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Abstract

Accessibility modifications are required for individuals with situational, temporary, or
permanent impairments to properly interact with web applications. Incorporating accessibility
guidelines, such as the Web Content Accessibility Guidelines (WCAG), into software
development, along with the software development life cycle and other paradigms, poses
challenges. The linear progression of steps in a conventional software development process
leads to the identification of problems at a later stage because testing is typically conducted
toward the end. Limited attention to accessibility until the final development phase results in
prolonged efforts, increased resource allocation, and higher expenses to address accessibility
issues. Consequently, numerous software applications remain inaccessible to users with
impairments. This study focuses on a Shift Left-based model to improve accessibility in the
software development process. Employing the Shift Left ally Model that emphasizes early
integration for accessibility and coupling it with the Extreme Programming Development
Life Cycle would enhance the integration of various testing practices and facilitate the
development of software that is accessible to all users, including those with impairments.

Keywords: Accessibility, accessible software, shift-left, model, methodology for accessible software
1. Introduction

Many people have turned to the Internet as their primary source of information in recent
years. Businesses are conducted online. Governmental services are offered on the Internet in
several nations[1]. Currently, more than 1 billion people, or 16% of the world's population,
experience some form of disability, and this number is rising, partly because of an aging
population and a rise in the frequency of noncommunicable diseases [2]. As noted by [3]
disability is an evolving concept and is the result of how people with impairments interact
with environmental and attitudinal barriers that prevent them from fully and equally
participating in society.

Web accessibility is a concern in web development. It is necessary to clarify exactly
what web accessibility means. According to [4], web accessibility means that websites, tools,
and technology are designed and developed with individuals with impairments in mind.
People can perceive, understand, navigate, and interact with the Web and contribute to it.
Web accessibility includes all forms of impairment that affect web access, such as cognitive,
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auditory, physical, speech, neurological, and visual impairments. The web must be accessible
to provide people with different disabilities with equal access and opportunities. Access to
information and communication technologies, including the Internet, is recognized as a
fundamental human right under the United Nations Convention on the Rights of Persons with
Disabilities (UN CRPD) [4]. Web technologies can now address accessibility barriers in
print, audio, and visual media considerably more easily. In certain circumstances, the Internet
enables people with impairments to accomplish tasks that would otherwise be impossible.
Accessible web applications can help people with impairments complete everyday tasks,
increasing their participation in educational, sociocultural, and economic activities [5]. As a
result, some organizations have proposed guidelines for developing accessible websites, such
as the Web Content Accessibility Guidelines (WCAG) [6], and Section 508 of the
Rehabilitation Act of 1973 [7].

Inaccessible web applications have caused barriers for individuals with impairments. 4.7% of
the 174 countries' government health websites surveyed had fully adopted the Web
Accessibility Initiative (WAI) accessibility guidelines [8]. The majority of countries’ websites
continue to have accessibility errors that create substantial impediments that prevent people
with impairments from having equal access to and benefiting from essential health
information during a global health crisis (the Coronavirus Disease 2019 also known as
COVID-19 pandemic).

It can be particularly challenging to identify product errors in software development so that
they can be addressed. To identify errors, software testing uses a wide variety of techniques.
For success, the multiple types of software testing should be conducted and, more
importantly, integrated into every stage of the software process. A project can reduce the
number of errors and improve the quality of the code by testing frequently and early. The
sequential nature of the processes in a traditional software development process causes
problems to be discovered at a later stage. This helps explain why the Shift Left method
focuses on finding and preventing errors from the outset of software development [3]. This
study focuses on a shift left-based accessibility model for software development process
improvement.

Incorporating accessibility guidelines such as WCAG into software development, along with
the software development life cycle and other paradigms, poses challenges. The linear
progression of steps in a conventional software development process leads to the
identification of problems at a later stage because testing is typically conducted toward the
end. Limited attention to accessibility until the final development phase results in prolonged
efforts, increased resource allocation, and higher expenses to address accessibility issues.
Consequently, numerous software applications remain inaccessible to users with
impairments. Existing models consider accessibility in the development process. They
primarily focus on integrating accessibility testing into each stage of software development
limitedly, with stakeholder involvement not adequately emphasized. Thus, there is a need for
the development of a model to incorporate accessibility early and throughout the software
development process while enhancing testing practices and fostering effective stakeholder
collaborations. Therefore, this study aims to design a shift-left-based accessibility model to
improve accessibility in the software development process.

2. Literature review
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Software engineering is essential in the development of accessible applications since it
supports the integration between methodologies and specific accessibility techniques in the
software development process [9], [10] maintains that the Agile model serves as a collection
of software engineering best practices and principles. The Extreme Programming (XP)
methodology is an agile software development process that aims to produce software of high
quality and maximize the efficiency of the development team. In terms of the best
engineering practices for software development, XP is one of the most popularly used agile
models, especially for small-scale projects [9]. The merits of XP include high quality,
continuous testing that results in a stable release with a small bug rate; low cost; rapid change
allowed at any stage of the software development life cycle; continuous feedback from the
project owner; and seamless code integration [11]. Shift Left is a method that focuses on
finding and preventing errors from the outset of software development. It derives from the
methodology view, where everything begins on the left side and ends on the right with
deliveries or results. The sequential nature of the processes in a traditional software
development process causes problems to be discovered at a later stage.

2.1. Accessibility Standards and Guidelines

The W3C is an international, independent body that develops web standards and protocols.
The WAI and its W3C working groups establish accessibility guidelines for web browsers,
web content, authoring tools, and evaluation tools. The WCAG was- created by the
Accessibility Guidelines Working Group. The current standard is WCAG 2.1 [12]. Relevant
standards similar to WCAG such as Section 508 of the Rehabilitation Act of 1973 [7]; the
Information Technology-User Interface Accessibility (International Organization for
Standardization (ISO)/International Electrotechnical Commission (IEC) 29138-1:2018 [13];
the Guidance on Software Accessibility (ISO 9241-171:2008) [14]. WCAG and other
accessibility guidelines and standards are discussed in this section.

2.2. The Extreme programming methodology

Extreme programming (XP) is an agile software development process that produces software
of high quality and maximize the efficiency of the development team. Agile approaches
are used by the great majority of development teams and projects [15]. XP was released by
Kent Beck in 1996 [9]. In terms of the best engineering practices for software development,
XP is the most specific agile framework. It was developed to improve software quality and
provide an immediate response to a change in customers’ requirements by breaking down the
software development process into manageable pieces to reduce the cost of change [16].
Instead of designing and evaluating the entire system at once, only a small portion of the
work is completed at a time to minimize the expense associated with a change in the software
requirements. XP improves a software project in five essential ways; communication,
simplicity, feedback, courage, and respect. XP consists of some simple rules. The rules are
the following :

1. Planning: This is the initial phase of the Extreme Programming life cycle, which
involves user stories and iterations. The actions that are performed during this stage
are:

a. Writing user stories or user requirements.
b. User stories are being turned into iterations, each of which addresses a specific
aspect of the desired feature's functionality.
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C.

d.

The programming team is in charge of scheduling each iteration, including
time and cost.
Each developer registers for iteration

2. Managing: Activities of this phase include:

a.
b.
c
d

Designate a common area as the team's workspace.
Manageable work speed is established.

Daily stand-up meetings are held.

The velocity of the project is measured.

3. Design: The design process starts once the plan has undergone all necessary
iterations. The following principles are included in this phase:

a.

b.
C.
d.

Simplicity is achieved by describing something once and without adding
functionality.

Select a naming convention or system metaphor that must be consistent.
Using collaboration cards during the design session

Producing spike solutions on basic programs that look for various solutions for
a particular problem.

4. Coding: The most crucial phase in extreme programming is coding. It takes
precedence over all other activities, such as documentation. Principles in this phase
include:

a.
b.
C.

d.
e.

Customers must always be available.

Code must be created based on an agreed metaphor or set of standards.

Pair programming is used to create high-quality, cost-effective production
code.

Code integration occurs frequently.

A dedicated computer is set up for integration.

5. Testing: Testing is integrated into Extreme Programming during the coding and
development phases rather than after completion. The principles for this phase are:

a.
b.
C.

To eliminate bugs, codes must undergo unit testing.

All codes must pass unit tests before release.

Customer acceptability testing is done following the customer's requirements,
and the developer then provides a report.

6. Listening: Extreme Programming allows continual feedback. Listening to customers
requires understanding what the customer expects the system to do. It assists
developers by making sure they are aware of these needs.

Figure 1 shows a diagrammatic representation of the Extreme Programming
development methodology.
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Figure 1: Extreme Programming Development Methodology Life Cycle [9]

XP has several disadvantages, such as a lack of proper documentation, a relatively large time
investment as frequent meetings are required, no upfront design document, and a developer’s
unwillingness to pair programming. However, the merits of this methodology outweigh its
limitations. The merits of XP include high quality, continuous testing results in a stable with
a small bug rate, low cost, the rapid change allowed at any stage of the software
development, continuous feedback from the project owner, and seamless code integration.

2.3. The Shift Left Principle

Shift Left aims to shift activities to the left, that is, to take a more proactive approach to tasks
that would otherwise be left until the end and start or move them to the early stages. Shift
Left indicates the necessity to change from a reactive to a proactive approach, which reduces
time, expenses, and exposure to risks. Many DevOps practices can use Shift Left, an example
of which is Shift Left Testing, an approach to moving software testing to the left in the
delivery pipeline [3]. Together, these indicate the importance of software development life
cycles to accommodate accessibility implementation and take into account various human
needs.

2.4. Review of Related Works
2.4.1. Accessibility Inclusion Software Development Process Model

Several accessibility models have been developed, [17]proposed an Accessibility Inclusion
Software Development Process model that aims to include accessibility throughout the
software life cycle. It is incorporated as one of the development process activities, as well as
the ability to support accessibility throughout the software life cycle. The model is based on a
hybrid methodology called UCASD—User-Centred Agile Software Development—and
contains six essential steps that must be completed sequentially. These phases include
analysis, design, coding, deployment, and maintenance. Each phase includes activities
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centered on accessibility-related requirements. Figure 2 illustrates the software development
process model. This model does not assess the degree to which the developed software
conforms to accessibility standards and guidelines or involves an actual test, such as a
software development project with actual developers and real requirements.

Figure 2: Accessibility Inclusion Software Development Process Model [17]
2.4.2. Website Accessibility Conformance Evaluation Methodology (WCAG-EM)

The World Wide Web Consortium/Web Accessibility in Mind has developed the Website
Accessibility Conformance Evaluation Methodology (WCAG-EM) for the evaluation of
websites with WCAG 2.0. Website accessibility evaluators can use of this methodology to
obtain more reliable results and avoid common errors. Figure 3 shows the stages and
activities of the evaluation process that make up this methodology. The stages are not
necessarily sequential. In Addition, the exact sequence of the activities carried out during the
evaluation stages depends on the goal of the evaluation, the type of website, and the process
used by the evaluator. Some of the activities can overlap or be carried out in parallel [18].
WCAG-EM focuses on the evaluation of websites and not accessibility requirements
specification, design, or development. It takes a reactive approach and does not support
testing while development is ongoing.

Figure 3: Website Accessibility Conformance Evaluation Methodology (WCAG-EM) [18]
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2.4.3. Shift Left ally Model

It has been demonstrated that accessibility can be incorporated into the development process
from the start. The Shift Left ally Model proposed by [3] aims to find and stop errors at the
start of the software development process. It is an iterative technique approach; the phases of
this model are sprint, deploy, and next release, with an emphasis on providing accessibility
early in the development process, as shown in Figure 4.

Next Release | /. sprint
1. Include accessibility
requirements.
£ 2. Early review of
Shift Left 311)‘ accessibility in
prototypes.
3. Automated review of
accessibility in CI/CD
4. Manual and automated
review of accessibility in
the code
5. User accessibility tests.

Deploy

6. Production accessibility
review.

Figure 4: Shift Left ally Model [3]

1. Sprint: The sprint is the central component of software development, during which a
finished, ready-to-use, and possibly release-ready product increment is developed [19]. Right
after the preceding sprint, a new sprint starts. The tasks that comprise this phase are
accessibility requirements, early review of accessibility in prototypes, automated review of
accessibility in Continuous Integration (CI) or Continuous Deployment (CD), automated and
manual evaluation of accessibility in the code, and user accessibility tests. These tasks are
discussed below.

a. Inclusion of accessibility requirements: One of the most important phases in
software development is gathering requirements. To move to accessible models, they
must meet the following requirements:

I.  Accessibility Guide: Web Content Accessibility Guidelines
(WCAG) 2.1 offer guidelines for designing software that considers
the requirements of each person, as well as those of governments
and other organizations. The guidelines are based on four
principles: Perceivable, Operable, Understandable, and Robust.
Each principle has guidelines that serve as the base and primary
goals during development [20].

ii.  User stories: These are short statements of the requirements of a
client, and acceptance rules should follow. They use natural
language, which makes them highly helpful because they help
define the issues faced by individuals with various abilities[21].
For example, “As a screen reader user, useful images must have
alternate text for me to understand all the essential information on a
website.” “As a user with hearing loss, | need subtitles on videos so
that | can comprehend the e-learning modules.”

b. Early review of the prototypes: At this point, a preliminary review is conducted,
which includes looking over upcoming error messages, such as focus state, to help
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users understand and navigate where they are. Alternative text to relevant images, and
to eliminate any barriers or experiences that may be inaccessible.

c. Automated review in Continuous Integration/Continuous Deployment: Code is
tested and integrated through the distribution and implementation stages, integrating
tests will confirm that the code or content meets accessibility success criteria and that
it has been approved for the repository or release to production [3].

d. Manual and automated code review: The following methods are used in the manual
review: Screen readers are used to identify problems with reading order, focus state,
and tab order for keyboard users. Filtering techniques are used to check the color
contrast and zoom functionality. Automated review is the process of using tools to
determine whether websites meet accessibility guidelines.

e. User testing: Manual and automated testing alone are not sufficient to determine
accessibility. It is important to test with a group of users with different abilities.

2. Deploy: Despite the possible risks of production-stage testing, it is necessary, [3]
recommended using a checklist to guide a regression to quickly identify and ensure
accessibility errors are not present. A split test, additionally known as an A/B test, can be
conducted to show users two variants of the same webpage to determine which of the
alternatives they prefer.

3. Next release: The Next release phase marks the completion of a cycle, which ends with
the prolduct's launch. After completing all proposed actions, the cycle is restarted with the
next release.

2.4.4. Shift Left ally Model coupling with scrum methodology

Using the Shift Left ally model, [3] proposed an integration of the Shift Left ally model
with scrum methodology as a guide for integration into the development project shown in
Figure 5. It begins with the presentation of the accessibility requirements, which are then
moved to the product stack and then to the sprint stack, which is executed within the iteration.
During this cycle that the sprint's automated and manual reviews, as well as the revision of
prototyping, are completed, leading to more iterations. The product review in the production
stage takes advantage of moving the test to the left. The Shift Left ally model with scrum
methodology serves as a guide to the integration of accessibility into projects; however, it is
not flexible to change during the sprint and focuses more on productivity and management
than programming and testing, such as unit testing, integration testing, or acceptance testing
that can help eliminate any barriers or experiences that may be inaccessible.

Accessibility

L g rediirEment

Al  Product
P review

Requirements

Product
backlog

I::E':]I:g I ' ' I;.MI Itu:remml'.ll

Prototype, automated

and manual review

Figure 5: Shift Left ally Model coupling with scrum methodology [3]
2.4.5. A process model for continuous testing of web accessibility
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Much of the research has focused on a reactive approach to handling accessibility issues. [18]
developed a process model for continuous web accessibility testing that incorporates three
methodologies: the Deming cycle (Plan, Do, Check, Act), WCAG-EM, and Total Quality
Management. With each iteration, it delivers feedback and self-feedback. Documents the
conclusions drawn from web accessibility issues. Planning the web accessibility evaluation,
implementation of the solution, measurment of results, and documentation of the solutions.
Since the outcomes of one step serve as the foundation for the next, it is recommended to
apply the process model's phases and stages sequentially. Figure 6 presents a process model
for the continuous testing of web accessibility. The process model for the continuous testing
of web accessibility focuses on the evaluation of websites after development, not at the early
stage of development, and does excludes end-users in the evaluation process.

PHASE | 2.1 Define the evaluation scope
1.1 Define the problem 2.2 Explore the target website

1.2 Analyze the impartance of the problem 1. Define the project 2.3 Select a representative sample | WCAG-EM
1.3 Define control indicators 2. Analyze the current situation 2.4 Audit the selected sample
3. Anal ial 2.5 Report the evaluation findings
3.1Investigate the causes of ! na V?E leEn-tlﬂ causes
the problems - 4. Planning solutions 4.1 Elaborate list of salutions
3.2 Analyze collected data (% 4.2 dentify orith
o ntify priorities
30 i ‘;’b 4.3 Elaborate action plan

%

PHASE IV PHASE Il

» 5. Implement
solutions

7. Documenting the
solution «

7.1 Prevent
recurrence of the
problem

7.2 Conclusions

5.1 Execute action
plan

& 3
e "
sy o

‘:Qb 2 ‘ o

6.1 Collect and 6. Measuring results
evaluate results

PHASE 1lI

Figure 6: A process model for continuous testing of web accessibility [18]

3. Method

To improve of accessibility in the software development process, the proposed coupling of
the Shift Left ally Model [3] in the Extreme Programming Development Methodology Life
Cycle [9]. The coupling is shown in Figure 7. The Shift Left ally Model with three phases:
sprint, deploy, and next release is used in this study to incorporate accessibility from the start
of the software development process and to find and stop accessibility errors at their origin. it
also accommodates accessibility guidelines and standards. This model tests for accessibility
at each stage, beginning on the left side of the development process and ending with an
accessible product on the right. which is a gap in the XP development life cycle. This model
is coupled with the XP development life cycle, which focuses on programming (this helps to
enforce coding standards), and continuous testing, accommodates changes and accentuates
customer satisfaction through stakeholder involvement throughout the process. The coupled
model makes accessibility a natural part of the process without requiring as much effort as
would be required if accessibility guidelines were executed at a later stage of software
development such as in the traditional software development process.
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4. Proposed Model

In this study, the Shift Left ally model was coupled with the Extreme Programming
development methodology. The Shift Left ally model is used in this study because it finds
and stops accessibility errors at the start of the software development process, which is
lacking in the XP development methodology. Extreme programming focuses on
programming and continuous testing, accommodates changes, and accentuates customer
satisfaction through stakeholder involvement throughout the process. Together, they can
make accessibility a natural part of the workflow, reducing the time, effort, and cost of
including accessibility in software development. Therefore, this can be used to build more
accessible software at a lower cost.

The proposed model, which is the coupling of the Shift Left ally Model in the Extreme
Programming Development Methodology Life Cycle, is ideal for incorporating accessibility
early and throughout the software development process while also enhancing testing practices
and effective stakeholder collaborations. All phases of the XP development methodology life
cycle were adapted, and the Shift Left ally Model Phases and activities were intertwined to
work toward solving the identified issue. The following modifications were made in the
exploration phase, which is the initial phase in the XP life cycle, where user requirements,
architecture, tools, and technology are defined. Accessibility Guidelines and Standards are
added as part of the requirement to develop user stories. After the exploration phase, the next
phase is the planning phase. This phase deals with what can be built within the due date, and
what is the plan for the next iteration? No modifications were made in this phase.

Iteration to release phases: Tasks such as analysis, design, planning for testing, and testing
are implemented by a pair of programmers, one of whom is designated as an accessibility
expert. Accessibility checks are included in the continuous review, including automated
accessibility review in Continuous integration (Cl)/Continuous Deployment (CD) before
code is pushed into the collective codebase and automatically deployed to a staging or
production environment, manual and automated code review of the software, and user
accessibility tests that simulate a real-world interaction scenario are conducted for real user
feedback. During the productionizing phase, software deployment occurs in small releases to
assess its readiness for production. This includes conducting acceptance tests, system testing,
and load testing. To guarantee accessibility in future updates, a production accessibility
review was integrated into the productizing phase.

The maintenance phase: Over time, the software undergoes continuous evolution,
simultaneously incorporating new functionalities while maintaining the existing ones. This
evolution allows for the introduction of new architectural designs, technologies, and future
versions of accessibility guidelines. Death phase: This final phase was not modified, serving
as the endpoint of the software development process. If the customer expresses satisfaction
and has no more stories, it is appropriate to proceed with the system's final release.
Alternatively, in cases where the customer demands a set of features that cannot be developed
within reasonable economic constraints, it is advisable to close the software development.
The coupling of the Shift Left ally Model in the Extreme Programming Development
Methodology Life Cycle is presented in Figure 7

EXPLORATION | PLANNING | ITERATION TO RELEASE | PRODUCTIONIZING | MAINTENACE DEATH PHASE
PHASE ! PHASE | PHASE | RELEASE PHASE | PHASE

STORIES
FOR NEXT [~ |
» || [TERATION

i p ! i H
/ .
["REGULAR UPDATES | ' r _————————— e —— — 4—]
. H by CONTINUOUS ‘ '
i Effort estimaties ||

| ACCESSIRINITY REVIEW " " |
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Figure 7: Coupling of the Shift Left ally Model in the Extreme Programming Development
Methodology Life Cycle. Adapted from [9]

5. Discussion

This study presents an improvement in accessibility in the software development process by
employing the Shift Left ally Model, which emphasizes early integration for accessibility,
and coupling it with the Extreme Programming Development Life Cycle to effectively
incorporate various testing practices and user feedback to enable the development of software
that is accessible to all users, including those with impairments.

The sequential steps in a traditional software development process lead to the identification
of problems at a later stage because testing is typically conducted toward the end. Other
models, such as the WCAG-EM process model for continuous testing of web
accessibility[18] take a reactive approach to incorporating accessibility. The Shift Left ally
Model [3] can be used to incorporate accessibility early in the development process; however,
it must be incorporated with software development methodology. Another study used the
Shift Left ally model with scrum methodology, which serves as a guide to the integration of
accessibility into projects [3]; however, it is not flexible to change during the sprint and
focuses more on productivity and management than programming and testing such as unit
testing, integration testing, or acceptance testing that can help eliminate any barriers or
experiences that may be inaccessible.

The proposed model incorporates accessibility early and throughout the software

development process while enhancing testing practices and fostering effective stakeholder
collaborations during development.

6. Conclusion and Future Works

The objective set out was to design a shift left-based accessibility model for software
development process improvement. This study presents the coupling of the Shift Left ally
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Model and the Extreme Programming Development Methodology Life Cycle. This model
serves as a guide for developers in incorporating accessibility into products in the software
industry and computer services sectors, making accessibility a natural part of the
development process.

In future work, the model will be implemented and the developed software will be evaluated
using automated accessibility evaluation tools, and usability testing for several user groups,
including those with impairments will be conducted.
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