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Abstract

Despite significant advances in promoting equitable quality education for students
with visual impairments (SVI), many barriers persist, particularly in highly visual
fields such as Information and Communications Technology (ICT). To address these
barriers, various tools have been developed to help SVI understand on-screen con-
tent. However, many SVI still face significant challenges in computing courses,
indicating that current tools are insufficient. This highlights the need for studies
to identify and analyze existing tools and determine why they fall short. The main
objective of this work is to identify and analyze tools that aid SVI in university-
level computing courses. To achieve this, we (i) performed a systematic literature
review using primary data sources in the computing field to identify relevant studies
and (ii) proposed and developed a tool to address one of the gaps identified dur-
ing the review. We found 47 studies that met our inclusion and exclusion criteria
and extracted information about their publishing details, area, availability, evalua-
tion methods, Technology Readiness Level (TRL), and target audience. Our review
revealed that approximately 80% of the studies lacked ways to access the tool, indi-
cating a significant availability issue. Additionally, more than 23% of the tools had
no evaluation process. These findings highlight gaps and deficiencies in tools de-
signed for SVI in university-level computing courses. For example, many studies do
not include VI participants in their evaluations or lack any evaluation altogether. To
address these gaps, we developed CraftPy, an accessible tool compatible with screen
readers for creating multiple types of diagrams. We conducted an experiment with
eight participants with VI, and CraftPy proved to be accessible and effective, en-
abling participants to create diagrams using screen readers. By developing CraftPy,
we aim to promote equity in higher education, offering SVI enhanced opportunities
to succeed in ICT courses.

Keywords: Tools, Visual Impairment, Information and Communications Technol-
ogy, Assistive Technology
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Resumo

Apesar de avanços na equidade educacional para estudantes com deficiência visual
(EDV), eles ainda enfrentam muitas barreiras em disciplinas excessivamente visuais,
como Tecnologia da Informação e Comunicação (TIC). Para superar essas barreiras,
foram desenvolvidas ferramentas para ajudar esses alunos a entender o conteúdo ex-
posto no quadro e na tela. No entanto, essas ferramentas ainda não garantem uma
educação de qualidade para EDV, indicando a necessidade de mais estudos para
identificar e analisar as ferramentas existentes. O objetivo deste trabalho é identi-
ficar e analisar ferramentas que auxiliem EDV em disciplinas de informática no ńıvel
universitário. Para isso, realizamos uma revisão sistemática da literatura, utilizando
as principais fontes de artigos em computação para identificar estudos relevantes.
Além disso, desenvolvemos uma ferramenta para preencher uma das lacunas iden-
tificadas durante a revisão. Encontramos quarenta e sete estudos que atenderam
aos critérios de inclusão e exclusão, extraindo informações sobre publicação, área,
disponibilidade, métodos de avaliação, Nı́vel de Prontidão Tecnológica (Technology
Readiness Level) e público-alvo. Descobrimos que cerca de 80% dos artigos não
fornecem meios para utilização das ferramentas, indicando falta de disponibilidade.
Além disso, mais de 23% das ferramentas estudadas não foram avaliadas. Esses
resultados ajudam a identificar lacunas nos estudos sobre ferramentas para EDV
em cursos de computação universitários, como a ausência de participantes com defi-
ciência visual nos processos de avaliação ou a falta de avaliação das ferramentas.
Através das lacunas encontradas na revisão sistemática, nós criamos CraftPy, uma
ferramenta acesśıvel compat́ıvel com leitores de tela para a criação de múltiplos di-
agramas. Um experimento foi feito com oito participantes com deficiências visuais
diversas utilizando a ferramenta, CraftPy demonstrou ser uma ferramenta acesśıvel
para o público alvo e possibilitou os participantes a criarem diagramas através do uso
de leitores de tela. Através do desenvolvimento de CraftPy, pretendemos aumentar
a equidade no ensino superior, auxiliando EDV nos cursos de computação.

Palavras-chave: Ferramenta, Deficiência Visual, Tecnologia da Informação e Comu-
nicação, Tecnologia Assistiva
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trabalho até tudo o que veio a seguir. As minhas experiências no mestrado e a
construção deste trabalho foram uma grande jornada na minha vida, que só foi
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“It is much more difficult to judge
oneself than to judge others. If you
succeed in judging yourself rightly,
then you are indeed a man of true
wisdom.”

– Antoine de Saint-Exupéry
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Alignment with the Research Line

Research Line: Software and Computer Systems

This dissertation is within the line of Software and Computer Systems because it
seeks to contribute to Computing Education by analyzing the assistive technologies
that help SVI learn the content present in universities promoting equity among
students and creating an assistive technology to fill one of the gaps currently present
in the field.

The purpose of this research is to identify the reason why assistive technologies in
ICT courses are scarce, searching for possible gaps and weak points in the process
of evaluation and creation of these tools and verifying their availability.

After identifying the gaps present in the current works about assistive technology
in university-level ICT courses, we developed a software engineering tool called
CraftPy. CraftPy is an accessible web tool fully compatible with screen readers,
it enables SVI to create various types of diagrams using Python code, employing an
object-oriented approach to design classes, actors, entities, attributes, and relation-
ships.
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Chapter 1

Introduction

According to the World Health Organization (WHO) in its latest world report fo-
cused on vision (WHO et al., 2019), it is estimated that globally more than 2.2
billion people have some visual impairment (VI) ranging from mild distance visual
impairments to blindness, a number that tends to increase with population growth
and lifestyle changes in the coming decades. As the number of people with VI in-
creases, it is expected that the number of SVI entering higher education courses will
also increase across the world.

As remarked in the United Nations Convention on the Rights of Persons with Dis-
abilities, inclusive education is every student’s right, not a privilege (Nations, 2023).
Thus, the inclusion of students with visual impairments (SVI) has been a source of
discussion in the literature, through research aimed at understanding the gaps and
existing accessibility barriers and how these impact their lives (Miyauchi, 2020). To
assist SVI in their daily activities, several tools known as assistive technologies (AT)
have been and continue to be developed in various areas such as urban and indoor
navigation (Kuriakose et al., 2022), object identification (Lin et al., 2019) and tactile
maps (Ungar et al., 1993).

Despite the development of ATs that has helped people with VI in several areas,
there are still fields where even with the presence of ATs to help them, there are
still difficulties in breaking the visual barrier like in computing (Hadwen-Bennett
et al., 2018). As computing is highly visual, many SVI often face barriers during
their learning process due to the difficulty in interacting with digital interfaces even
with the help of screen reading tools such as JAWS1 and NVDA2.

Even though many advances have been made to make computing education more
inclusive for people with VI, there are gaps for advancement. Whether we want to
guarantee the permanence of these students in higher education, simply providing

1https://www.freedomscientific.com/products/software/jaws/
2https://www.nvaccess.org

1



Chapter 1. Introduction 2

access to higher education may not be enough; this access must guarantee high-
quality education. A way to achieve this is by employing tools to support the
learning process.

In a survey applied to Brazilian SVI (Alves et al., 2022), more than 40% of re-
spondents stated that there was a lack of instrumental accessibility in Brazilian
universities. Instrumental accessibility is intended to bring improvements in the
adaptation of materials, devices, utensils, and assistive technologies (Sassaki, 2003).
Hence, the respondents stated that there was little or no accessibility to materials,
devices, utensils, and technologies during their studies. They also highlighted the
lack of accessibility in operating systems, development tools, and Web applications,
especially for those who used a screen reader tool.

Although Alves et al. (2022) results indicate that there is still a need for ATs to
support SVI in higher-level ICT courses, there are several tools presented in the
literature that propose this specific support for different ICT fields. Thus, to better
understand this scenario, it is crucial to investigate the proposed tools that aim to
support the teaching and learning process in computing higher education courses
for SVI.

The aim of this study is twofold. First, we want to present a holistic overview of the
tools that aid SVI in subjects present in university-level computing courses. Thus,
we performed a systematic literature review (SLR) to investigate which tools have
been proposed and for which areas of ICT alongside other relevant information to the
study, such as their technology readiness levels and processes of evaluation. Since the
tools are likely built for academic purposes, this study also investigated whether they
are available online. Through the SLR, we intend to identify possibilities for future
research. Second, based on the SLR results, we developed a tool named CraftPy, a
tool freely available on the internet that currently supports three types of diagrams:
Class Diagrams, Use Case Diagrams, and Entity-Relationship Diagrams.

In an evaluation involving eight people with VI who are either current students or
graduates of higher education ICT courses, most participants were able to complete
assigned tasks with minimal difficulty using CraftPy. This tool aims to foster eq-
uity in higher education by empowering SVI to create their own diagrams, thereby
promoting a more inclusive learning environment. By providing accessible tools like
CraftPy, we can ensure that SVI has the necessary resources to succeed in visually
demanding fields, ultimately contributing to a more inclusive and equitable educa-
tional landscape.

1.1 Motivation and Problem

Eyesight plays a critical role in the lives of human beings, which is why visual im-
pairments have consequences for individuals, causing difficulties in many different
situations in everyday life such as walking, reading, working, and even studying,
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reducing their quality of life. Worldwide, billions of people have some type of vi-
sual impairment or are completely blind and projections from WHO show that this
number will continue to grow due to changes in people’s lifestyles and population
growth (WHO et al., 2019).

To guarantee the right to education by law for this portion of the population that
has some type of visual impairment, many public policies and institutional changes
were adopted to include people with VI in higher education. With the increase in
SVI enrolled in higher education courses, it is necessary to ensure that they have
quality education inside and outside universities (Alves et al., 2022).

To promote the inclusion of this public, improve social equity, and enable a more
independent life for people with VI, assistive technologies are developed. According
to Bersch (2008), assistive technologies are the arsenal of tools that expand the
functional abilities of people with a disability or enable the performance of a task
that is impossible due to some disability, including visual impairments.

Due to the area of computing being highly visual and using many graphic artifacts
such as diagrams and algorithms, many of these students enrolled in computing
courses face barriers daily due to the lack of access to the content displayed on
computer screens. To break the visual barrier in computing teaching, assistive tech-
nologies are used to provide quality learning to SVI (Konecki et al., 2016).

Through the recent study carried out by Alves et al. (2022), it is possible to identify
that the biggest barrier to SVI in learning computing exists due to accessibility
problems of the Instrumental type, that is, problems related to the lack of adaptation
of materials, machines, utensils, and ATs.

This shows that there is still a knowledge gap in relation to the tools that are
being developed for SVI in computing education, as even with the existence of
several primary studies on assistive technologies that help in teaching programming,
there is still a deficiency concerning their use to promote quality education for these
students.

1.2 Goals

The general goal of this work is to identify and analyze the tools that facilitate
teaching computing to SVI in higher education. These findings were used to build
our own freely distributed online tool.

As specific objectives, this work aims to:

• Identify and analyze existing software tools published in the literature through
a systematic literature review to verify the purpose and area of application of
these tools, what types of evaluation were performed on these tools, their tech-
nology readiness levels, and their availability at the time of writing this work.
The systematic review method was selected because it allows the creation of
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a summary of existing technologies and thus identifies gaps in this field of
research (Kitchenham et al., 2007).

• Develop a software tool for SVI to fill one of the gaps found in the systematic
review.

• Evaluate the tool developed to check whether it meets its goals. Therefore,
the aim is to make the tool available to a group of users with VI to conduct
the evaluation.

1.3 Research Questions

The main research question of this research is: What can be done to reduce the
instrumental barriers that SVI deals with when studying ICT courses?

This study seeks to answer the following research questions:

• RQ1: What are the gaps that currently exist regarding assistive technologies
for SVI in ICT courses?

• RQ2: How can we enable SVI to create diagrams without the need to learn a
new specific programming language for it?

To answer such questions, a systematic review was carried out with a final set of
47 articles that deal with assistive software technologies to assist the education of
SVI in learning computing in higher education. A tool was developed to reduce the
gap found in the systematic review: A big scarcity of working diagramming tools
designed for SVI in ICT courses. For that reason, CraftPy was developed to aid
them in the process of creating software engineering diagrams. Diagrams in CraftPy

are created from the Python programming language, removing the need to learn a
new specific programming language to use it. Also, the tool is available online, thus
it is not necessary to install it.

1.4 Research Contribution

This work’s contributions are separated into two parts: the contributions of the
systematic review and the contributions of the developed tool.

The systematic review has the main focus on first identifying and showing the current
landscape of assistive technologies in ICT courses for SVI by both analyzing the
superficial and deep information about these works such as: how many works there
are, their year of publication, which conferences they were published, which area of
the ICT courses they belong to, their current availability at the time this work has
been written, their technology readiness levels and how they were evaluated.

As a result, 9066 studies were found in six different databases. However, after
applying the inclusion and exclusion criteria and doing the snowballing (Wohlin,
2014) of the studies, 47 primary works were selected to be analyzed.
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From the studies, it was identified that 33 out of the tools developed for SVI in
university-level computer courses focus on programming and diagramming while the
other fourteen are spread in many other different areas such as computer networks,
electronics, and robotics. This shows that most of the tools are created to help with
either programming or diagramming while the other areas are much more scarce
when it comes to tools.

This can bring light to other researchers about how works in this area have been
done, showing more of their strengths and flaws present in the lack of uniformity
found in the process of evaluation done in these works.

As for the CraftPy tool, it has a direct impact on SVI by actively aiding them in
the process of creating multiple kinds of diagrams inside and outside the university.
CraftPy’s main focus was accessibility towards SVI with an interface completely
readable by screen readers and big components to allow those with low vision to
read its contents properly.

CraftPy is an effort to reduce the barriers that SVI faces when studying in ICT
courses and we hope that other researchers continue to create tools that promote
equity in higher education.

1.5 Work Structure

The chapters of this work are structured as follows:

• Chapter 2 presents the bibliographical review of the study, where the main
concepts behind this research are explained thoroughly.

• Chapter 3 explains the steps taken in this study, for the planning phase,
systematic review, and the development and evaluation process of CraftPy.

• Chapter 4 shows the methodology, discussion, and results of the systematic
review divided by each one of the research questions and contains sections
about the systematic review’s related works and threats to validity.

• Chapter 5 presents the process behind the development of the tool, the details
about its operation, and the evaluation results.

• Chapter 6 presents this dissertation’s conclusions and possible future work.
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Study Background

2.1 Visual Impairment

Vision impairments are conditions that afflict billions of people globally. It occurs
when an eye condition affects the visual system and its functions. It has serious
consequences for individuals and affects their ability to see the world around them
(WHO et al., 2019). The World Health Organization classifies vision impairment
into two groups, distance and near vision impairment based on visual acuity, which
is the ability to see details clearly, regardless of the object’s distance.

Distance visual impairment is further classified into four groups by WHO based on
the visual acuity in the better eye (WHO et al., 2019):

• Mild, where the visual acuity is worse than 6/12 to 6/18.

• Moderate, where the visual acuity is worse than 6/18 to 6/60.

• Severe, where the visual acuity is worse than 6/60 to 3/60.

• Blindness, where the visual acuity is worse than 3/60.

The definition for near vision impairment is where the near visual acuity is worse
than N6 or M.08 at 40cm (WHO et al., 2019). In addition to these two types of visual
impairment, there are more impairments such as colorblindness, which according to
Salih et al. (2020), is an eye disorder that prevents the person from being able to
distinguish tones of certain colors. The most common form of colorblindness affects
the red and green colors, resulting in a missing or defective red or green photo-
receptor cone.

Adults are severely affected by visual impairments having their quality of life re-
duced. Adults with visual impairments are generally less present in workforce partic-
ipation and have lower productivity, they also tend to have higher rates of depression
and anxiety compared to those with normal vision (WHO et al., 2019).

6
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According to the World Health Organization (WHO et al., 2019), the leading causes
of visual impairments are age-related macular degeneration, cataracts, diabetic
retinopathy, glaucoma, and uncorrected refractive errors.

In computing-related courses, visual impairments pose a major barrier to students
due to the accessibility issues present in both programming languages and program-
ming environments (Mountapmbeme et al., 2022b). To break those barriers and
allow students to have quality education in the computing field, there is an increase
in the development of ATs.

In this work, the term visual impairments will be used to refer to all four groups of
visual impairment, ranging from mild to moderate. As for blindness, it will strictly
refer to the last classification where the individual visual acuity is worse than 3/60.

2.2 Assistive Technology

According to Bersch (2008), Assistive Technology is the term used to represent a
range of resources (items, tools, objects, accessories) and services that help provide
or expand functional abilities of people with disabilities, thus promoting a more
independent life and assisting in the process of inclusion of people with disabilities
in schools, universities, and companies.

ATs are not only limited to computers, in reality, ATs have been used for a long time
in the fields of special education and rehabilitation with devices such as adaptive
feeding instruments, wheelchairs, and vision aids (Edyburn, 2000).

The main objective of ATs is to ensure greater independence, quality of life, and
social inclusion for people with VI through improvements in their communication
skills, mobility, perception of different environments, reading, writing, learning, and
work skills. They promote equity and can potentially improve their users’ quality of
life, increasing their autonomy and allowing them to interact with the environment
around them (Bersch, 2008).

ATs can assist individuals with a wide range of disabilities. Examples of these ATs
include walkers and wheelchairs for those with movement impairments, hearing aids
that enhance the hearing capabilities of people with hearing loss, and white canes
and screen readers that enable people with VI to navigate the world around them
and use computers.

Currently, many other kinds of ATs are being created, such as mobile applications
and desktop software that allow people with VI to “see” their surroundings through
a phone and understand what is behind the screens of computers, terminals, and
other machines (Hakobyan et al., 2013). Bersch (2008) classifies ATs into twelve
categories:

1. Aids for daily life and practical life, such as custom-made utensils.
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2. AAC - Augmentative and Alternative Communication, such as printed com-
munication boards and recorded message vocalizers.

3. Computer accessibility features, such as modified keyboards and screen read-
ers.

4. Environment control systems, such as smart home appliances.

5. Architectural projects for accessibility, such as ramps and elevators.

6. Orthoses and prostheses.

7. Postural Adequacy, such as orthostatic stabilizers.

8. Mobility aids such as canes, crutches, walkers, strollers, and manual or power
wheelchairs.

9. Aids for expanding images and resources that translate visual content into
audio or tactile information, such as magnifying glasses, screen magnifiers,
and tactile maps and graphics.

10. Aids to improve auditory function and resources used to translate audio con-
tent into images, text, and sign language.

11. Mobility in vehicles, such as wheelchair lifts on buses.

12. Sports and Leisure, such as sound balls.

To break down barriers in the field of computer education concerning SVI, the most
helpful AT resources are the ones in the following categories: Computer accessibility
features and aids for expanding images and resources that translate visual content
into audio or tactile information.

2.3 Assistive Technologies in Computing Education

Assistive technologies have been applied to most fields of education, including com-
puting. Studies show that the number of assistive technologies in computing edu-
cation is continually growing (Konecki et al., 2016) and is capable of improving the
teaching and learning of computing for SVI (Adebayo and Ayorinde, 2022).

Computing education is an area that requires a lot of tools to make human-machine
interaction easier for humans, but that is usually done in a way where most of the
things that are returned to the user are visual such as charts, graphs, and diagrams,
thus turning the computing field into a very visual field making it challenging for
those with visual impairments (Luque et al., 2018).

The visual aspects of the computing field pose a big challenge for those who cannot
see the contents on the screen and thus have difficulties using some of the technologies
created to aid in human-machine interaction such as the mouse. Therefore, ATs were
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created to allow SVI to perceive the contents of the screen in other alternative ways
such as audio or tactile apparatuses.

The work done by Konecki et al. (2016) shows that all students benefit from assistive
technology tools for the education of programming, especially those who are visually
impaired pointing out that assistive technologies promote an improvement of the
education process, better inclusion, and higher quality of gained knowledge.

As for the study done by Alves et al. (2022), the biggest problem faced by SVI in
the computing field was instrumental problems, which according to Sassaki (2003)
means that those problems derive from issues with the adaptation of materials,
devices, utensils, and assistive technologies.

Therefore there is still a need for useful assistive technologies in the field of computing
that goes beyond simply enabling access for those students (Alves et al., 2022), many
other measures need to be taken such as asserting that those tools have quality and
are easy to use, and the training of the teachers and students about the use of
assistive technologies (Adebayo and Ayorinde, 2022).

2.4 Software Modeling and Diagrams

Software modeling is the creation of a physical view of a software system, an ab-
straction with a predetermined purpose such as the description of structural and
behavioral aspects of a software (Guedes, 2018). Software modeling is often done
through the use of diagrams showing a simplified overview of a system.

2.4.1 Class Diagrams

The Class Diagram is one of the most important and widely used diagrams in UML.
Its primary purpose is to visualize the classes that will compose the system, along
with their respective attributes and methods. It also demonstrates how the classes
relate, complement, and communicate with each other. This diagram provides a
static view of the class organization, focusing on defining their logical structure
(Guedes, 2018).

Class Diagrams describe the types, properties, and operations of classes in a system
and the relationships that exist between them (Fowler, 2018).

A class in a Class Diagram is a rectangle typically, but not necessarily, divided into
three sections: The first one is the class name; the second is its attributes and data
types; and the third and last section contains the methods of the class (Guedes,
2018). The class attributes and methods can also have other details, such as the
visibility marker that indicates whether the attribute is private (-) or public (+)
(Fowler, 2018).

To demonstrate the relationships between classes diagram classes represent them
through associations. Associations are represented by lines that, in most of the
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cases, connect two or more classes. They can have both navigability, represented
by an arrow at one of the ends of the line, which determines in which direction the
association goes; and multiplicity (cardinality), where it clarifies how many objects
of a class are part of the association (Guedes, 2018).

The most common multiplicities are 1, where there is only one object of that class
in that association; 0..1, where there may be one or zero objects of that class similar
to boolean values; and an asterisk (*) when there is no upper limit to how many
objects of that class in the association (Fowler, 2018).

There are special types of associations, such as the following (Guedes, 2018):

Aggregation

Aggregation is a special type of association that indicates that the information about
an object is completed by the object at the other end making it a whole-part object
relationship (Guedes, 2018). The association is represented by a white rhombus on
the side of the object that represents the whole. An example of aggregation can be
found in Figure 2.1.

Figure 2.1: Aggregation between classes

Composition

Composition is a variation of an aggregation where the relationship between the
two objects is stronger carrying a notion of ownership. According to (Fowler, 2018),
composition carries a rule of “no-sharing”, which means that the object that is part
of the whole cannot be part of other objects. Another peculiarity is that if you
delete the whole, you also delete all of its parts. The composition is represented by
a black rhombus on the side of the object that represents the whole. An example of
composition can be found in Figure 2.2.

Generalization/Specialization

Generalization and specialization allow the user to apply the concepts of inheritance
in object-oriented programming. It is represented by a white arrow coming from
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Figure 2.2: Composition between classes

the subtype and pointing at the supertype. An important aspect of generalization is
substitutability, the ability to substitute the subtype class with the supertype class
without stopping the code from working (Fowler, 2018). An example of specialization
can be found in Figure 2.3.

Figure 2.3: Generalization and Specialization between classes

Dependency

A dependency exists between two classes when changes regarding one of the elements
change the other. Dependencies can exist for various reasons such as: Sending
messages to another class, having that class as part of its data, or using that class
as a parameter to an operation (Fowler, 2018). An example of dependency can be
found in Figure 2.4.
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Figure 2.4: Dependency between classes

2.4.2 Use Case Diagrams

The use case diagram aims to present an overall external view of the system’s func-
tionalities for users, without focusing on implementation details. It is primarily
used during the phases of system requirements elicitation and analysis, although it
is consulted throughout the modeling process and can serve as a basis for various
other diagrams. The goal is to use simple and easily understandable language so
that users can grasp how the system will behave. The diagram identifies the ac-
tors (users, other systems, or special hardware) that will interact with the software,
as well as the services or functionalities, known as use cases, that the system will
provide to these actors (Guedes, 2018).

Actors and Use Cases

The two main items in use case diagrams are actors and use cases. Actors and use
cases can connect to other actors and use cases through associations.

Actors represent roles that users or entities play within a system. They can execute
one or more use cases and do not necessarily have to be human. A single individual
can assume multiple actor roles within a system, and a single actor role can encom-
pass multiple individuals (Fowler, 2018). An example of an actor can be found in
Figure 2.5.

Figure 2.5: Example of an Actor
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Use cases are services, tasks, or functionalities deemed necessary for the software,
which actors can utilize when interacting with the system. Essentially, use cases
define the functions of the system. They are typically named using a verb that
describes the action to be performed, sometimes followed by the object affected by
the action (Guedes, 2018). An example of a use case can be found in Figure 2.6.

Figure 2.6: Example of a Use Case

Inclusion

Inclusion is an association between use cases when a scenario, situation, or routine
involves multiple use cases. This means that when a use case is executed, all the
use cases it includes are also executed. Inclusions are represented by an association
labeled ≪include≫ (Guedes, 2018). An example of inclusion can be found in Figure
2.7.

Figure 2.7: Example of an Inclusion of Use Cases

Extension

Extension is another type of association in use case diagrams. Extensions represent
optional scenarios that are triggered only if certain conditions are met, as they are an
optional step, they are not always executed when the use case that extends them is
executed. Extensions are represented by an association labeled≪extend≫ (Guedes,
2018). An example of an extension can be found in Figure 2.8.
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Figure 2.8: Example of an Extension of Use Cases

2.4.3 Entity-Relationship Diagrams

The entity-relationship diagram is one of the most widely used tools in conceptual
modeling, particularly for entity-relationship modeling. It provides a high-level de-
scription of the database, independent of its implementation in a DBMS (Database
Management System). The conceptual model outlines what data can appear in the
database without specifying how this data is stored at the DBMS level (Heuser,
2009).

Entities, Attributes, and Relationships

The most fundamental element in an Entity-Relationship Diagram is an entity. En-
tities represent individual objects or concepts, which can be either tangible or ab-
stract, such as people, cars, companies, and jobs. Entities have properties known
as attributes that describe them. Attributes can be either simple or composite, de-
pending on whether they contain other attributes within them (Takai et al., 2005).

Entities have key attributes, a unique identifier that distinguishes them from other
entities of the same type. In the diagram, entities are represented as rectangles, and
attributes are depicted as ellipses. Key attributes are underlined.

Relationships are a set of associations between entities, they can connect different
entities or an entity to itself. These connections are represented as diamonds in the
diagram, linked through lines to one or more entities (Heuser, 2009). Figure 2.9
illustrates an example of entities, attributes, and relationships. The example has
two entities: ‘House’ and ‘Owner’. The ‘House’ entity has two attributes: a key
attribute called ‘number’ and an attribute called ‘location’. The ‘Owner’ entity also
has two attributes: a key attribute called ‘id’ and an attribute called ‘name’. The
relationship between the two entities is labeled ‘Has’, indicating that a house has an
owner, and an owner has a house. This example is shown in Figure 2.9.
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Figure 2.9: Example of Entities, Attributes, and Relationships

Weak Entities, Foreign Keys and Identifying Relationships

Weak entities are entities that lack a primary key and, therefore, cannot be uniquely
identified on their own. To become distinguishable, a weak entity uses a foreign key
in conjunction with its attributes. This foreign key is typically associated with an
owner entity, which is linked to the weak entity through an identifying relationship.
A weak entity has an existential dependence on the entity it is related to in an
identifying relationship (Takai et al., 2005).

A weak entity is represented by a double rectangle and an identifying relationship is
represented by a double rhombus. Figure 2.10 illustrates an example of weak entities
and identifying relationships. The owner entity ‘Department’ has two attributes, a
key called ‘number’ and an attribute called ‘name’, it has an identifying relation-
ship called ‘Create’ towards the weak entity ‘Project’, meaning that departments
can create projects and the project disappears if said department stops existing.
‘Project’ is a weak entity with two foreign keys ‘name’ and ‘number’ taken from its
owner entity, ‘Department’. ‘Project’ is considered a weak entity due to its lack of
a primary key. This example can be found in Figure 2.10.
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Figure 2.10: Example of Weak Entities and Identifying Relationships

Multiplicity and Multivalued Attributes

Relationships can carry different multiplicities (also known as cardinalities) to the
entities involved, the multiplicity refers to the number of instances of one entity that
are associated with other instances of another entity through a relationship. The
most common types of multiplicity are 1:1 (One-to-one) where one single instance
is associated with a single instance of another entity, 1:n (One-to-many) where a
single instance is associated with many others, and n:m (Many-to-many) where
many instances of an entity are associated with many instances of another entity
(Heuser, 2009).

Multivalued Attributes are attributes that have a set of values. They are represented
in the diagram by double ellipses. Figure 2.11 shows an example of it, ‘Course’ and
‘Student’ have a many-to-many relationship between them, which means a course
can have multiple students, and students can have multiple courses. One of the
course’s attributes is a list of subjects represented by a multivalued attributes symbol
in the diagram. This example can be found in Figure 2.11.
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Figure 2.11: Example of Multiplicity and Multivalued Attributes

2.5 Chapter Summary

This chapter outlined the key conceptual foundations necessary for understanding
this research, beginning with broader themes related to accessibility, such as visual
impairments and assistive technologies, and then narrowing down to topics more
directly related to the research. Understanding the current state of assistive tech-
nologies in computing education is essential for recognizing the need for such tools
in this field.

There is also a brief explanation of the diagrams in software modeling that can be
created by the CraftPy tool and the elements that can be implemented in those
diagrams. The next chapter presents the methodology of this study.
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Methodology

This section presents the steps and classification of our literature review. In this
way, the research is categorized based on the following aspects (Moresi et al., 2003):

• Nature: This research has a basic nature due to its objective of generating
new knowledge useful for the advancement of science without the presence of
a practical application aimed at a specific problem.

• Approach: The research approach is quali-quantitative due to the use of both
qualitative and quantitative methods to analyze the results of the systematic
review. The tool’s evaluation involved an experiment that gathered informa-
tion about the participants through two forms, collecting quantitative and
qualitative data for the results.

• Objectives: The research has a exploratory content with the use of a sys-
tematic review to accumulate and systematize the primary works dispersed in
the area, another characteristic that defines this research as exploratory is the
absence of hypotheses and the presence of research questions.

• Means of Investigation: Regarding the means of investigation, two of them
are used during this research. The first will be the systematic review, which
is classified as bibliographical research because the systematic review is a
systematized study made from material posted in digital libraries. The second
means of investigation will be field research that was carried out through a
preliminary experiment applied after the development of the tool.

The research is divided into two main parts: the systematic review and the tool
development and evaluation. Figure 3.1 shows the stages of the methodology of this
work.

18
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Figure 3.1: Steps of the methodology

• Planning: This phase of our study focuses on the planning phase, which in-
cludes searching for foundational material and identifying the research objec-
tives. This phase consists of two main steps:

1. Bibliographic Review: The planning phase began with a bibliographic
review to understand the fundamental concepts used in this work, as de-
tailed in Chapter 2. This was followed by an ad-hoc search for systematic
reviews in digital libraries such as IEEE Xplore and ACM Digital Library
on assistive technologies. Those related works are discussed in Section 4.4
of this dissertation.

2. Identification of research objectives: The research objectives were iden-
tified by analyzing the results of the ad-hoc search. This analysis high-
lighted details not covered in existing works, such as the evaluation pro-
cesses of the tools, their availability, their Technology Readiness Levels,
and their target audiences.

• Systematic Review: In this phase, we conducted a systematic literature review
using primary data sources in the ICT area. The systematic review included
the following steps:

1. Identification of research questions: This step involved formulating the
research questions for our systematic review. We focused on addressing
gaps not covered by previous systematic reviews in the same area, as
identified during the planning phase.

2. Creation of the search string and inclusion/exclusion criteria: The goal
here was to define the search string and criteria for inclusion and exclusion
to be used in database searches.
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3. Search on digital libraries: In this step, we conducted searches for rel-
evant papers across six databases: ACM Digital Library, IEEE Xplore,
Scopus, Springer, Google Scholar, and SOL.

4. Selection of papers: Using the established inclusion and exclusion crite-
ria, we screened the titles and abstracts of the retrieved papers to select
relevant studies.

5. Manual additions and backward snowball: In this step, we employed
backward snowballing techniques (Wohlin, 2014) on the selected papers
to uncover additional relevant studies. We also manually added works
from related systematic and bibliographic reviews, as discussed in Section
4.4.

6. Application of criteria to full-text and final selection: Finally, we applied
the inclusion and exclusion criteria to the full texts of the remaining
papers and made the final selection of studies to include in the systematic
review.

• Tool Development and Evaluation: During this phase, our efforts went into
developing and evaluating the CraftPy tool. The process involved the follow-
ing steps:

1. Definition of the tool requirements: We outlined the requirements for
CraftPy, including its primary functionalities and limitations. Based on
these requirements, we selected the types of diagrams most relevant for
creation using the tool and determined how to translate Python code into
diagrams.

2. Tool development: This step involved the implementation of CraftPy,
focusing on its user interface, screen reader accessibility, and logical struc-
ture in line with the defined requirements.

3. Evaluation with the target audience: To ensure the tool met its require-
ments, we designed an experiment aimed at individuals with VI who are
either studying or have completed a higher education ICT course. The
evaluation process was divided into two parts: planning and creating three
activities for participants to complete using the tool. We then sent the
experiment via email to 45 potential participants, receiving 8 responses.
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Systematic Review

4.1 Systematic Review Methodology

Following the definition from Kitchenham et al. (2007), a systematic literature review
(SLR) is a secondary study that aims to identify, evaluate, and interpret all available
research relevant to a given subject to answer a specific research question, topic area,
or phenomenon of interest.

The advantage of doing an SLR is that due to its well-defined structure, the results
are less likely to be biased although this does not completely remove bias. A sys-
tematic review can also provide information about the effect of some phenomenon
in a robust and transferable way if the studies provide consistent results. In quan-
titative studies, the systematic review makes it possible to combine data through
meta-analytical techniques, making it possible to find effects that smaller studies
cannot.

A systematic review differs from a conventional literature review due to the following
factors:

• Systematic reviews contain a well-defined review protocol specifying the re-
search question that is going to be addressed and the methods that will be
used.

• Systematic reviews aim to identify as much literature as possible relevant to
the research question.

• Systematic reviews are well documented regarding their search strategy so that
readers can evaluate the rigor, completeness, and repeatability of the review.

• Systematic reviews contain well-defined inclusion and exclusion criteria.

• Systematic reviews define the information that will be obtained from the re-
searched papers.

• Systematic reviews are also a prerequisite for quantitative meta-analysis.

21
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One of the main reasons for doing a systematic review is to synthesize a large amount
of work in a way that is considered fair and less biased, where the process behind the
research is carefully elaborated because a systematic review must follow a predefined
search strategy.

The goal of the systematic literature review performed is to identify and analyze
existing software tools published in the literature to verify the purpose and area of
these tools, what types of evaluation were carried out on them, their technology
readiness levels, and their availability at the time of writing this work. This system-
atic literature review serves as an in-depth analysis of the current existing knowledge
on the comprehension of the area.

4.1.1 Research Questions

Four questions were formulated to characterize the available evidence on tools for
teaching computing to SVI in higher education, addressing different aspects of this
area. The research questions (RQ) and corresponding rationale are described as
follows:

[RQ.1:] Which assistive technologies have already been created and are currently
available to assist SVI in studying computing higher education courses? This
question focuses on listing the tools that have already been created and published
in studies to meet the needs of SVI in higher education in computing fields.

[RQ.2:] Which methods were used to evaluate the tool proposed in the paper?
To verify how these tools proposed in the study had their effectiveness validated
through a solid evaluation, this question has the goal of discovering the methods
used and the number of participants in the evaluation processes.

[RQ.3:] What is the Technology Readiness Level (TRL) of the tools? The focal
point of this research question is finding the Technology Readiness Levels of the
tools to discover how far in development they have gone.

[RQ.4:] What was the target audience that the tools focused on? To discover the
target audience of the developed tools, this question focuses on finding who these
tools were made for and what kind of environment they focused on (Academia or
Industry).

4.1.2 Review Strategy

The research strategy and selection of papers from the primary studies included the
search in the research bases for the papers, a preliminary application of the criteria
to the title and abstract, manual additions, backward snowballing, application of
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the exclusion criteria with skimming with the removal of duplicate works, and then
the complete reading of the study as shown in Figure 4.1.

Figure 4.1: Steps of the systematic review
[1] = Papers, [2] = Applying inclusion criteria, and exclusion criteria to title and abstract.

The digital libraries used for the first search stage in the research databases are
listed in Table 4.1. These research bases were used due to their large number of
works present in both Portuguese and English. The objective was to find the largest
number of works that could answer the research questions.

The search included all studies published up to the first quartile of 2023. Two search
strings were created for the search in the databases, one in English and the other in
Portuguese. The terms used in the search strings were terms that are widely used
in works related to accessibility and assistive technologies. Due to its scope being
more focused on students, the main keywords used to create the search string were
Visual Impairment and Assistive Technology, from which other related terms and
synonyms of those words were added to make it possible to find all relevant works.
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Table 4.1: Digital libraries

Library Link
ACM Digital Library https://dl.acm.org/
IEEE Xplore https://ieeexplore.ieee.org/
Scopus https://www.scopus.com/
Springer https://www.springer.com/
Google Scholar https://scholar.google.com/
SOL https://sol.sbc.org.br/

The term Student was added to the search strings to improve filtering due to the
focus of the research question being on higher education students.

Search string in English:

[Abstract:(Visual Impairments) OR Abstract:(Visually Impaired) OR
Abstract:(VI) OR Abstract:(Blind) OR Abstract:(Blindness) OR Abstract:(Low

Vision) OR Abstract:(Nearsighted) OR Abstract:(Poor Eyesight)]

AND

[Abstract:(Assistive Technologies) OR Abstract:(Assistive Technology) OR
Abstract:(Assistive Tool) OR Abstract:(Tool)]

AND

[Abstract:(Student)]

Search string in Portuguese:

[Abstract:(Deficiência Visual) OR Abstract:(Deficiente Visual) OR Abstract:(DV)
OR Abstract:(Cego) OR Abstract:(Cegueira) OR Abstract:(Baixa Visão)]

AND

[Abstract:(Tecnologias Assistivas) OR Abstract:(Tecnologia Assistiva) OR
Abstract:(Ferramenta Assistiva) OR Abstract:(Ferramenta)]

AND

[Abstract:(Aluno) OR Abstract:(Estudante)]

After applying the search string in the databases present in Table 4.1, 9,066 works
were found. Most of the papers were found in the ACM Digital Library, as Table 4.2
shows. However, it was only possible to check 2,000 of the 7,178 works present in
the ACM Digital Library due to a restriction by the library itself where it stops the
results past the two-thousandth. Regarding Google Scholar, the works were filtered
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by relevance and only 170 of them were investigated due to the massive number of
results due to the results past that point being repetitive or irrelevant to the research
questions. Many of the results found in the databases were not relevant to the topic.
To better filter the amount of work, inclusion and exclusion criteria were created to
be applied when reading the title and abstract of these primary studies.

Table 4.2: Distribution of primary studies by database

Library Quantity
ACM Digital Library 7,178 in English and 181 in Portuguese
IEEE Xplore 118 in English
Scopus 1,050 in English
Springer 300 in English
Google Scholar 170 in English
SBC OpenLib (SOL) 69 in Portuguese

The defined inclusion and exclusion criteria were:

Inclusion criteria

• IC.1. Studies with any aspect of software tools for teaching computing to SVI
in higher education as the main focus.

• IC.2. Papers written mainly in English or Portuguese.

• IC.3. Research papers.

Exclusion criteria

• EC.1. Studies outside the scope of this research.

• EC.2. Studies that do not provide enough information to answer the research
questions in this systematic review.

• EC.3.Duplicate studies. When a study has been published in more than one
conference, workshop, or journal, the most complete version will be used,
namely, the one that explains it in more detail.

• EC.4.Grey literature (e.g., books and technical reports).

• EC.5. Papers that focus on fully tactile solutions instead of software solutions.

• EC.6. Papers with less than five pages.

After preliminary filtering using the inclusion and exclusion criteria by reading the
titles and abstracts of the primary studies found, 151 studies were selected, as Figure
4.1 shows. Then, the snowballing (Wohlin, 2014) technique was applied in the
151 selected studies. The snowballing was done in two iterations, we checked the
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references of the 151 primary studies (1st iteration) and repeated the process once
more with the articles found in the first iteration (2nd iteration). The snowballing
process brought over 58 relevant primary studies. Parallel to this process, it was
carried out a manual analysis of the systematic reviews and mapping studies that
these papers contained in the related work section, named Manual Additions in
Figure 4.1. By reading these secondary studies found in the 151 selected papers, 11
more primary studies were added. Hence, at this stage, the total of selected papers
was updated to 220.

In the next step, duplicate studies that were found in the previous steps were re-
moved. After that, the reading strategy skimming (Masson, 1983) was applied to
read the entire text to apply the exclusion criteria not only based on the title, ab-
stract and number of pages. After these two processes, 80 studies remained for a
full reading.

The final stage of the process corresponded to the complete reading and analysis of
the papers and the extraction of the information related to the proposed research
questions. During this step, some papers were still removed, mainly the ones: (i)
focused on tactile tools; (ii) explained the same tool as another study, usually written
by the same authors, but was outdated compared to the other study; and (iii) the
tool presented was not focused on the computing area. At the end of the process,
47 papers were selected to be included in this research. The papers are presented
in Table 4.3.

The selection of the papers in the databases was performed by one researcher. In
contrast, the analysis and reading of the papers, including the extraction of the rele-
vant information, was performed by 3 researchers, one student, and two experienced
professors.
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4.2 Systematic Review Results

We selected 47 conference and journal papers (Table 4.3). Figure 4.2 shows the 25
conferences where the papers were published. The most common conferences were
the ACM SIGACCESS Conference on Computers and Accessibility (ASSETS), the
Special Interest Group on Computer Science Education (SIGCSE), the Conference
on Human Factors in Computing Systems (CHI), and the International Conference
on Computers Helping People with Special Needs (ICCHP).

Figure 4.2: Conferences where the papers were published

Regarding journals, we found one paper for each of the following journals: Journal
of Computers, IEEE Latin America Transactions, Information Systems Education
Journal, Journal of Network and Computer Applications, Journal of Computing
Sciences in Colleges, New Review of Hypermedia and Multimedia, Revista Eletrônica
De Iniciação Cient́ıfica Em Computação (Portuguese) and IEEE Access.

Figure 4.3 shows the year of publication of the 47 papers based on how many works
were published in that year. Through the image, we can see that from 2014 onward,
there has been an increase in papers regarding ATs for SVI, 30 of the selected papers
were published in the year 2014 or later while only seventeen of them were released
before 2014.

Table 4.3: Primary studies of the systematic literature review

ID Title Reference

S01 A framework for automatic text-to-flowchart conversion: A novel
teaching aid for novice programmers

Hooshyar et al. (2014)

S02 A Java programming tool for students with visual disabilities Smith et al. (2000)
S03 A JBrick: Accessible Robotics Programming for Visually Impaired

Users
Ludi and Jordan
(2015)

Continues in the next page
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ID Title Reference
S04 A novel E-learning framework to learn IT skills for visual impaired Kishore and Raghu-

nath (2015)
S05 Accessible AST-Based Programming for Visually-Impaired Pro-

grammers
Schanzer et al. (2019)

S06 Accessible Blockly: An Accessible Block-Based Programming Li-
brary for People with Visual Impairments

Mountapmbeme et al.
(2022a)

S07 Accessible Circuit Diagrams Pender and Healy
(2022)

S08 Ambient Intelligence System Enabling People With Blindness to De-
velop Electrotechnical Components and Their Drivers

Hudec and Smutny
(2022)

S09 An Initial Investigation into Non-visual Code Structure Overview
Through Speech, Non-speech and Spearcons

Hutchinson and
Metatla (2018)

S10 APL: Audio Programming Language for Blind Learners Sánchez and Aguayo
(2006)

S11 AprenDER: Ferramenta de apoio à construção de diagrama entidade
relacionamento para deficientes visuais

Magalhães and Neto
(2010)

S12 Audiograf: a diagram-reader for the blind Kennel (1996)
S13 AudioHighlight: Code Skimming for Blind Programmers Armaly et al. (2018)
S14 Automated interpretation and accessible presentation of technical

diagrams for blind people
Horstmann* et al.
(2004)

S15 B-Model Uma ferramenta para auxiliar estudantes com deficiência
visual na modelagem de sistemas

de Azevedo et al.
(2021)

S16 Bonk: accessible programming for accessible audio games Kane et al. (2018)
S17 CodeTalk: Improving Programming Environment Accessibility for

Visually Impaired Developers
Potluri et al. (2018)

S18 deficiencia.org: Relato Sobre o Emprego de Ferramentas Computa-
cionais Enquanto Tecnologias Assistivas no Ensino/Aprendizagem
Para Pessoas com Deficiência Visual

Reis and Silva (2022)

S19 Developing methodologies for the presentation of graphical educa-
tional material in a non-visual form for use by people with vision
impairment

Mohammadi and Mur-
ray (2013)

S20 Drawing and Understanding Diagrams: An Accessible Approach
Dedicated to Blind People

Serin and Romeo
(2022)

S21 Ferramenta para Mediação do Processo de Desenvolvimento do Pen-
samento Algoŕıtmico contemplando Preceitos de Acessibilidade

Santos et al. (2019)

S22 Grid-Coding: An Accessible, Efficient, and Structured Coding
Paradigm for Blind and Low-Vision Programmers

Ehtesham-Ul-Haque
et al. (2022)

S23 GUIDL as an Aiding Technology in Programming Education of Vi-
sually Impaired

Konecki (2014)

S24 How Can Java Be Made Blind-Friendly Markus et al. (2008)
S25 Including blind people in computing through access to graphs Balik et al. (2014)
S26 Learning electronics using image processing techniques for describing

circuits to blind students
Zapirain et al. (2010)

S27 Lessons and tools from teaching a blind student Connelly (2010)
S28 Making turing machines accessible to blind students Crescenzi et al. (2012)
S29 Model2gether: a tool to support cooperative modeling involving

blind people
Luque et al. (2016)

S30 ModelByVoice - towards a general purpose model editor for blind
people

Lopes et al. (2018)

S31 NetAnimations Mobile App: Improvement of Accessibility and Us-
ability to Computer Network Learning Animations

Svaigen and Martimi-
ano (2018)

S32 Node-read: a visually accessible low-code software development ex-
tension

Anderson et al. (2022)

S33 Nonvisual tool for navigating hierarchical structures Smith et al. (2003)
S34 On the design of an educational infrastructure for the blind and

visually impaired in computer science
Stefik et al. (2011)

S35 Projeto D4ALL: acesso e manipulação de diagramas por pessoas com
deficiência visual

Pansanato et al. (2012)

S36 Remote Laboratory Access for Students with Vision Impairment Murray and Armstrong
(2009)

S37 StructJumper: A Tool to Help Blind Programmers Navigate and
Understand the Structure of Code

Baker et al. (2015)

Continues in the next page
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ID Title Reference
S38 TalkSQL: A Tool for the Synthesis of SQL Queries from Verbal Spec-

ifications
Obaido et al. (2020)

S39 Teaching modern object-oriented programming to the blind: An in-
structor and student experience

Owen et al. (2014)

S40 Teaching the blind to program visually Siegfried et al. (2004)
S41 UML Modeling for Visually-Impaired Persons Doherty and Cheng

(2015)
S42 UML4ALL Syntax – A Textual Notation for UML Diagrams Loitsch et al. (2018)
S43 Usable and Accessible Robot Programming System for People Who

Are Visually Impaired
Damasio Oliveira et al.
(2020)

S44 Using speech and touch to enable blind people to access schematic
diagrams

Blenkhorn and Evans
(1998)

S45 WAD: A Feasibility study using the Wicked Audio Debugger Stefik et al. (2007)
S46 Work in Progress Report: Nonvisual Visual Programming Lewis (2014)
S47 Workspace Awareness Acesśıvel: estratégias de sonificação para pro-

jetar interfaces colaborativas acesśıveis aos cegos
Torres and Barwäldt
(2021)

End of Table

The results will be presented in the following subsections for each research question
defined in Section 4.1.1.

4.2.1 Assistive Technologies Tools (RQ1)

The 47 papers were divided by their areas, i.e.: 20 tools were found for Programming,
14 for Diagrams, 3 for Computer Networks, 3 for Electronics, 2 for Robotics, and
one tool for each of the following categories: Database, Information Technology,
Game Development, Algorithm Thinking, Graphs, and Turing Machines. Table 4.4
shows the papers and their categories. They were divided into the aforementioned
categories according to either how the study itself categorized the tool or which
categories were most suitable for the tool. In the case of a tool not fitting a current
category, a new one was created for it. Next, we explore each area identified in this
study and then we present the availability of the tools found.

1. Programming

21 primary studies were found to help programming in general, such as tools that
work on Integrated Development Environments (IDEs) to help the user navigate
through the code and tools that help teach concepts of programming in general. We
next present these tools divided into Java Programming, Block-Based Programming,
Code Navigation, IDE Plugin, New Programming Language, and Others.

Java Programming (S02, S24). Smith et al. (2000) created a tool called Javaspeak
(S02) to help SVI learn how to program in Java. The prototype of the tool mentioned
in the primary work was designed to act as a specialized programming environment,
which is similar to an IDE, to help those students learn the programming Java
through aural feedback given by the tool. Also focused on Java programming, the
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Figure 4.3: Years that the papers were published

MObile Slate Talker (MOST) (S24) tool was developed by Markus et al. (2008)
and focuses on making Java more accessible for users who are blind. The MOST
framework is a blind-friendly environment that requires no screen reader to function,
it comes with an integrated text-to-speech, Braille entries, and easy navigation.

Block-Based Programming (S05, S06). Even though block-based programming was
developed to help novice programmers understand how programming works with
visuals and through the use of the mouse, those environments are very inaccessible
to SVI. The following tools were proposed to aid them in using those kinds of
environments.

The toolkit CodeMirror-Blocks (S05) is the focus of the work done by Schanzer et al.
(2019), it has the purpose of creating an accessible block-based programming envi-
ronment that uses spoken descriptions and navigation through keyboard shortcuts
to allow VI programmers to navigate through the code more easily. It is a browser-
based tool coded in JavaScript. The tool has functions such as syntax highlighting,
bracket-matching, and auto-indenting.

Mountapmbeme et al. (2022a) presented a prototype of a programming library fo-
cused on block-based programming, the Accessible Blockly (S06). It focuses on
making the Blocky library accessible through the use of screen readers and keyboard
alone, thus allowing SVI to understand and code in block-based programming.

Code Navigation (S09, S13, S22). Ehtesham-Ul-Haque et al. (2022) developed a
prototype tool that allows easier code navigation for blind users through the use of
grids. Grid-Coding (S22) is a web-based system that shows Python code in a grid,
turning each line of code in a row and indentation levels into columns of the grid.
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Table 4.4: Distribution of primary studies by areas and subareas
Area ID

Programming
- Java Programming S02, S24
- Block-Based Programming S05, S06
- Code Navigation S09, S13, S22
- IDE Plugin S13, S17, S32, S33, S37
- New Programming Language S10, S34
- Others S18, S23, S27, S39, S40, S45, S46
Diagrams
- UML S14, S15, S20, S29, S35, S39, S41, S42
- Others S01, S11, S12, S30, S44, S47
Computer Networks S19, S31, S36
Electronics S07, S08, S26
Robotics S03, S43
Information Technology S04
Game Development S16
Algorithmic Thinking S21
Graph (Discrete Mathematics) S25
Turing Machines S28
Database S38

The Auditory Code Overview and Navigation Tool (ACONT) (S09), proposed by
Hutchinson and Metatla (2018), focuses on helping VI users to navigate code and
quickly understand its structure. The tool utilizes a timeline navigation technique
that allows users to navigate through the code line-by-line at different speeds through
the arrow keys. The code is read through both speech and non-speech elements
representing the code itself and elements of the code, such as a semi-colon. Another
tool that focuses on code navigation is AudioHighlight (S13), created by Armaly
et al. (2018) to allow blind users to code skim through audio using a web service or
as a plugin for the Eclipse IDE.

IDE Plugin (S13, S17, S32, S33, S37). Aside from the aforementioned AudioHigh-
light (S13) that fits in both categories, we have more tools that are plugins for
IDEs such as Codetalk (S17), presented by Potluri et al. (2018), which is a plugin
developed to aid VI programmers focused on the Visual Studio IDE. By the time
the study was done, it supported two programming languages: C# and Python.
Codetalk concentrates on extracting the relevant code information and sending it
to the user by audio through keyboard shortcuts to reduce the barriers that VI
programmers face when using screen readers to read the code line by line.

StructJumper (S37), a plugin for the Eclipse IDE created by Baker et al. (2015).
It creates a hierarchical tree-based composition that uses the nesting structure of a
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Java class to help blind programmers get a better grasp of how the code is nested.
StructJumper helps users to better navigate the code and get more contextual in-
formation about the way the code is presented. It allows users to switch between
the tree view and the textual editor quickly.

The Node-Read extension (S32), presented by Anderson et al. (2022), is a Node-
RED extension for IDEs. It helps developers that need screen readers to code
focusing on increasing the compatibility with screen readers such as JAWS and
NVDA. Also developed as a plugin for the Eclipse IDE, the Aural Tree Navigator
(S33) made by Smith et al. (2003) focuses on helping blind users understand the
hierarchical structure of a program that is often represented through visual cues. The
Aural Tree Navigator offers an accessible tree navigation strategy for non-sighted
users.

New Programming Languages (S10, S34). Some of the tools developed to aid SVI
in learning the concept of programming were new programming languages that use
auditory elements to allow them to understand programming concepts. One of the
programming languages developed was the APL - Audio Programming Language
(S10), created by Sánchez and Aguayo (2006). APL was designed to allow blind
programmers to construct programs in Java code through a code generator built
into the language that converts the APL code into Java code and adds the necessary
functions for it to work.

Stefik et al. (2011) created two tools: Sodbeans, an auditory programming envi-
ronment, and Hop a programming language (S34). Sodbeans was created to work
alongside screen readers in the process of reading the code for developers with VI. It
includes a virtual machine, compiler, and debugger for the programming language
they developed, Hop.

Others (S18, S23, S27, S39, S40, S45, S46). Reis and Silva (2022) developed a
website in Portuguese called deficiencia.org (S18) to compile inside of a website
content that is helpful for SVI in a single place to encourage academic formation in
the computing areas for those students.

The GUIDL (Graphical User Interface Description Language) (S23) system pro-
posed by Konecki (2014) focuses on aiding SVI by helping them to develop graphical
user interfaces through the GUIDL language.

To help with programming with C++, Connelly (2010) created a header file called
pcspeak.h (S27) that uses an open-source text-to-speech system to give audio feed-
back to the user about the prompts, inputs, and results of the code. In the work
done by Owen et al. (2014), they create a drop-in component called CSpeech (S39)
for code in C that allows to add speech to an application using a speech library for
voice synthesis.

Siegfried et al. (2004) created a prototype compiler that makes the task of creating
Visual Basic forms accessible for blind users. The prototype they create is called
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molly.exe (S40) and has the function of making it possible to use Visual Basic
without relying on its “point and click” design method.

Stefik et al. (2007) presented WAD (Wicked Audio Debugger) (S45), a debugger
for Microsoft Visual Studio 2005 that gives audio feedback to the user about the
computer code to assist in debugging the behavior in programs. As for the paper
written by Lewis (2014) (S46), they mention their work in progress, more specifically
a tool called Noodle. Noodle is designed to be a nonvisual dataflow programming
tool that uses keyboard commands to create, execute, and modify dataflow programs
without the need for visual presentation according to the primary work.

Only five out of the 20 programming tools (S02, S05, S06, S17, S22, and S34) are
currently available for use, as shown in Table 4.5.

2. Diagrams

A total of 14 primary works were found for the creation, editing, and readability
of diagrams. In the following, we discuss the tools found. First, we discuss about
tools for UML diagrams (e.g., use case, class, and sequence diagrams). Second, we
present the other kinds of diagramming.

Eight papers that present UML Diagrams (S14, S15, S20, S29, S35, S39, S41, S42)
are presented as following.

TeDUB (Technical Drawings Understanding for the Blind) (S14) (Horstmann*
et al., 2004) was made to make graphical information accessible through the anal-
ysis of graphical content with the use of text recognition and the identification of
the diagram elements. It consists of two different modules, one that analyses the
drawings and another that presents the results of said analysis. Results are then
imported into formats that contain semantically enriched information.

The B-Model tool (S15) proposed by de Azevedo et al. (2021) was developed to
help SVI model their own UML diagrams, a language called BLM (Blind Modeling
Language) was also implemented to standardize the functional requirement specifi-
cation for the generation of the diagrams. The process is done in three main steps:
The functional requirement specification, the functional requirement interpretation,
and the diagram generation. In the first step of the process, the student specifies
the functional requirements in Portuguese and saves it in a text file. For the second
step of the process, BLM is used to standardize the functional requirements written
in the previous step to generate the diagram for the next step. In the third and
last step, the diagram is generated based on the lexical processing and semantic
conversion of the specified functional requirements.

Serin and Romeo (2022) developed a tool called Latitude, Light and Accessible Tags
Into Plain Text using Universal Design (S20), to create UML class diagrams. The
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developed tool that created HTML documents and SVG diagrams from plain text
making those files completely readable by screen readers. The plain text files follow
a format denominated the Latitude Format that holds semblance to PlantUML1

(an open-source tool that allows users to create diagrams through coding) with a
few alterations to make it more easily readable by screen readers. Those files are
then compiled and turned into the final artifacts, the HTML documents, and SVG
diagram images.

The study written by Luque et al. (2016) (S29) showcases the Model2gether tool,
a web-based tool that focuses on cooperative modeling between sighted users and
users who are blind to include SVI in the process of development of UML, data
flow, and entity-relationship diagrams. The tool implements two interfaces, one for
blind users with a screen reader compatible interface and one graphical interface
for sighted users that shows the case models in their diagrammatic format. The
aforementioned tool also allows the user to explore the diagrams with a hierarchical
presentation starting from a high level in the hierarchy and then going deeper into
the elements of the diagram to know more about their composition to reach the
lower levels of the hierarchy.

Pansanato et al. (2012) created a prototype of a tool called D4ALL (S35) that
can help blind users create use case UML diagrams through a conversion tool that
turns UML diagrams in an XML format into the same diagram in a table format.
This table contains information such as the actors, relationships, and use cases of the
XML diagram allowing it to be more easily readable by screen readers. Besides that,
the prototype also contains an accessible diagram editor that navigates through the
entire diagram to allow easy access to certain elements for faster use of the tool.

In the work done by Owen et al. (2014) (S39), there are multiple tools, one of them,
Audible Browser, can read XMI 2.1 files for class and state diagrams, where it plays
different tones for each node referred to in the paper as ‘stars’ present inside of a
‘constellation’. It uses arrow keys and the mouse for the navigation inside of the
diagram and the higher the note is, the higher the node that represents is inside of
the page.

The PRISCA tool (S41) was present in the primary work done by Doherty and
Cheng (2015), the PRISCA tool can generate a haptic 3D representation of the UML
diagrams from the output of an existing UML diagram editor also converting textual
notations present in such diagrams into braille to enable blind users to understand
the contents of the diagrams. The tool processes XML files to produce STL files
containing a haptic representation of the UML diagrams, the STL extension is widely
used for 3D printing and can be sent to other software, such as MakerBot mentioned
in the paper, to print those haptic representations generated by PRISCA.

The last resource that was created for UML diagrams is the UML4ALL (S42) syntax
present in the work done by Loitsch et al. (2018). The UML4ALL syntax is designed

1https://plantuml.com/
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to help blind users who use screen readers to understand UML diagrams. The syntax
can be read line by line by text-to-speech or braille and focuses on four main aspects:
unique identification of diagram types, usage of meaningful keywords, clear and
consistent structure within each diagram, and a prefix-like notation of elements.
This tool aims to enable cooperation between blind and sighted users through a
notation that will help blind users comprehend and create their own UML diagrams
in a syntax format.

The following tools focus on other types of diagrams such as entity-relationship
diagrams.

Other ways of diagramming (S01, S11, S12, S30, S44, S47)

An unnamed conceptual framework was created by Hooshyar et al. (2014) (S01)
to help SVI create flowcharts through text. It concentrates on novice program-
mers without much computing knowledge, presenting only simple basic algorithmic
programming problems as possibilities for input by the user.

AprenDER (S11), developed by Magalhães and Neto (2010) allows SVI to build
entity-relationship diagrams, a graphical interpretation that is often utilized in
database courses.

Kennel (1996) proposed the Audiograf tool (S12). It enables users who are blind or
visually impaired to read diagrams present in technical reports in an audio-tactile
way. Another tool that makes technical diagrams accessible to users who are blind
or visually impaired is the ModelByVoice prototype (S30), proposed by Lopes et al.
(2018), which aims to allow users with VI to model diagrams and systems from any
language through their voice by using a speech recognition system present in the
tool.

Kevin (S44), developed by Blenkhorn and Evans (1998), is a CASE tool that en-
ables blind users to read, edit, and create diagrams through N² charts and use the
keyboard to control the operations. Kevin allows blind users to read, create, and
edit data flow diagrams used in software engineering.

Both SONIv1 and SONIv2 (S47), presented by Torres and Barwäldt (2021), are
sonified interfaces that allow blind users to hear the modifications made by another
user in collaborative resources allowing them to distinguish which action was per-
formed, where it took place and made by whom allowing better cooperation during
the use of tools that deal with diagrammatic information in collaborative resources.

Of the 14 tools focused on diagramming, only one (S42) of them is currently available
to be used, as shown in Table 4.5.
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3. Computer Network

A total of 3 primary works (S19, S31, and S36) were found about education in
computer network systems.

Accessible Packet Tracer (S19), developed by Mohammadi and Murray (2013), is an
accessible version of Packet Tracer that aims to improve accessibility in the graphical
presentation of educational information of Cisco Networking Academy content with
an accessible interface. Due to the mainstream tools used for computer network
teaching being usually inaccessible to blind students,

Murray and Armstrong (2009) created iNetSim (S36), an accessible network simu-
lator that makes simulation packages accessible for SVI. To help students struggling
with computer network content Svaigen and Martimiano (2018) developed NetAn-
imations (S31), a computer network animation mobile app that contains learning
animations to help with the content present in computer network courses. To in-
crease the accessibility of the tool, they implemented functions to allow an easier
understanding of the animations for blind users, such as the use of checkpoints and
the implementation of descriptive audio.

Of the 3 tools focused on computer networks, only one (S31) of them is currently
available to be used, as shown in Table 4.5.

4. Electronics

A total of 3 studies (S07, S08, and S26) were found about electric circuits, elec-
trotechnical components, and electronics in general.

The first tool is a software called NetlistToText (S07) created by Pender and Healy
(2022) to describe nodal connections. Those descriptions can replace visual repre-
sentations of electrical circuits in academic material, thus allowing screen readers to
read information that was previously inaccessible.

AMI System RUDO (S08), developed by Hudec and Smutny (2022), supports users
with VI with the design and development of electrotechnical components allowing
them to: connect electrical circuits; do the technical preparation and machining of
mechanical components for device construction; program software drivers in a unified
user interface adjusted for people who are blind; test and debug of drivers; measure
electrical circuits of the developed hardware using a multimeter; and monitor the
waveform of the electrical signal using an oscilloscope.

An unnamed open-source algorithm (S26) integrated into a tool compatible with
OpenOffice was presented by Zapirain et al. (2010). It applies image processing and
computer vision techniques to circuit schematics and creates an automatic textual
description of both the sequence of the components and the position they are in the
circuit schematics to make it accessible to users who are visually impaired or blind.
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Of the 3 tools focused on electronics, none of them are available online but one of
them (S08) has material related to it available with its link written in the article
showing the use of the tool.

5. Robotics

A total of 2 tools (S03 and S43) were found about software that helps with learning
robotics.

The JBrick tool (S03), proposed by Ludi and Jordan (2015), was implemented in
Java to create a more accessible way for Lego Mindstorms programming. Through
interfaces that can be used for those with or without sight, due to the compatibil-
ity with screen readers and refreshable braille displays, JBrick supports those with
diverse visual acuity.

Two other tools created for robotics are GoDonnie, a programming language based
on the Logo language, and Donnie (S43), a programming environment that runs
GoDonnie, both created by Damasio Oliveira et al. (2020). They both have the
purpose of teaching programming and the exercise of orientation and mobility to
SVI through cognitive maps. Those maps are created as the user explores different
scenarios through commands that are executed by the robot in a virtual environment.

Of the 2 tools focused on robotics, one (S43) of them is available.

6. Others

Only one primary work was found about the following categories: Database (S38),
Information Technology (S04), Game Development (S16), Algorithm Thinking
(S21), Graphs (S25), and Turing Machines (S28).

To help with the content of database courses, Obaido et al. (2020) created TalkSQL
(S38), a voice-based query system that converts words into SQL queries and returns
aural feedback to the user, allowing SVI to create SQL queries with more ease.

In the Information Technology area (S04), we found an unnamed E-learning environ-
ment created by Kishore and Raghunath (2015). This environment is a web system
in Java that provides quality interaction between users with VI and e-learning plat-
forms.

For the Game Development area, we found the Bonk tool (S16), created by Kane
et al. (2018). Bonk is an accessible programming environment that allows blind and
novice programmers with VI to develop interactive audio games using JavaScript.

As for Algorithm Thinking, the CCEduc tool (S21), created by Santos et al. (2019),
is a software written in Java that helps in the process of developing the algorithm
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thinking skill of the students. It takes some measures to improve its accessibility
such as the implementation of Text-to-Speech options and the development of an
accessible interface with useful keyboard shortcuts for blind users.

For the creation and drawing of graphs, the Graph Sketching Tool - GSK) (S25),
developed by Balik et al. (2014), is a tool that allows users with VI to create and
access graphs as node-link diagrams and share them with other sighted users in
real-time.

About Turing Machines, Accessible JFLAP (S28), developed by Crescenzi et al.
(2012), turns the well-known JFLAP Turing Machine simulator into a more acces-
sible tool for blind students in computing courses.

Out of the other diverse tools, none of them is currently available. Figure 4.4 shows
the distribution of tools for each area found by the systematic review.

Figure 4.4: Distribution of the tools for each area

Availability

For a more general view of which of those tools were still available online at the time
this research took place, Table 4.5 shows which tools were found either in or outside
of the papers and which ones have links that no longer work or are not present in
the paper and were not found online.

Out of the 47 papers, only seven of them had a working link that was related to
the tool or tools present in the paper; Two of the tools did not have a link in the
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article, but they could easily be found with a quick internet search for the name of
the tool on the main search engines (Google and Bing); One of them had a material
or snippets related to the tool in the paper; Six had links, but the links did not work,
which could be a dead link or a link that redirected to the wrong page; The other
31 tools did not have any link at work and searches on search engines only directed
to the article itself. In total, only nine out of forty-seven tools were available online
when this research took place.

Table 4.5: Distribution of tools by availability
Availability ID

Yes
- Mentioned in the paper S06, S17, S22, S31, S34, S42, S43
- Not mentioned in the paper S02, S05
No
- Has material related to it S08
- Link does not work S18, S25, S29, S39, S40, S44
- Not mentioned in the paper S01, S03, S04, S07, S09, S10, S11, S12,

S13, S14, S15, S16, S19, S20, S21, S23,
S24, S26, S27, S28, S30, S32, S33, S35,
S36, S37, S38, S41, S45, S46, S47

To showcase the availability of the primary works shown in Figure 4.4, we created
Figure 4.5 where the available works for each area are shown by color.

RQ.1 Summary:
We have listed above all the relevant tools found in the primary works. Some
fall into multiple categories due to having various tools within a single primary
work. Based on our findings, 6 out of 20 programming tools, 1 out of 14
diagramming tools, 1 out of 3 computer network tools, and 1 out of 2 robotics
tools are currently available. None of the tools in the other categories are now
available. The category with the lowest percentage of available tools aside
from the categories that had none is diagramming where only approximately
seven percent of the total tools can be used.

4.2.2 Evaluation Methods (RQ2)

To answer this question, we verified in each primary work which was the research
methods utilized to evaluate the tools present in the works, as shown in Figure 4.6.
The classification used for the research methods comes from the work of Lazar et al.
(2017) according to the book’s chapters. The primary studies were classified into
six categories according to the work’s description of the evaluation process and our
input on what best fits the evaluation process mentioned in the work.
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Figure 4.5: Availability of the tools

Table 4.6 complements Figure 4.6 showing which of the works were classified in
which one of the categories.

Figure 4.6: Research methods used in the primary works
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Table 4.6: Research methods by primary work
Research Method ID
Usability Test S05, S08, S09, S10, S12, S14, S16, S22, S23, S25, S28,

S29, S30, S32, S33, S37, S44, S45, S47
Survey S03, S04, S07, S09, S14, S17, S23, S26, S30, S31, S32,

S35, S38, S42, S43, S45
Interview S03, S21, S33, S37, S43
Experiment S05, S06, S13, S34
Case Study S15, S29
Focus Group S01, S16

Looking at Figure 4.6, it is shown that the most used methods to evaluate the tools
were Usability Tests and Surveys. However, many of the primary works did not have
documentation about any evaluation process during the development of the tool as
we can see in Figure 4.7 that shows the number of evaluation methods that each one
of the 47 primary works used in their evaluations. Through the graphic we can see
that 12 of those works did not go through any evaluation, 22 of them used only one
method of evaluation, and 13 of them used two or more of the methods of evaluation
present in Figure 4.6.

Figure 4.7: Quantity of methods used in the primary works

It was also observed that there is limited participation of individuals with VI in the
studies. Figure 4.8 illustrates the number of participants who are visually impaired
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or blind involved in the evaluation process of each primary study. Only works that
specified that the participants were blind or visually impaired were counted for the
graph. Participants who were sighted, simulated blindness with the use of blindfolds
or experts in the area did not count for the graph in Figure 4.8.

Figure 4.8: Quantity of visually impaired and blind participants that participated
in the evaluation of the primary works

In total, we had 18 studies that had no involvement of SVI. Studies that had no
evaluation (12 of them according to Figure 4.7) were counted as studies that had
zero participants.

RQ.2 Summary:
The evaluation methods presented show that many works have informal eval-
uation processes or are not evaluated at all. There is a small amount of VI
participants in these evaluations and in some cases, the tools are evaluated
without SVI at all.

4.2.3 Technology Readiness Levels (RQ3)

For this question, we used the Technology Readiness Levels (TRL), a metric present
in the work done by Mankins et al. (1995).

The TRL scale is a metric system that assesses the maturity level of a particular
technology used on and off in NASA space technology planning for many years
(Mankins et al., 1995). Introduced in the 1970s by NASA to be a consistent measure
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of technology maturity, the TRL scale is used for technology assessment in multiple
industries such as power systems and consumer electronics serving a broader goal
than intended (Olechowski et al., 2015).

According to Bergamini (2020), the TRL metric is used in Brazil by the Brazil-
ian Company of Research and Industrial Innovation (Embrapii) and the Brazilian
Agricultural Research Corporation (Embrapa) to assess the maturity levels of tech-
nologies in projects.

The levels start with a certain technology in a very basic scientific form and progress
until the technology has proven to work in an operating environment allowing the
technology assessed on the TRL scale to easily represent its level of readiness towards
eventual operation (Olechowski et al., 2015).

To assess the TRL of the tools described in the primary studies, we manually re-
viewed the works and applied a categorization method based on the software evalu-
ation criteria used by the Brazilian Agricultural Research Corporation (Embrapa)2

and seen in the work done by Bergamini (2020).

To ensure the works were categorized accurately, we used the questions present in
the TRL calculator created by the Brazilian Ministry of Science, Technology, and
Innovation (MCTI)3 to classify the primary works in their corresponding TRL.

The questions we used from the calculator and the sheet containing how each of
the primary works was ranked are available in Portuguese in Appendix B. For a
quick overview, Table 4.7 shows how the primary works were classified in each TRL
category.

Table 4.7: Distribution of primary studies by their Technology Readiness Level
TRL ID

TRL 1 S27
TRL 2 S19, S36, S46
TRL 3 S02, S11, S18, S24, S39, S40, S41
TRL 4 S01, S04, S07, S09, S12, S15, S20, S21, S26, S28, S30, S32, S33, S45
TRL 5 S03, S05, S06, S08, S10, S13, S14, S16, S22, S23, S25, S29, S31,

S35, S37, S38, S42, S44, S47
TRL 6 S17
TRL 7 S34
TRL 8 S43

None of the works found are at TRL 9, due to none being at a continuous production
stage. As all the tools were at least at the TRL 1, they had their concept and

2https://www.embrapa.br/escala-dos-niveis-de-maturidade-tecnologica-trl-mrl
3https://formularios.mctic.gov.br/index.php/117963
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application formulated. Only eleven of the tools were in the first three TRL levels
which according to Bergamini (2020) are said to be the ones where there is only an
idea of a system without prototypes and such.

Most tools are at TRL 4 and 5, corresponding to the optimization and prototyping
stages, respectively. This indicates that while many tools have been developed, their
progress has largely stalled at these levels.

Only three of the tools were above TRL 5 showing that most are still not in their
last stages of development and have not been getting updates frequently. Figure 4.9
shows a graph of the TRL level of the tools.

Figure 4.9: TRL of the tools

RQ.3 Summary:
We found that most of the primary works selected stopped at the prototypes
and evaluation stages of the tool by using the TRL scale to measure them.
Most of the tools are concentrated in the TRL 4 and TRL 5 group while only
a few managed to be at higher maturity levels.

4.2.4 Target Audience (RQ4)

To answer this research question the papers were analyzed regarding the audience
that the tool proposed in the paper aims to help. All the tools found have the
objective of helping people with VI, but some of the tools found do not have people
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who are blind (visual acuity worse than 3/60) as their target audience or do not
mention them in the paper.

As Table 4.8 and Figure 4.10 show, of the 47 works, 42 are aimed at both blind
students and students with other types of visual impairments, and only 5 of them
are aimed only at students who are not blind.

Table 4.8: Distribution of primary studies by visual impairments types
VI Classification ID

Blind and Visually Impaired Users S01, S02, S03, S05, S06, S07,
S08, S09, S10, S12, S13, S14,
S15, S16, S17, S18, S19, S20,
S21, S22, S24, S25, S26, S27,
S28, S29, S30, S32, S33, S34,
S35, S36, S37, S39, S40, S41,
S42, S43, S44, S45, S46, S47

Only Visually Impaired Users S04, S11, S23, S31, S38

Figure 4.10: Classification of the target VI audience of the primary works

As for which field was the target audience of the studied primary works overall, we
divided it into four categories: ‘Academia’, if the work focused on schools, colleges,
and universities with a focus on students and teachers; ‘Industry’, if the work focuses
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on companies and the work exerted by programmers; ‘Both’ in case both apply and
‘Not mentioned’ in case both are not mentioned in the article.

Table 4.9: Distribution of primary studies by their target audience
Target Audience ID

Academia S01, S02, S03, S04, S07, S08,
S11, S15, S16, S18, S19, S21,
S25, S27, S28, S29, S30, S31,
S32, S33, S34, S36, S38, S39,
S40, S41, S43, S44, S45, S47

Industry S13, S22, S23, S26, S35, S37
Both S05, S06, S09, S10, S12, S14,

S17, S20, S42
Not Mentioned S24, S46

This division was done to compare the results of this table with the other previous
results and see if tools tailored for either the Industry or Academia are more available
and better evaluated. It was found that out of the nine tools that were found to be
available, most of them focused on the Academia (S02, S31, S34, and S43) or were
classified as both (S05, S06, S17, and S42) with only one being focused solely on the
Industry (S22) as seen in Table 4.5 and Figure 4.11.

On the other hand, all six studies focusing on the Industry (S13, S22, S23, S26, S35,
S37) were evaluated with seven or more SVI showing a more thorough process of
evaluation when a tool is designed for the Industry.

RQ.4.1.1 Summary:
The tables showed that most studies had the Academia exclusively as their
target audience and also that the tools presented in the primary works usually
include not only those with mild, moderate, and severe visual impairment but
those who are blind as well. The comparison between tables also revealed that
studies focused on industry tend to have a more rigorous evaluation process, it
was also shown that the current tools available either cater to both academia
and industry or primarily focus on academia.
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Figure 4.11: Classification of the target field of the primary works

4.3 Systematic Review Discussion

This section discusses the main findings of the systematic review done in this study.

Availability of the developed tools

When analyzing the selected studies, we could observe that most of them had either
no longer available links or no links to the tools that were developed as shown in
Table 4.5. This shows that most of the tools that get published in research papers
either stop getting maintenance, do not get finished by the authors in the case of
prototypes, or are not made available to the community that would benefit from
them.

Only seven (S06, S17, S22, S31, S34, S42, S43) of the forty-seven primary studies
analyzed mentioned in the paper provide a link where you could access the tool and
that link was still available by the time this research was done. Two other tools
(S02, and S05) were found with a simple search in web search engines even though
they were not mentioned in the paper.

This makes a total of approximately 80% of the studies that are not currently avail-
able to the public showing a staggering amount of research papers where the tools
that were prototyped or created were not made available or are no longer available
to be used by their target audience.

Most of the available tools are related to programming, 6 out of 20 programming
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tools, 1 out of 14 diagramming tools, 1 out of 3 computer network tools, and 1 out
of 2 robotics tools are currently available. All the tools about the areas composing
the Others category were unavailable. Even though diagramming has the second
highest number of tools found in this study, only a single one of them was available
to be used.

This highlights the need for tools specifically designed for SVI that are accessible
and readily available for their use. It also underscores how, despite a considerable
amount of research on accessibility tools, SVI still face significant challenges in
computer courses (Alves et al., 2022).

Distribution of the tools by area

The distribution of the tools by area was notably more focused on two major areas,
programming and diagramming. It was notable that the other areas such as com-
puter networks, electronics, databases, and robotics were lacking in tools that can
give SVI support in these courses.

Aside from the areas that had only a few tools to support it, some other areas had no
tools at all that aided in their courses such as 3D modeling and mobile application
development.

During the process of selection of works, we noticed a high amount of hardware-
based tools for SVI in the area of robotics but an incredibly low amount of software
tools for that same target audience, this may be due to the area being very hardware-
based, but as much of it is still needs to be coded in software for the machines to
operate, it is still a gap worth pointing out.

This shows that software-based tools are very uneven when it comes to their distri-
bution by area in computing courses, evidencing the lack of support from assistive
tools in many other areas that are not related to programming or diagramming.

Evaluation of the tools

Out of the forty-seven works, eleven of the tools had no or near to no evaluation
process in the research paper published describing them, another thing of note is that
some of the evaluation methods seen in the primary works lacked enough formality to
be a formal evaluation test. Most of the evaluation processes used different methods
to evaluate their tools depending on the tool use showcasing a lack of uniformity in
the methods to evaluate assistive technologies for SVI.

This brings up questions about the effectiveness of those tools in helping SVI such
as: Is the shortage of tools due to the lack of tools in general or due to the lack
of high-quality tools that are useful enough to be used by SVI? What are the best
ways to evaluate tools for SVI?

It is known that SVI still struggle because of the lack of tools that can help them
with their activities in computed-related courses (Alves et al., 2022). This problem
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could be due to the low quality of the tools developed to aid those students.

A notable aspect of the evaluation of the tools present in those primary works is
the low quantity of people with VI evaluating them. Some tools try to circumvent
this by using experts or simulating visual impairment by covering the vision of the
participants in their evaluation. Still, it is not quite the same because people with
VI use the computer mainly with their keyboards and not much with their computer
mouse.

Due to the aforementioned difference in how sighted users and users with VI use the
computer, evaluations without people with VI can have uncertain results about how
well the tool works for their target audience.

Many works also have a very low amount of participants increasing the amount of
bias about the user’s experience coding and programming on the evaluation of the
tool. Some works try to reduce this bias by saying that the participant in their
study is either a novice or a professional, but most do not, leaving the aspect of
bias uncertain for the readers. Figure 4.8 shows that many works have less than
twenty participants for the primary works studied, with many of them having three
or fewer participants per study showcasing even more the lack of SVI in the process
of evaluation of the tools.

Technology Readiness Levels of the tools

Regarding the technology readiness levels of the tools, most of them are in the middle
levels of technology readiness, with only a few of them reaching the highest levels
(TRL 7, 8, and 9). This means that many tools get created, tested with a relevant
public, and evaluated but they do not get released and maintained for the target
audience to use after the scientific paper is done.

Some of the works also present tools that never got any indication of surpassing
the lower levels of the TRL metrics. Most of those with TRL 4 or lower were not
evaluated or the evaluation of the tool was done in a very informal way and not
documented properly warranting them their position on the lower levels.

The TRL alongside the information on how many works are still available and the
information about how their evaluation was done showcases the current state of
assistive technologies for SVI in computing courses in higher education where many
of the tools that would be useful for that target audience are currently unavailable
for use even with a decent amount of academic works that focus on this subject.

It is necessary to not only ensure that the developed tool is of high quality but also
to maintain those tools so that they can continue giving continuous support to those
who would greatly benefit from their use in their academic careers.
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Target audience of the tools

During the study, it was found that most of the tools are tailored to suit both
the needs of completely blind and low-vision students, usually through the means of
audio feedback. This shows that most of the tools developed for this target audience
are inclusive regardless of the user’s visual acuity.

Most of the tools developed present in the primary studies analyzed also have a
focus on academia focusing primarily on students who are going through computing-
related courses. This is highly likely due to the search string utilized to find the
papers involving keywords that favor works related to academia.

Challenges

We identified multiple challenges in the research on tools for SVI in higher education
that help point out possible gaps in the studies about ATs for VIs in the computing
field.

1. Scarcity of working tools. During the study it was seen that many of the
fields in computing courses are scarce when it comes to working ATs that are
available to be used to learn how to code or create diagrams. This scarcity
is even stronger when it comes to diagramming seeing how many of the tools
that are created for this area are unavailable to be used creating a big gap
when it comes to the diagramming field.

2. Lack of thoroughness in the primary studies. Many of the primary studies
found were excluded by the exclusion criteria because they had less than five
pages or could not provide meaningful results for the research due to the lack
of thorough explanation about the process of development of the tool, its
functionality, and the lack of an evaluation process.

3. Lack of scientific vigor in the tools’ evaluation. Ten of the primary works we
investigated for this systematic review had no sections explaining the process
of evaluation of the tool created, and many others utilized informal methods
to evaluate the tools that they created.

4. Evaluation without the target audience. Another big issue we saw in the process
of evaluation is that many of the works had little to no participation of people
with VI during the evaluation of the tools.

4.4 Systematic Review Related Work

Some studies were found about tools or methods that help in the education of SVI.
The focus of these works is diverse, some with a more general scope focusing on
accessible education itself, others more specific, focusing on one of the areas of com-
puting. Of the works found, two are systematic mappings, three are bibliographical
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reviews and five are systematic reviews. Table 4.10 shows the titles, types, areas of
focus, and references of those papers.

Table 4.10: Related works
ID Title Type Reference

RW01 Technologies in Education for
Visually Impaired People: A
Literature Review

Bibliographic
Review

López Flores and
González Lara
(2023)

RW02 Approaches for diagrams acces-
sibility for blind people: a sys-
tematic review

Systematic
Review

Torres and Bar-
waldt (2019)

RW03 Teaching robot programming
activities for visually impaired
students: A systematic review

Systematic
Review

Damasio Oliveira
et al. (2017)

RW04 Addressing Accessibility Barri-
ers in Programming for Peo-
ple with Visual Impairments:
A Literature Review

Bibliographic
Review

Mountapmbeme
et al. (2022b)

RW05 A Tecnologia Assistiva e a In-
clusão de Educandos com Defi-
ciência Visual: um Mapea-
mento Sistemático da Liter-
atura

Systematic
Mapping

de Melo et al.
(2019)

RW06 Um Mapeamento Sistemático
sobre o Ensino de Programação
para Pessoas com Deficiência

Systematic
Mapping

Araújo and An-
drade (2020)

RW07 Teaching programming for
blinds: A review

Systematic
Review

Al-Ratta and Al-
Khalifa (2013)

RW08 Making Programming Accessi-
ble to Learners with Visual Im-
pairments: A Literature Re-
view

Bibliographic
Review

Hadwen-Bennett
et al. (2018)

RW09 Assistive Technology to Assist
the Visually Impaired in the
Use of ICTs: A Systematic Lit-
erature Review

Systematic
Review

Zen et al. (2022)

RW10 A Review of Computer-
Assisted Instruction for Stu-
dents With Visual Impairment

Systematic
Review

Tuttle and Carter
(2022)

Bibliographic Reviews.

López Flores and González Lara (2023) did a bibliographic review about tools with
a general scope that helps the education of people with VI, including e-mail services
and urban mobility. The authors also state that many technologies were created to
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support SVI and classify their results into two categories, tools focused on mobility
and educational tools.

The literature review by Mountapmbeme et al. (2022b) focuses on identifying the
barriers and bringing possible solutions to the problems SVI encounter in program-
ming learning. Several barriers that disrupted the learning process of SVI were
identified in this study, such as code navigation and comprehension challenges; de-
bugging; skimming ; and code editing. The article also lists the proposed tools
found to break these barriers, these tools fit into the following categories: accessible
programming tools, accessible programming languages, and accessible programming
toolkits.

Hadwen-Bennett et al. (2018) carried out a bibliographical review on the strategies
that are adopted for teaching computing focused on students in high school and
higher education. The most common strategies were auditory and tactile feedback,
accessible text-based languages, accessible block-based languages, and physical ar-
tifacts.

Systematic Mappings.

The work done by de Melo et al. (2019) brings a systematic mapping of assistive
technologies and the inclusion of SVI in education with a focus on primary works
written in Portuguese. The mapping contains 30 primary studies and focuses on
answering questions regarding the increase in the number of assistive technologies,
the distribution of the primary works concerning the levels of education and the
region of Brazil in which the primary work was done, the types of tools found, and
the benefits and problems encountered with the use of these technologies.

The systematic mapping written by Araújo and Andrade (2020) focuses on finding
approaches that help to teach programming to people who have some type of dis-
ability. The mapping found 29 works that met the inclusion and exclusion criteria,
the work focuses on answering research questions that involve: The approaches of
the works found, the target audience of the works, the technologies used in these
approaches, and how SVI are assessed at schools and universities.

Systematic Reviews.

Torres and Barwaldt (2019) carried out a systematic literature review with a much
more specific scope of approaches that help to make science, technology, engineering,
and mathematics (STEM) diagrams more accessible to people who are blind. In the
systematic research carried out, they point out that audible interface approaches
are predominant along with speech output approaches, which they point out to be
a consequence of modern operating systems and applications being accessed usually
with the help of some screen reader. Also during the study, it is notable that there
is an uprising of an alternative to audible interfaces, tactile graphics.
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The primary work done by Damasio Oliveira et al. (2017) was a systematic review
that focuses on the use of robotics for the education of SVI to discover which method-
ological procedures are being used in the teaching of programming with robots for
SVI. Al-Ratta and Al-Khalifa (2013) in their brief systematic literature review fo-
cusing on teaching programming for blinds, brings details about the quantitative
details, publication topics, programming languages, and assistive devices found in
their research.

Zen et al. (2022) wrote a systematic review of resources and tools related to software
development that also focused on programming logic and computational thinking.
In their search, they found 12 articles that met their criteria and are related to
learning computer programming and the use of software development tools by peo-
ple with VI, as for the work of Tuttle and Carter (2022), they did a systematic
review to examine eight CAI (Computer-assisted Instruction) intervention studies
implemented with 92 U.S. school-age children with visual impairments to make a
comprehensive examination of the studies addressing those interventions.

To show the areas on which each of the works is focused, Table 4.11 divides the
works into four different categories: education in general (education in any field
without a focus on the computing area), programming, diagrams, and robotics.

Table 4.11: Distribution of related works by their area
Area ID

Education in General RW01, RW05, RW09, RW10
Programming RW04, RW06, RW07, RW08
Diagrams RW02
Robotics RW03

As we can see through Table 4.11, these works are more focused on only one of
the areas that are present in the curriculum of higher education in computing, such
as programming, leaving aside other important courses such as computer networks,
diagramming, robotics, and data structure. These works also do not focus much
on the evaluation of the articles and are only concerned with listing and briefly
explaining the proposed tools without verifying whether these articles certify that
the proposed ATs are effective and fulfill their objectives.

With the lack of analysis and evaluation of how the authors of these primary works
validate and evaluate their papers and what characteristics and metrics are taken
into account for this validation, there is still information to be discovered in this area
that may help to uncover the reason for the existence of barriers in the education of
computing for SVI even with a plethora of proposed tools. This is one of the gaps
left in this area that is going to be addressed with this study.

With the systematic review, a comprehensive analysis of the assistive technologies
developed for SVI in ICT courses is being done including all the areas of focus instead
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of only one, the main objective is to extract both general and in-depth information
from those studies such as their availability, evaluation methods, Technology Readi-
ness Level (TRL), and target audience, which is not present in the other systematic
reviews mentioned above.

4.5 Threats to Validity

There are some threats to the validity of this systematic review. They are discussed
in the following subsections:

• Vocabulary: The search was guided by the search strings written in both En-
glish and Portuguese that contain many keywords often seen when addressing
works about accessibility towards SVI. However, some relevant studies may
have been missed by not utilizing those specific keywords in their titles or
abstracts.

• Research Questions: The research questions are general to get a better
overview of the current situation in the field, and more specialized research
questions would allow further research.

• Publication bias: This study is limited to the digital libraries mentioned in
Table 4.1, there may be more tools that have not been published in research
papers and therefore have not been selected for the systematic review. Our
study is also limited to works published in Portuguese or English, limiting the
scope of research.

• Subjectivity bias: The selection process where the inclusion and exclusion cri-
teria were applied was done by only the first author, with the other authors
aiding in the last stage of the process where the extraction of relevant infor-
mation to the research questions happened. The classification of the primary
works by their technology readiness levels was done solely by the main author
of this article. This bias was reduced by the use of the methodology of evalu-
ation of another work to classify the works in their correct category according
to the metric.

4.6 Chapter Summary

In this chapter, we discussed the research questions, review strategy, and the results
of the Systematic Review. To find works that addressed tools that help SVI in higher
education courses, we found 9,066 works by the search string we created, and out of
those works we selected 47 for this systematic review after carefully examining the
works.

The results of the systematic review were divided by research question. The first
research question had the objective of listing and verifying the availability of the
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tools created to assist SVI in higher education. Only 9 of the 47 works had tools
that were currently available to use by the time the research took place, this issue
is even worse in the diagramming field where only 1 out of 14 tools were available.

The second research question had the goal to find the methods used for the process
of evaluations of the tools. Most of the tools were evaluated through usability tests
and surveys, with less than one-third of the works using other methods such as
interviews, experiments, case studies, and focus groups. Another important finding
is that many works had no process of evaluation of their tools whatsoever and some
of them were evaluated without the involvement of participants with VI.

The third question verified the maturity level of the tools according to the TRL
metric, it was found that most of the tools are concentrated in the levels TRL 4 and
5. As for the fourth question, we verified the target audience of the tool, most of
the tools found have their focus mostly on academia.
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CraftPy

According to the results found in the Systematic Review performed and the discus-
sion about them in Chapter 4.3, it was shown that one of the biggest gaps in the
field of assistive tools for SVI is the high quantity of unavailable diagramming tools
that we presently have. Only one of the fourteen tools found was available online
during the systematic review.

To mitigate this problem, we created the CraftPy tool to assist ICT students
who are blind or visually impaired in building diagrams through the Python pro-
gramming language to ensure that the users would not need to learn a new spe-
cific programming language to learn how to use the tool. By the time this
study took place, CraftPy allows users to create class diagrams, use case dia-
grams, and entity-relationship diagrams, commonly seen in software engineering
and database courses in universities. The CraftPy tool is available at the following
link: https://lucaskart.github.io/craftpy/

We also performed an ad-hoc search to verify if the existing tools are compatible
with screen readers. Performing tests with the StarUml1, Draw.IO2, Astah3, and
Umple4 tools using the NVDA5 screen reader, we found that none of them work well
with screen readers, being hard and complex to navigate and having unreadable
content.

According to the TIOBE6 index for April 2024, Python is currently the most popular
language with more than 6% ahead of its competitors. The TIOBE index is an
indicator of the popularity of programming languages updated every month using
famous websites such as Google, Bing, and Wikipedia to calculate their ratings. For
that reason, Python was chosen to be the language that is used to generate the UML

1https://staruml.io/
2https://draw.io/
3https://astah.net/
4https://cruise.umple.org/
5https://www.nvaccess.org/about-nvda/
6Avaliable on: (https://www.tiobe.com/tiobe-index/)

56



Chapter 5. CraftPy 57

diagrams. Therefore, it is not necessary to learn a new language that would be only
used inside our tool.

This chapter is divided into seven sections.

Section 5.1 presents the initial details of the development of the CraftPy tool;

Section 5.2 presents the technologies utilized by the CraftPy tool;

Section 5.3 gives details about the steps and processes of the CraftPy tool and a
comparison of the CraftPy tool with the other tools found in the systematic review;

Section 5.4 shows examples of Python codes to create diagrams with the CraftPy

tool;

Section 5.5 demonstrates CraftPy through a usage example;

Section 5.6 explains the evaluation that took place to assess the CraftPy tool;

Section 5.7 gives details about the limitations of the CraftPy tool;

Section 5.8 shows the threats of validity of the evaluation of the CraftPy tool;

Section 5.9 is a summary of the chapter.

5.1 Tool Development

The development of our tool was inspired by a prototype presented by Verde et al.
(2023). A prototype aimed at assisting SVI in building UML diagrams through the
Python programming language. By the time this work took place, Py2UML was
unavailable to the general public due to it not being available online.

Their tool, which generates a single diagram, has several limitations and is not
publicly available. We believe that the most important aspect of a tool aimed at
SVI is to make it accessible to users. Therefore, we completely redesigned the tool’s
code using different technologies to address these issues.

This work changed the technologies used by the tool to allow it to be hosted online,
expanded the tool to enable the creation of more types of diagrams, and created more
examples and documentation to help with the use of the tool. The development of
CraftPy took into consideration the Web Content Accessibility Guidelines (WCAG)
to ensure that the tool would be accessible to its target audience.

The WCAG are guidelines that contain a wide range of recommendations for acces-
sibility in websites to ensure that the content is accessible for people with disabilities
(Caldwell et al., 2008).

The WCAG follows four principles shown in the work made by Caldwell et al. (2007)
that claims content in a web page needs to be:
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• Perceivable: The information and components in the web page must be pre-
sented in a way the user can perceive it with at least one of their senses.

• Operable: The navigation and components in the web page must be operable,
and thus cannot require interaction that a user cannot perform.

• Understandable: The information and operations of the web page must be
understandable, therefore it cannot be beyond the understanding of a user.

• Robust: The web page content must be interpreted reliably by a multitude of
user agents including ATs.

In its current state, the tool can create three types of diagrams and draw multiple
items unique to those diagrams, the following diagrams and concepts can be created
with CraftPy:

• Class Diagrams: CraftPy’s class diagrams can create classes, attributes, vis-
ibility markers, multiplicity, associations, aggregations, compositions, special-
ization, and dependency.

• Use Case Diagrams: CraftPy’s use case diagrams can create actors, use cases,
inclusion between use cases, and extension between use cases.

• Entity-Relationship Diagrams: CraftPy’s entity-relationship diagrams can
create entities, attributes, relationships, primary keys, foreign keys, weak en-
tities, identifying relationships, multiplicity, and multivalued attributes.

A more technical overview of the technologies used to create CraftPy can be seen
in the next section.

5.2 Tool Architecture and Technologies

CraftPy is a web application developed using the Vite7 development server, the Re-
act8 library, and TypeScript9. Vite serves as a fast and lightweight bundler for the
front end, while React provides a robust framework for building components that
encapsulate logic and user interface into independent, reusable units. TypeScript
enhances the code’s security and reliability with its static typing features. Also,
CraftPy’s architecture follows the principles of Single-Page Application (SPA) de-
velopment, where most of the processing logic is handled on the client side, resulting
in a more fluid and responsive user experience.

Accessibility and responsiveness are crucial for ensuring that the web application
is inclusive and adaptable to different devices and users, especially since the tool’s
target audience includes people with visual impairments. To achieve this, we use

7https://vitejs.dev/
8https://react.dev/
9https://www.typescriptlang.org/



Chapter 5. CraftPy 59

the RadixUI10 component library and the TailwindCSS11 framework. TailwindCSS
enables responsive styling of React components, allowing them to adapt seamlessly
to various screen sizes and devices. Radix UI provides accessible components out of
the box, ensuring an inclusive experience from the outset of development.

Additionally, we evaluated CraftPy with Google PageSpeed Insights (PSI)12. PSI
reports on a page’s user experience and offers suggestions for improvements. For
CraftPy, PSI revealed a maximum score in accessibility for desktop devices, con-
firming that all components are accessible to screen readers and support keyboard
navigation.

No JavaScript libraries were found for analyzing Python code to extract class, at-
tribute, and method information. Instead, regular expressions were implemented,
disregarding Python’s mandatory indentation conventions and using reserved words
as delimiters. For instance, ‘def’ marked the start of a method, with its end indi-
cated by another ‘def’ or ‘class’ declaration. If a class was improperly formed, its
code block was discarded, retaining only valid parts for diagram representation.

At the end of the analysis, a JavaScript object is generated containing all the infor-
mation separately, enabling the construction of any type of diagram. This means
that the code analysis is unique, and each diagram is built according to the es-
tablished rules, providing the necessary context for each analyzed element. Subse-
quently, for visualization of the diagrams, a DOT13 file was generated and rendered
using the d3-graphviz14 library.

CraftPy is hosted and deployed through GitHub Pages15. The application is de-
ployed using continuous integration and continuous delivery (CI/CD) pipelines,
which automate the build, testing, and deployment process. This ensures that new
versions are made available quickly and securely, keeping the application always up-
to-date and stable for end users. CraftPy tool is licensed under the GNU General
Public License and all source code is available on GitHub.

5.3 Tool Features

The CraftPy tool has multiple features in its system. The main function is the
creation of multiple kinds of diagrams, such as class, use case, and entity-relationship
diagrams. Figure 5.1 shows the main interface of the system. At the top, we have
the navigation bar of the system with buttons redirecting to the other tabs, such as
the examples and help tabs and the source code of the tool hosted on GitHub.

10https://www.radix-ui.com/
11https://tailwindcss.com/
12https://pagespeed.web.dev/
13https://graphviz.org/
14https://www.npmjs.com/package/d3-graphviz
15https://pages.github.com/
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Below the navigation bar, there are seven buttons lined horizontally. The first button
is a select button called“Code Examples” that allows the user to test many premade
examples to help understand how the tool works and show what a completed diagram
looks like. The second button“Save Code”allows users to save their written Python
code in a file. The third to fifth buttons are buttons that allow the user to select
whether to create a class, use case or entity-relationship diagram. The last two
buttons allow the user to save the generated diagram: The first one “Save .dot”
saves the diagram in a .DOT file, an extension used for Graphviz graphs, and the
last one “Save Diagram” allows the user to save the diagram as an image.

The lower parts of the page are divided in two: The first is the code editor where
the user inserts the Python code that is going to create the diagram; and in the
second section, the generated diagram is presented with XML elements.

Figure 5.1: System interface.

The CraftPy tool is a UML diagram generator that allows the creation of multiple
kinds of diagrams, such as class and use case diagrams, for Python programmers.
The target audience of the tool is VI students who cannot use the visual aspects
of most of the main UML tools. CraftPy allows users to write, edit, and execute
Python code online in their browsers without installing any tool to generate diagrams
based on the Python code. As it uses Python code to operate, CraftPy removes the
learning curve that other tools have of learning a specific programming language to
use them.

The process flow in CraftPy is divided into two main parts, the first focuses on the
user, and CraftPy executes the second. First, the user writes the Python code and
selects the type of diagram they want to generate; both actions can be done inter-
changeably through the interface. In the meantime, CraftPy captures the Python
code, translating it into the DOT language thus generating a visual diagram. This
flow is shown in Figure 5.2.

CraftPy offers the user multiple examples of code that can be compiled and turned
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Figure 5.2: CraftPy’s process flow

into diagrams to help the users develop their diagrams through Python code. Both
the Python code and the diagram can be downloaded through the website.

CraftPy’s interface was created to allow VI students to easily navigate through the
page and create diagrams without the need for visual elements. It has compatibility
with screen readers such as NVDA allowing the elements of the page to be read out
loud for VI students.

5.3.1 Comparison with other tools

Compared to the other tools found on the Systematic Review, CraftPy’s advantages
lie in the fact that out of the tools that can create diagrams, CraftPy is one of the
most versatile when it comes to the variety of diagrams it can create. Table 5.1
compares the features of the tools of the primary works of the systematic review.

Some of the primary works do not specify what kind of diagram can be created by
their tool, thus we used a “-” symbol to signal that the type of diagram is unclear.

While the ModelByVoice prototype (S30) does not have restrictions when it comes
to the type of diagrams it can create, there was a lack of working links to access the
prototype created and the way the diagrams are created is vastly different, following
a speech-to-text format to create them.

CraftPy’s functionalities allow creating diagrams without the need for other software
and installing anything on the user’s computer as it is a web application. It also
allows users to create different sorts of diagrams at the same time, a feature that
most of the tools found in our study do not have.

5.4 Tool Diagrams

CraftPy allows users to create three kinds of diagrams: class diagram, use case
diagram, and entity-relationship diagram. This section summarizes the instructions
in Python code to generate the diagrams in the CraftPy tool.
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Table 5.1: Table of diagramming tool features
Avaliable
Online

Focus on
UML

Can Create
Diagrams

Types of Diagrams
Created by the Tool

S01 No No Yes Flowchart
S11 No No Yes Entity-Relationship
S12 No No No -
S14 No Yes No -
S15 No Yes Yes Use Case
S20 No Yes Yes Class
S29 No Yes Yes Use Case
S30 No No Yes Not Specified/Any
S35 No Yes Yes Use Case
S39 No Yes No -
S41 No Yes No -
S42 Yes Yes No -
S44 No No Yes N² charts
S47 No No No -

5.4.1 Class Diagram

To create a class in the diagram, it is needed to write a Python class. To add
attributes to the class, it is necessary to create a constructor for the class using the
‘ init ’ method. To add functions to a class, it is necessary to define the functions
within the scope of the class. It is possible to create private attributes and methods
through two subtraces. The following example shows a Car class with a private
attribute (brand) and a given method (increaseKM):

class Car:

def __init__(self , brand:str):

self.brand = brand

def increaseKM(self):

pass

A class can inherit from another by using parentheses when it is instantiated. It is
also possible to create an aggregation between classes when one class uses objects
of another class in its constructor. In the following example, the windows list is a
list of Window’s type:

class Automobile:

pass

class Car(Automobile):

pass
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To create an association between classes in the diagram, it is necessary to instantiate
an object within a class that belongs to another class outside the constructor to
avoid dependency relationships. Multiplicity can be achieved through the use of
lists. Example:

class Car:

__tire: list[Tire] = list()

The example above also creates a visibility marker for the tire attribute. To make
an attribute private to a class you insert two underlines ( ) before the name of the
variable.

Aggregation and composition are two types of class associations in object-oriented
programming. Aggregation involves one class using objects of another class as part of
its structure, often by passing instances of one class as arguments to the constructor
of another. In contrast, composition entails a closer relationship, where one class
directly creates an object of another class within its constructor. For example, in
aggregation, a class may have a member variable referencing objects of another class,
whereas, in composition, one class owns or manages the lifecycle of another class.
Example:

class Car(Auto):

def __init__(self , brand:str , windows:list[Window]):

self.brand = brand

self.windows:list[Window] = windows # Aggregation

self.owner = Owner(name="Marcos") # Composition

5.4.2 Use Case Diagram

To represent actors in a use case diagram using Python, each actor is modeled as
a class. To create an actor in the diagram, you need to define a new Python class.
To implement inheritance between two or more actors, simply create inheritance
between their classes. For example:

class Actor:

class Admin(Actor):

class User(Actor):

To create a use case in the diagram, you need to define a function with the @usecase
decorator before the function declaration. For an ‘include’ relationship between two
use cases, define an additional @include decorator with the related use case name
in brackets. Similarly, for an ‘extend’ relationship, use an additional @extends
decorator with the related use case name in brackets. For example:

@usecase

@include[verify_captcha]

@extends[two_factor_authentication]

def login(self):
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pass

@usecase

def verify_captcha(self):

pass

@usecase

def two_factor_authentication(user):

pass

5.4.3 Entity-Relationship Diagram

To create an entity in an Entity-Relationship diagram, it is necessary to start by
defining a Python class. To add attributes to the entity, it is needed to create
a constructor for the class. Attributes that are lists, tuples, and dictionaries are
automatically considered as multivalued attributes. To define primary keys, it is
necessary to declare them as class attributes outside the constructor. In the case
of foreign keys, the variable name must begin with two underscores. An entity is
automatically identified as a weak entity if it does not have a primary key. An
example is shown below.

class Entity:

primaryKey = 3 # Primary key

__foreignKey = 2 # Foreign key

def __init__(self , name , attributes):

self.name = name

self.attributes = attributes

self.multivaluedAtt = (5,6) # Multivalued attribute

To establish a relationship between two entities in the diagram, it is necessary to
define a decorator @relationship with the name of the related entity in brackets.
To specify the relationship’s multiplicity or cardinality, it is necessary to use the
@multiplicity decorator with the multiplicities of both parts separated by a colon.

class Project ():

pass

class Employee ():

pass

@relationship[Project]

@multiplicity[n:m]

def workOn ():

pass

For identifying relationships between two entities, it should be used the @identi-
fyingrelationship decorator with the related entity’s name in brackets, along with
the @multiplicity decorator to specify the relationship’s multiplicity or cardinality,
separating the multiplicities of both parts with a colon.
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class Order():

pass

class Customer ():

pass

@identifyingrelationship[Order]

@multiplicity[1:1]

def makeOrder ():

pass

5.5 Usage Example

In this section, we present three different examples of the tool that is used to create
three different kinds of diagrams. Figure 5.3 shows a class diagram created by using
CraftPy adapting an example from Fowler (2018) book. The adapted diagram has
five classes in total, starting with the “Customer” class, which contains information
about a customer who orders a good from an automatic system. The classes“Person-
alCustomer” and “CorporateCustomer” inherit from “Customer”, symbolized by the
arrow present in the diagram. The “Order” class represents an order in the system,
“Customer” and “Order” have an aggregation relationship with each other, where
customers can make multiple orders but an order can only have a single customer.
Similarly, the “OrderList” class that represents the list of orders in the system shares
a similar relationship with the “Order” class.

For the use case diagram, we adapted another example from the (Fowler, 2018) book.
In this diagram, we have four actors: “Trader”, “Salesperson”, “TradingManager”and
“AccountingSystem”, each with their own use cases. Both the “AnalyzeRisk” and
“PriceDeal” use cases include another use case called “ValueDeal”. This diagram can
be seen in Figure 5.4.

The last of the three diagrams shown in Figure 5.5 is the entity-relationship diagram,
often seen to represent databases of systems. Based on an example of the Takai
et al. (2005) book, the tool created a diagram with three entities, each with its
own primary key, and the relationship between each of the three entities. The
relationships have an ‘m..n’ multiplicity signaling, for example, that a supplier can
supply multiple parts and a part can be supplied by multiple suppliers.
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Figure 5.3: Class diagram.

5.6 Tool Evaluation

We conducted a preliminary evaluation of the CraftPy tool. Thus, we sent email
invitations to 45 people with visual impairments and received 8 responses over 15
days, even sending some reminders. The results of the participants’ forms provide
insights into the effectiveness of CraftPy in meeting the needs of users with VI.
Feedback was used to identify strengths and areas for improvement in tool design
and functionality. The analysis focuses on usability, accessibility, and the overall
user experience.

5.6.1 Evaluation Design

This section describes the design of our preliminary tool’s evaluation.

The participants were selected from a study conducted by Alves et al. (2022). In
that study, 45 students with visual impairments were surveyed to investigate their
profiles, perceptions of teaching content focused on accessibility and assistive tech-
nology (AT), and areas where accessibility could be improved to promote their in-
clusion. The students agreed to share their emails for participation in future studies
on similar topics.
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Figure 5.4: Use Case diagram.

Figure 5.5: Entity-Relationship diagram.
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To participate in the tool’s evaluation, participants needed to meet the following cri-
teria: have studied or are currently studying any ICT course and have basic Python
knowledge. Thus, participants received an email inviting them to participate in the
experiment over a period of 15 days. The email included all the necessary things for
the experiment such as links to the background survey, detailed instructions for the
experiment, and the final survey for feedback.

The surveys were created in Google Forms and were sent in email to the participants
containing questions regarding their background in the area and about the exper-
iment itself, the content of those surveys can be seen in Section 5.6.2 and Section
5.6.5 respectively.

Due to the low number of people with VI in the ICT field and the requirement
to have basic Python knowledge, finding participants for the study was a difficult
task. Some emails were no longer being used, and some reported being unable
to complete the experiment in 15 days due to technical issues or lack of Python
knowledge. However, as seen in 4.8, the number of participants is still higher than
approximately 70% of the works found in the systematic review.

A Google Meet call was held with two of the participants who were completely
blind to observe how they completed the activities present in the experiment. The
experiment involved the following steps:

1. Background Survey: Participants completed a background survey to provide
demographic information and details about their IT experience and visual
impairment.

2. Introduction to Diagrams: Participants were provided with explanations and
examples of class diagrams, use case diagrams, and entity-relationship dia-
grams.

3. Experiment Tasks: Participants were assigned three tasks, one for each type
of diagram, involving minor edits to provided codes:

• Class Diagram Task: create two new classes inheriting from another ex-
isting one and add two new attributes.

• Use Case Diagram Task: create a new function in an existing class and
mark it as a use case using the respective decorator.

• Entity-Relationship Diagram Task: create a given key for a given class
and a new function in another class, and establish a relationship with a
class using the @relationship decorator.

4. Final Survey: After completing the tasks, participants filled out a final survey
to provide feedback on their experience with CraftPy. The survey included
questions about the usability, accessibility, and any issues encountered while
using the tool.
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5.6.2 Background Survey

To gather relevant data from participants before they completed the experiment, we
created a Background Survey with four questions to collect demographic informa-
tion, including the degree of visual impairment and their educational background in
ICT.

The survey included the following four questions:

1.What is your degree of visual impairment?* (Selection Box)

• Blindness

• Near Blindness

• Severe Visual Impairment

• Moderate Visual Impairment

• Monocular Vision

• Other

2.Which technology course are you studying or have you studied?* (Selection Box)

• Computer Science

• Computer Engineering

• Information Systems

• Software Engineering

• Computer Networks

• Other

3.How old are you?* (Open Question)

4.Do you already work in the ICT field? If yes, what is your job?* (Open Question)

5.6.3 Introduction to Diagrams

To assist participants unfamiliar with the diagrams used in software modeling, we
attached a document to the email that explained the different types of diagrams and
two code examples in Python to be used in the CraftPy tool.

The explanation of diagrams and examples is presented as follows.

Class Diagram:

The class diagram is one of the most important and widely used diagrams in UML.
Its main focus is on allowing the visualization of the classes that will compose the
system, with their respective attributes and methods, and demonstrating how the
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classes in the diagram relate, complement, and transmit information to each other.
This diagram provides a static view of how the classes are organized, focusing on
how to define their logical structure. (Guedes, 2018)

Use Case Diagram:

The use case diagram aims to present an overall external view of the functionali-
ties that the system should offer to users, without focusing too much on how these
functionalities will be implemented. It is mainly used in the phases of system re-
quirements elicitation and analysis, although it is consulted throughout the modeling
process and can serve as a basis for various other diagrams. It seeks to present a
simple and easily understandable language so that users can get a general idea of
how the system will behave. It aims to identify the actors (users, other systems,
or even special hardware) that will use the software in some way, as well as the
services, or functionalities, that the system will provide to these actors, known in
this diagram as use cases. (Guedes, 2018)

Entity-Relationship Diagram:

The entity-relationship diagram is one of the most widely used diagrams in concep-
tual modeling, specifically entity-relationship modeling. It represents a description of
the database in a way that is independent of implementation in a DBMS (Database
Management System). The conceptual model records what data can appear in the
database, but does not record how these data are stored at the DBMS level. (Heuser,
2009)

CraftPy Examples:

The first example is a ticket sales system for a movie theater, it contains six classes:
Movie, Session, Client, Ticket, TicketSalesSystem, and MovieTheater. Both the
Client and TicketSalesSystem classes have functions that work as use cases for use
case diagrams.

The second example is a bookstore system, which is composed of four classes: Book,
Customer, Sale, and BookstoreSalesSystem. The Customer and BookstoreSalesSys-
tem have use cases and some of those use cases include other use cases as is the case
with the ‘Buy Book’ function.

Both of those codes are compatible with CraftPy and can be used to see the diagram
of a complete system in the tool.

Ticket Sales System for a Movie Theater:

class Movie:

def __init__(self , title: str , duration: int , genre: str):

self.title = title # Movie title

self.duration = duration # Duration in minutes

self.genre = genre # Movie genre

class Session:
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def __init__(self , movie: Movie , time: str , room: str , price:

float , available: int):

self.movie = movie # Movie being shown

self.time = time # Start time of the session

self.room = room # Room where the session will take place

self.price = price # Ticket price

self.available = available # Quantity of available tickets

class Client:

def __init__(self , name: str , cpf: str , age: int):

self.name = name # Client ’s name

self.cpf = cpf # Client ’s CPF

self.age = age # Client ’s age

@usecase

def buy_ticket(self , session: Session , quantity: int):

pass

class Ticket:

def __init__(self , session: Session , client: Client , quantity:

int):

self.session = session # Session for which the ticket was

purchased

self.client = client # Client who purchased the ticket

self.quantity = quantity # Quantity of tickets purchased

class TicketSalesSystem:

sessions: list[Session] = [] # List of available sessions

def __init__(self):

pass

@usecase

def add_session(self , session: Session):

self.sessions.append(session)

@usecase

def remove_session(self , session: Session):

self.sessions.remove(session)

@usecase

def find_sessions_by_movie(self , movie: Movie):

pass

@usecase

def find_sessions_by_time(self , time: str):

pass
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class MovieTheater:

def __init__(self):

self.ticket_sales_system = TicketSalesSystem ()

Bookstore System:

class Book:

def __init__(self , title: str , author: str , genre: str , price:

float , stock: int):

self.title = title # Book title

self.author = author # Book author

self.genre = genre # Book genre

self.price = price # Book price

self.stock = stock # Quantity available in stock

class Customer:

def __init__(self , name: str , cpf: str , email: str):

self.name = name # Customer ’s name

self.cpf = cpf # Customer ’s CPF

self.email = email # Customer ’s email

@usecase

def find_books_by_author(self , author: str):

return [book for book in self.books if book.author ==

author]

@usecase

def find_books_by_genre(self , genre: str):

return [book for book in self.books if book.genre == genre]

@usecase

@include[find_books_by_author]

@include[find_books_by_genre]

def buy_book(self , book: Book , quantity: int):

pass

class Sale:

def __init__(self , book: Book , customer: Customer , quantity:

int , total: float):

self.book = book # Sold book

self.customer = customer # Customer who made the purchase

self.quantity = quantity # Quantity of books sold

self.total = total # Total purchase amount

class BookstoreSalesSystem:

def __init__(self):
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self.books: list[Book] = [] # List of available books

@usecase

def add_book(self , book: Book):

self.books.append(book)

@usecase

def remove_book(self , book: Book):

self.books.remove(book)

@usecase

def find_books_by_author(self , author: str):

return [book for book in self.books if book.author ==

author]

@usecase

def find_books_by_genre(self , genre: str):

return [book for book in self.books if book.genre == genre]

@usecase

def buy_book(self , book: Book , customer: Customer , quantity:

int):

pass

5.6.4 Experiment Tasks

For the experiment, we aimed to verify whether the tool could be effectively used by
participants with VI. Thus, we formulate a total of three activities that participants
should carry out. A document detailing three Python code examples was prepared
to describe how these codes serve as models for the activity and how they translate
into the developed diagram. After the explanation of the three codes, the activity
was proposed using the concepts aforementioned in the explanation of the codes.

Each code example and task were designed to test a different type of diagram. Task
1 is related to class diagrams, Task 2 is related to use case diagrams, and Task 3 is
related to entity-relationship diagrams.

The experiment protocols and tasks were created in Portuguese, and the results
obtained from the participants were also written in Portuguese. The experiment
included the following protocol and activities translated into English.

Experiment Protocol:

Three codes are provided for three diagrams. The text below contains an explana-
tion of the three provided codes. After presenting the three codes, there are three
activities, one for each diagram.
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In order to conduct the experiment, we added the ‘Code Examples’ functionality in
CraftPy’s dropdown menu, the three codes used in the tasks were named Code 1,
Code 2, and Code 3, respectively “Código 1”, “Código 2” e “Código 3” in Portuguese,
as Figure 5.6 shows. The user can choose one of them to work on or alternate among
them.

Figure 5.6: CraftPy’s dropdown menu

These codes shown in Figure 5.6 are detailed in the following.

Code 1: Class Diagram.

There are five classes:

• Person

• IndividualPerson

• LegalEntityPerson

• CommonAccount

• Transaction

The class Person has the following attributes:

• personName of type string.

• personIncome of type integer.

• personAccount of type list of accounts.
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The classes IndividualPerson and LegalEntityPerson inherit from the class Person.

The class IndividualPerson has the following attributes:

• personCPF of type integer.

The class IndividualPerson has the following method:

• validateCPF

The class LegalEntityPerson has the following attributes:

• personCNPJ of type integer.

The class LegalEntityPerson has the following method:

• validateCNPJ

The class CommonAccount has the following attributes:

• accountNumber of type integer.

• accountPassword of type integer.

• accountTransactions of type list of transactions.

The class CommonAccount has the following methods:

• depositAmount

• validatePassword

• withdrawAmount

The class Transaction has the following attributes:

• transactionType of type integer.

• transactionAmount of type double.

The classes Person and CommonAccount have a one-to-many aggregation relation-
ship because the class Person has a list of CommonAccount objects as one of its
attributes.

The classes CommonAccount and Transaction also have a one-to-many aggregation
relationship because the class CommonAccount has a list of Transaction objects as
one of its attributes.

To generate the class diagram, the user of the CraftPy tool needs to select the Class
Diagram button in the interface or use the shortcut Alt + 2. The diagram generated
with Code 1 is shown in Figure 5.7.
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Figure 5.7: Code 1 generated diagram

Code 2: Use Case Diagram.

For the use case diagram, one more function has been added to the classes Indi-
vidualPerson and LegalEntityPerson. These functions are named consultCPF and
consultCNPJ, respectively.

A decorator @usecase (at usecase) was used on the lines preceding the following
functions to indicate that they are use cases:

• validateCPF

• consultCPF

• validateCNPJ

• consultCNPJ

For generating the use case diagram, the user of the tool needs to select the Use
Case Diagram button in the interface or use the shortcut Alt + 3. The diagram
generated with Code 2 is shown in Figure 5.8.
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Figure 5.8: Code 2 generated diagram

Code 3: Entity-Relationship Diagram. For the entity-relationship diagram, two
new attributes were created at the beginning of the class, outside the constructor,
to mark them as key attributes:

• accountId in the class CommonAccount as an integer.

• personId in the class Person as an integer.

• validateCNPJ

• consultCNPJ

Two decorators @relationship (at relationship) were used to create a relationship
between the classes CommonAccount and Transaction.

The decorators were added to the methods depositAmount and withdrawAmount,
and they receive as a parameter, in brackets after the @relationship decorator, the
name of the class they relate to. In this case, the class Transaction was added within
the brackets to create the relationship between the classes.

To generate the entity-relationship diagram, select the Entity-Relationship Diagram
button in the interface or use the shortcut Alt + 4. The diagram generated with
Code 3 is shown in Figure 5.9.
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Figure 5.9: Code 3 generated diagram

Activities:

For the experiment, the participants should perform three activities that should be
done using Code 3 as a base. At the end of the activity, we asked them to save the
code and place it in the form provided.

Activity 1: Class Diagram

For this activity, the participant needs to:

• Create two new classes, SpecialAccount and SavingsAccount, that inherit from
the CommonAccount class.

• Add the following attribute to SpecialAccount: accountLimit

• Add the following attribute to SavingsAccount: accountAnniversary

The diagram resulting from Activity 1 should resemble the one shown in Figure 5.10.
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Figure 5.10: Code 1 activity answer

Activity 2: Use Case Diagram

For this activity, the participant needs to:

• Create a new function in the CommonAccount class called updatePassword.

• Mark this new function as a use case using the @usecase (at usecase) decorator.

The diagram resulting from Activity 2 should resemble that shown in Figure 5.11.

Activity 3: Entity-Relationship Diagram

For this activity, the participant needs to:

• Create a primary key for the Transaction class called transactionId.

• Create a new function in the Person class called accessAccount.

• Create a relationship in the accessAccount function using the @relationship
(at relationship) decorator for the CommonAccount class.

The diagram resulting from Activity 3 should resemble the one shown in Figure 5.12.

After completing the three activities, the participant would answer the form pre-
sented in the Final Survey.
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Figure 5.11: Code 2 activity answer

5.6.5 Final Survey

The final survey collected information about the experiment and feedback on the
tool. The first question allowed participants to submit their answers to the exper-
iment’s questions while the others allowed the participants to give feedback on the
strong and weak points of the tool.

The final survey had the following questions:

1. Paste the code of the completed activity in this question.* (Open Question)

2.Were you already familiar with the 3 diagrams used?* (Open Question)

3.Which screen reader did you use for the experiment? (Open Question)

4.What are the positive aspects of the tool? (Open Question)

5.What are the aspects of the tool that could be improved? (Open Question)

6.Do you have any additional comments? (Open Question)

5.6.6 Evaluation Results

The results were gathered from two different surveys: A background survey to pro-
vide demographic information about the participants shown in Section 5.6.2; and
a final survey to input the answers for the tasks assigned and to provide feedback
about their experience using CraftPy shown in Section 5.6.5.

Background Survey results: In the background survey, we collected information
about the eight participants. Table 5.2 summarizes their details.
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Figure 5.12: Code 3 activity answer

The ages of the participants vary between 21 and 35 years old, with most of them
being under 30 years old. Five of the participants are in the 21-29 age range, and
the last three are in the 30-35 age range.

Six of the eight participants (P1, P3, P4, P5, P6, and P7) already work in the
ICT field, while two (P2 and P8) are not employed. The jobs found in the results
were: System Analyst, IT Analyst, Quality Analyst, Software Engineer, Software
Developer, and Process and Information Architect.

When asked which technology course they are currently studying or have completed,
two participants (P1 and P4) selected two courses: Computer Science and Computer
Engineering; and Computer Science and Software Engineering, respectively. As
for the participants that selected one course: Three of them selected Information
Systems, two selected Computer Science, two selected Computer Engineering, one
selected Software Engineering, one selected Information Technology and one selected
Internet Systems.

Out of the participants, three of them were blind (P1, P6, and P8), two of them had
monocular vision (P5 and P7), one had a severe visual impairment (P4), one had
a moderate visual impairment (P2) and one had multiple colobomas (P3). As the
degrees of visual impairments are very different from one another, further ahead we
classified them based on whether they used a screen reader to complete the tasks.
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Table 5.2: Summary of the participants
#P Age Course Condition Job Occupied Completed

Tasks
P1 20-29 Comp. Science and

Comp. Engineering
Blindness Software Developer T1;T2;T3

P2 20-29 Comp. Engineering Moderate VI None T1;T2;T3
P3 20-29 Inform. Systems Multiple

Colobomas
Process and Infor-
mation Architect

None

P4 30-39 Comp. Science and
Soft. Engineering

Severe VI System Analyst T1;T2;T3

P5 30-39 Information Tech-
nology

Monocular
Vision

IT Analyst T1;T2;T3

P6 30-39 Inform. Systems Blindness Quality Analyst T1;T2;T3
P7 20-29 Inform. Systems Monocular

Vision
Software Engineer T1;T2

P8 20-29 Internet Systems Blindness None T1;T2

Final Survey results. In the final survey, we asked participants to submit their
answers and provide feedback. Since half of the participants were completely blind
or had severe visual impairments, they used a screen reader to navigate the tool’s
content. Four used NVDA (P1, P6, P7, and P8), two used VoiceOver (P3 and P4),
and the other two (P2 and P5) didn’t use any screen reader for the experiment.

Only one out of the eight participants (P2) reported not knowing the three kinds
of diagrams before completing the experiment and one (P6) claimed only to know
some of them. The participant (P2) who did not know about these software modeling
diagrams was able to answer all the tasks, whereas the one (P6) who only knew them
partially was not able to complete the last task.

The statistics for completing the activities are as follows: Seven participants (P1,
P2, P4, P5, P6, P7, and P8) completed both Task 1 and Task 2 about class and
use case diagrams. However, only five participants (P1, P2, P4, P5, and P6) were
able to answer Task 3 correctly which was about entity-relationship diagrams. The
tasks can be found in Section 5.6.4. One participant (P3) was unable to complete
the experiment due to a system problem that made them unable to complete any
of the tasks. This problem was addressed after this participant had answered the
surveys and reported the bug they found during the experiment.

Two blind participants (P1 and P6) who completed the tasks shared their progress
via a Google Meet call. During the call, the experiment protocol and tasks were
read aloud to them as they worked through the tasks independently.

We created two groups to separate the results from those who were able to complete
the tasks and use a screen reader and those who did not use a screen reader. Group
1 (P1, P4, P6, P7, and P8) with those who used a screen reader, and Group 2 (P2
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and P5) with those who did not use a screen reader.

All of the participants in Group 2 were able to complete all three tasks and submit a
correct code in the Final Survey. Furthermore, the participants in Group 1 struggled
with the third task in particular, with only three out of the five submitting the correct
answer.

Feedback from the final survey was divided into two sections: one focusing on the
positive aspects of the tool and the other on areas for improvement.

Positive aspects of the tool. Overall, the participants pointed out that the strong
points of the tool are its ease of use for those who understand Python, its accessibility
for those who use screen readers, and how the tool represents diagrams textually
using code.

As the CraftPy tool is designed for accessibility for SVI and ease of use through
Python, the positive feedback from participants aligns with our expectations for the
tool and ensures it is satisfactory in those regards to the target audience. Positive
comments are presented as follows.

• “Very good from a programmer’s perspective, because, instead of spending
time learning a new system, the person can model the classes they want to
show through code, in any text editor. For those who already know the Python
language, the experience is even better. I also found the interface very inter-
esting, and very easy to use. In my opinion, even better because you don’t
have to install anything to start using the tool. I also found the information
in the diagrams within the tool page very accessible and easy to understand.”
(P4)

• “Well, I really liked it, because, for those who are learning, this is a very good
way of representing relationships, since UML is very visual.” (P8)

• “Using type hint and dynamically assembling diagrams, which help to validate
the code; generating the diagrams in text, not images, so they can be read by
screen readers.” (P5)

• “The ease of creating relationships and showing output in real-time.” (P1)

• “The tool is accessible, allowing a better view of the screen components.” (P2)

Points for improvement:

• “I wish I could able to resize the width of code screens and generated diagrams.
Mainly because I use a larger font (125% zoom). In the interface, there could
be an option to enable/disable line wrapping for the code, and when line
wrapping is disabled, a horizontal scroll bar should be displayed just for the
code. In the class diagram, the attributes only appeared after being initialized
in init. They should appear just because they are declared in the class. In
the Entity-relationship diagram, the classes that inherit from the superclass
mistakenly don’t have a relationship that their superclass has.” (P5)
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• “I tested your page in three different browsers (Firefox, Safari, Chrome). In
all three browsers, I couldn’t even finish writing the first new class because
all the interface elements disappeared from it as soon as I typed ‘()’. Using
VoiceOver, the reader tells me: ‘Content is empty’. So effectively the content
was no longer being rendered.”16 (P3)

• “Unfortunately, the ‘Save Diagram’ button didn’t work.” (P4)

• “Due to having enlarged components, some do not appear on the screen de-
pending on the display used.” (P2)

• “Responsiveness, when reducing the screen or accessing via cell phone it was
very difficult to read in accessibility mode or move on to other topics.” (P7)

• “The output. The final graph is not understandable using screen readers.”17

(P1)

The most frequently mentioned area for improvement was the tool’s responsiveness.
Due to the enlarged elements of the CraftPy tool, designed for better accessibility
for low-vision users, it was not very compatible with smaller screens such as small
monitors, tablets, or smartphones. Another issue, reported by one participant (P3),
was caused by a system error, which was fixed immediately after the experiment to
ensure the other participants could complete the experiment.

The participants’ complete feedback, without translation, is available in Portuguese
in Appendix A.

The responsiveness of the tool has also been improved after the feedback we received,
working better even on smaller screens such as smartphone screens while keeping
the accessibility to screen readers the same.

Overall, the participants found the tool easy to use and praised its accessibility
and compatibility with the screen readers. This experiment is critical for refining
CraftPy and ensuring it serves its target audience effectively. By involving users
with VI in the testing process, we aim to create a more inclusive and user-friendly
tool for creating diagrams.

5.7 Tool Limitations

CraftPy contains some limitations when it comes to diagram creation due to it being
a recently developed tool. However many of them can be addressed with further
development of the tool. Those limitations include: (i) Diagram type limitation:
So far CraftPy can only generate three kinds of diagrams: Class Diagrams, Use Case

16This issue was addressed right after it was reported to allow the other participants to complete
the experiment.

17The participant could not understand how the screen reader read the XML elements in the
graph instead of the graph being unable to be read by the screen reader.
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Diagrams and Entity-Relationship Diagram; and (ii) Python language restrictions:
Due to the Python language not needing certain formalities, some restrictions come
with the use of it when generating diagrams, such as specifying the capacity of an
array, multiplicity in Class Diagrams are either 1:1 or 1:n.

5.8 Threats to Validity

In this section we discuss the threats to the validity of the evaluation of the tool,
they are divided as follows:

• Selection of Subjects: As the tool requires the participants to know the Python
programming language and enough knowledge about software modeling and
diagrams, we only selected participants with knowledge of Python and made
available material to explain to the participants the experiment what each of
the diagrams represents to mitigate this threat to validity.

• Sample Size: The evaluation process involved eight participants, but one was
unable to complete the tasks due to a tool error, which was fixed before other
participants encountered the issue. As a result, only seven participants com-
pleted the experiment, making the small sample size a notable threat to va-
lidity. However, given the niche participant criteria, this number is relatively
high compared to similar studies on tools for SVI.

5.9 Chapter Summary

In this chapter, we discussed the development process and preliminary evaluation of
CraftPy. Designed to assist SVI in higher education ICT courses, CraftPy translates
Python code into visual diagrams using screen readers. The tool’s primary focus is
on accessibility and responsiveness.

We conducted a preliminary evaluation through an experiment involving eight par-
ticipants and three activities. Seven out of the eight participants completed most of
the activities and generated the required diagrams.
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Conclusions

To discover the gaps that currently exist in the field of assistive technologies for
SVI in ICT courses, we performed a systematic review to investigate and analyze
the tools that help SVI in university-level computing courses. Through the use of
search strings, inclusion, and exclusion criteria, and snowballing to filter the high
amount of results in the databases, we selected 47 primary works for the systematic
review. The forty-seven studies were classified based on their use, area, conference,
journal, year of publishing, and availability (RQ1); their evaluation methods and
quantity of participants (RQ2); their Technology Readiness Levels (TRL) (RQ3);
and their target audience (RQ4). The systematic review can also be used by other
teachers in the ICT field to find works to support SVI in computing.

Around 80% of the primary works found had no means to access the developed tools,
showing a significant lack of availability of the software-based tools created with a
research paper about them. The distribution of the tools among the computing
areas was mainly focused on programming and diagramming courses, showcasing a
deficit of software-based aid for other areas such as databases, networks, robotics,
electronics, and 3D modeling.

The TRL metric and research about the tool availability show that many works
about software tools for SVI in computing courses have tools that are in the middle
levels of technology readiness but never get released to the public, or get released for
a short time and due to the lack of maintenance those tools are made unavailable
for their target audience.

More than 23% of the primary studies analyzed had no or near to no evaluation
process in the research paper published about them and the informality of the eval-
uation processes used to validate those tools was a problem that we noticed during
the analysis of the articles investigated.

Another issue found about the works is that the process of evaluation of these
tools often leaves much to be desired, the problems range from the total lack of
documented evaluation to things such as a very low quantity of participants with VI
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evaluating the tools, the highly informal process of evaluation of the tool, tests done
with sighted users instead of the target audience, and unclear methods of evaluation
of the tool.

Only nine of the tools were available to be used, seven of them having links to their
works and two of them that could be found with a quick search in search engines.
The category that had the most available tools was programming and the category
that had the least percentage excluding those that had none was diagramming with
only one tool available out of fourteen tools presented in the primary works selected.

This work shows that the lack of tools for SVI in computing courses in higher edu-
cation is not just because no researchers are working in this field, but because many
of the software tools that are developed by researchers rarely are made available for
the target audience to use staying only on paper or disappearing due to the lack
of maintenance. It is needed to ensure the quality of the tools that are developed
for SVI and to ensure that those tools are made available to them and given proper
maintenance for continuous use.

In this study, we also developed the CraftPy tool to reduce the gap found by the
systematic review. The CraftPy tool is a tool designed to assist SVI in higher
education ICT courses in creating diagrams with an accessible interface fully com-
patible with screen readers. CraftPy is a web application that allows users to create
three types of diagrams using Python code directly in the browser, eliminating the
need to install software on their machines. As CraftPy works through Python code,
it reduces the learning curve of the users to use the tool by not creating a new
tool-specific programming language.

The CraftPy tool is versatile when it comes to the creation of diagrams for SVI,
being able to create three different kinds of diagrams with ease while most of the
other tools found in the systematic review were specialized in only one kind of
diagram.

We conducted a preliminary experiment with eight participants with VI to evaluate
the tool’s effectiveness in completing a set of activities. Results showed that 87.5%
of participants completed two of the three assigned tasks, with the third task having
a lower success rate. Based on the feedback provided by the participants, we aim to
improve CraftPy.

6.1 Future Work

This section discusses improvements that can contribute to the evolution of the
CraftPy tool and further research that wasn’t covered by the systematic review due
to the amount of work found.

• Increasing the number of diagram types that CraftPy can create to increase
its versatility and allow SVI to create new types of diagrams.
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• Optimizing the CraftPy interface for better compatibility with smaller screens
to allow users to access and utilize the web application through smaller screens.

• Enhancing the diagrams that already exist in the CraftPy tool to allow for
greater versatility and the addition of more elements that weren’t implemented
yet.

• Further evaluation of the tool with more participants to ensure its usability to
SVI with more participants to ensure that the CraftPy tool.

• Doing a systematic review with the gray literature or tactile tools for SVI in
computer education.
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Appendix A

Final Survey Feedback

In this appendix, we present the written feedback from the eight participants, in
Portuguese, matching their responses to the final survey.

What are the positive aspects of the tool?

• P1: A facilidade de criar relações e mostrar a sáıda em tempo real.

• P2: Ela possui acessibilidade, permitindo uma melhor visualização dos com-
ponentes da tela.

• P3: A sua ferramenta me lembra Mermaid (https://mermaid.js.org). Eu imag-
ino que qualquer pessoa habituada com Python conseguiria desenvolver os
diagramas.

• P4: Muito boa na perspectiva de um programador, pois, ao invés do tempo
gasto com a aprendizagem de um novo sistema, a pessoa pode modelar as
classes que deseja expor através de código, em qualquer editor de texto. Para
quem já conhece a linguagem Python, a experiência é melhor ainda. Também
achei muito interessante a interface, muito tranquila de utilizar. Na minha
opinião, melhor ainda por não ter de instalar nada para começar a usar a
ferramenta. Também achei muito acesśıvel e fácil de entender as informações
dos diagramas dentro da página da ferramenta.

• P5: Usar o type hint; montar os diagramas dinamicamente, que ajudam a
validar o código; gerar os diagramas em texto, e não imagem, para poderem
ser lidos por leitores de tela.

• P6: A possibilidade de auto completar.

• P7: Achei a ferramenta bem intuitiva, acredito que precisa melhorar mais, e
sei que isso vai acontecer.

• P8: Bom eu gostei muito, por que, para quem ta aprendendo, isso é uma forma
muito boa de representar os relacionamentos, já que a UML é muito visual.
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What are the aspects of the tool that could be improved?

• P1: A sáıda. O gráfico final não fica compreenśıvel usando leitores de tela.

• P2: Por ter componentes ampliados, dependendo da tela utilizada, alguns não
aparecem no visor.

• P3: Testei a sua página em três navegadores diferentes (Firefox, Safari,
Chrome). Nos três navegadores, não pude concluir sequer a escrita da primeira
nova classe porque todos os elementos da interface sumiram da dela assim que
eu digitava ”()”. Usando VoiceOver, o leitor me diz: ”Content is empty”. Então
efetivamente o conteúdo não estava mais sendo renderizado.

• P4: Infelizmente, o botão de ”Salvar diagrama” não funcionou...

• P5: Senti falta de poder redimensionar a largura das telas de código e diagra-
mas/casos de usos gerados/ER. Principalmente mais porque eu uso fonte maior
(zoom de 125%). Na interface, poderia ter uma opção para ativar/desativar
quebra de linha para o código. E quando a quebra de linha estiver desativada,
um uma barra de rolagem horizontal deveria ser exibida só para o código. No
diagrama de classes, os atributos só apareceram após serem inicializados no
init. Eles deveriam aparecer só pelo fato de serem declarados na classe, não?
No ER, a contaPoupanca e a contaEspecial não apresentaram relacionamento
com a Movimento. Mas deveria aparecer, pois herdaram da ContaComum,
não?

• P6: Ok.

• P7: Responsividade, ao diminuir a tela ou acessar pelo celular foi bem dif́ıcil
ler no modo de acessibilidade ou passa para outros tópicos.

• P8: Eu usei muito pouco a mesma para dizer algo sobre melhorias, de forma
geral eu gostei bastante.
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Do you have any additional comments?

• P1: Parabéns pelo incŕıvel trabalho! Necessitamos iniciativas como a de vocês
para sermos inclúıdos na sociedade da maneira correta.

• P3: Como citei acima, pessoas com deficiência visual também usam outras
tecnologias assistivas que não são leitores de tela!

• P4: Muito boa a ideia e a iniciativa! Parabéns! Na minha opinião, a ferramenta
pode auxiliar muito a comunicação de ideias entre os membros de uma equipe
de desenvolvimento, e também em situações onde é necessário uma visualização
por parte de pessoas envolvidas que não são necessariamente desenvolvedores.
Pretendo testá-la onde trabalho assim que surgir a oportunidade!

• P5: Boa sorte e sucesso com seu projeto!

• P6: Não.

• P7: Parabéns pelo trabalho, espero que evolua ainda mais, fazendo isso para
outras linguagens de programação como Java, C++, etc.



Appendix B

Details about the Technology
Readiness Levels Classification

In this appendix, we present the questions chosen as criteria to classify a tool in
a certain TRL that were present in the TRL calculator created by the Brazilian
Ministry of Science, Technology, and Innovation (MCTI)1 and the sheet in which
each Technology Readiness Level was classified.

The questions chosen as criteria were the following:

TRL 1:

• Foi feita a formulação de prinćıpios de base?

• Problema foi identificado para obter os fundamentos do pensamento como
abordagem?

• Antecedentes foram identificados?

• Premissas e hipóteses básicas da tecnologia (projeto) foram determinadas?

• Foram definidas caracteŕısticas básicas?

TRL 2:

• O planejamento do design experimental foi feito (formulação de tópicos de
pesquisa e hipóteses de aplicação)?

• Levantamento de requisitos da tecnologia foi realizado?

• Foi realizado o estudo da viabilidade da tecnologia (do conceito e das apli-
cações)?

• Potencial usuário/consumidor e aplicação da tecnologia foram identificados?

1https://formularios.mctic.gov.br/index.php/117963
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• Existem exemplos de aplicações (restritos a estudos anaĺıticos com dados sim-
ulados/calculados)?

TRL 3:

• A prova de conceito inclui estudos anaĺıticos e experimentos laboratoriais?

• Os requisitos de desempenho da tecnologia estão estabelecidos?

• As evidências ou análise detalhada sobre o conceito e/ou aplicação para apoiar
suposições feitas/realizadas são suficientes?

• A função cŕıtica da tecnologia foram validadas através de modelagem e simu-
lação?

• As caracteŕısticas da tecnologia foram validadas através de modelagem e sim-
ulação?

TRL 4:

• Foram feitos testes em ambiente controlado (laboratório) de cada função e/ou
componente separado?

• Foram iniciados estudos em baixa fidelidade sobre a loǵıstica da tecnologia
(interoperabilidade, confiabilidade, facilidade de manutenção, escalabilidade e
segurança)?

• Desempenho funcional do elemento e de seus componentes foi demonstrado
em ambiente laboratorial?

• Resultados dos experimentos em ambiente controlado (laboratório) mostraram
que os componentes estão operacionais?

• Os dados obtidos foram validados para garantir relevância?

TRL 5:

• O Ambiente relevante foi associado ao componente/tecnologia?

• Foram aferidos efeitos de escala em relação ao modelo/protótipo?

• As funções cŕıticas e interfaces entre componentes do elemento foram identifi-
cadas?

• Os experimentos são desenvolvidos levando-se em conta os problemas reais?

• Modelo/Protótipo da tecnologia está pronto para testes em uma condição mod-
ificada para ambiente relevante com alta precisão e fidelidade?

TRL 6:

• Os resultados dos testes do protótipo/modelo indicam viabilidade de engen-
haria?
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• Nı́vel de qualidade, confiabilidade e segurança foi determinado e é viável?

• Existe Relatório Técnico Final?

• Resultados de produção de P&D foram gerados?

• Problemas de produção foram identificados?

TRL 7:

• Cada elemento foi testado individualmente sob condições de estresse?

• O desempenho foi demonstrado em ambiente operacional?

• Planejamento de produção foi validado?

• Modelo/Protótipo foi demonstrado/testado em ambiente operacional real com
sucesso?

• Os principais problemas de produção foram resolvidos?

TRL 8:

• A documentação da tecnologia foi conclúıda?

• Tecnologia qualificada por meio de teste e avaliação em ambiente/utilização
real?

• Tecnologia pronta para utilização?

• Tecnologia pronta para a produção em série?

• Objetivo da tecnologia alcançado no ambiente operacional real?

TRL 9:

• Tecnologia madura?

• A tecnologia está em operação?

• Tecnologia pronta para comercialização?

• Sistema real totalmente demonstrado?

• Sistema loǵıstico implantado/implementado?



TRL 1 - Ideação 2 - Concepção 3 - Prova de conceito 4 - Otimização 5 - Prototipagem 6 - Escalonamento 7 - Demonstração em ambiente operacional 8 - Produção 9 - Produção continuada Total
S01 TLR 4
S02 TLR 3
S03 TLR 5
S04 TLR 4
S05 TLR 5
S06 TLR 5
S07 TLR 4
S08 TLR 5
S09 TLR 4
S10 TLR 5
S11 TLR 3
S12 TLR 4
S13 TLR 5
S14 TLR 5
S15 TLR 4
S16 TLR 5
S17 TLR 6
S18 TLR 3
S19 TLR 2
S20 TLR 4
S21 TLR 4
S22 TLR 5
S23 TLR 5
S24 TLR 3
S25 TLR 5
S26 TLR 4
S27 TLR 1
S28 TLR 4
S29 TLR 5
S30 TLR 4
S31 TLR 5
S32 TLR 4
S33 TLR 4
S34 TLR 7
S35 TLR 5
S36 TLR 2
S37 TLR 5
S38 TLR 5
S39 TLR 3
S40 TLR 3
S41 TLR 3
S42 TLR 5
S43 TLR 8
S44 TLR 5
S45 TLR 4
S46 TLR 2
S47 TLR 5
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