].

4.1.1. [bookmark: _Hlk113439357][bookmark: _Toc113485525]User Interface 
The initial idea of the first interface is to build a simple UI, a company’s concept website for advertisement and exposure. This will implement one of the recognised themes of UX/Usability, this is the technique, known as Icon-Based Design, identified in the research, the primary idea of icon-based design is to convey information to a user which is easy to remember and recognise [18]. Through Icon-Based Design, the web page will also have greater learnability [8]. An advantage to Icon-Based Design is that instead of titular headings to represent the navigation menu within a user interface, for users to be able to use the web application, the titles are in the form of icons. These icons are represented as ones that would be a universally recognisable icon which would be understood for everyone. For example, the icons below would be recognised as a “Home” button, this would commonly represent the home menu of a web application. These are taken from an open-source icon website to add icons to designs [51]. The icon will be a Hamburger menu for when the app is re-sized to fit a smaller screen.
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[bookmark: _Toc113485412]Figure 13 - Home Icon
The other technique which the user interface will integrate is the use of minimalistic design [10] [52], this was identified in reading completed in the field of user experience. This technique is a simple method in minimalizing the design that needs to be conveyed to the user, this may include a minimalistic colour scheme and the home page consisting of less content as in minimalism, less is classed as better [10] [52]. This was chosen to improve how the web page conveys to users, a background image will occupy the centre of the page while there being a set of simple headings to represent the navigation menu. An example of minimalistic design can be seen below from a popular artist’s website, the artist is Panic! At The Disco [53]. 
[image: ]
[bookmark: _Toc113485413]Figure 14 - Example of a Minimalist Design Website [53]
The next phase of the design consists of choosing a selection of the accessibility standards. There is only a selection because of the duration of the project is too short to build a fully conformant application. The chosen success criteria can be seen below. These are from the guidelines Perceivable and Operable, for the first interface, they have been chosen to primarily focus on design aesthetics and ensuring well conveyed Information on the web page, such as retaining a line spacing of 1.5 on the content so it remains readable to the user [24]. These will be attempted to be implemented during the development process by consulting the guidelines closely while developing, these will then be tested in the latter stages of the project to understand if they were successful. 
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[bookmark: _Toc113485414]Figure 15 - Success Criteria 1.4.8 in the 1st Principle, Perceivable [24]
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[bookmark: _Toc113485415]Figure 16 - Success Criteria 1.4.12 in the 1st Principle, Perceivable [24]
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[bookmark: _Toc113485416]Figure 17 - Success Criteria 2.4.2 in the 2nd Principle, Operable [22]
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Although the design has been explained in reasonable depth, as part of the design process, there were designs completed on an application on an Apple iPad, in sketch form to show how the web page would look visually, this wouldn’t be the final design. This would function as a prototype. The application this was completed in is called MockUp [45] and is used to pre-design before implementation. The advantage to using a design tool is that by doing this it can increase the speed at which the development is completed as the developer has a prototype to refer to when building. This can be seen in the figure below and will assist the reading in seeing the design that was completed before the implementation.
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[bookmark: _Toc113485417]Figure 18 - MockUp Design of the User Interface
The design of the user interface remains simple, this is due to the nature of the project, it is focused on how accessibility and user experience are incorporated into an application. There are two designs, but these represent two different stages of the application, the first is the main screen which will have a navigation bar on the left, which will expand, to align with the initial design idea of logo-based design. The bottom left will represent a button which will expand the navigation bar and the bottom right represents a button to toggle between light and dark mode as this is a theme within web applications currently, an example of a web page which has this is the React.JS tutorial designed and provided by the creators of React.JS, Meta, demonstrated in the figure below for familiarisation. The interface is designed as a Single Page Application, or SPA, these improve performance while retaining all information on the singular web page, this also minimises reloading, which makes the user experience smoother [54]. The components are split into the different sections of the SPA. The navigation bar would then scroll to the associated section when clicked upon.  The idea remains simple, it would function as a concept site for an IT consultancy business. There is a blend of photos and writing on the page to not overload the information that is being conveyed in the React.JS app. It will also have a component for a footer, this will have the links to the pages and standard information that is typically found in a footer of a web page, such as a copyright statement. 
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[bookmark: _Toc113485418]Figure 19 - React Tutorial, showing a Light/Dark Button [55]
It is being designed with the intention of being implemented in the React.JS framework, one of the reasons for this is that React.JS is a current framework in the web development industry. They are developed in a different way. React.JS is built as a component-based library and is written in a unique language called JSX, which is an acronym for JavaScript XML [56] [57]. The advantage to this is that it enables a developer to write HTML elements in JavaScript and access the DOM with greater ease. For reference, the DOM is an abbreviation of Document Object Model and is rendered from HTML elements when a web page is created, by using JavaScript, developers can interact with the DOM and manipulate elements to make dynamic web pages [47] [56] [58] [57]. An example of a React.JS component can be seen in the figure below for visualisation purposes. It’s important to clarify that they can also look like regular functions rather than arrow functions.  
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[bookmark: _Toc113485419]Figure 20 - React.JS Component
Furthermore, React.JS builds the front-end of an application but is built in the form of components, these can be divided to whatever size the developer would classify as suitable. The advantages to using a component-based framework is maintainability, once a component has been developed, it can be imported into other files, in comparison to HTML where the navigation bar could be copied into each page that is present on the website, which can prove tedious. 
The next part of the design that is being inputted to this implementation, is the use of Hamburger menus, this was inspired by UX research discovered during the literature review [10]. To re-iterate an earlier point, Hamburger menus are three lines stacked horizontally, they can be seen from an open-source logo site in the following figure.  
 [image: ]
[bookmark: _Toc113485420]Figure 22 - Hamburger Menu [59]
 It’s important to note that the React.JS ecosystem is relatively new to the research student, due to this, they referred to and learned from various materials online, such as academic papers, the official documentation, and online courses [55] [60] [61].  
A trend that has been noticed by the researcher during their personal use of applications is the trend of rounded design, this can be seen in the below figure to show a highly popular company deploying this technique to improve the feel of the user experience of their applications [62].  
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[bookmark: _Toc113485421]Figure 23 - Rounded Design [62]. 
This section has proposed two designs to be implemented in the following section of the project. It has been designed in an app on a tablet, utilised research to inspire the implementations, while also noting that the accessibility guidelines will be consistently consulted to help assist the student to be mindful when implementing to include accessible features. 




4.2. [bookmark: _Toc113485526]Implementation 
The focal point of this section is to allude the reader to interesting points of the implementation, these could be technologies that were used, or implementing something in a specific way, along with code fragments to illustrate the process that the implementation followed to completion. This will cover the various technologies used in the implementation.
For the development specifically, a particular set of applications and tools were utilised to achieve the end goal. These are as follows: 
· Visual Studio Code (VSCode) [63] – This is the preferred Integrated Development Environment (IDE).  
· Apple Device – To test the web pages on different browsers.
· GitHub – Version control system to store and work on the code [64]. 
· Google Chrome Developer Tools [17]. 
· Various internet browsers for testing purposes, Chrome [26], Safari [27], and Edge [65].
· NPM [66] – Package Manager
· ES7 React Extension for VSCode [67] – Helpful for React development.
Firstly, the implementation had a prominent role in the project, this was in conjunction with achieving objective set out at the beginning of the project. Moreover, without an implementation, there would be no UI to test in the latter stages of the project which would then have a further impact on the project because the following objectives wouldn’t be completable without the implementation, meaning the aim wouldn’t be achievable. 
To continue, it was decided that the Integrated Development Environment (IDE), that would be used would be VSCode [63] [68]. This for a variety of reasons, the researcher is familiar with it, so it wouldn’t involve learning something completely new. Moreover, VSCode is lightweight in how it’s packaged, it’s self-intuitive and user friendly, while also being completely customisable to the user through selected 3rd party extensions which can be downloaded, and then enabled or disabled at any given time, dependent on the user’s needs. Furthermore, VSCode has Intellisense, this offers code suggestions depending on what code is being inputted into the IDE, this offers code completion if the suggestion is correct [63] [68]. There were various extensions that were downloaded which improved the development experience of the React UI. The next extension which was installed was Path Intellisense [69]. This offers auto-completion for file names; this was simpler than manually typing each file directory when linking to a particular one. The next extension was a code formatting extension, Prettier. This formats the code in different colours and improves the readability of code, the advantage of improved readability is that it would quicken the process of debugging any potential faults in an application [70]. The last extension that was to improve the development experience was a React extension which offered quicker ways to type code through keyboard shortcuts, this was the ES7 React Extension for VSCode [67]. This was used to improve the speed of writing the React components, the below pair of figures display this, ‘rafce’ would be typed into the blank component file, and then through the extension, it would print a standard component template of a React component. 
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[bookmark: _Toc113485422]Figure 24 - Typing 'rafce' into VSCode
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[bookmark: _Toc113485423]Figure 25 - Component template based on the file VSCode is in
The disadvantage to the extensions, is their 3rd party, this enables potential extensions which look legit but have malicious intent [71]. Some extensions have a blue tick next to them which offer insight as they are classified as verified and trusted. VSCode also has a Command Line Interface (CLI) as standard, this is useful as there isn’t a need to navigate to the machine’s CLI because it’s integrated into VSCode [63] [68]. 
The next tool which contributed to the project was NPM [66], this is an acronym for Node Package Manager, and is an open-source repository with published packages which other people can use in their development, this is to optimise their work environment but also assists in managing things such as a JSON file with the details included of the packages installed in the application that is being built [72] [73]. Moreover, this was used as it provides a live development server, managed from the VSCode terminal, the advantage to this is enabling the visualisation of the application as it’s being built. The other advantage is that the live development server opens a network port, this was particularly advantageous as it enabled live testing across different devices, such as mobiles and laptops, assuming they are on the same network. The server would be started with a simple command in the CLI, this can be seen in the below figure.
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[bookmark: _Toc113485424]Figure 26 - CLI - "npm start"
As mentioned, npm allows pre-defined packages to be installed to enable an optimal workflow. Through npm, it is possible to create a React app template, this isn’t any of the code, but merely the template of files which assist the React app to function well. This command was used and can be seen in the figure below. This was done in the machine’s CLI. The disadvantage was the application was built in a different drive to what is usually used. 
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[bookmark: _Toc113485425]Figure 27 - CLI - "npx create-react-app my-app"
The following figure then displays the CLI preparing the workspace once the command has been executed. Once the template was completed, a lot of files were removed to have the basic files for development. 
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[bookmark: _Toc113485426]Figure 28 - "npx create-react-app" running
The last part of the development that npm assisted with, was installing icons to use in the app. As stated in the design, the app partially utilises icon-based design in the form of a hamburger menu [18]. NPM also has a library for this purpose, known as react-icons [74]. NPM ensured the simplicity of installing these rather than using a 3rd party icon provider, the command would be “npm install react-icons –save”. Once that is completed, it can be checked in the JSON file. This can be seen in the figure below.
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[bookmark: _Toc113485427]Figure 29 - React-icons installed
To continue, React is a component-based JavaScript framework [47] [57]. It is utilised in the build of UIs and is modern and current in the technology industry [50]. It’s developed and maintained by Meta [47]. It is a popular framework amongst industry professionals, due to the ongoing support and diversity of the framework. Its unique language is JSX, which can use embedded HTML tags while accessing the power of JavaScript [56] [57]. An example can be seen in the following code fragment from the implementation, this is a list tag, with a JavaScript function which closes the menu of the UI. JSX components are declared as functions.
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[bookmark: _Toc113485428]Figure 30 - Code Fragment Showing JSX
As specified, React is component based, below are code fragments from the ‘Recommendations.JS’ component of the application. This component deployed card-based design to show recommendations for the concept business that was designed for the application. Below are the common first lines of a React component, these are usually to import files such as CSS. Interestingly, adding images to a web page from React is simple, there would be an import, as can be seen in lines three and four of figure 30. They’re imported from the React directory and figure 31 shows declaring them in a JSX component.  
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[bookmark: _Toc113485429]Figure 31 – File imports in React
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[bookmark: _Toc113485430]Figure 32 - Inserting an image with React
Moreover, rendering the components is simplistic. The following figure shows the ‘App.JS’ file. Each component has a similar line to line twenty which exports the component. To continue, rendering the app is simple as once the components are built, they would firstly be imported to the app file and then rendered using tags which render the components to the UI from the app functional component [75].  
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Furthermore, during the implementation, there were coding principles re-enforced in React, the DRY principle is done naturally as functional components are built once, and then declared, but the code isn’t repeated across the files, the DRY principle was discussed in chapter 2.4 [33]. This is done to emphasise the importance as it increases maintainability of the system, increases code readability which would be vital to other developers reading the code and more importantly, code reviews. Less code would also assist in increasing further optimisation improvements in the application. In the CSS files, there were also custom CSS properties implemented [76], these function as custom variables that can be declared across the application, this also enforced the DRY principle [33]. A figure of the custom properties can be seen below, it is also further proof of strongly documented code through the comments throughout the application, as mentioned in chapter 2.4 in relation to the MISRA compliance report [37]. 
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[bookmark: _Toc113485431]Figure 33 - Custom CSS Properties [76].
To a degree, the implementation also enforced the single responsibility principle, this is because each component is built to do a singular job in the application’s interface, for example, the navigation bar component would function as a navigation bar component solely [33] [34] [35].   
The final point to expand upon in the implementation is the use of React Hooks in the UI. The Hook which was utilised was the ‘UseState’ Hook [75] [77] [78]. This is imported from the React library in the component it is being utilised. For the implementation, it was used for the navigation bar. The functionality of the State Hook is to preserve the current state that the application is in, in the application it was used to toggle the state of the navigation menu, as it would resize to a menu when the page’s width was shortened or the app was rendered on a mobile device, this can be seen in the code below. It’s important to note in figure 34, ‘FaTimes’ and ‘FaBars’ [74] are both the icons representing the two states of the navigation menu. 
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[bookmark: _Toc113485432]Figure 34 - Variables using the State Hook
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[bookmark: _Toc113485433]Figure 35 - Code, using State to edit the Menu
In conclusion, this section has expanded upon the design and implementation of the application, this was completed to show why the design was completed a certain manner and what influenced these choices, the implementation was expanded to show how it was completed and what techniques were utilised to implement the UI. 


5. [bookmark: _Toc113485527]Results and Discussion
The project has collected various levels of data, both quantitative and qualitative, these have been split accordingly for convenience of the reader and overall greater clarity. It’s of vital importance to re-iterate that all external data has been saved on a password protected machine and will be disposed of, once used. To ensure personal anonymisation, the participants will be referred to as a participant with a corresponding letter to differentiate the participants. 
The results will predominantly display the data collected to assist the reader in understanding the different data collected, the discussion will expand upon the data by attempting to offer insightful conclusions. There will also be links to the research completed in the literature review. This will ultimately raise potential questions, such as: 
· Did the research support the data produced within the project?
· Does it align with the intended objectives and overall aim of the project?
5.1.1. [bookmark: _Toc113485528]Questionnaires – Qualitative
Firstly, the questionnaires were designed with the intention to be distributed to two different organisations to gain valuable insights in how the accessibility industry functions in real-life scenarios. It was predicted that this would enrich the project by understanding the field further. Unfortunately, one of the two organisations mentioned in the literature review couldn’t participate. They were contacted and sent the questionnaire, but it can be assumed that their working schedules were understandably too hectic to contribute to the project on this occasion, which emphasises how important and demanding the field of accessibility is to the IT industry, if the project was to be completed again, the questionnaire would be distributed early to allow for a longer duration of time. However, there were four respondents from the Digital Accessibility Centre (DAC) [29], although it wasn’t as much as data as initially intended, the DAC have contributed positively towards the project, this will enhance and further the understanding.
The results from the questionnaires have been sorted into tables, these tables are separated to one question per table, to ensure clarity for the reader. There were thirteen questions in the questionnaire for each participant to answer, the answered varied as qualitative data collection is relatively open-ended [39]. These can result in difficulty in interpretation.
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Description automatically generated][bookmark: _Toc113485434]Figure 36 – 1st Question in the Questionnaire

The questionnaire began by understanding the different kind of tasks or roles that industry professionals may have, due to limited responses, this wouldn’t cover every role, but it would offer a general idea. As the Literature review is completed from a researcher’s perspective, this was insightful to understand what tasks are completed on a day-to-day basis. Fortunately, the participants had varied roles in the organisation. This offered greater insight and therefore furthered the understanding. Participant A’s role is to manage the team and ensuring all accessibility audits are completed and that the clients are receiving correct communications accordingly. While Participant B and C function as accessibility testers, for specific disabilities, which has relevance to the project as it will utilise testing tools to test accessibility of a web application in the next section.  Participant D tested using screen reading software but also liaises with clients, assisting with their training. The data shows Participant D to be impactful in the industry in trying to build a higher level of understanding for everyone. 
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Description automatically generated]Analysis & Links[bookmark: _Toc113485435]Figure 37 – 2nd Question of the Questionnaire

Question 2 proposed to discover what accessibility guidelines the organisation used. This was to conclude whether there was a blend of different guidelines or was there one set of guidelines that they followed. It was concluded that overall, the organisation follows the WCAG, unless there is a certain client which permits them to use their private set of guidelines. It can be assumed that the WCAG are an industry standard. This is supported through the research, such as the following paper [4]. This was expected as the literature referenced these guidelines regularly. This concludes that this section of data supports the research. Interestingly, the research referenced a government guideline called Section 508 [11], this contradicts the results of the questionnaire which shows there is a new accessibility framework for the government to follow. 
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The theme in the data present is that accessibility has a vital importance in a system’s availability for all users, and rather than building a service for the targeted user demographic, they should be developed with all users in thought, this is supported through the literature as the following papers [13] [15] have also conveyed this message, it can be concluded from this data that there should be a relentless approach to ensuring all applications have a high level of conformance so that the services are available to all potential users, while accessibility teams should aim to go to the highest level of conformance, rather than the minimal to only pass the legislation, this would ensure that no discrimination is present. 
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Description automatically generated]Analysis and Links[bookmark: _Toc113485437]Figure 39 – 4th Question in the Questionnaire

The fourth question aimed to discover whether there were primary accessibility features which a team would focus on first. Although it can be assumed that these would bring the accessibility level to the basic legal requirement, this would still discriminate against a diverse range of users. The data collected here is interesting, as the employees have different perspectives. Participant A viewed it as for compliance, it’s important but should always go full compliance regardless, while Participant B and D follows a theme in the data, which is all individual’s circumstances are unique and should be treated as such. Participant C displayed a new consideration, which is the WCAG are not perfect and that they miss out important problems related to specific users, such as dyslexic users. It’s important to acknowledge and consider new perspectives as the participants are experienced industry professionals. The overall agreement which can be identified in the data is that every site should be fully accessible to ensure complete access for all users.  
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The above question queried the duration of testing a web application/website can occupy. Participants generally all agreed that the duration widely varies. This is due to the fact that web applications will vary in size and functionality, depending on what the web page overall aims to achieve. It was discovered that these vary dependent on the client too, it can be assumed that some clients wouldn’t necessarily develop with accessiblity in mind, this could be due to knowing they would have an audit, but this would cause delays in the deployment due to the time to test the application and the further time to amend the problems identified. This would also prove costly to the business in question. These problems can be related to a lack of awareness when defining requirements. The following paper [2] supports this as it specifies that many products fail due to the lack of requirements. Ultimately, they wouldn’t reach a wider audience of users if the accessibility isn’t at a high level of conformance, in conjunction with the WCAG [24].  
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Description automatically generated with low confidence]Analysis and Links [bookmark: _Toc113485439]Figure 41 - 6th Question in the Questionnaire

The next question’s focal point was to discover the future of the fied of accessibility. This could potentially offer further avenues for research. No literature was found in this area as the project focused on different tools and methods can improve accessibility. Participant A didn’t answer, it can be assumed that their role didn’t have the relevence to answer.  There is the continuing trend of developing a site to a legal minimum requirement, rather than thoughtful consideration for users. While participant D offered a new personal perspective, that sites are becoming more complex to test due to the system becoming overly complicated but also conveying that the industry is becoming aware and therefore seeing improvements. This could then lead to a far wider range of applications being made accessible. Participant D’s point regarding Covid-19 raising the demand is further evident in the following paper identified in the research [23].
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Question seven focused on gaining an insight on what testing tools are used in the industry to test an application’s accessibility. This was also to see if there was a differentiation of testing tools mentioned in the research to what inudstry professionals used. The general consenus was that the majority of the tools they utilise were not open source. This could be because as professional accessibility auditors, they would require the highest quality of tools, which would naturally cost. However, participant C did mention colour contrasters are open source, these typically check the colours on a page to check if they’d be accessible to those with visual impairments. These were discovered in the research process, WebAIM [23] [28], offer a variety of tools, some of which are being utilised in the testing phases of this project, but as participant D alluded to, some of their products do require licensing and others do not.
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Description automatically generated]Analysis and Links[bookmark: _Toc113485441]Figure 43 – 8th Question of the Questionnaire

The next question aimed to discover if there were more commonly found problems when accessibility testing, this could further the knowledge and expectations before entering the testing phase. There was re-occurring themes in this question, for example, it can be seen that the general consensus is that all users are unique, but also that the guidelines don’t address all issues that should be addressed, the guidelines are updating all the time and are currently developing the next version so there could be new issues addressed in those. Custom elements also seem a common problem, work completed by the W3C expand that semantic tags are better for screen reader technology [79], this was also applied in the navigation bar component of the React UI, by using a Header tag, rather than a custom Div tag. As can be seen in the below figure. Participant A also mentioned non-descriptive links, the implementation didn’t use any links to external sites but the links for the navigation menu were built to be as intuitive as possible by clearly naming the section of the UI that it represents. The following papers [13] [19] support this, as participant C alludes to contrast issues are very common. 
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[bookmark: _Toc113485442]Figure 44 - Semantic Tags in JSX
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Question nine focaled on the uncommon and common disability that is tested against. An example of this is testing an application to be accessible for people with motor impairments. Participant D didn’t answer this, it may have been beyond his area of expertise. The theme of unique to the client was evident in participant C’s answer. It was found that disabilities related to vision and mobility were common but was also discovered that screen readers were widely used as a solution to commonly found problems. There was little research to link to this as the project didn’t research specific disabities but the questionnaires were an opportunity to extend knowledge in this area. 
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Question ten had strong relevance to the project as it was to learn more with regards to the types of testing that they do in the industry. It was discovered that they perform both manual and automated testing. Participant C didn’t answer, initially it could be assumed that it isn’t part of his role, but previous answers contradict this assumption. It can be concluded that participant B and D both complete manual testing. Participant D specified in this question that they personally have a disability, this makes the data reliable as participant D can relate from personal experience with using applications. This wasn’t explored during the research but will be explored during testing through a manual method using tools discovered in the literature review. 
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The next question focused on how the testing was logged. This was useful as it further expanded upon ways in which the testing chapter could be logged, while also supporting research as results in research papers utilise tables to display data they have collected, such as the following table identified in a paper by Kathrin Wille, et al which was discussed at length in the literature review [13]. The general practice was to use Microsoft Word to log results unless a client specified otherwise. 
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[bookmark: _Toc113485446]Figure 48 - Table of Results [13] 
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The final question was lightweight and aimed to find final thoughts on the general thoughts of the field. The consensus was that the industry has progressed but there must be a consistency to retain and continue the growth towards a fully accessible world. Including, further detail in the WCAG so they are built to adhere to everyone, participant C’s perspective was interesting, as they thought that overall UX testing would be more efficient in discovering how strong an application’s accessibility and usability is. This can be discovered through a method such as user testing, mentioned in the following paper [2]. 

5.1.2. [bookmark: _Toc113485529]Testing the React User Interface – Quantitative
The second part of chapter 5 is to collect and synthesize results from the chosen open-source testing tools discovered through personal usage and through the literature review. The section will first test some aspects of the usability of the user interface, before proceeding to test the application’s accessibility. There will be various tests done to the application equalling to fifteen tests to gain a diverse range of results. The first tests that will be done won’t be through a tool, but to check the browser’s compatibility of the application.
Moreover, below is a testing table, followed by the corresponding three screenshots of the application in the respective chosen browser. The browsers chosen are Google Chrome [26], Microsoft Edge [65] and Apple’s Safari [27]. 
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[bookmark: _Toc113485451]Figure 53 – Testing Google Chrome
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[bookmark: _Toc113485452]Figure 54 - Testing Safari
The tests for browser compatibility were all successful with no problems occurring. Having an application which can render on browsers improves the usability as a wider variety of users can reach it, as some users will only use a specific browser. It’s important to clarify that a different component of the UI was tested in each browser to show that they all function.
 The accessibility has been one of the predominant focuses of the overall study, it was decided that a colour contrast assessment tool would be used first on different components in the application, it was discovered through investigating WebAIM’s suite of accessibility tools [28] [30]. Three different components were tested for the colours in their design. This covered the colour design choices of the application because the test would be applicable to a few of the components. This is because the design was consistent, yet minimal.
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[bookmark: _Toc113485453]Figure 55 - Contrast Checker Tests
About.JS component failed, but the tool offers six different areas to pass, it passed four out of the five, but the application would pass to AA conformance but not AAA conformance, this links to the qualitative data as a re-occurring theme overall in the data was that organisation were only developing to the minimum legal requirement of accessibility. With the use of open-source tools like the colour contrast checker, organisations could test these themselves, and edit the colour scheme to pass the WCAG 2.1 [24]. This would improve the accessibility while being more cost effective to the organisation. The navigation bar test failed all tests, as the blue line upon hovering on each navigation element doesn’t contrast well on a black background while the footer component passed four of the tests, and failed one, also conforming to AA standard [24].
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[bookmark: _Toc113485454]Figure 56 - Contrast Checker by WebAIM [30]
The recently published WCAG 2.1 request that UI components have a contrast ratio of 3:1 [28] [30]. To reach AAA conformance, there would need to be a ratio of 7:1 for normal text while large text would require 4:5:1 for large text [24]. The tool is extremely useful, it is an extremely fast, this would result in application’s being developed faster if using this at the testing stage. The consensus from these results is that dark colours don’t contrast well with other dark colours. This tool can further be proven to be strong, as through personal communications, it was discovered that the DAC [29] utilise this in their accessibility audits. Re-iterating these tests wouldn’t be difficult as there is an adjustable bar by each colour input box to adjust the colours and they both can be adjusted to fit the contrast ratio for AAA conformance, the adjustable bar can be seen in figure 55. The disadvantage to this, is pre-defined requirements for a project may not match to the accessible colours but these would need to be adjusted to pass. To conclude, this was a strong tool, open source makes it available for all organisations too. This tool would help the following criteria that can be seen below.
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[bookmark: _Toc113485455]Figure 57 - Success Criteria 1.4.3. (1st Principle, Perceivable)
The next tool, which was used to collect quantitative data, was AChecker, this was a tool referenced thoroughly in the literature, such as the following papers [19] [20] [22]. The issue with this tool was a full assessment required a live web page, this meant that a full assessment wasn’t possible and that the tool wasn’t completely open source, it couldn’t check React code and could only assess against the WCAG 2.0 [21], this means that the results could be outdated which decreases their credibility in the study. However, it had a CSS validator as a free tool. This is particularly useful to check if the CSS which has been written is free of any accessibility violations, these were checked on three CSS files with successful results, these can be seen in the following table and screenshot. 
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[bookmark: _Toc113485456]Figure 58 - Successful Test on AChecker
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[bookmark: _Toc113485457]Figure 59 - Test Table for CSS File Tests
The tool was efficient in it’s results after the first file had been analysed, one of the strong aspects was that they offer a section of code for free to all users to show that they are conformant, figure 57 shows that the CSS is AAA conformant but as stated, this was against the WCAG 2.0, which means that it may not pass if assessed against the WCAG 2.1 [24]. Overall, the tool was simplistic to learn, optimal in the response with the results and would be useful if the accessibility was being completed during a team’s SDLC. This would improve the standard of their code too.  
The last tool, which was used to produce results, was the WAVE Evaluation tool, this is a Chrome extension and can be seen in the following screenshot. This instantly assesses a web page for the accessibility of the page, with a wide range of ways to read the data for greater interpretation opportunities.  This doesn’t produce tests, in the same way the previous has, instead it provides a higher level of information to the reader. The report labels the page and divides these into four sections, Errors, Alerts, Features and Structural Elements. These can be seen in figure 60.
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[bookmark: _Toc113485458]Figure 60 - Wave Extension Icon
Interestingly, WAVE contradicts the Contrast Checker by confirming the contrast ratio to pass, however, upon further inspection this is because a background image is present which stops the tool being tested. 
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[bookmark: _Toc113485459]Figure 61 - Wave Extension Report
The WAVE Evaluation tool is evidently useful to improve an application’s accessibility, not only does it provide a useful report, but this will also reference the guideline which wouldn’t pass if there is an error in the page, in the instance of the project’s implementation, the error is an empty link, by clicking on the icon, it will show the code which is showing the error. Success criteria 2.4.4 wouldn’t pass because of this, which is singular ‘A’ conformance level, refers to purposes of links, meaning that they shouldn’t be empty. These can be seen in figures 61 and 62.
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[bookmark: _Toc113485460]Figure 62 - Evaluation Tool Icons, identifying potential issues
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[bookmark: _Toc113485461]Figure 63 - In-depth report of error
To demonstrate how useful it was, the code was investigated and amended, which now results in no errors.
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[bookmark: _Toc113485462]Figure 64 - No errors
Research completed in the literature review supports this, such as the following paper [32]. Overall, the WAVE tool is the strongest tool that has been tested during this project, it provides the most in-depth information, references the exact point in the code the error is located, which would enable a quicker more efficient testing phase to amend potential errors in the application. 
5.1.3. [bookmark: _Toc113485530]Conclusion of the Discussion 
The results to the qualitative data enhanced the project, this provided valuable information, there was selected core themes, the first is that all applications should be developed to AAA conformance [4], this is important as it ensures no user is discriminated against, the problem with this is the industry will commonly build to the legal requirement, rather than full conformance [4]. The second was that every user is unique and should be treated as an individual. The last theme which was evident was that the guidelines aren’t perfect and that they require amending as they don’t cover every aspect of accessibility. 
The quantitative data provided further insight into the tools that can be used in the development of applications. It would be advantageous to use a variety of tools, such as a validation tool, to evaluate the code, prior to the testing phase of the SDLC, while the tools for individual guidelines, such as contrast checking tools are useful as they focus on important individual guidelines because contrast issues were found to be common problems in the qualitative data and the research [13] [19]. Whereas a tool such as WAVE should be used as it offers an extensive report and enables a debugging of accessibility problems with great efficiency due to the sophistication of the system, these would contribute to achieving AAA conformance in a quicker succession [4] [28] [32] 

6. [bookmark: _Toc113485531]Conclusion
This section will conclude the research project. This has been a long process. The project was begun with defining objectives to complete. These have been completed through a variety of ways, the first was completed through an extensive but concise literature review within the chosen fields to emphasise why the research is important to complete, consulting various sources, such as journals, conference papers and official documentation. The second was to complete the development, this was a long process as it had to be carefully designed and implemented, this occupied large periods of the project as the application went through testing within the accessibility tools. This was long due to the nature of the implementation but through the method of sprints, it was rigorously completed over the course of two weeks. The third objective collected research from various sources, unfortunately the initially intended ten responses weren’t achievable, however, the four responses that were received had significant impact on the understanding of the importance of accessibility while also providing an interesting insight into the industry. The fourth was completed through the completion of the report, this was done persistently in long sessions to evaluate and synthesize the results. Furthermore, this project has furthered the knowledge of the researcher in many aspects, accessibility has become a prominent topic that should be pursued further to ensure that it can be considered at all stages of the SDLC, and the tools should be widely adopted in the industry to improve the process, to not only improve the standards of applications but to also be all inclusive. The tools were valuable as they created results to analyse and discuss, the WAVE evaluation tool is concluded to be the best due to the higher level of detail and assistance that it offers.  A fully conformant accessible web app would not have been achievable in this project due to time restraints; however, it is a further avenue to explore in research. The project also had strong arguments as it involved input from industry professionals who work in the field of accessibility and have disabilities themselves, this means their empathy and compassion to the industry is based on real-life experience. The project also had strong reproducibility, this is because it showed the clear process of design and implementation while also describing the tests in detail, it also has strong generalisability as the project could be extended, this would be done by using a different range of accessibility tools, performing a high volume of tests, and building a different application following the specified methodology. The project wasn’t completed within the proposed Gantt chart timeline, this was down to factors such as time restraints and increased pressure to other commitments. This caused delay but fortunately, it could still be completed. It is concluded that a wide variety of tools should be used in the testing phase of an application to enhance the application’s accessibility. 



6.1. [bookmark: _Toc113485532]Suggestions for Further Avenues of Research 
The focal point of this section is to emphasise any potential further avenues for research, in writing this section, it also shows that the greater potential of the project was thought of and if the duration of the project occupied a greater amount of time, then the scope could have been adjusted accordingly. 
Firstly, this section will focus upon three recommendations that have been identified which would further improve the project. The first will explore the possibility of extending the React UI, to a full stack application, utilising a modern technology stack, such as the MERN stack. The second recommendation will expand upon the expansion of the application’s accessibility, and how that would benefit the overall project and finally, the third will evaluate the concept of completing user testing to enhance the application if the research was to be continued. 
To continue, the MERN stack is a popular stack in the software development industry, it is a modernised technology stack that uses four JavaScript technologies to build full-stack applications. Using this stack would enable the UI to extend to a full-stack application. The MERN stack is an acronym for MongoDB, Express.JS, React.JS and Node.JS. Although React.JS was used, all the technology wasn’t used as the implementation was only based on the front-end of the application. They stack is compiled predominantly of forms of JavaScript frameworks, Express eases the process of development, enabling the back-end and front-end of the application to communicate, while also handling requests made by the user and sending the appropriate responses  [80] [81].  Node.JS provides a runtime environment to run their code without having to execute it within the browser [80] [81], MongoDB would provide the database for the application to interact with and React.JS would provide the front-end of the application. This stack has been chosen due to the popularity of the technologies according to the developer survey from stack overflow [50]. These technologies also have advantages which would make them strong choices for a full-stack application, for example MongoDB is an easily expandable database technology which is also the leading NoSQL database [80], these do not use the typical table forma but are made optimal for a particular use case [81], which would make the application faster. The data is stored in a JSON format [81], JSON is an acronym for JavaScript Object Notation [82], these can be queried easier than an SQL database [83]. MongoDB also has greater scalability as it is easy to build upon, it can be developed as it goes along due to its unstructured nature which means it isn’t costly when requirements change [84], which in an agile environment, they often do. The other advantages to using this is that there would be high levels of support online, if there was a problem but there would also need to be no SQL statements written which would lessen the load of technical knowledge needed to be learnt for the project, therefore, it could be classed as easier. This is a modern stack so the support online through various sources would be vast. Due to it being a current technology stack used in the industry, it would also enhance the researcher’s skills for the industry. This would be a potential recommendation as it didn’t align with the time of the current project, but it could be utilised, given the time for a project to use it which would largely improve the application, rather than just use a front-end to advertise a service, a full-stack application could extend that into a web application which could register customers with the company and take their potential orders and storing the information inside the NoSQL Database. The MERN also has its own testing tools, this would enrich the development process while making it simpler as there wouldn’t be a need for testing through 3rd party tools [82].
The next recommendation for further research identified was the need for completing a phase of user testing as part of the development process. User testing is extremely important, especially in an agile environment as one of the main focuses of agile is to involve the end user at all stages of the development life cycle, this ensures that the product is consistently built to satisfy its targeted user audience. This is a valuable stage of an application’s lifecycle. To complete this in the future, there would need to be a test plan prepared with the sections of the application that they would like to be completed, there could be a designated group of users which could each have an individual set of features which they would be tasked with testing and reporting on [2]. The user testing environments would need to be identical to ensure consistency and reliability, the tests could be restricted to a certain timed duration, such as twenty minutes of using the application [2]. These tests would then be reported upon, analysed and amendments could be made to the application to align with the reported faults in the user tests. The advantage of user testing is that it enables a development team to understand the application’s usage from a user’s perspective, while also assisting in reporting bugs in areas of the application, for example, the navigation menu may not be working the way that it was designed to. The advantage to user testing is that it can provide insightful feedback to the development team which would enable them to enhance their application, it can improve the application’s overall user experience [85]. This was suggested as a recommendation as the scope of the project would have made it difficult to locate a group of users to request as testers, this would also mean the application would require professional hosting which could prove costly, the other reason is for ethical reasons. Due to the theme of accessibility being within the project, the user testers would enrich the project if there was a diverse range of people with various disabilities to understand their perspective, although this would enrich the project, it would be difficult in the setting of a master’s dissertation.
The final recommendation of the project would be to extend the accessibility of the project. This would be done by completing the application to have full conformance to the WCAG 2.1 [24]. This has been identified as a suggestion due to the time restrictions on the project, this meant that the project had to be a suitable scope. Furthermore, this meant that there wouldn’t be enough time to design and build a fully conformant application. As stated previously, there are four guidelines and overall, 61 success criteria, this emphasises that it wouldn’t be viable as it would occupy a lot of time. This project instead focused on exploring them and how the tools enhance the development of applications. The way in which this could be done is by, if permitted, utilising a user testing team and a 3rd party auditor to test the application, this would result in a greater depth of understanding in how to achieve full conformance through professional accessibility reports. This is also not possible due to the cost restraints that 3rd party testing would occur. 
In conclusion, this section has concluded the project while also offering further avenues to explore should the project be continued beyond the master’s dissertation. The next section will reflect on the project’s completion overall.  
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The last section of the report will focus on reflecting upon the project, the reason for this is to understand what could have been better if the project was to be completed again over a period. This will predominantly draw on the periods of the projects that could have been improved. 
Moreover, the project was challenging, one way in which it could have been improved is by managing the time better that was allocated to the completion of it. There was a Gantt chart at the proposal stage, but unpredictable variables were not factored into this Gantt chart, this meant that some chapters were completed easier than others. This result in high levels of pressure to complete the project was being applied. This would be changed if the project could be completed again, a new Gantt chart would be designed, which would factor in time for unpredictable variables, and this would be followed with a stricter attitude. This would ensure smoother completion of the project. Another variable which would be changed if the project was to be done again is the workload the student had at their part-time job, this left them tired and with little time at certain stages of the master’s dissertation. If the project was started again, there would be less frequent shifts at their part-time job, so they had more time to optimally focus on their project. 
Furthermore, the project focused on a few different areas of software development, predominantly in the field of User Experience, although research was done to increase the existing knowledge the student had. It would have been advantageous if the student had more knowledge in their chosen field of research. This would be changed next time by completing research prior to starting the project so there is a higher level of basic knowledge to begin the project with, this would assist with understanding how to research for academic sources online, this would have also resulted in some chapters being completed in quicker succession, such as the Literature Review. 
There were many things learnt from this experience, due to the nature of the project, there had to be extra studying to become familiar with new technologies, this meant that a large portion of the project was spent learning, from the following sources [55] [86] [61] [60] [87]. The student familiarised themselves with JavaScript and React.JS for a section of the implementation, this is significant to the student’s learning as they aim to work in the web development industry and React.JS is relevant in that sub-field of the industry, as proven by the Stack Overflow Developer Survey [50]. Due to their motivation to be part of the web development, it was a strong chance to use a blend of other tools that would help them improve as a IT professional, these included, the Google Developer Tools [17], and NPM [66], and design tools for UI design, such as MockUp [45]. These extra tools and technologies will overall contribute to the student’s ability to work in the industry alongside experienced professionals. They also deepened their knowledge in the field of UX, which will enable them to contribute to this during their future and through researching a sub-field such as accessibility, it has influenced them in building a higher level of empathy and consciousness to all potential users of a system. This experience has been challenging overall, it has challenged the student’s skill to independently learn, develop, and research. 
This section has reflected on the project overall and how it has taught the student to be more resilient, considerate, and understanding towards the architecture of a system and the overall user experience that it intends to convey.
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[bookmark: _Toc113485535]Appendices

a. [bookmark: _Toc113485536]Relevant Research
Testing was explored for the literature review as it was important to understand the ways in which the application could be tested but also how it could be sent to utilise a method such as user testing, this factors in the UCD [2] as it enables the project to gain purposeful and insightful feedback to offer further avenues in relation to how the developed application could be improved to overall improve the user experience. 



b. [bookmark: _Toc113485537]Questionnaire to be shared to the DAC and Shaw Trust
Professional Questionnaire for Industry Professionals – 25/07/2022
Name: 
Company: 

1. [bookmark: _Hlk113294235]What is involved in the day-to-day tasks of your role?
2. Is there a standard of accessibility standards that you follow? And if so, what is it? (Such as the WCAG)
3. Why is accessibility testing important?
4. Are there more important accessibility features to worry about than others?
5. How long does it usually take to test an application’s accessibility?
6. What current and emerging trends are there in accessibility?
7. What tools do you use to test and are they open source? 
8. Are there more commonly found accessibility problems within application? If so, what are these?
9. What is the most common and least common disability that is tested against within accessibility? (Such as, visual impairments, hearing impairments, motor impairments)
10. Do you conduct Manual testing and Automated testing?
11. What do you use to log what tests have been completed/passed/failed?
12. Do you feel that accessibility should be thought about, at the design stage of every application that is developed? 
13. What are your overall thoughts on the field of User Experience and Accessibility?
c. [bookmark: _Toc113485538]Other

[bookmark: _Toc113485539][image: A piece of paper with writing on it

Description automatically generated with medium confidence]
[bookmark: _Toc113485463]Figure 65 - Table Design for Results
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Success Criterion 1.4.8 Visual Presentation

(Level AAA) [Understancing Visusl Presenistion
T —

For the visual presentation of blocks of text, a mechanism is available to achieve the following:

« Foreground and background colors can be selected by the user.

Width is no more than 80 characters or glyphs (40 if CJK).

Textis not justified (aligned to both the left and the right margins).

Line spacing (leading) is at least space-and-a-half within paragraphs, and paragraph spacing is at least 1.5
times larger than the line spacing

Text can be resized without assistive technology up to 200 percent in a way that does not require the user to
scroll horizontally to read a line of text on a full-screen window.
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Success Criterion 1.4.12 Text Spacing

(Level AA) (e i S
Fiow o st ot Soacey

In content implemented using markup languages that support the following text style properties, no loss of
content or functionality occurs by setting all of the following and by changing no other style property:

« Line height (line spacing) to at least 1.5 times the font size;

« Spacing following paragraphs to at least 2 times the font size;

« Letter spacing (tracking) to at least 0.12 times the font size;

« Word spacing to at least 0.16 times the font size.

Exception: Human languages and scripts that do not make use of one or more of these text style properties in
written text can conform using only the properties that exist for that combination of language and script
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Success Criterion 2.4.2 Page Titled

(Level A) T
biow o West Page Tves

Web pages have titles that describe topic or purpose
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Success Criterion 2.4.5 Multiple Ways

(Level AA) T
Fiow o est utole wars

More than one way is available to locate a Web page within a set of Web pages except where the Web Page is
the result of, or a step i, a process.

Success Criterion 2.4.6 Headings and Labels

(Level AA) [ e Hesgis s L
biow o West Hestings srd Labes

Headings and labels describe topic or purpose.
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import React from 'react’

import './Recommendations.css' //import css fi
import avatarl from './images/avatarl.jpg’
import avatar2 from './images/avatar2.webp’
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"First Customer Recommendation”></img>
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import React from ‘react’
import NavigationBar from './components/Navigat
import Hero from *./components/Hero"

import About from °./components/About"

import Recommendations from ' ./components/Recom
import Footer from './components/Footer"

function App() {
return (
<div>
<NavigationBar></NavigationBar> {/*put ea
<Hero></Hero> {/*put each component in th
<About></About> {/*put each component in
<Recommendations></Recommendations> {/*pu
<Footer></Footer> {/*put each component i
</div>
)5
3

export default App; //T believe this starts the
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:root { /*css custom properties for across the html document, good coding practice for DRY*/
/*work like variables, four for different colours used*/
--first: Bi#ffeaoo;
--second: [1#0a0906;
~-third: Drgb(9, 93, 145);
--fourth: Mazure;
--overlay: [rgba(0,0,0,.7);




image31.png
const [click, setClick] = useState(false)
/*state is a bit like an event listener, we listen for the click to change the state of the application */
const handleAClick = () => setClick(lclick)
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<div className='hamburger’ onClick={handleAClick}> {/*when clicked, activate function which reacts to the click*/}

{click ? (<FaTimes size={30} style={{color: "#ffffff'}}/>)
: (<FaBars size={30} style={{color: '#ffffff'}}/> )}

</div>
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Question 1. Participant A— Participant B Participant C Participant D
Operations Manager
‘Whatisinvolved in | Overseeing the audits | 1 test digital Thetestingof | Whatis involved in the day-to-day

the day-to-day

tasks of your role?

that DAC undertake
and checking the
reports before they
are sent to the client
to ensure that the
code solutions and

findings are correct.

products to see
how well they
work for people
with mobility
issues.

‘web sites relating
to low vision

issues

tasks of your role? Running through
any service such as an html website or
mobile application with screen
reading software including but not
limited to JAWS and NVDA to ensure
that someone who is completely blind
can successfully use the service
without any accessibility barriers. |
also provide training on how to use
the software both for internal staff
and clients and provide awareness
training to clients on accessibility and
how accessibility barriers can impact
someone who is blind. Finally, when
required | demo the clients service to
them to demonstrate issues found
and how the service can be improved.
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Question 2. Participant A— Participant B. Participant C Participant D
Operations
Manager
Isthere astandard of | We test against WCAG2.1and | Thestandard | the WCAG) | use the WCAG 2.1 asa
WCAG 2.1 up to AR
dditionall I tart point, h lalso f
accessibility standards for compliance as this | 29O SRR SER S IECEET I EDIERE
is e legal GDS on followed is heavily on the usability aspect of
that you follow? And i so,
ERENEIER (R 76, || reEeni o Government | WCAG 2.1 for | the service as well from my own

what s t? (Such as the

WCAG)

Public Sector bodies,
we often go above
and beyond this and
report on any AAA
issues encountered
and issues that affect
our user testing team
but do not fail WCAG.
GOV.UK Design
System is something
else that we test
against for all GOV
jobs which covers a
ot more than just the
standards of
compliance including
usability issues.

sites and NHS
component

library on NHS

sites.

web and mobile

apps.

experience. When testing UK
government services, | am also
required to use the GOV.UK Design
System alongside the WCAG 2.1 to
ensure that government services
appear consistently and the same

i true of NHS services which use

the NHS component library.
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Question 3.

Participant A—

Operations Manager

Participant B

Participant C

Participant D

‘Why is accessibility

testing important?

‘Accessibility testing is
important as only a
percentage of issues
are captured by
testing tools, real
users will find more.
Atesting tool can find
whether an image has
an alt but can't report
whether it's
descriptive or not,
especially important
‘when the image is the
only content within a
link.

Itis important as
it highlights the
barriers that
someone with a
disability would
face while trying
to use websites.
When these
barriers are
highlighted, they
can be remedied,
enabled disabled
people to use the
internet
independently.

Yes. Itis important
however in my
opinion this is just
toensure a
minimun standard
of access for all

users.

1 service does not work or there s
only one component that is inaccessible,
then someone cannot access the service.
independently. It is a myth that anyone
with a ‘disability has a carer or
Someone on hand to always assist
meaning that if a service does not work
then the individual cannot use it and will
have to go elsewhere. This s
problematic as on some occasions there.
will be no alternative and a task must be:
performed leaving the user to seek for
assistance that may not be available.
Even where items are not inaccessible,
they can be difficult to use or could in
some circumstances be misleading.
potentially leading to the user giving up
with using the service and going
elsewhere to view another company's
product. By having a service accessibility
tested potential barriers can be
identified, in my case by someone who
uses the software’s involved and can
also be corrected while other aspects of
the service such as the layout and
usability can also be tested and
improved to provide an efficient and
positive service to whoever uses the
service. By also accessibility testing each
service issues identified by a user with
additional needs can also improve the
Service for a user without additional
needs as often the issue being fixed
improves the service for this category of
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Question 4.

Participant A—

Operations Manager

Participant B,

Participant C

Participant D

‘Are there more
important
accessibility
features to worry

about than others?

For compliance yes,
single A failings wil
usually mean
someone cannot
access using assistive
technology, AA will
mean they can but
may have some
difficulty, however in
the real work with
real users itis
important that the
taskin hand can be
completed with ease
and with varying
degrees of user
requirements issues
above and beyond AA
compliance are just as
important.

Noas the issues
that everyone
experiences are
different and
unique to

themselves

Definitely. WCAG
fails to meet the
needs of many
disabled user
groups where
important
features required
by these groups
are frequently
ignored by the
guidelines.
Features such as
fonts, text size
and mouse hover
focus have no
guidelines
despite being
important for
users with low
vision, dyslexic or
elderly.

Twould personally say no. What may
affect me as an experienced screen
reader user may be completely
different to what someone with less
experience may encounter. Even
‘where someone has the same level of
experience they may navigate
differently and so may encounter the
service differently and therefore have
different experiences. Itis therefore
in my opinion very important to look
at everything on the page to make
sure it works. Custom elements that
are not standard html components
can often cause difficulty and may not
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Questions. Participant A— ParticipantB | Participant C )
Operations Manager

Howlong does it | This can vary Itdependson | Dependsonthe | This depends on the size of the
depending on the how complicated | size of the web site | 3PPlication and how much

usually take to test
an application’s

accessibility?

complexity of a site,
how much
functionality is

present etc

the application is
and how many
issues we

encounter.

or scope given to

test.

software’s are required. It can range
from anything from 0.5 days up to
18 and beyond. The bigger the
service and the more software the
longer it willtake. This does not
necessarily correspond to the
number of pages however as you
can have 100 pages with hardly
anything wrong with them but can
have 3 pages that throw up 20 issues
each.
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Question 6. Participant A— Participant B Participant C Partiipant D
Operations Manager
What currentand | N/A Newwaysof | With 15years’ | Iam seeing services become much

‘emerging trends
are therein

accessibility?

making elements
look that meant
that assistive
technologies
cannot nteract

with them.

experience of
testing web sites,
Ifound o real
improvements in
accessibilty.
Screen reader
technology has
improved with
guidelines
improving to
match these:
improvements
Web sites tend to
meet WCAG
minimums rather
than providing.
accessible
platforms
sutable for all

more complex to audit as accessibility
becomes more widely acknowledged.
Previously although services were
difficult to use in some instances it
was generally fet that more complex
Services could not be made
accessible. However, with a general
change in attitude and changes in the
law over the last few years there isa
definite shift both towards awareness
that accessibiltyis important but also.
the need to attempt to make the
more complex services accessible.
Furthermore, | also do feel that there
is now far more tendency to add
complex functionality to the page.
even where it s not required to make
the service look good. As such this
makes the service harder and more
complex to use and makes the page
appear cluttered to screen reader
users. 1am often informed by sighted
colleagues that where I encountered
a cluttered or complex page this can
also cause large difficulties for visual
users as well. However, over the last
few years there is  big shift towards
‘awareness being more widespread
and a lot more people both willing to
engage with the process while in
many instances the service
developers are becoming excited to
‘engage with the process of
accessibilty. | do feel that the rise in
the use of technology fuelled by the
necessity of technology during Covid-
19 has seen an increase of the need
foraccessibilty, but the awareness of
accessibility was improving before
Covid-19, 50 Covid is not the only
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Question 7. Participant A— Participant B Participant C Participant D
Operations Manager
What tools do you | Some are open Tuseaproduct | Colour contrast Tuse a variety o different screen.

use to test and are

they open source?

source, for example,
NVDA screen reader

but most are not.

called Dragon
Naturallyspeaking
that is made by
Nuance. No, itis

not apen source.

analysers are open-
source tools that
can be downloaded
‘with numerous tool
bars and application
available in browser
app stores totry.
These are numerous
to which some work
well and others
unsuitable.

reader software including JAWS,
NVDA, VoiceOver on multiple
devices such as Mac iPhone and
‘Watch, and Talkack on Android
devices. | also have had experience
of using Windows Narrator and
Orcafor Linux, but these are not
often required. NVDA is open
source and can be downloaded and
VoiceOver is automatically pre-
installed onto all Apple products.
TalkBack is included within the.
Google Accessibility suite and can
be downloaded for free however
the accessibility suite must be
downloaded from the Play store
‘with TalkBack then installed from
the accessibility settings menu.
JAWS despite appearing from
statistics found in the screen reader
survey of webaim.org to be the
most widely used desktop screen
reader must be paid for often gaing
over £1000 for a professional
licence afthough upgrade packages
and subscriptions are available.
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Question 8.

Participant A—

Operations Manager

Participant B

Participant C

Participant D

‘Are there more
commonly found
accessibility
problems within
application? If so,

what are these?

Unlabelled form
fields, image alts used
incorrectly if used at
all, non-descriptive
links, customised
elements such as link
and buttons that are
not customised
correctly, lack of
visible focus when an
element is ‘tabbed’ to
using a keyboard.

No, asthe issues
that | encounter
depends on the
nature of the

site.

These types of
issues are
regularly found
partly due to the
guidelines not
addressing these
issues. Font
design, text size,
minimum
contrast not
suiting low vision
users, call-to-
action focus,
contrast
inversion issues,
element focus,
and layout design
are just some
areas which are
commonly found
tobe
problematic.

These can vary depending on the
service, however a very common
issue for non-UK government services
is custom elements which often cause
great difficulty with screen reading
software. Unlabelled content can also
be quite common although some
screen reader software such as JAWS
attempts to generate a label.
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Question 9.

Participant A

Participant B

Participant C

Participant D

‘What is the most
common and least
common disability
that is tested
against within
accessibility? (Such
as, visual
impairments,
hearing
impairments,
motor

impairments)

‘Ascreen reader is an
‘all-rounder’ to cover
alotin terms of

things being
accessible to
keyboard only users,
Dragon voice
activation users, and
forlinks and buttons

etc being descriptive.

Least common d
say is learning
difficulties and |
am unsure of the

most comman.

Blind, low vision,
mobility, Cognitive
and deaf are
usually
represented and
depends on the
dlient’s
preferences.

N/A
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Question 10.

Participant A

Participant B

Participant C

Participant D

Do you conduct
Manual testing
and Automated

testing?

Yes

Tam part of the
manual testing
as1 go through
sites using
Dragon and the
keyboard only.

method.

N/A

‘As someone who is completely blind,
1 conduct manual testing for each
page and all components with each
piece of software that is within the
specific scope of testing for each
audit. 1 do not presently undertake
automated testing as this is
performed by other colleagues
within the company.
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Question 11. Participant A ParticipantB | Participant C Participant D
What do you use tolog | We producea Wereceivea | N/A Tuse Microsoft Word to log any
scope which issues writing up the results and

what tests have been

completed/passed/failed?

‘word/PDF report
although sometimes
the client may want

us to enter issues
into their system,
for example, JIRA or

spreadsheet

details what the
client has asked
us to test then
they receive a
report of all the
issues
encountered
and solutions for
them,

including any relevant
URL/screen shot
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Question 12.

Participant A

Participant B,

Participant C

Participant D

Do you feel that
accessibility should
be thought about,
at the design stage
of every application

that is developed?

‘Absolutely, it
saves the client
alot of time and
money when
building in
accessibility
form the start.

Yes, asitis
more difficult
for clients to
retrofit their
sites than to
build them
accessibly to

begin with.

Yes. However,
thisis a rarity
where we
become involved
earlyin the
development.
User texting is
generally done
after the design
stage which is
perhaps toolate
to encourage
change. There
were attempts to
change this when
BS8878 was
introduced in
2010to try and
improve the
strategy of
developing digital
products to suit
the demographic
of ts users but
this seemed short
lived despite its
good intentions.

‘Absolutely. I have encountered many
services which have been developedin a
highly complex and confusing manner
making the service very problematic and
time consuming to use and even where
accessibility barriers are fixed can still leave
the service very frustrating to use. The
accessibility barriers encountered within the
service are often far more challenging to fix
because it often requires a complete re-
design of the page or leaves developers
unable to easily correct the difficulty
because of the design leading to a
disproportionate burden plea or else the
issue is simply not fixed in  satisfactory.
manner. By thinking about accessibility at
the design stage more complex and often
unnecessary content such as carousels can
be avoided with a much more streamline

service created.
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Question 13, Participant A ParticpantB | Participant C Participant D
Whatare your | Extremely important | We cannot WCAG conformed | User experience in some sectors s
o enable cve expectevery | sites can be improving aithough with technology
overall thoughts | ‘0 <nae venvbody | TR | inaccessible for moving so fast and an understanding that
the abiltytoaccess |\ I L | many user groups as. | things canbe acieved more wih
on the field of opposed to usable | technology more and more complex
and use digital of accessibility ly bet
" sites generally being | services are being provided which can be.
User Experience | products without | S0 having. accessible. UX difficult to use. | often find that a

and Accessibility?

difficuly.

someone with
that knowledge
isvery
important. Also
having people.
with disabilities
looking at the
accessibilty of
sites means that
the information
provided comes
from people
that have the
themselves.

testing s perhaps
more accurate in
measuring the
accessibility and
usability of a site as
the developers get
first-hand
knowledge of issues.
raised instead of an
‘ambiguous success
criterion often
composed by an
author who has no
experience of issues
auser group.
generally
experience. Inmy 15.
years' experience, |
believe that UX
testing provides a
greater idea ofa
products successes
and failures.
informing the
developers of vital
information on
where their product
needs improvement.
A guideline can be.
wrong or insufficient
aswellas
Sometimes not even
existing A user’s
experience cannot
be wrong, a
guideline can!

‘complex custom component has been
included for the sake of . rather than
possessing  genuine purpose. I many.
instances | have found that developers
o ry to make the service as accessible:
s possible both by following the WCAG.
2.1and correcting usabily issues. | do
however also find that o others tis
simply a case of fx the minimum
required to pass the legalrequirements
‘and leave it at that regardies of barriers
although thankfull this is becoming less
frequent as awareness spreads. | find
thatin general the WCAG 2.1 s an
excellentstarting point in relation to
accessibilty, however it does not
guarantee a good service | often ind
‘when | audit that more of my comments
fall outside o these guidelines and are
therefore from the usabilty point of
view: My thoughts are therefor that
although we must rely o the industry
Standards of WCAG these guidelines are
onlya starting point and must as a
necessity be taken in conjunction with
the user experience which i equally, if
not more important than the guidelines
s only by taking the two in conjunction
can we geta good service. Thisis
becoming even more important s we
move towards an online society in
Sectors such as online banking as users
must be able to perform an action easily
‘and efficiently with al levels of
experience in using the software.
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A Notseaure

"We spoke with Andrew about an idea we had for a speech
therapy app. thinking we were crazy. He was empathetic
compassionate and him and his team built us one within the year
timeframe they set! Amazing, would highly recommend”

Creative Lead at the DHCW
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Meet our CEO and lead developer
at Whirlwind Industries, Andrew!





image52.png
Component

Colours Tested

Pass/Fail

About.JS

#095D91 (Dark Blue)
#FSF8F8 (White)

Passed 4, Failed 1

Footer.JS

#000000 (Black)
#OOBOFF (Azure)

Passed 4, Failed 1

NavigationBar.JS

#095D91 (Dark Blue)
#000000 (Black)

Failed all tests
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Home > Resources > Contrast Checker

Foreground Color Background Color
#095D91 | NN #F8F8F8 | [ |
Lightness A Lightness

— ——
- -

Contrast Ratio

6.62:1

permalink

Normal Text

weacan: @D

WCAG AAA:  Fail The five boxing wizards jump quickly.

Large Text

weacan: @D

WCAG AAA: @ The five boxing wizards jump quickly.

Graphical Objects and User Interface Components

weacan: @D 7

[ Text Input





image1.jpeg
A Prifysgol Cymru
% Y Drindod Dewi Sant
N University of Wales
Trinity Saint David





image54.png
Success Criterion 1.4.3 Contrast (Minimum)

(Level AA) i Conves i
T — T

The visual presentation of text and images of text has a contrast ratio of at least 4.5:1, except for the following:
« Large Text: Large-scale text and images of large-scale text have a contrast ratio of at least 3:1;

« Incidental: Text or images of text that are part of an inactive ser interface component, that are pure
decoration, that are not visible to anyone, or that are part of a picture that contains significant other visual
content, have no contrast requirement

« Logotypes: Text that is part of a logo or brand name has no contrast requirement.
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this section is to provide a simplistic overview of how the tool works.

Contrast Checker — By WebAIM

“The first tool which was tested was WebAIM, an online colour contrast tool [29]. This assists in
understanding how the colour appears on the web application. This was recommended by the DAC
[30] as they use it when testing applications for their clients. WebAIM is referred in a paper by Mora,
et al and it expands that the tool also requests that a team completes human testing [23], this is
because human testing can conclude things that the tool wouldn't be able to. The tool checks for
normal text, large text and Ul component related guidelines and specifies whether they have passed
or failed [31].

Wave Evaluation Tool — By WebAIM

'WebAIM also offer other testing tools, such as the WAVE extension for Chrome [32]
Use This Paper [33]

Achecker

Discovered in [19] — refer to the overview section to talk of this.
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Errors
Empty link

What It Means
Alink contains no text

Why It Matters
If2 link contains no tex, the function or purpose
of the link il not be presented to the user. This
canntroduce confusion for keyboard and screen
reader users.

How to Fix It
Remove the empry link or provide tex: within the
link that describes the functonaliy andlor target
of thatlnk.

The Algorithm... in English
A anchor element has an href arbute, but
contains 1o text (or only spaces) and no images.
with alternative text.
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