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Abstract
The web has evolved a lot since its inception. Modern websites are no longer static pages but are instead dynamic and complex. People rely on the web greatly in everyday life – including those that suffer with visual impairments. However, it can be difficult with poor eyesight to browse the web without the help of accessibility features. Fortunately, web accessibility specifications and guidelines such as the Web Content Accessibility Guidelines guides web developers to help ensure their website is accessible. Furthermore, developers can use web accessibility checking tools to automatically scan and check for compliance with these guidelines.
This paper includes an in-depth review of the existing literature surrounding web accessibility. The literature review is concluded with recommendations for good web accessibility practises. This paper also describes the process of designing and implementing a web accessibility checker. It is compared to other existing web accessibility checkers to reveal their performances. 
A positivist and inductive approach is taken along with the strategies of conducting a literature review, software development and experiment. Risks, limitations, ethical issues and the validity, reliability, generalisability, data collections and evaluation methods of the project are considered. A waterfall software development methodology is undertaken and key resources including the software required to complete the project are set out.
The paper concludes that the results of each web accessibility checker including the one implemented cannot always be meaningfully compared to one another due to the differing ways the results are interpreted and displayed.
Suggestions for further work that could be made to the implementation are described. These include the additional functionality of checking for other success criterion and web accessibility guidelines and allowing users to choose a faster alternative to Selenium – requests. Finally, a personal reflection of the project is made.
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[bookmark: _Toc132750077]Chapter 1 Introduction
This project will critically evaluate web accessibility, especially in relation to visually impaired users. Much of the research focuses on the Web Content Accessibility Guidelines (WCAG) 2.1 [1]; reliable accessibility related papers and assistive technology that helps disabled users browse the web such as screen readers [2].
Whilst the research aspect of this project will thoroughly evaluate web accessibility, the practical side of it aims to help web developers quickly understand whether their website complies with WCAG’s success criterion. A web accessibility checker will be developed to compete against other existing web accessibility checkers [2].
The aim of the project:
· To critically evaluate web accessibility for visually impaired users and develop a web accessibility checking tool which reviews WCAG compliance.
The objectives of the project:
· Research and critically evaluate the area.
· Based upon the research, set out recommendations for good web accessibility practice.
· Implement a web accessibility checker and compare the implemented and other existing web accessibility checkers to each other.
The requirements of the project are outlined in chapter 4.
This report has many chapters that are fundamental to the project’s success. Firstly, the research and review of literature discusses key topics, including web accessibility guidelines and specifications. After this, the project’s research and development methodologies as well as the resources required to complete the project are described. The design and implementation stage discusses and illustrates how the program was designed, developed and tested.
The report then compares web accessibility checkers (including the one implemented) and a further evaluation of the results and aim and objectives is followed. Finally, a conclusion and further work that could be done are discussed and the project is reflected on.

[bookmark: _Toc132750078]Chapter 2 Research and review of literature
This chapter describes common visual impairments; web accessibility guidelines/specifications; assistive technologies; designing for the visually impaired; web accessibility checking tools and recommendations for good web accessibility practise. These topics help to understand how visually impaired users struggle to use the web, but also how they are helped.
[bookmark: _Toc132750079]2.1 Common visual impairments
According to the World Health Organization (WHO) [3], “at least 2.2 billion people have a near or distance vision impairment” [3]. The National Health Service (NHS) [4] states that “more than 2 million people are living with sight loss” [4]. 
Visual impairments are therefore very common, with some more severe than others. Below, common visual impairments and how people deal with this disadvantage will be discussed.
[bookmark: _Toc132750080]2.1.1 Cataract
[image: ]Cataracts are one of the most common visual impairments [3]. They blur the vision of the eye [5] and usually becomes more severe over time [6]. They can be described as feeling the need to clean your glasses when they aren’t in need of cleaning [6] – it’s simply the persons eyesight that is deteriorating. People with this eye condition are “more sensitive to light” [6] and can become blind [7].[bookmark: _Toc132724607][bookmark: _Toc132724776][bookmark: _Toc132724914][bookmark: _Toc132724982][bookmark: _Toc132725305][bookmark: _Toc132726049][bookmark: _Toc132749844]Figure 1: Cataract eye condition visualization. Source: [5].

According to the WHO’s report in 2019 [5], an estimated “65.2 million” [5] people globally are affected by a cataract visual impairment [5]. People with cataracts will likely find it more difficult than usual to navigate poorly formatted websites due to their condition.
[bookmark: _Toc132750081]2.1.2 Age-Related Macular Degeneration
[image: ]Age-Related Macular Degeneration (AMD) is estimated to affect “10.4 million” [5] people globally. People with this eye condition will likely find it difficult to read [8], including reading on the web because their central vision is “distorted or blurry” [8].[bookmark: _Toc132724608][bookmark: _Toc132724777][bookmark: _Toc132724915][bookmark: _Toc132724983][bookmark: _Toc132725306][bookmark: _Toc132726050][bookmark: _Toc132749845]Figure 2: Age-Related Macular Degeneration eye condition visualization. Source: [5].

There are two variations of AMD, known as dry AMD and wet AMD [8]. Both leave patches on the eye [8]. Dry AMD effects more people with the condition, although develops slower than wet AMD [8]. Wet AMD on the other can lead to sudden permanent damage to the eye due to scarring [8]. Fortunately, according to the NHS, AMD “does not cause total blindness” [9].
[bookmark: _Toc132750082]2.1.3 Refractive error 
[image: ]Refractive errors are affecting a significant number of the world’s population. According to the WHO, refractive errors affect an estimated “123.7 million” [5] people world-wide. Refractive errors affect eyesight because it causes the vision to not focus as it ideally should, thus causing a blur [10]. Refractive errors lead to people getting “corrective glasses, contact lenses or refractive surgery” [10] to combat it. [bookmark: _Toc132724609][bookmark: _Toc132724778][bookmark: _Toc132724916][bookmark: _Toc132724984][bookmark: _Toc132725307][bookmark: _Toc132726051][bookmark: _Toc132749846]Figure 3: Refractive error eye condition visualization. Source: [5].

There are different types of refractive errors, although four common ones are: 
· Myopia - Far away things will be more blurry and harder to identify, read or see clearly [10].
· Hyperopia - Nearby things will be more blurry and harder to identify, read or see clearly [10].
· Presbyopia – Nearby things will be harder to identify, read or see clearly [10].
· Astigmatism - Causes “distorted vision” [10].
Refractive errors will therefore likely increase the difficulty in browsing the web, due to the difficulty reading and general blurry vision. Fortunately, this eye condition is treatable. Therefore, no additional assistive technologies such as screen readers may be needed.
[bookmark: _Toc132750083]2.1.4 Diabetic retinopathy
[image: ]Diabetic retinopathy is estimated by the WHO to affect 3 million people globally [5]. Diabetic retinopathy in some cases can cause blindness [5]. This eye condition “usually develops in stages” [11] and can be treated [11]. As the name suggests, people with diabetes can develop the eye condition [11]. [bookmark: _Toc132724610][bookmark: _Toc132724779][bookmark: _Toc132724917][bookmark: _Toc132724985][bookmark: _Toc132725308][bookmark: _Toc132726052][bookmark: _Toc132749847]Figure 4: Diabetic retinopathy eye condition visualization. Source: [5].

The loss of vision is often due to damage to the retina, caused by “swelling” [5] and symptoms of the eye condition include blurriness and blindness [12]. Due to this, people effected by the condition will likely find it more difficult to navigate the web and in severe cases may partially or completely depend on assistive technologies.
[bookmark: _Toc132750084]2.1.5 Glaucoma
[image: ]Glaucoma affects an estimated “6.9 million” [5] people world-wide [5] and affects eye sight when the optic nerve is damaged [13]. There are different types of glaucoma, although the primary open angle glaucoma type is the one that affects the most people in the UK [14].[bookmark: _Toc132724611][bookmark: _Toc132724780][bookmark: _Toc132724918][bookmark: _Toc132724986][bookmark: _Toc132725309][bookmark: _Toc132726053][bookmark: _Toc132749848]Figure 5: Glaucoma eye condition visualization. Source: [5].

This eye condition can cause vision to become blurry [13], “usually” [13] effects both eyes as well as their peripheral vision and develops progressively over time [13]. As people affected by this eye condition’s vision becomes blurry and their peripheral vision deteriorates, they may find it difficult to notice content or features of a webpage that other users may easily spot.
[bookmark: _Toc132750085]2.1.6 General Accessibility 
Disabled users affected by any of the above eye conditions and more may require additional help. Some eye conditions can be combatted via glasses and contact lenses as mentioned above. However, some people require more aid than that, such as aids that make use of “tactile and audio feedback” [15]. 
For general activity, some visually impaired people may need the use of “Low-tech aids” [15], such as:
· A long cane – Allows them to navigate and walk whilst having a sense of direction and what is ahead of them [15].
· Braille – This may be used primarily by those severely visually impaired or completely blind to read by using their hand to sense patterns [15].
When it comes to using the computer and browsing the web, disabled users, especially those with severe visual impairments may need to rely on assistive technologies to help them. These will be discussed in chapter 2.3.
[bookmark: _Toc132750086]2.2 Web accessibility guidelines and specifications
There are numerous web accessibility guidelines and specifications, although this report will discuss 3 prominent ones: Web Content Accessibility Guidelines (WCAG) [1], User Agent Accessibility Guidelines (UAAG) [16] and Accessible Rich Internet Application (ARIA) [17].
[bookmark: _Toc132750087]2.2.1 Web Content Accessibility Guidelines
WCAG is a web standard recognized internationally. As the name suggests, it offers guidance regarding web content for website developers. It offers a large range of web accessibility guidance to follow and multiple levels of compliance to aim for [2] [18] as it seeks to make the web accessible for people with a range of disabilities, including visual impairment [1].
Before WCAG was created, Vint Cerf, the creator of the TCP/IP and “FATHER OF THE INTERNET” [19] made his concerns of web accessibility known:
“The Internet is for everyone – but it won’t be if it is too complex to be used easily by everyone. Let us dedicate ourselves to the task of simplifying Internet’s interfaces and to educating all who are interested in its use” [20].
One month later, the first version of WCAG was published. Since then, multiple, updated versions of WCAG have been released [21] [22] [1], not necessarily to supersede its previous iterations but to build on them [1].
WCAG 2.1 adopts the Web Accessibility Initiative’s four main principles [23], known as POUR. If POUR is abided by, it allows for a range of disabled users to “use the web” [24]:
· Perceivable content – Users must be able to use at least one of their senses, such as their hearing, vision or touch senses to perceive content [24].
· Operable interfaces – Users must be able to navigate or perform actions the website offers [24].
· Understandable content – Users must be able to understand the content and operations that the website provides [24].
· Robust content – User agent technologies such as browsers and assistive technologies [24] such as screen readers must be able to function as intended “as technologies advance” [24].
The WCAG is not the only web accessibility guidelines. The United States “Rehabilitation Act of 1973” [25] requires websites to be accessible to those with disabilities [25]. Similarly, New Zealand’s “Web Accessibility Standard 1.1” (2019) [26] requires websites to be accessible [26]. What both of these acts/standards have in common is that they both refer to the WCAG guidelines.
The WCAG is therefore the web accessibility guidelines that is referred to in this document as it is internationally recognized and because some countries legally require the WCAG to be followed [27]. In the United Kingdom, websites must legally meet the WCAG’s 2.1 Level AA criteria [28] under the “Public Sector Bodies (Websites and Mobile Applications) (No. 2) Accessibility Regulations 2018” [28]. The WCAG’s conformance levelling criterion [1] will be discussed further in chapter 2.2.1.2.
[bookmark: _Toc132750088]2.2.1.1 Early WCAG versions
The first version of the WCAG (WCAG 1.0) was published in 1999 with the goal of promoting accessibility [21] and providing guidelines to developers to make “content more available to all users” [21]. The WCAG 1.0 contains 14 guidelines and over 60 checkpoints [29] that provide more details with written examples in: HTML, CSS, SMIL and MathML. [21]. Checkpoints have priority levels which state whether a web developer must, should or may satisfy/address a checkpoint (depending on how difficult disabled users would find it if they did not meet those checkpoints) [21]. WCAG 1.0 also introduced a conformance levelling criteria [21].
WCAG 1.0 was a good first step for web accessibility. However, overtime it became apparent that some guidelines were too ambiguous and hard to follow [30]. Furthermore, WCAG 1.0 had guidelines for specific technologies which became an issue as more technologies were developed [31]. 
WCAG 2.0 was released in 2008 [22] and made significant progress because the guidelines were written in such a way that they could be applied to existing and future web technologies, unlike WCAG 1.0 [31]. The updated guidelines were built upon the previous guidelines although now included “far more educational” [31] documentation. The WCAG 2.0 introduced POUR [22], covered more disabilities than WCAG 1.0 [32] and referred to sections as success criterion instead of checkpoints [32].
[bookmark: _Toc132750089]2.2.1.2 WCAG 2.1
The WCAG 2.1 was published in 2018 [1] and inherits all of the WCAG 2.0’s aspects, including the key aim of being “testable with a combination of automated testing and human evaluation” [22] [1]. As the guidance is improved in each WCAG version, it allows for web accessibility checkers [33] to better judge websites on their compliance with the guidelines. Web accessibility checkers will be discussed further in chapter 2.5.
Although the WCAG 2.0 was published almost a decade before the WCAG 2.1, the WCAG 2.1 does not “deprecate or supersede” [1] it. Importantly, it is backwards compatible with the WCAG 2.0 [34] as it only expands on it. It features 17 new success criterion [35] and includes definitions, guidelines and “additions to the conformance section” [1]. Users with visual impairment are one of the target audiences which the WCAG 2.1 aims to enhance accessibility guidance for, by adding additional success criterion for “users with low vision” [1].
The WCAG 2.1 also has new success criterion related to mobile phone web accessibility [35]. There is a huge amount of smartphone usage in 2022 [36], thus it is appropriate that the WCAG has updated its guidelines to accommodate for mobile web accessibility. This is important because visually impaired users depend on assistive technologies such as screen readers [37] to understand web content on both mobile and stationary devices. Assistive technologies that help visually impaired people to use the web will be discussed further in chapter 2.3.
The WCAG’s conformance levelling criteria was introduced in the WCAG 2.0 [34] and has since been updated in the WCAG 2.1 [1]. Success criteria of various guidelines are rated at one of three conformance levels: A, AA or AAA [1]: 
· Level A – This is the minimum criteria a webpage falls under to be recognized as a webpage with satisfactory web accessibility compliance [1].
· Level AA – This is the level that laws and regulations from countries such as the UK and New Zealand instruct businesses to conform to [26] [28]. It is more difficult to achieve this level of compliance because there are further success criterion to follow, including all of the success criteria of Level A [1].
· Level AAA – This is the highest conformance level a webpage can conform to for the WCAG [1]. A webpage must satisfy the success criteria of the other levels as well as this one to conform to it [1]. Level AAA can be difficult to adhere to across all content on a website. The WCAG 2.1 guidelines themselves therefore do “not recommended” [1] adhering to Level AAA as a “general policy for entire sites” [1].
As is suggested, Level AA is the level that is most applicable to all webpages and thus should be strived for. If a webpage is Level AA compliant it will benefit visually impaired users greatly, as some of the success criterion it covers are:
· Audio descriptions for pre-recorded videos [1].
· Contrast [1].
· Increase/decrease of text size [1].
[bookmark: _Toc132750090]2.2.1.3 Not all developers follow the WCAG
One study published in 2016 found that out of 25 “e-Government websites in Turkey” [38], the majority of them do not satisfy the WCAG 2.0’s minimum levels of conformance. 
Another study assessed the compliance of 33 Saudi Arabian University websites in regard to both the WCAG 1.0 and the WCAG 2.0’s combined 38 success criterions [39]. One of the web accessibility checkers it used, found “11% of known problems and 89% likely and potential issues” [39]. However, the study also suggested that these results are not conclusive [39] - a manual review would be needed to verify these supposed WCAG violations.
Generally, a websites lack of compliance with the WCAG could be due to:
· Lack of incentive - May not be legally required or enforced [40].
· Time consuming and costs [40] – Businesses may not want to hire experts in the area or may want their web developers to have their focus elsewhere.
· Misconceptions that accessible websites are “ugly and boring” [40], amongst other misconceptions.
· It being difficult to know whether their website is fully complying or not – even experts “may fail to perform a detailed meticulous review” [18]. Web accessibility checkers can help developers in this regard, but they cannot be fully relied upon [39].
It is no surprise then, that one study issued in 2013 that assessed the accessibility of hundreds of large enterprise websites [41] found that “85 % of the evaluated websites present more than 500 WCAG 2.0 level A errors” [41]. Not one of the websites assessed met the minimum accessibility requirements set out by the WCAG 2.0 [41].
[bookmark: _Toc132750091]2.2.2 User Agent Accessibility Guidelines
The User Agent Accessibility Guidelines (UAAG) is a separate set of guidelines to the WCAG, although is created by the same organization: W3C [16]. The UAAG differs to the WCAG because its guidelines are not aimed for website developers – it instead offers guidance to user agent developers to ensure that their user agents are accessible [16]. User agents refer to “browsers, browser extensions, media players, readers and other applications that render web content” [16].
The first version of the UAAG, UAAG 1.0 was published in 2002 [42]. The UAAG introduced key guidelines that when followed allow disabled users and their assistive technology to have much more control of web content [42]. The UAAG did this by recommending that only a keyboard be required for complete use of a web browser [43] and that other important aspects, such as the font size, style and webpage colours be modifiable by the end user [43].
[bookmark: _Toc132750092]2.2.2.1 UAAG 2.0
The UAAG 1.0 was recognized as a recommended W3C guideline when it was published [42]. However, the same cannot be said about UAAG 2.0 – it is not a “formal W3C Recommendation” [44] and W3C does not intend for it to be [44]. This is because testing of user agents would need to be carried out, although W3C say that testing these resources was not possible [44]. Despite of this, W3C still “recommend” [44] the use of the UAAG 2.0.
The UAAG 2.0’s latest iteration was published in 2015 [16] and introduced 5 key accessibility principles for user agents with the first three being “parallel” [16] to the first three WCAG principles [16] [24]:
· Perceivable – User agents must be perceivable so that the content of them can be accessed [16].
· Operable – Users must be able to easily communicate with user agents [16]. 
· Understandable – Users should be able to figure out how to use a user agent [16].
· Programmatic access – Assistive technologies must be able to control web content via the user agent [16].
· Specifications and conventions – The user agent must abide by “other accessibility specifications” [16], such as the WCAG [16]. The user agent must also abide by “platform conventions” [16], such as Windows [16].
The UAAG 2.0 also introduced success criteria and a very similar conformance levelling system to WCAG 2.1 [16] [1], ensuring user agent developers have a better understanding of their compliance status.
[bookmark: _Toc132750093]2.2.3 Accessible Rich Internet Application
Accessible Rich Internet Application (ARIA) [17] is a specification created by W3C. The ARIA was first published in 2014 [45], with the ARIA 1.1 being published in 2017 [17].
The ARIA specifications are used to outline good accessibility practises, such as by adding appropriate semantics [17] and by defining the “roles, states and properties in HTML code” [46]. By adding the appropriate semantics, it structures the website behind the scenes. This allows assistive technologies, such as screen readers [17] to accurately display the websites contents in a structured, well defined matter. 
If no appropriate semantics are used, a screen reader may have to presume the order of the content and thus may get it wrong. Hence making the web content inaccessible or much more difficult to interpret for disabled users.
Semantics refer to “roles, properties and states” [47]. All of these elements influence how assistive technologies perceive content such as widgets [47]. Widgets dynamically update the webpage’s content in certain scenarios, which can cause some disabled users relying on assistive technologies “significant accessibility problems” [48]. Fortunately, the ARIA has mitigated this issue with its support for widgets [47]. For example, by including additional information within a tag, a screen reader can identify whether the code either relates to a button [49], radio button, check box, etc. This key information can then be relayed back to the disabled user.
[bookmark: _Toc132750094]2.3 Assistive technology for computer use
Assistive technologies can be hardware and software based [50] and greatly improve the quality of life of disabled users. They enable severely disabled people, such as blind people to use the web [51]. Without assistive technology, visually impaired users would be disadvantaged because of “the visually centric nature of the presentations of data” [52].
Fortunately, with the recognized importance of the guidelines and specifications mentioned in chapter 2.2, such as the WCAG, many assistive technologies have been able to understand web content with guidelines and specifications adapting to their needs.
[bookmark: _Toc132750095]2.3.1 Hardware
Hardware related assistive technologies include technologies such as finger readers [37], touchplates [53], refreshable braille displays [50] and haptic devices [52].
Touchplates emerged as there were concerns that touch screen devices lacked the “tactile feedback beyond simple vibration” [53]. Touchplates help in this regard as they are attached to a touch screen device and provide better tactile feedback and allow additional input and output methods [53]. Unfortunately, one of the technologies downsides is that although it communicates with the underlying software of the device – the hardware is only supported on an app to app basis [53]. It does not natively support applications and thus can have limited use [53], including for web browsers.
The Web Accessibility Initiative [54] (the creators of WCAG, UAAG and ARIA) have listed refreshable braille displays as an example tool that can be used by disabled users to make use of the web. Refreshable braille displays allow for text to be readable for visually impaired people that understand Braille [55], including text on webpages [56]. The device converts content into recognizable braille characters “by raising and lowering the dots (pins) dynamically” [50]. 
Refreshable braille displays recognize text and convert it accordingly [50]. However, in regards to web content, it is up to web developers to provide alternative text for content such as images and videos [1]. Otherwise, disabled users will not be able to understand what the image or video content represents.
[bookmark: _Toc132750096]2.3.2 Software
Assistive software to help visually impaired users is provided with all major smartphones, tablets and desktop and laptop Operating Systems (OSs). Each OS may differentiate slightly with their implementation of the accessibility options functionality; however, they are generally very similar. These are the basic functionalities and settings found in major OSs, including Windows and Android: 
· Increase/decrease the size of apps and text [57, 58].
· Contrast ratio options [57, 58].
· Colour blind filter options (deuteranopia, protanopia, tritanopia) [57, 58].
· Magnifier [57, 58] (zoom tool).
· Voice assistant and/or screen readers [57, 58].
There are also basic functionalities and settings in major browsers that improve the useability and accessibility of webpages for users. Some of these functionalities are similar to the ones their OS provides, however these are specialized specifically for use within the browser. For instance, the Chrome browser includes the following accessibility features and settings:
· Allows for font size to be increased or decreased [59].
· Webpage content size can be increased or decreased (by using the zoom tool) [59].
· Live captions [59].
It’s important to note that webpages can include their own built-in accessibility settings. For example, YouTube videos include a playback speed option for its videos [60]. Some videos also include automatically generated captions [61], although they are not always accurate [62]. Additionally, further accessibility features for the web can be installed via browser extensions via third parties, such as Google’s High Contrast extension [63].
[image: ]In a 2016 survey by the UK government that received 712 recorded responses [64], users were asked what type of assistive technology they used to access the government’s website [64]. As seen in Figure 6, screen magnifiers and screen readers were by far the most used assistive technology [64]. This comes to show how important it is for websites to follow key ARIA specifications, by using appropriate semantics [17] to ensure visually impaired users can understand the web page’s content.[bookmark: _Ref132723503][bookmark: _Toc132724612][bookmark: _Toc132724781][bookmark: _Toc132724919][bookmark: _Toc132724987][bookmark: _Toc132725310][bookmark: _Toc132726054][bookmark: _Toc132749849]Figure 6: Results revealing most popular assistive technologies used to access the UK government’s website. Source: [64].

[bookmark: _Toc132750097]2.4 Designing for the visually impaired
Web developers should design their websites to be accessible to as much people as possible, including visually impaired users. For websites to be accessible, they must allow disabled users and their assistive technologies to use the website to its fullest extent [65]. To do so, well established web accessibility guidelines and specifications including the WCAG, UAAG and ARIA should be followed, as described in chapter 2.2. The POUR principles of WAI [23] as mentioned in chapter 2.2 should also be adhered to.
By designing and developing an accessible website, it benefits all users as it also increases the usability of the website, for disabled and non-disabled users [65]. This leads on to the design for all idea: that services should be designed to accommodate to as much people as possible [66] from their “conception and throughout the entire development life-cycle” [15]. The design for all idea can be applied to when designing and developing websites.
An example of the design for all idea working to improve a websites accessibility and useability is this: Deaf users benefit from the accessibility option of seeing subtitles on a video. This also allows for better useability as any users may want to use subtitles to understand strong accents in a video or may use it in a loud atmosphere because they can’t hear the video.
[bookmark: _Toc132750098]2.4.1 Empathic modelling and user trials
Empathic modelling is used to simulate the perspective of disabled users [15]. It is used to develop an understanding and viewpoint of the difficulties disabled users, including visually impaired users face [15] – in this case when using a website. Empathic modelling is therefore helpful in testing whether any accessibility features included on a website are working as intended for their target audience.
Empathic modelling may be used instead of user testing actual visually impaired users due to ethical concerns, convenience, costs, amongst other reasons. For instance, it is convenient to simply wear “an old pair of glasses smeared with Vaseline” [15] to simulate a cataract eye condition. Complete blindness can also be simulated by simply covering a person’s eyes [15]. 
In contrast, finding users with the appropriate eye condition, recruiting them and ensuring all ethical concerns are adhered to is a more time consuming and likely costly approach. Despite of this, user trials, if conducted in an ethical manner are a great way of ensuring from first hand sources that a website meets their accessibility needs [67]. WAI states that: 
“Involving users early in web projects results in better products for users, more efficient development, and other benefits to project stakeholders” [67].
[bookmark: _Toc132750099]2.5 Web accessibility checkers
Web developers should check whether they are conforming to the WCAGs. Two ways this can be done is by having an expert accessibility evaluator evaluate the webpage [39], or by the use of a web accessibility checking tool [68], or multiple of them, automatically evaluating a webpage.
Experts can manually determine whether a webpage follows the WCAG guidelines by manually testing webpage features and comparing their accessibility criteria to the guidelines [39]. Prominent assistive technologies may be used to test whether they work as intended or not [39]. 
Web accessibility checking tools on the other hand do not require any expertise. They can automatically compare the “Validity of HTML, XHTML, and style sheets” [39] to WCAG’s guidelines and success criterion [39]. Depending on how updated each tool is, determines which WCAG versions it allows users to evaluate [69]. W3C lists 46 WCAG 1.0 tools, 139 WCAG 2.0 tools and 85 WCAG 2.1 tools [70].
As mentioned in chapter 2.2.1, the WCAG has 3 levels of conformance: Levels A, AA and AAA [1]. Many tools, including AChecker [71] and QualWeb [72] allow for the filtering of results. Users can use the tools to evaluate each conformance level of the website or a specific conformance level [71, 72]. AChecker and QualWeb both flag and reveal the success criteria that is followed unsuccessfully or potentially unsuccessfully [71, 72].
One of the biggest advantages of web accessibility checkers compared to experts manually reviewing webpages is that they can review and point out faults swiftly [68]. Another advantage is that these tools have no “bias” [33], whilst experts may [33]. Additionally, they have the prospect to “discover more accessibility errors than human experts” [33].
However, web accessibility checkers do have their drawbacks when compared to experts manually reviewing webpages. Firstly, the tools can become somewhat outdated and in need of an update whenever a new WCAG version releases [73] - albeit that some WCAG versions are backwards compatible [34]. There is also the issue that these tools may occasionally miss faults or instead falsely flag accessible areas of the webpage as faults [33].
Another issue is that they cannot determine if all content conforms to the guidelines [33]. Human intervention is required in order to cover all of the guidelines and success criterion [74]. For example, although the web checkers can check to see if images or videos have an alternate text attribute, it is difficult for them to determine if it accurately represents the media [73, 75].
[bookmark: _Toc132750100]2.6 Conclusion
The literature review allowed for a better understanding of how visually impaired users use the web. It was found that some of the most common visual impairments include Cataracts, Age-Related Macular Degeneration, Refractive errors, Diabetic retinopathy and Glaucoma [5]. All of these visual impairments have the theme of causing people’s eyesight to blurry.
The most relevant and up-to-date web accessibility guidelines and specifications include the WCAG 2.1 [1], UAAG 2.0 [16] and ARIA 1.1 [17]. The WCAG includes many success criterion for web developers to follow, including a minimum conformance level [1].
According to a survey conducted in 2016 from the UK Government [64], screen readers and screen magnifiers are the most popular assistive technology [64]. Empathic modelling [15] and user trials have been identified as a good way of testing a website’s accessibility as it would be effective and helps avoid ethical issues. 
The biggest advantage of web accessibility checkers is that they can identify conformance with accessibility guidelines quickly [68]. However, they are not always accurate [33] and manual verification is needed for some success criterion [74].
[bookmark: _Toc132750101]2.6.1 Recommendations for good web accessibility practise
Although adhering to web accessibility guidelines is demanded by law in countries such as the UK [28], it is quite difficult to know when and when a website is not complying with the guidelines. Below are ways companies can use to help them comply with the WCAG guidelines.
· Use multiple web accessibility checkers – they require no expertise, avoid bias [33] and can identify faults quickly [68]. However, do not rely solely on them.
· Expert manual verification. This will help robustly check whether a website is compliant or not.
· Strive to ensure that the websites usability [65] is good. Doing so can have the positive affect of also increasing the accessibility of the website [65].
· Web developers should educate themselves on the difficulties visually impaired users face in terms of their eyesight when it comes to accessing content.
· Websites can be tested from the perceived perspective of visually impaired users. This can be done via empathic modelling [15] by a sole developer or multiple users.
· Be wary of how assistive technologies help visually impaired users. For example, how screen readers relay content to a user depends on how well the content is structured behind the scenes [17]. Build the website with this in mind from the beginning.






[bookmark: _Toc132750102]Chapter 3 Methodology
In this chapter the research and development methodology that will be used in this project will be discussed.
Note: Some material in this chapter has been inherited from the project proposal [2].
[bookmark: _Toc132750103]3.1 Research Methodology
For the research methodology, the philosophy, approach, strategies, risks and limitations, ethical issues, validity, reliability, generalisability and data collection and evaluation methods will be discussed.
[bookmark: _Toc132750104]3.1.1 Philosophy
A positivist [76] approach will be used in this project, and will be used to complete a key objective, regarding testing the web accessibility checker’s performance compared to other web accessibility checkers. The positivist approach will be used here because it promotes “data collection and interpretation” [76] [77] – all web accessibility checkers will have data collected regarding their performance and will be further analysed.
The approach is also helpful for testing the program throughout its development. This is because positivism encourages observation [76].
[bookmark: _Toc132750105]3.1.2 Approach
An inductive approach [78] is used. When it comes to comparing each web accessibility checker to one another it is helpful to first make initial observations about the data [78]. An inductive approach provides “a simple, straight-forward approach for deriving findings linked to focused evaluation questions” [78]. In the case of this project, the objective of comparing web accessibility checkers needs to be met so that a hypothesis [78] can be made based on the results.
[bookmark: _Toc132750106]3.1.3 Strategies
Three strategies were identified for this project, as outlined below.
[bookmark: _Toc132750107]3.1.3.1 Literature review
A literature review is needed because it allows for a deeper understanding of the area surrounding web accessibility [79].
[bookmark: _Toc132750108]3.1.3.2 Software development
Software development is required at the implementation stage of this project so that a web accessibility checker can be developed. It will ensure the aim and an objective as well as the requirements of the project are fulfilled.
[bookmark: _Toc132750109]3.1.3.3 Experiment
Experimentation will be used throughout the development of the web accessibility checker. For example, code will be tested in multiple ways to ensure it is robust and varying implementations of the program will be done to experiment what works best.
[bookmark: _Toc132750110]3.1.4 Risks, limitations and ethical issues
Risks and limitations that the project COULD fault to, hence compromising the desired end result include:
· Running out of time, thus not being able to finish everything [77]. This could be due to trying to polish off the program too much, adding too much unnecessary functionality, etc. To avoid this, good project planning [77] and a focus on the ultimate end result must be a priority [2].
· Illness [77]. An illness such as the coronavirus disease may significantly affect the project planning and timescale. As a result, some features or aspects of the project may need to be scrapped or downscaled. To minimize this risk, a project timeline could account for some time off due to an unexpected illness [2].
· Difficulties learning the scripting/programming languages to create the website and develop the accessibility checker program to a good enough standard. [2]
· Loss of data. To avoid losing work related to this project, it shall be backed up in 3 separate locations – the cloud, local PC storage and a USB drive [2].
Ethical issues regarding data collection are a concern. It would be unethical to collect data from disabled people and unethical and legally questionable to gather data from vulnerable people who cannot properly give their consent to be a participant [2]. To avoid these issues, data will therefore only be collected from the analysis of the testing’s done when comparing web accessibility checkers.
[bookmark: _Toc132750111]3.1.5 Validity, Reliability and Generalisability
In order for the project’s integrity to be robust, it’s important that the generalisability, reliability and validity [80] of the project and its research is handled in the right way. To ensure the project’s reliability is not questioned, all data that is collected will be included in the report. This would ensure that the “exact replicability of the processes and the results” [80] could be made. The data collected will be discussed and displayed in charts and tables in the testing and further evaluation section [2]. 
Ensuring that “the results and conclusions are valid for the sample and context” [80] in regard to the project’s research is important and is one key way to ensure the project’s validity is secured. This project will therefore ensure that the WCAG, peer-reviewed journals and other reliable sources are used. By only using reliable and trustworthy sources, the validity of the project will be strong [2]. The validity of the project will be further strengthened when it comes to collecting and evaluating the data when comparing web accessibility checkers. This is because a quantitative [81] method will be taken, ensuring that the results are clear and transparent to all. The number of faults/warnings identified from each web checker will be counted and displayed in tables or charts for all to see.
Generalisability can be achieved regarding the results found from comparing web accessibility checkers to each other. Many studies, such as “Comparing Web Accessibility Evaluation Tools and Evaluating the Accessibility of Webpages: Proposed Frameworks” [33] compare popular web accessibility checkers. The results from studies such as that could be compared to one another, if sought out.
[bookmark: _Toc132750112]3.1.6 Data collection and its evaluation
By experimenting, there will be multiple iterations of the accessibility checker tool to make sure it is as reliable as possible by covering the WCAG effectively. Quantitative data will be manually collected by comparing the results of the program to other web accessibility checkers, such as AChecker [71] and QualWeb [72]. Tables and charts will be used to easily view side-by-side comparisons of the results. By doing this, the web accessibility checker implemented can be judged by its results compared to other established web accessibility checkers [2].
The use of quantitative analysis techniques such as descriptive statistics [81] will ensure that data is easy to understand [2]. Data will be gathered from multiple web accessibility checkers regarding the compliance of multiple websites to varying success criterion from the WCAG. The results will be discussed, and conclusions will be made.
[bookmark: _Toc132750113]3.2 Development Methodology
A development methodology is needed because it will allow for the project to be implemented in an organized and timely manner. Furthermore, it will allow the program to be robust and will ensure the aim, objectives and requirements are met.
[bookmark: _Toc132750114]3.2.1 Software Development Methodology: Waterfall
The waterfall methodology [82] is used instead of methodologies such as RAD [83] or Agile [83] because there is no feedback to be received from a customer [83]. The waterfall methodology’s advantage to this project is that it “gives a better understanding of the requirements, the logic of the codes and tests” [82]. This will allow for the project to be completed in a structured way.
The project is a personal project that is thoroughly planned out and thus it is not necessary for stages to be repeated, such as the design and implementation stage. The key stages after the aim and objectives and literature review include:
· Design (including the requirements)
· Implementation
· Testing and Results
[bookmark: _Toc132750115]3.3 Resources
The hardware, software and other resources used to complete the project will be discussed below.
[bookmark: _Toc132750116]3.3.1 Hardware Resources
Hardware resources for this project include:
· Home desktop PC and its accessories (mouse, keyboard, monitor) [2].
· Desktop PC at the UWTSD campus and its accessories (mouse, keyboard, monitor) [2].
[bookmark: _Toc132750117]3.3.2 Software Resources
Software resources for this project include:
· Windows 10 Home Edition [2] – For general needs.
· Python programming language and PyCharm framework - For main code. Python is used because it is supported by packages such as Beautiful Soup which allows for website scraping functionality [84].
· Python packages (Selenium, beautifulsoup4, webdriver-manager, time) – Allows or assists for web scraping functionality [84].
· PHP programming language - For website functionality and reading from and inputting to text files.
· HTML, CSS scripting languages [2] - For website functionality/design.
· Notepad++ - For coding HTML, PHP and CSS.
· XAMPP – For hosting website locally using Apache [85]. Code will be saved within the “htdocs” file directory.
· Browser (Edge) – For viewing website.
· Surfshark VPN – Used as a precaution in case IP is blocked from websites scraped.
[bookmark: _Toc132750118]3.3.3 Other Resources
Other resources for this project include:
· Access to the UWTSD library (including its online library and its included databases) [2].
· Other databases including: Google Scholar, ResearchGate, ScienceDirect., Semantic Scholar, Springer Journals, ACM Digital Library and IEEE Xplore digital library [2].
· Supervisor for the project: Dr Nicola J. Whitehead [2].
Now that the Research Methodology, Development Methodology and Resources required to complete the project have been described, the Design and Implementation chapter is next. It is in the next chapter and future chapters where the methodologies and resources described will have their influence.





[bookmark: _Toc132750119]Chapter 4 Design and Implementation
This chapter first sets out the decisions made in the design stage which helped meet the project’s objective, requirements and helped with development. The implementation stage describes and reflects on the process of developing the web checker program, including the challenges faced.
[bookmark: _Toc132750120]4.1 Design
For the design stage of the project, the following was considered:
· The requirements of the web checker/project.
· The interface of three webpages – the homepage, results and simple results page.
· The flow and process of the web checker behind the scenes.
· The resources required to create the web checker.
[bookmark: _Toc132750121]4.1.1 Project requirements
[image: ]A MoSCoW analysis as seen below was used to outline the project’s requirements in a way which prioritizes them. Requirements either must, should, could or won’t be implemented.













[bookmark: _Toc132749827]Table 1: MoSCoW analysis table containing project requirements.
The requirements of the program that are top priority, include: allowing users to enter any valid URL address and to see a detailed and accurate results page. These are fundamental aspects of the project and must be implemented to ensure that the project is functional.
Other prioritizes that could be in the program but were found to not be absolutely essential included: a button that re-checks a website and a simplified results view. The re-check button would simply be for quality of life purposes. It means that the user would not have to return to the homepage to re-check their website again. Whereas the simplified results view would allow developers more freedom to do what they like with the results. For example, some developers may opt to download the results and highlight the issues they’ve fixed.
As the project must be finalized within just a few months’ time frame, it was important to decide early on the limits of what could be implemented. As suggested in chapter 2.2.1, the WCAG is well respected [1] and internationally recognized [27]. It is unrealistic due to the time frame to include other web accessibility guidelines that developers could check their website against. Hence, the latest version of WCAG (WCAG 2.1) [1] is chosen to be evaluated by the web checker. 
As found in the research, the WCAG 2.1 has many success criterion [35] – it would be unrealistic to check against all of them. The following success criterion were therefore planned to be checked for compliance:
· Non-text Content 1.1.1 [1]
· Identify Input Purpose 1.3.5 [1]
· Page Titled 2.4.2 [1]
· Language of Page 3.1.1 [1]
This MoSCoW analysis helped ensure that not only the requirements of the project were prioritized, but also helped making the goal of being able to compare the web checker to other web checkers viable. This is because it allowed for a better understanding of what needed to be implemented so that a functioning web checker was developed.




[bookmark: _Toc132750122]4.1.2 Flow/process of the web checker
Two flowcharts were used to help envision the flow and process of the web checker program.
[image: ]Flowchart of main python program





















[bookmark: _Ref132728986][bookmark: _Toc132749850]Figure 7: Flowchart representing main program process.
One of the first major aspects of the program that was identified was the fact that it would need many while loops – but most importantly, one major while loop that kept the program constantly running. This was important because the program has to be running constantly in order to check for users inputting a URL. Thus, as seen in Figure 7, there is no end to the flowchart. It will keep running until the program is manually stopped.
[image: ]Flowchart of Page Titled success criteria being checked for compliance in python program
[bookmark: _Ref132723552][bookmark: _Toc132749851]Figure 8: Flowchart representing the process of checking for compliance with a success criteria (Page Titled).
Checking for the compliance of each success criteria is somewhat different. However, this flowchart gives a good representation of the process or similar processes that would need to be undertaken to check for compliance with all success criterions. As HTML uses tags, elements and attributes, these can be looked for and checked against each success criteria.
During the design stage it was important to establish that users would want detailed results whenever possible - not just a simple acknowledgement of a failure. Presumably, developers want to know how their website does not comply with the guidelines, specifically. In the example in Figure 8 above that checks for a website title, there are four possible results that the developer could retrieve. For instance, they may be told that they have a title, but it’s not within the header tags – which is why they failed.
[bookmark: _Toc132750123]4.1.3 Website design
The website was planned to have three webpages, including the: Homepage, Results page and Simple results page. However, it unexpectedly ended up having four – this will be mentioned in chapter 4.2. These wireframes helped envision how the outputs of the program would look on the website. The wireframe diagram of the results page in particular allowed for the understanding that each success criteria would be outputted in separate boxes, thus it was important they were dynamic.
[image: ]Homepage wireframe design









[bookmark: _Ref132723582][bookmark: _Toc132749852]Figure 9: Wireframe of homepage website design.
As seen in Figure 9, this wireframe allowed for the idea of where a user would type a website’s URL and the house style design of the website.
[image: ]Results page wireframe design











[bookmark: _Toc132749853]Figure 10: Wireframe of results page website design.
The webpage is laid out in a way which accommodates each success criteria and their results, no matter how long they are. This is because the success criterions are designed to be within dynamic boxes. By default, users should see all success criteria results side by side. However, if a user is zoomed in far enough, the success criterion will start stacking – one on top of another. The results are designed so that they could even be viewed with ease on mobile devices. All success criterions are designed to be visible or visible when zoomed if the user simply scrolls down the page.




[image: ]Simple results wireframe design









[bookmark: _Ref132723600][bookmark: _Toc132749854]Figure 11: Wireframe of simple results page website design.
Figure 11 reveals a wireframe of the simple results webpage. This webpage has very limited formatting because developers are expected to download this page as a text file and e.g., highlight areas they’ve addressed. Thus, there is little to no formatting that could get in their way.
[bookmark: _Toc132750124]4.1.4 Required resources and software/applications
See chapter 3.3 for the required resources that allows for the project’s completion.
Python’s requests package, JavaScript and MySQL were intended to be used as well. However, as explained in chapter 4.2 below, they were not used in the final implementation.
[bookmark: _Toc132750125]4.2 Implementation
During the implementation stage, many aspects of the design stage were followed through as planned – however not everything was. Some plans were changed and features were altered to better the web accessibility checker.
[bookmark: _Toc132750126]4.2.1 Implementation process
When developing the web checker and website, most of the software set out to be used was used at some point. However, the MySQL database and JavaScript were never used. MySQL was not used because it was realized that not much data needed to be stored and that the data that needed to be stored was only temporary, thus text files would suffice. JavaScript was not used due to time-limitations and because it was ultimately not required to full-fill the aim, objectives or requirements set out.
Furthermore, although the requests package was used to send HTML requests – a superior alternative ended up being used instead: Selenium. Selenium was used because it is capable of automating browser actions [86], which can make a big difference. The difference between using requests and Selenium will be shown amongst the code snippets in chapter 4.2.2 below.
In the design stage it was foreseen that there would be three webpages – the homepage, results page and simple results page. Only these webpages were designed with wireframes. However, it became apparent during the implementation that there would need to be an additional webpage. In the final implementation, whilst the web checker is scraping the website and forming its results, the user is directed to a loading screen webpage. Shortly after, the user is re-directed to the results page. If they had been sent straight to the results page, they would not have seen their results as they had not loaded yet.
As mentioned, there was no wireframe design done for the loading screen webpage. However, it was easy enough to replicate the house style design of the rest of the website and implement a professionally looking webpage.
[bookmark: _Toc132750127]4.2.2 Notable code
This chapter describes snippets of code that were a major aspect to the program. These also include snippets that helped achieve the requirements set out in the MoSCoW analysis during the design stage.
[bookmark: _Toc132750128]4.2.2.1 Requests vs Selenium
Requests returns results much faster than Selenium with the web checker created. On pages with few images and where users don’t have to scroll down much, there isn’t any major differences in the results. However, with webpages that allow users to scroll down a lot - this is where a major issue can arise. Below the URL “https://www.bbc.co.uk/news” was checked using requests and checked again using Selenium.
[image: ]Requests aided results:
[bookmark: _Ref132723615][bookmark: _Toc132749855]Figure 12: Screenshot of requests related results.
The results from this old version of the web checker in Figure 12 may be inaccurate. However, the major issue here is that many of the images being referred to have a strange and identical identification, starting with: “data:image/gif;base64”. This is the result of a technology called lazy loading [87]. It only loads the images when needed, e.g., when a user scrolls down far enough for them to load [87]. This means that developers would struggle to identify what image the web checker is referring to, thus making it more difficult to resolve any failures.
[image: ]Selenium aided results:
[bookmark: _Ref132723818][bookmark: _Toc132749856]Figure 13: Screenshot of Selenium related results.
[image: ]The results from the requests package took roughly 2 seconds to load, whilst Selenium took just more than 10x as long. However, when comparing result “(2)” and “(4)” from both results in Figure 12 and Figure 13, it is clear why Selenium is superior. Selenium is automated to scroll down the webpage as seen below:
[bookmark: _Toc132749857]Figure 14: Screenshot of code that automates scrolling down a webpage. Code inspired from source: [88]
Selenium therefore gets around the lazy loading technology and thus loads and correctly refers to all image sources, unlike requests. One of the requirements was that the web checker must be accurate. Therefore, although requests was originally intended to be used and despite its speed advantage, when implementing the web checker it became apparent that Selenium should be used instead.
[bookmark: _Toc132750129]4.2.2.2 Functions
Functions were implemented because there was lots of repeating code when writing to a text file. This was done because the program is constantly writing to files and often the same files. There is no need to repeat code constantly and thus these functions have been used.
[image: ]Old code, before functions:










[bookmark: _Toc132749858]Figure 15: Screenshot of old, unoptimized previously used code that writes results to a file. Code inspired from source: [89].



[image: ]Final code, after functions implemented:







[bookmark: _Toc132749859]Figure 16: Screenshot of new, optimized code in the main programming file. It writes results to a file.[image: ]
[bookmark: _Toc132749860]Figure 17: Screenshot of new, optimized code that is within a function. It writes results to a file. Code inspired from source: [89].
By implementing this function, it means that the same code can be re-used over and over instead of repeating lines of code. There are three other functions with a similar purpose, for writing to other text files. This means that the program is more efficient and will execute faster, thus helps achieve the requirement of optimizing the web checker.






[bookmark: _Toc132750130]4.2.2.3 Code that may skip hundreds of lines of code
[image: ]If the URL is found to be invalid, errors may occur. However, the program is told to keep running regardless. This is because the program will skip hundreds of lines of code that checks websites for compliance with the accessibility guidelines. It will instead only execute a few lines of code – enough to inform the user that the URL they entered is invalid.
[bookmark: _Toc132749861][image: ]Figure 18: Screenshot of Selenium web driver code. Inspired by source: [90] 
[bookmark: _Toc132749862]Figure 19: Screenshot of else if statement that can avoid hundreds of lines of code from executing.
The “checking” variable will always be true, unless a URL is invalid. If a URL is valid, the website will be checked for compliance with the success criterions. It doesn’t run this portion of code if the variable is false because there is no point trying to check an invalid URL. This makes the code more efficient and thus once again helps to achieve the optimization requirement.
[bookmark: _Toc132750131]4.2.2.4 Re-check and Checking other websites from results page
[image: ]PHP results page code:
[bookmark: _Toc132749863]Figure 20: Screenshot of PHP code retrieving URL from file and allowing users to easily re-check a website. Code inspired from sources: [91] [92].
Screenshot from results page wireframe design:
[image: ]

[bookmark: _Ref132723843][bookmark: _Toc132749864]Figure 21: Screenshot of results page wireframe design.
Screenshot from final implementation’s result page:
[image: ]


[bookmark: _Toc132749865]Figure 22: Screenshot revealing the results page from the final implementation differing slightly from the designed results page.
A re-check button and a button allowing for other websites to be checked from the results page were set out as requirements. These were also illustrated in the design stage, as seen from the snippet in Figure 21. However, when it came to implementing them it was found that there would be no need for two separate functionalities. Instead, they could be combined.
The last entered URL will always appear in the textbox. This means that users can easily re-check a website with a single click. If they want to check a different website, they can simply remove the URL in the textbox and type out another one. By making this change from the original design, it makes the website less cluttered and easier to use. Therefore, it helps full-fills the project’s requirement of having an easy to use interface.
[bookmark: _Toc132750132]4.2.2.5 URL Validation
Originally, the web checker only worked if the full URL of a website was typed in because the web driver only accepts URLs in this way. For example the URL “https://www.theguardian.com/uk” would work, but “www.theguardian.com/uk” and “theguardian.com/uk” would not work. The screenshot in Figure 23 below reveals what occurred when the not fully typed out URL “theguardian.com/uk” was entered.
[image: ]Console output before full URL validation:
[bookmark: _Ref132723859][bookmark: _Toc132749866]Figure 23: Screenshot of old, previously used code’s console outputting errors regarding an invalid URL.
As seen above, the web driver cannot handle a URL that is not fully typed out. A fix for this was implemented, as seen below.
[image: ]Final code for URL validation:
[bookmark: _Toc132749867]Figure 24: Screenshot revealing code related to how URLs are validated/dealt with.
[image: ]Final console output for URL validation:



[bookmark: _Ref132723875][bookmark: _Toc132749868]Figure 25: Screenshot of the final implementation’s code outputting no errors.
The code recognizes that if no “http” or “https” are in the URL, it is not a fully typed out URL. It therefore seeks to resolve this, as seen in the console output from Figure 25. First, it recognizes that there is no “http” or “https” in the URL, thus adds it to the URL. Then it recognizes that there is no “www.” in the URL, thus adds it. 
So, the resulting URL that is entered into the browser by Selenium’s automated process is “http://www.theguardian.com/uk”. However, this is still not exactly right because this URL should actually start with “https”. Fortunately, popular browsers including Edge automatically re-direct users to “HTTPS”, rather than “HTTP” if the website supports it [93].
Thus it was found that there is no need to apply “HTTPS” to a URL, only “HTTP” because Edge re-directs Selenium from “http://www.theguardian.com/uk” to “https://www.theguardian.com/uk”. By implementing this, it saves the end-user from having to type in full URLs as the program does it for them. It therefore helps full-fill the requirement of making the interface easier to use.
Note: All “must have”, “should have” and “could have” requirements from the MoSCoW analysis were implemented (despite not all of them being mentioned in the snippets above).
[bookmark: _Toc132750133]4.2.3 System testing
The program has been thoroughly tested to ensure that there are no bugs. Key tests that were performed have been outlined below:
· Users attempting to enter nothing for the URL will be prevented. A pop-up will appear informing them that they must enter something.
· The program will accept an invalid or URL that is not typed out in its entirety (e.g., no ‘https’). It will try to validate the URL, however if it can’t, it will inform the user that the URL is invalid. If it can validate the URL, it will operate as usual.
· If the program is closed abruptly, it may never get the opportunity to delete previously stored URLs. This would cause the next URL to be typed to be cojoined with the previous URL. To fix this, all files storing URLs are immediately cleared when the program is first executed.








[bookmark: _Toc132750134]Chapter 5 Testing/Results of Checker and Comparing Checker
From now on the web checker implemented will be referred to as ‘the web checker’. In this chapter, the web checker will be compared to other web checkers, including: AChecker [71], QualWeb [72] and WAVE [94]. To compare other web checkers to the web checker, only the success criterions that are checked for in the web checker will be checked for in all web checkers. However, the success criteria titled “Identify Input Purpose” will not be compared because the other web checkers do not clearly check for it.
It's important to also note that each web checker, including the web checker displays results differently. They do not always display results as a simple success or fail. The web checker displays results as either a fail, possible fail or success. Whereas AChecker for example, displays “Known problems” [95], “Likely problems” [95] and “Potential problems” [95]. 
For the sake of keeping each comparison consistent, all results that clearly indicate that there is a fail or possible fail for each success criteria will be noted and primarily referred to as fault(s)/warning(s).
The following WCAG 2.1 success criterions will be checked for:
· Non-text Content 1.1.1 [1].
· Page titled 2.4.2 [1].
· Language of page 3.1.1 [1].
The web checkers will check Welsh university homepages. Five university homepages will be checked, with 2 homepages being checked per university. This is because the Welsh and English version of each university’s homepage will be checked. In the test results, the Welsh version will be referred to as “CY” and the English version “EN”.
Homepages of the following Welsh universities will be checked:
· The University of Wales Trinity Saint David [96] [97].
· Cardiff University [98] [99].
· Swansea University [100] [101].
· Aberystwyth University [102] [103].
· Bangor University [104] [105].
All results displayed in the tables and charts in the following chapters were gathered from testing the websites mentioned above against the web accessibility checkers mentioned above.
[bookmark: _Toc132750135]5.1 Non-text Content 1.1.1 results
[image: ]The total Non-Text Content indications of faults/warnings from each webpage tested from all specified web checkers is found below:








[bookmark: _Ref132723953][bookmark: _Toc132749869]Figure 26: Bar chart revealing the faults/warnings found for the Non-Text Content 1.1.1 success criteria results.
The results above reveal that every webpage checked had at least 2 web checkers or more indicating that the webpage is not in compliance with the Non-text Content success criteria. 87.5% of all of the Welsh university webpages tested had 1 or more faults/warnings, according to all of the web checkers.
The web checker indicates that Swansea’s Welsh homepage complies with the success criteria. The web checker WAVE suggests there is 1 fault/warning. However, AChecker and QualWeb’s results widely differ to the web checker and WAVE’s results. AChecker suggests there is 58 faults/warnings, whereas QualWeb suggests there is 63 faults/warnings.
In all of the results bar 2, AChecker and QualWeb indicate more faults/warnings than AChecker and WAVE. This indicates that there is more depth to these web checkers. For instance, the web checker implemented checks to see if there is an alt text present. If there is, it checks to see if it contains characters and whether there is no generic text such as “image”. As long as this is the case throughout the website, it is considered to be complying with the success criteria.
AChecker on the other hand checks other aspects. Some of what it checks for includes:
· Whether the alternative text provided is relevant to the image [106].
· Whether images containing alt text are “decorative” [107]. Alt text should be left blank for images that are decorative [107].
· Whether the alt text provided is too lengthy (more than 100 characters) [108].
This is a reminder that web accessibility checkers differ widely in their interpretation of compliance and the displaying of results. For example, for AChecker it was rare for webpages to have any “Known problems” [95] or “Likely problems” [95] regarding the non-compliance of the success criteria. Instead, whilst gathering the results for AChecker, it was found that most results were overwhelmingly found from the “Potential problems” [95] section. Similarly, most results from QualWeb were classed as a “Warning” [109]. This means a manual review of the results is required to determine if these results are indeed failures.
This comes to show the difficulty of comparing each web checker to another. It also highlights the findings from the literature review – web checkers are not always accurate [33]. Web checkers cannot always say for sure whether a website passes a success criteria and thus instead indicate that there are potential faults that need to be manually checked.
The Non-text Content 1.1.1 results will be further evaluated in chapter 6.1 with an ANOVA and post-hoc test [110].

[bookmark: _Toc132750136]5.2 Language of page 3.1.1 results
[image: ]





[bookmark: _Ref132726423][bookmark: _Toc132749828]Table 2: Table of results revealing the websites that comply, have no result or do not comply with the Language of page 3.1.1 success criteria.
Table 2 reveals each web checker’s interpretation on whether a webpage complies, does not comply or if no results were found in regards to the language of page success criteria. Before running these tests, it was manually confirmed that ALL webpages do have a language set. However, not all webpages have the correct language set:
· UWTSD’s Welsh webpage has its language set as English, when it should be Welsh [97].
· Aberystwyth’s Welsh webpage has its main language set as English, when it should be Welsh because the entire webpage is Welsh [103].
This revelation means that the web checker is more accurate than the other web checkers when checking for language of page results. This is because it not only checks to see if a language is provided, it also checks to see if the language provided is accurate.
Note: Although AChecker has no results indicating the webpage has complied with the success criteria – it may only ever reveal whether a webpage does not comply with the success criteria. This may also be the case with WAVE with the results in Table 3 below.
[bookmark: _Toc132750137]5.3 Page titled 2.4.2 results
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[bookmark: _Ref132726477][bookmark: _Toc132749829]Table 3: Table of results revealing the websites that comply, have no result or display a warning for the Page titled 2.4.2 success criteria.
Table 3 reveals each web checker’s interpretation on whether a webpage complies or not, if it warns the user or if no results were found in regards to the page titled success criteria.
Manual checks reveal that all websites have a title within the header tags and thus comply with the success criteria. The web checker and QualWeb are therefore correct. AChecker however always warns that the title “might not describe the document” [111] whenever it identifies a title tag. This warning therefore prompts a user to manually confirm this.
[bookmark: _Toc132750138][image: ]5.4 Total success criterions found to have faults/warnings out of 3







[bookmark: _Ref132727247][bookmark: _Toc132749870]Figure 27: Bar chart revealing the total faults/warnings found for all of the success criterions.
The results in Figure 27 above reveal the total faults/warnings each web checker found for the 3 success criterions checked. In an overall finding between all web checkers, 90% of the webpages checked have at least 1 fault/warning out of the 3 success criterions. The UWTSD’s Welsh webpage however is the only webpage that a checker found faults/warnings for 2 out of the 3 success criterions checked.
These results will be further evaluated in chapter 6.2 with an ANOVA test [110].




















[bookmark: _Toc132750139]Chapter 6 Further evaluation of results and aim and objectives
The Non-text Content and total success criterion failed results have been further evaluated via ANOVA and where necessary post-hoc testing’s [110]. All tables below have been slightly modified where appropriate for better viewing and understanding of the results per web checker.
[bookmark: _Toc132750140]6.1 Non-text Content 1.1.1 ANOVA and post-hoc results
[image: ]The results in this chapter have been formed from entering the results as seen in Figure 26 into the ANOVA and post-hoc calculator [110].





[bookmark: _Ref132729517][bookmark: _Toc132749830]Table 4: Table revealing the ANOVA summary results found by using the initial results found in Figure 26. Results provided by (but slightly modified from) source: [110].
The ANOVA results reveal that AChecker and QualWeb have a much higher mean when it comes to displaying faults/warnings to the user. In this case, the mean of all web checkers from the webpages checked results in 19.575 faults/warnings.
This suggests that the university webpages tested need better accessibility in regards to the Non-text Content success criteria. However, as inferred in chapter 5.1, the high faults/warnings rate may be inflated much more than it otherwise would be due to overly cautious warnings from AChecker and QualWeb (that are displayed to prompt the user for manual review).
[image: ]





[bookmark: _Ref132726984][bookmark: _Toc132749831]Table 5: Table revealing the ANOVA result details found by using the initial results found in Figure 26. Results provided by (but slightly modified from) source: [110].
The results in Table 5 above reveal that there is a significant difference in results for the web checkers. The results from the post-hoc testing from Table 6 below go into more detail about this.
Post-hoc results
[image: ]






[bookmark: _Ref132727095][bookmark: _Toc132749832]Table 6: Table revealing the post-hoc results found by using the initial results found in Figure 26. Results provided by (but slightly modified from) source: [110].
The column “The checkers being compared” was added to the table in Table 6 for clarity. From the results above, the following web checkers have a significant difference in their results for the Non-text Content success criteria:
· The web checker and AChecker
· The web checker and QualWeb
· AChecker and WAVE
These results once again indicate that AChecker and QualWeb are more thorough and warn users more for faults/warnings that need a manual review. 
However, notably, according to the post-hoc results, although there is a significant difference between AChecker and WAVE, there is no significant difference between QualWeb and WAVE. This could be because whilst AChecker’s mean of finding 41.1 faults/warnings is 4x bigger than WAVE’s mean of 9.1, QualWeb’s mean of 24.3 is only 2x bigger than WAVE’s mean.
[bookmark: _Toc132750141]6.2 Total success criterions found to have faults/warnings out of 3 with ANOVA results
[image: ]The results in this chapter have been formed by entering the results as seen in Figure 27 into the ANOVA calculator [110].
[bookmark: _Ref132729401][bookmark: _Toc132749833]Table 7: Table revealing the ANOVA summary results found by using the initial results found in Figure 27. Results provided by (but slightly modified from) source: [110].

[image: ]The results in Table 7 reveal that in total, the mean of 0.925 faults/warnings out of 3 success criterions are given for every webpage tested.







[bookmark: _Toc132749834]Table 8: Table revealing the ANOVA result details found by using the initial results found in Figure 27. Results provided by (but slightly modified from) source: [110].
The results show that there is no significant difference for each web checker when it comes to them detecting the overall faults/warnings found for the 3 success criterions for the webpages checked.
This can be attributed to the fact that although AChecker and QualWeb displayed much more faults/warnings than the other web checkers: only one fault is enough for the webpage to not comply with the success criteria. For example: Although AChecker found a mean of 41.1 faults/warnings for the Non-text Content success criteria as seen in Table 4, just 1 fault would have meant non-compliance.
[bookmark: _Toc132750142]6.3 Aim and objectives fulfilment
The aim and objectives of this project have been fulfilled throughout the project’s timeline.
The objectives of this project have been to:
· Research and critically evaluate the area.
This objective was fulfilled during chapter 2: Research and review of literature. Vital aspects that needed to be researched to get a better understanding of the area were undertaken. Including the research and critical evaluation of common visual impairments; web accessibility guidelines and specifications; assistive technology for computer use; designing for the visually impaired and web accessibility checkers.
This research allowed for the understanding of the common ways visually impaired users struggle to understand web content; the well-respected WCAG, UAAG and ARIA guidelines/specifications; how screen readers play a massive role in allowing for the understanding of content; empathic modelling and user trials; the different web accessibility checkers, including their advantages and disadvantages.
· Based upon the research, set out recommendations for good web accessibility practice.
The objective of setting out recommendations for good web accessibility practise was fulfilled in chapter 2.6.1. In summary, these recommendations included: using multiple web accessibility checkers; ensuring expert manual verification; striving for the improvement of usability of the website; educating developers on difficulties visually impaired users face; using empathic modelling technique to test websites and being wary of how assistive technologies operate.
· Implement a web accessibility checker and compare the implemented and other existing web accessibility checkers to each other.
The web accessibility checker has been fully implemented, with the requirements fulfilled. Furthermore, the comparisons of the web checkers can be seen in chapter 5 and 6. The web checker was compared to AChecker, QualWeb and WAVE regarding the following success criterions from the WCAG 2.1:
· Non-text Content 1.1.1 [1].
· Page titled 2.4.2 [1].
· Language of page 3.1.1 [1].
Websites were compared to these success criterions in particular because the web checker implemented covered these. All web checkers were compared thoroughly with a total of 10 webpages checked each for all of the success criterions listed. The results were discussed and further evaluated via an ANOVA test and post-hoc test where necessary. 
The websites tested against the Non-text Content success criteria had a significant difference of results amongst different web checkers. However, the overall results in regards to the compliance of the websites checked against all 3 success criterion were not significant amongst different web checkers.
The aim of this project has been:
· To critically evaluate web accessibility for visually impaired users and develop a web accessibility checking tool which reviews WCAG compliance.
All of the objectives fulfilled helped fulfil the aim of this project. By fulfilling the objective of researching and critically evaluating the area, much of the aim has also been complete. 
Furthermore, a web accessibility checking tool that checks for WCAG compliance has been developed. The tool implemented checks websites for compliance regarding four success criterion of WCAG 2.1 including:
· Non-text Content 1.1.1 [1].
· Identify Input Purpose 1.3.5 [1].
· Page titled 2.4.2 [1].
· Language of page 3.1.1 [1].
As discussed in chapter 4.2, it has been implemented robustly and thus can successfully check modern websites that use technology such as lazy loading which dynamically loads their content.
Therefore, the aim and objectives for this project have been fulfilled.











[bookmark: _Toc132750143]Chapter 7 Conclusion and further work
As discussed in chapter 6.3, the aim and objectives of this project have been fulfilled. All must have, should have and could have requirements set out in MoSCoW analysis during the design stage have been met as discussed in chapter 4.2.2.
Key areas that contributed to the fulfilment of the aim, objectives, requirements and completion of this project include:
· Research and review of literature. The research contributed to the understanding that: visually impaired users rely on assistive technology [64], including screen readers [64]; the WCAG 2.1 is credible and is the latest publication [1]; web accessibility checkers return a quick [68] but not always accurate result [33] and that there is room for improvement regarding good web accessibility practises.
· Design and Implementation. The design stage of the project helped contribute towards fulfilling the goals of the project as it prioritized features of the web checker. It also helped visualize how the processes of the program would work and the user interface of the website. The implementation stage is where many of the goals of the project were fulfilled because the web checker was successfully completed with all the must have, should have and could have requirements fulfilled.
· Testing/Results of Checker and Comparing Checker and Further evaluation of results. The completed web checker was thoroughly compared to other web checkers, including: AChecker, QualWeb and WAVE. All web checkers tested 10 of the same websites to check whether they complied with the WCAG 2.1’s Non-text Content 1.1.1, Page titled 2.4.2 and Language of page 3.1.1 success criterions. The results were mixed and due to the discrepancy between how each web checker checks for compliance and displays their results, the results were very difficult to compare. Therefore, in conclusion, the results of the web accessibility checkers cannot be completely meaningfully compared to each other because of the differing interpretation and displaying of the results.
The completed web checker implemented is very satisfactory in the timeframe given. However, with more time, there is room for improvement.
[bookmark: _Toc132750144]7.1 Suggestions for further work
The web checker implemented covers four success criterions, however there are many more success criterion that can be checked for compliance. If this project was expanded further, all of the success criterions that web checkers can realisticly check for in WCAG 2.1 could be covered. By doing so, it would mean web developers could rely further on the web checker to find faults. Web checkers can never be fully relied on – manual checking would still be required. Despite of this, with these changes added, visually impaired users could benefit as web developers could test their website for a much broader range of compliance before fully publishing their website. 
Furthermore, as discussed in chapter 2.2.1, other web accessibility guidelines, such as the United States “Rehabilitation Act of 1973” [25] could be checked. The user could have the option of checking their website against one specific guideline or multiple guidelines. This would be incredibly useful for company websites that are available globally because they have the responsibility of not just complying with local web accessibility guidelines but with guidelines wherever their website is available.
Finally, one key expansion could be made to the web checker. Although Selenium was ultimately used due to its accuracy, in the implementation stage it was noticed that it is a slower alternative to requests. Thus, users could be given the option of very fast, but less accurate results by using requests but also be given the option of using Selenium for slower, but more accurate results.







[bookmark: _Toc132750145]Chapter 8 Reflection
Throughout this project, I have learned additional skills. It has also given me the opportunity to recap and apply my knowledge from previous modules into this project.
This project has made me understand the importance of time management and has improved my time management skills. Creating a timeline for each aspect of the project to be completed has allowed me to finish it on time. If I had not planned for the future, it is likely I would have run out of time.
I had no previous experience with the Python programming language, however had to learn it quickly because essential elements of the project relied on it. This project has given me the opportunity to develop my skills more with PHP, HTML and CSS. I had to understand processes I had not done before, such as transferring data from Python to PHP and vice versa.
Of course, I could not have done this project without the skills I have learned throughout my time studying at UWTSD. Essential modules including the “Introduction to Web and Database Concepts” helped me greatly as it gave me much of the knowledge I needed to build the website. As I mentioned, I had no experience with Python. However, the fundamental coding knowledge taught to me in modules such as “Software Development” and “Advanced Software Development” gave me a huge head start. With the programming knowledge gained I knew what to learn first for Python and thus quickly became familiar with the programming language’s syntax.
Another module which helped me tremendously was the “Changemakers: Creativity and Value Creation” module. It gave me a great understanding of how to conduct projects, including ideas such as using a MoSCoW analysis and wireframes for designing projects.
At the start of the project, I had no project schedule. This meant that a few weeks went by without much progress for the project as I had set no deadlines for myself. This meant I was not inclined to progress through the project very well. I eventually realized that I needed a robust schedule and had to look deeper into what needed to get done and by when. If I had the chance to start this project again, I would immediately set myself deadlines to complete certain goals. If I had done so earlier, I may have had some leeway and may have had time to improve my project in some areas. By not doing so, it put me under a lot of pressure to complete the project.
Finally, one crucial mistake I made was to try and code the project without a more fundamental understanding of Beautiful Soup’s functionalities. Initially I ignored some areas of Beautiful Soup that I did not fully understand and proceeded to try and program the web accessibility checker regardless. I now realize that this was a mistake because if I had taken extra time to familiarize myself with more of the fundamental aspects of Beautiful Soup earlier on, it would likely have made the web checker significantly easier to code.
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[bookmark: _Toc132750147]Chapter 10 Appendices
Chapter 5 and 6 revealed data in either charts or tables. Below, all of the data collected will be revealed in the way in which they were originally found/noted.
[bookmark: _Toc132750148]10.1 Appendix A (results found in Chapter 5)
Non-text Content 1.1.1 results
	 
	The web checker
	AChecker
	QualWeb
	WAVE

	UWTSD EN
	8
	56
	20
	38

	UWTSD CY
	7
	56
	20
	38

	Cardiff EN
	1
	40
	13
	5

	Cardiff CY
	1
	40
	13
	5

	Swansea EN
	3
	58
	63
	1

	Swansea CY
	0
	58
	63
	1

	Aberystwyth EN
	0
	12
	8
	0

	Aberystwyth CY
	0
	12
	8
	0

	Bangor EN
	9
	40
	18
	1

	Bangor CY
	9
	39
	17
	2


[bookmark: _Ref132733409][bookmark: _Toc132749835]Table 9: Table reveals the faults/warnings found for the Non-Text Content 1.1.1 success criteria results.
Language of page 3.1.1 results
	 
	The web checker
	AChecker
	QualWeb
	WAVE

	UWTSD EN
	Complies
	No result
	Complies
	Complies

	UWTSD CY
	Does not comply
	No result
	Complies
	Complies

	Cardiff EN
	Complies
	No result
	Complies
	Complies

	Cardiff CY
	Complies
	No result
	Complies
	Complies

	Swansea EN
	Complies
	No result
	Complies
	Complies

	Swansea CY
	Complies
	No result
	Complies
	Complies

	Aberystwyth EN
	Complies
	No result
	Complies
	Complies

	Aberystwyth CY
	Does not comply
	No result
	Complies
	Complies

	Bangor EN
	Complies
	No result
	Complies
	Complies

	Bangor CY
	Complies
	No result
	Complies
	Complies


[bookmark: _Toc132749836]Table 10: Table of results revealing the websites that comply, have no result or do not comply with the Language of page 3.1.1 success criteria.




Page titled 2.4.2 results
	 
	The web checker
	AChecker
	QualWeb
	WAVE

	UWTSD EN
	Complies
	Warning
	Complies
	No result

	UWTSD CY
	Complies
	Warning
	Complies
	No result

	Cardiff EN
	Complies
	Warning
	Complies
	No result

	Cardiff CY
	Complies
	Warning
	Complies
	No result

	Swansea EN
	Complies
	Warning
	Complies
	No result

	Swansea CY
	Complies
	Warning
	Complies
	No result

	Aberystwyth EN
	Complies
	Warning
	Complies
	No result

	Aberystwyth CY
	Complies
	Warning
	Complies
	No result

	Bangor EN
	Complies
	Warning
	Complies
	No result

	Bangor CY
	Complies
	Warning
	Complies
	No result


[bookmark: _Toc132749837]Table 11: Table of results revealing the websites that comply, have no result or display a warning for the Page titled 2.4.2 success criteria.
Total success criterions found to have faults/warnings out of 3 results
	 
	The web checker
	AChecker
	QualWeb
	WAVE

	UWTSD EN
	1
	1
	1
	1

	UWTSD CY
	2
	1
	1
	1

	Cardiff EN
	1
	1
	1
	1

	Cardiff CY
	1
	1
	1
	1

	Swansea EN
	1
	1
	1
	1

	Swansea CY
	0
	1
	1
	1

	Aberystwyth EN
	0
	1
	1
	0

	Aberystwyth CY
	1
	1
	1
	0

	Bangor EN
	1
	1
	1
	1

	Bangor CY
	1
	1
	1
	1


[bookmark: _Ref132733578][bookmark: _Toc132749838]Table 12: Table reveals the total faults/warnings found for all of the success criterions.







[bookmark: _Toc132750149]10.2 Appendix B (results found in Chapter 6)
Non-text Content 1.1.1 ANOVA and post-hoc results[image: ]
[bookmark: _Toc132749839][image: ]Table 13: Table revealing the ANOVA summary results found by using the initial results found in Table 9. Results provided by source: [110].
[bookmark: _Toc132749840]Table 14: Table revealing the ANOVA result details found by using the initial results found in Table 9. Results provided by source: [110].


[bookmark: _Toc132749841][image: ]Table 15: Table revealing the post-hoc results found by using the initial results found in Table 9. Results provided by source: [110].
[image: ]Total success criterions found to have faults/warnings out of 3 with ANOVA results
[bookmark: _Toc132749842]Table 16: Table revealing the ANOVA summary results found by using the initial results found in Table 12. Results provided by source: [110].
[bookmark: _Toc132749843][image: ]Table 17: Table revealing the ANOVA result details found by using the initial results found in Table 12. Results provided by source: [110].
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Must Users must be able to see results regarding the accessibility of websites.
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Must The results of the implemented web checker must be accurate.

4 Optimized

Should | The program should be optimized so that it is runs efficiently.

5 Easy to use user interface

Should | The user interface should be simple to understand and use.

6 Re-check button

Could | There could be a button to re-check a website, for ease of use for developers.

7 URL validation fix

Could | There could be validation checks where non fully typed out URLs are fixed when possible.
8 Simplified results view

Could | There could be a simplified results page for developers to download as a text file.

9 Checking other websites from results page

Could | There could be the option for users to check other websites directly from the results page.
10 Checking other web accessibility guidelines
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Fail. ALt text has not been provided or has been left blank
Inage source relating to alt text failure: data:image/gif;basess,rolgodlhagabaiaaaaaaap///yhSbaeaaaaalaaaaaabaaeaaaibraa’
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(1) Fail. Alt text is not provided or left blank:
Inage source relating to alt text failure: https://al.api.bbc.co.uk/nit.xiti?&col=16fron=psptaq=1s&s=598253&p=neus.pagetxl=[urn:bbe:c

(2) Possible Fail. ALt text contains generic text (‘img'/'image’/'images'): 'breaking news image'
Inage source relating to failure: https://ichef.bbei.co.uk/news/240/cpsprodpb/83b3/production/ 115651733 breaking-large-promo-nc.png

(3) Possible Fail. ALt text contains generic text (‘img'/'image’/'images'): 'a surgeon conducts a consultation using a mobile phone (
Inage source relating to failure: https://ychef.files.bbei.co.uk/width/320/pofdakbl.ipg

(4) Fail. Alt text is not provided or left blank:
Inage source relating to alt text failure: https://ychef.files.bbei.co.uk/width/240/pOfdfnnf.ipg
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# Has selenium scroll down the webpage in stages. First by 800 pixels, then 1600, then 2400... up to 9600 pixels.
for x in range(12):

y = 800

y=y*x

driver.execute_script("window.scrollTo(8, " + str(y) + ")") # Scrolls down far in webpage
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if 'role="banner"' not in page_source:
role_counter = role_counter + 1
success_criteria_é4_results = "There is NO banner role."
print(success_criteria_4_results)
print_results_to_file = open("success_criteria_identify_input_purpose.txt", 'a')
print_results_to_file.write(success_criteria_4_results + "\n")
print_results_to_file.close()

if 'role="complementary"' not in page_source:
role_counter = role_counter + 1
success_criteria_4_results = "There is NO complementary role."
print(success_criteria_4_results)
print_results_to_file = open("success_criteria_identify_input_purpose.txt", 'a')
print_results_to_file.write(success_criteria_4_results + "\n")
print_results_to_file.close()

if 'role="contentinfo"' not in page_source:
role_counter = role_counter + 1
success_criteria_é4_results = "There is NO contentinfo role."
print(success_criteria_4_results)
print_results_to_file = open("success_criteria_identify_input_purpose.txt", 'a')
print_results_to_file.write(success_criteria_4_results + "\n")
print_results_to_file.close()
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if 'role="banner"' not in page_source:
role_counter = role_counter + 1
success_criteria_4_results = "There is NO banner role."
function_prnt_s_c_identify_input_purpose_r(success_criteria_4_results)

if 'role="complementary"' not in page_source:
role_counter = role_counter + 1
success_criteria_4_results = "There is NO complementary role."
function_prnt_s_c_identify_input_purpose_r(success_criteria_4_results)

if 'role="contentinfo"' not in page_source:
role_counter = role_counter + 1
success_criteria_4_results = "There is NO contentinfo role."
function_prnt_s_c_identify_input_purpose_r(success_criteria_4_results)
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# Function used to efficiently print most data to the Identify Input Purpose success criteria
BRERRH AR AR AR AR R AR AR AR R
def function_prnt_s_c_identify_input_purpose_r(results):
print(results)
print_results_to_file = open("success_criteria_identify_input_purpose.txt", 'a')
print_results_to_file.write(results + "\n")
print_results_to_file.close()
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# Errors will occur if URL is invalid (and can't be fixed in the above code).
# So driver quits if so and most of code doesn't execute.
try:
driver.get(url)
except:
driver.quit()
checking = False
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# If the URL is valid, run bulk of code - set essentials up. Else, run a few lines of code
B b i
elif checking == True:
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<!--Gets the stored current URL, for the purpose of putting it in the textbox for the users convenience,
if they want to re-check the same website-->
<?php
$file = "recheckurl.txt";
$recheckurl = file get_contents ($file);
Srecheckurl = nl2br (Srecheckurl) ;
2>

<!--some info and button that allows the user to re-check their website OR simply enter
another URL to check. Includes the current URL in textbox for convenience sake.-->
<div id="margins">
<form action="action.php">
<p>If no results have loaded, wait a few seconds and refresh the page.</p>
<label for="">Re-check (or check another) website: </label>
<br>
<?php echo"<input type='text' value='$recheckurl' name='url' required>"; 2>
<input type="submit" value="Check">
</form>
</div>
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Re-check website: M

View simple results: RIuHEFEHNIE
Check another website: =
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If no results have loaded, wait a few seconds and refresh the page.

Re-check (or check another) website:
‘ https://www.bbc.com/news ‘ | Check |
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Waiting for user to enter a URL and click check
Traceback (most recent call last):
File "C:\XAMPP\ntdocs\OLDPROJECT\nain.py", line 65, in <module>
driver.get(url)
File "C:\XAHPP\ntdocs\projectv2\venv\Lib\site-packages\seleniun\uebdriver\renote\webdriver.py", line 449, in get
self.execute(Conmand .GET, {"url": url}
File "C:\XAMPP\htdocs\projectv2\venv\Lib\site-packages\seleniun\uebdriver\renote\uebdriver.py", line 448, in execute
self.error_handler.check_response (response)
File "C:\XAMPP\ntdocs\projectv2\venv\Lib\site-packages\seleniun\uebdriver\renote\errorhandler.py”, line 245, in check_response
raise exception_class(message, screen, stacktrace
seleniun.common.exceptions.InvalidArgunentException: Messag

invalid argument
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# Validating URL. If URL has no "http", "https" or "www.",

R R RS
if "http" not in url and "https" not in url:
if "http" not in url:
print("0OLD URL: " + str(url))
url = "http://" + url
print("1 TESTING NEW URL: " + str(url))

if "www." not in url:
print("0OLD URL: " + str(url))
url = user_input_url
url = "http://www." + url

= printI'Z TESTING NEW URL: " + str(url)l
else:

print("URL is all good, no changes needed.")

they are added to the URL so web driver is used successfully.
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Waiting for user to enter a URL and click check.
OLD URL: theguardian.com/uk

1 TESTING NEW URL: http://thequardian.com/uk
OLD URL: http://thequardian.com/uk

2 TESTING NEW URL: http://www.thequardian.com/uk
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The web checker |AChecker |QualWeb |WAVE
UWTSD EN Complies No result |Complies |Complies
UWTSD cY Does not comply |No result |[Complies |[Complies
Cardiff EN Complies No result |Complies |Complies
Cardiff CY Complies No result |Complies |Complies
Swansea EN Complies No result |Complies |Complies
Swansea CY Complies No result |Complies |Complies
Aberystwyth EN |Complies No result |Complies |Complies
Aberystwyth CY |Does not comply |No result |[Complies |[Complies
Bangor EN Complies No result |Complies |Complies
Bangor CY Complies No result |Complies |Complies
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The web checker |AChecker |QualWeb |WAVE
UWTSD EN Complies Warning |Complies |No result
UWTSD cY Complies Warning |Complies |No result
Cardiff EN Complies Warning |Complies |No result
Cardiff CY Complies Warning |Complies |No result
Swansea EN Complies Warning |Complies |No result
Swansea CY Complies Warning |Complies |No result
Aberystwyth EN |Complies Warning |Complies |No result
Aberystwyth CY |Complies Warning |Complies |No result
Bangor EN Complies Warning |Complies |No result
Bangor CY Complies Warning |Complies |No result
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Summary of Data

Treatments

1 (The web checker) | 2 (AChecker) | 3 (Qualweb) | 4 (WAVE)| Total
N 10 10 10 10 40
X 38 411 243 91 783
Mean | 3.8 41.1 24.3 9.1 19.575
ZXZ 286 19609 9817 2945 32657
Std.De

3.9665 17.3746 20.8489 15.3366 | 21.0797
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Result Details

Source SS df | MS

Between- | o 275 | 3 | 28140017 | £ °
treatments 11.39885
e 8887.5 36 | 246.875

treatments

Total 17329.775 | 39

The f-ratio va
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The checkers being compared

Pairwise Comparisons
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Summary of Data

Treatments

1 (The web checker) | 2 (AChecker) | 3 (QualWeb) | 4 (WAVE)| Total
N 10 10 10 10 40
X 9 10 10 8 37
Mean 0.9 1 1 0.8 0.925
X 11 10 10 8 39
Std.De

0.5676 0 0 0.4216 0.3499
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Result Details

Source SS df | MS
Between- F=
0.275 | 3 0.0917
treatments 0.73333
Within-
4.5 36 | 0.125
treatments
Total 4775 | 39

The f-ratio value is 0.73333. The p -value is
.538961. The result is not significant at p <.05.
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Result Details

Source Ss df Mms

Between- 8442.275 3 2814.0917 F=11.39885
treatments

Within- 8887.5 36 246.875

treatments

Total 17329.775 39

The fratio value is 11.39885. The p-value is .000021. The result is significant at p <.05.
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Result Details

Source ss df MS
Between-
0.275 3 0.0917 F=0.73333
treatments
Within- 45 36 0125
treatments
Total 4.775 39

The fratio value is 0.73333. The p-value is .538961. The result is not significant at p < .05.
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