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ABSTRACT 

 

 

PENSO, Natália Vicente. Recommendations for a unique database of PWD students 
from a data quality perspective. 2023. 102f. Dissertação (Mestrado em Ciências 
Computacionais) – Instituto de Matemática e Estatística, Universidade do Estado do 
Rio de Janeiro, Rio de Janeiro, 2023. 
 

People with Disabilities (PWD) have many difficulties and limitations that 
hinder their daily lives in several ways. Many of the challenges they face negatively 
impact stu- dent performance. Even with the advancement of medicine and the 
inclusion programs for PWD students, there are still a number of actions and projects 
to be created. These actions and projects need to facilitate and help these students 
keep up with regular edu- cation and develop. In this way, a unified database of PWD 
students would allow many analyses and projects to help with their inclusion and 
adaptations. This dissertation pro- poses recommendations that should be 
considered in order to build a unique database to register PWD students. This paper 
proposes using the key dimensions of data quality as a guide to recommend the core 
elements to be considered. 
 
Keywords: Data quality. Data quality dimensions. PWD students. Difficulties faced by 
PWD students. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

RESUMO 

 

 

PENSO, Natália Vicente. Recomendações para uma base de dados única de 
estudantes PCD sob uma perspectiva da qualidade de dados. 2023. 102f. 
Dissertação (Mestrado em Ciências Computacionais) –Instituto de Matemática e 
Estatística, Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2023. 
 

Pessoas com Deficiência (PCD) possuem muitas dificuldades e limitações 
que atrapalham seu dia a dia em muitos aspectos. Muitos dos desafios enfrentados 
acabam impactando negativamente em seu desempenho estudantil. Mesmo com o 
avanço da medicina e dos programas de inclusão de estudantes PCD, ainda existem 
muitas ações e projetos que precisam ser criados para facilitar e auxiliar esses 
estudantes a conseguirem acompanhar o ensino regular e a se desenvolverem. 
Dessa forma, uma base de dados única dos estudantes PCD permitiria muitas 
análises e projetos poderiam ser elaborados especificamente para auxiliar nessa 
inclusão e adaptações que eles precisam. Esta dissertação propõe recomendações 
que devem ser consideradas com vistas à construção de uma base de dados única 
para registar estudantes PCD. Este trabalho propõe a utilização das principais 
dimensões da qualidade dos dados como um guia para recomendar os elementos 
centrais a serem levados em consideração. 
 

Palavras-chave: Qualidade de dados. Dimensões de qualidade de dados. 
Estudantes PCD. Dificuldades enfrentadas por estudantes PCD. 
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INTRODUCTION 

 

 

Persons with Disabilities (PWD), according to Art. 2 of Law No. 13,146/2015 

(Brasil, 2015), are those who have some limitation (physical, sensory, mental or 

intellectual) that obstructs their effective participation in society under equal 

conditions (SILVA, 2022). As medicine has advanced, the ability to diagnose 

diseases and limitations have improved over the years. In addition, the inclusion of 

disabled students in schools has also gained more visibility. Due to these advances, 

it was possible to observe that the number of PWD students had increased almost 

sixfold in the last 23 years, according to the federal government’s School Census 

(PCD, 2023). 

However, it is not enough just to increase the number of vacancies for 

disabled chil- dren in schools. It is also necessary to ensure that the special 

educational needs of them are met to provide true inclusion. According to Terra & 

Gomes (2012), studies show how unprepared teachers feel to meet the demands of 

inclusion. The lack of pedagogical resources, the difficulty of knowing what disability 

the students have, and the pedagog- ical approach that the teachers will use with the 

students in class are just some of the challenges, are examples of such 

unpreparedness (OLIVEIRA, 2022). 

Besides teachers’ unpreparedness, PWD students face many barriers and 

challenges throughout their lives. These barriers and challenges directly affect their 

school perfor- mance. Some of the problems faced by these students are: (i) Difficulty 

in concentrating when filling out long forms or assessments; (ii) Access to digital 

content becomes more challenging, due to the lack of adaptation of technologies; (iii) 

Lack of classes and schools prepared to receive students who need adaptations, 

such as ramps, teacher aides, or trans- lators; (iv) Data filled out on forms by 

students with disabilities tends to be of low quality, since due to their limitations many 

answers may be entered incorrectly or left blank; (v) Need to prove his/her disability 

in different places and situations. 

Due to these barriers and difficulties faced by PWD, some authors make 

recommenda- tions that could facilitate the inclusion of PWD. They also promote 

accessibility so that PWD can have access to all fields of interest, not only in their 



13 

 

student life. For example, Eckstein (2022) has done research focused on the area of 

education in Australia, in par- ticular on the employability of students in the country’s 

universities. His work presents 12 recommendations that should be followed in order 

to contribute to students’ employ- ability. Neurosaber (2021), on the other hand, also 

focused on the area of education, in particular on multi-agent systems to recommend 

accessible learning objects. Some of the works that bring these recommendations 

will be presented in the Chapter 4. 

The absence of a unified database1 of PWD students also becomes a barrier 

to inclusion. The lack of such a centralized and reliable database of these students 

makes it difficult, for example, for teachers to plan their classes. In addition, the 

absence of this database impacts the lack of input into the creation of laws and public 

policies that invest in education for this specific audience. In addition, not having this 

information reliable and centralized makes it impossible to analyze data, and thus 

improvements cannot be proposed. 

After the literature review, it was possible to observe some works intend to 

promote the inclusion of disabled people, especially in student life, such as in Kumar 

et al. (2021), Neurosaber (2021), Eckstein (2022), Tran et al. (2020). However, 

despite many proposals depend on the avaliable data of PWD, to the best of our 

knowledge, no work is concerned to the quality of databases to support addressing 

those issues, and no work was found in the literature that used the main dimensions 

of data quality to assist in this recom- mendation process. Furthermore, no work 

proposed building a unified database to store PWD students’ data. 

Based on the evidence discussed, the research problem addressed in this 

dissertation is: The lack to structured and reliable data reduces the opportunities of 

inclusion of PWD students. This will reduce some of the challenges and limitations 

faced by them in education. This research aims to answer the following question: 

What aspects are relevant for a database to support PWD? 

The goal of this dissertation is to make recommendations that can be 

considered in the construction of a unified database to register the PWD students. 

Thus, this work proposes the use of the main dimensions of data quality as a guide 

                                                 
1
 Unified database is when many fragmented data sources from the same context are merged into a 

single central view. Unified data provides a more complete and accurate picture of data in a given 
context (SIGNAL, 2022). 
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for recommending the core items to be taken into account. It is worth mentioning that 

the major focus of this work are to benefit education. 

This work is organized into seven chapters. Chapter 1 presents the 

background and motivation for the work, and the concepts related to PWD and data 

quality. Chapter 2 presents some data quality concepts, to complement the previous 

chapter, and how they relate to PWD students. Chapter 3 presents the concept of 

data maturity models, in addi- tion to bringing two examples of models. Chapter 4 

provides the related works. Chapter 5 presents the proposal of the present work. 

Chapter 6 discusses the proposal evaluation. Finally, the last chapter presents the 

final remarks, including the contributions, limitations of the proposal and future works. 
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1 BACKGROUND AND MOTIVATION 

 

 

1.1 Person With Disability (PWD) 
 

 

A person with a disability (PWD) is a person with some long-term limitation of 

a physical, mental, intellectual, or sensory nature, which, in contact with other people, 

prevents them from taking part and achieving their full potential in society on an 

equal basis (Brasil, 2015; Assembléia Geral das Nações Unidas, 2006). More than 

one billion people (1 out of 7 people in the world) have some form of disability 

(PICHLER, 2019). The Brazilian Institute of Geography and Statistics (IBGE)’s 

Demographic Census conducted in 2010 shows that 23.9% of the Brazilian 

population – i.e., more than 45 million Brazilians – have some form of disability 

(PICHLER, 2019; Brasil, 2012). 

Due to the significant and growing presence of PWD in society, it becomes 

easier to observe many limitations and difficulties faced by them in their daily lives. A 

person in the Autism Spectrum Disorder (ASD) commented on a professional and 

business identity social network that autistic people have great difficulty filling out 

forms (VIEIRA, 2022). During the process of applying for a job, she reported having a 

negative user experience using the website. The act of submitting the medical report 

proving her condition not only failed, but also ended up erasing all the information 

she had already filled in. Since the application form was not concerned with been 

accessible for everyone, she was not able to run for that position like the other 

candidates. 

While the difficulties reported by this professional cause her to be ranked in a 

lower position in this competition, it also affects the quality of the data generated from 

these registration forms. Since it is difficult to fill data in a form, this directly implies 

that the data that they can capture has poor quality. The tendency is that part of the 

information collected is filled in wrongly. This is because the candidate had to enter 

the same information many times. This repetitive process can cause exhaustion in 

people with ASD, which can lead to wrong or incomplete data. Also, some 
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information may have been left blank due to failure to submit the system or lack of 

attention from the candidate. 

Another major challenge faced in the daily life of a person with a disability is 

the access to digital content. The visually impaired, for example, access websites 

through screen reader software and voice synthesizers, which read the web page 

generating audio referring to the elements that the page contains (SORRENTINO, 

2013). However, many sites have a complex layout and dynamic content, making it 

difficult for a screen reader software to process them. Moreover, because pages are 

dynamically updated, screen readers are unable to identify these updates and cannot 

capture new information. Thus, the experience of consuming information from the 

internet becomes a time-consuming and complex task for the PWD (SORRENTINO, 

2013). 

 

 

1.2 Classification of Diseases and Disorders 
 

 

The International Classification of Diseases (ICD), developed by the World 

Health Organization, is a diagnostic classification standard that defines the universe 

of diseases, disorders, injuries, deaths, and other related health conditions listed 

comprehensively and hierarchically (BIRUK et al., 2021; SANUSI et al., 2022). This 

classification allows for easy storage, retrieval, and analysis of health information for 

evidence-based decision-making, sharing, and comparison of health information 

across hospitals, regions, and countries (BIRUK et al., 2021). It facilitates the 

analysis of the general health situation of different population groups, providing 

information on the main issues that need to be addressed (TANNO et al., 2020). 

About 70% of the world’s health expenditures are allocated using the ICD, 

which is used in more than 100 countries and 43 languages. As a result, changing 

the structure of the ICD could have significant implications for health financing and 

economics (TANNO et al., 2020). 

The principal advantage of this classification is that it has an alphanumeric 

code for all existing diseases around the world. This code can be understood by any 

doctor, i.e., it is considered a universal language in medicine. To reflect advances in 

health and medical science over the years, the ICD codes have been updated 
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several times (SANUSI et al., 2022). With each update, a new version is released 

and the World Health Organization adds more pathologies or changes the 

classification of some that were already on the list. To date, the ICD is in version 11, 

which gives rise to the name ICD-11. 

Another important classification is the Diagnostic and Statistical Manual of 

Mental Disorders (DSM). DSM is a classification system for psychopathology 

developed in the United States by the American Psychiatric Association (APA) (MA, 

2022). In order to standardize the diagnostic terms used in diagnosing mental 

illnesses, this classification system was developed. 

The current mental health system in the United States uses the DSM-5-TR, 

while those in the rest of the world tend to employ a similar classification system, the 

ICD (MA, 2022). Besides being used by professionals in the clinical field, the DSM 

aims to be incorporated into other areas of work, such as legal, educational, and 

organizational (RESENDE et al., 2015). 

Similarly to the ICD, the DSM has been updated several times to include more 

pathologies and make improvements to the classification. So for each update a new 

version was created.  

 

 

1.3 Types of disabilities 
 

 

According to the literature, in addition to the ICD and the DSM, there is a 

classification used to aggregate the different diseases into distinct groups, according 

to their characteristics (DONG; LUCAS, 2016). The first type of disease to be 

considered are Cognitive Disorders. Within this group, the following diseases are 

covered: Learning Disabilities, Attention Deficit Disorder, Attention Deficit 

Hyperactivity Disorder (ADHD), Dyslexia and Dyscalculia. This grouping was done 

because these deficiencies are related (DONG; LUCAS, 2014; DONG; LUCAS, 

2016). 

The other types of disease to be considered are Psychological and Physical, 

as defined by (DONG; LUCAS, 2014; DONG; LUCAS, 2016). In the DSM-5 (CUANI, 

2021; (APA), 2014), there are more than 300 Mental Disorders cataloged. Among the 



18 

 

many desability included in the group of psychological diseases, we highlight the 

most common in the literature: 

 Anxiety disorders (ALVES, 2021; GANGEMI et al., 2019) 

 Obsessive-compulsive disorders (GANGEMI et al., 2019) 

 Depression (SCHEMITSCH; NAUTH, 2020; ARALDI-FAVASSA et al., 

2005; ALVES, 2021) 

 Schizophrenia (ALVES, 2021) 

 Insanity (DUARTE, 2022) 

 Bipolar disorder (GATTE, 2021) 

 

The physical disease type is characterized by changes to one or more 

segments of the body that impair mobility, coordination, and speech, to varying 

degrees (Governo do Estado do Parana, 2022). According to Governo do Estado do 

Parana (2022), the most common physical disease are: 

 Paraplegia: total loss of motor functions. 

 Monoplegia: partial loss of motor functions in a single limb. 

 Tetraplegia: total loss of upper and lower limb motor functions. 

 Hemiplegia: total loss of motor functions in one hemisphere of the body 

(right or left). 

 Dwarfism: is a genetic disease that causes abnormal skeletal growth, 

resulting in an individual whose height is much smaller than the 

average height of the entire population. 

 Cerebral palsy: refers to a brain injury that usually occurs when the 

baby’s brain lacks oxygen during pregnancy, childbirth or up to two 

years after birth. 

 

The classification of types of disabilities will be of great importance for 

ensuring the Conformity dimension of data quality, which will be discussed in the 

subsection 5.7.  

 

 

1.4 Health data 
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Along with the international classifications of diseases (ICD and DSM) and the 

types of diseases presented in the subsections 1.2 and 1.3, there is a significant 

health-related concept: the Brazilian National Health Data Network (RNDS2). 

RNDS is a Brazilian health interoperability platform created in 2020 by the 

SUS Informatics Department (DATASUS) (FANTONELLI et al., 2021). It aims to 

promote the exchange of information between the points of the healthcare network. 

This may allow care transition and continuity in the public and private sectors 

(BRASIL, 2020). Over the years, the RNDS has been constituted as a highly 

available, secure, and flexible information platform, in order to promote the ethical 

use of health data (BRASIL, 2020). 

The main benefits of this platform are: (I) Improved care, with access to health 

information, greater transparency, care records and better provision of health 

services; (II) Efficiency in the management of public resources with the organization 

of information, action planning, increased monitoring against fraud, and the mapping 

of needs; (III) Innovation in health, with the use of telehealth, artificial intelligence, 

and appreciation of data quality (BRASIL, 2020). 

The RNDS should not be understood as an information system, but as a 

platform to connect any information system. This includes pharmacies, laboratories, 

research and development centers, among others. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
2
 Abbreviation of the Brazilian Portuguese “Rede Nacional de Dados em Saúde” 
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2 DATA QUALITY 

  

 

2.1 Data Quality Concepts 
 

 

Nowadays, with the great advance of technology, there has been an increase 

in the production and use of information (WU et al., 2018; ZHANG, 2018). The 

popularization of social networks and e-commerce websites, among others, 

contributed largely in the exponential growth of the complexity and amount of data 

exchanged between people and autonomous devices around the world. The need to 

manage this large volume of data led to the creation of novel solutions, giving rise to 

the concept of Big Data. Such a term describes the large volume of decentralized 

and heterogeneous data that are generated over time (BERMAN, 2013). 

Similarly to the circumstances resulting from the Eightieth-Century Industrial 

Revolution, with this enormous increase in volume, the control and treatment of data 

are becoming more challenging each day, profoundly affecting the quality of the data. 

Data quality can be defined according to different perspectives. According to 

Wang & Strong (1996), Pipino et al. (2002), it consists of a collection of (non-

functional) quality attributes that reflect a unique perspective of data. Sidi et al. 

(2012), on the other hand, defines data quality as the adaptation of data to meet the 

user’s needs. Data quality is subjective, i.e., it depends on the use case and the 

domain area to which it belongs (BYABAZAIRE et al., 2020). 

In the past, the data consumers were the users who generated them, who 

were in charge of preserving the quality of such data. However, with the arrival of the 

Big Data era and the wide variety of different data sources, this scenario has 

changed: data consumers were not necessarily the data producers, leading to a 

difficulty of measuring data quality (CAI; ZHU, 2015). Such difficulty becomes even 

greater considering that data quality is a multidimensional concept, i.e., one that must 

be analyzed under a holistic perspective, so as to enable its promotion and 

assessment in terms of established models and standards, regardless of the 

business rules of a particular area or domain. This multidimensional concept is 
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difficult to evaluate, since it is hard to identify which attributes are tied to the user’s 

context (BYABAZAIRE et al., 2020). 

There are many advantages and disadvantages related to data quality in real 

life. It is easy to observe some disadvantages of poor data quality in practical life 

(SCANNAPIECA; BATINI, 2006). For example, the incorrect delivery of 

correspondence is often linked to the poor quality of postal services, but when 

analyzed more deeply, the causes may be related to databases that have the wrong, 

or even incomplete, registered address. 

Another example is poor-quality aerial data. When a plane is going to land on 

the runway, the pilot needs to know the exact moment that it will be authorized to not 

compromise other planes that may need the landing strip. In this way, this real-time 

aerial data is crucial to avoiding a plane crash, for example. 

On the other hand, quality data can serve as input, for example, for the 

construction of draft laws. This will help the population in relation to aspects that are 

most needed. It also serves as input for data analysis to understand behavior and 

needs in each region of the country. 

 

 

2.1.1 Data Quality in Organizations 
 

  

Historical evidence shows that the poor quality of data has strong negative 

impacts on an organization. According to Redman (1998), incorrect data costs 8% to 

12% of a company’s total revenue, also degrading analysis processes and any 

strategic decision. For service organizations, 40% to 60% of an expense can also be 

caused by poor data (REDMAN, 1998). In 2004, this rate of company’s total revenue 

increased to 20%, making the importance of data quality more evident (REDMAN, 

2004). 

Moreover, research by industry experts – including the Gartner Group, Price 

Waterhouse Coopers and The Data Warehousing Institute – also indicate the effects 

of poor data quality (MARSH, 2005). Some facts include (MARSH, 2005): (i) 75% of 

the organizations have identified costs stemming from dirty data”; (ii) “33% of 

organizations have delayed or canceled new IT systems because of poor data”; (iii) 
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“Less than 50% of companies claim to be confident in the quality of their data” – this 

value decreases to 15% when it comes to external data supplied to them”. 

According to Chen et al. (2012), poor quality of data not only leads to wasted 

resources and high costs, but it can also decrease service efficiency. For example, in 

the context of a sales website, if the platform becomes unavailable for a few days, 

the data team will not be able to collect and analyze user interaction events. This can 

become a serious problem of service efficiency. 

In addition to all the financial costs for the company, the quality of the services 

offered can be compromised. For example, if an online store selling football shirts 

has a problem updating the number of shirts available, the store may be selling more 

shirts than it could. This can lead to great dissatisfaction for the customer, and even 

a more serious legal problem. 

In contrast, high data quality allows to achieve several benefits, for example, 

to deliver information in an agile way and proving to be a reliable organization for its 

customers. Correct and well-used data bring competitive advantages. An 

organization’s decision-making is based on information from data analysis, which 

provides inputs for building reliable processes (SIDI et al., 2012). Thus, quality data 

implies more reliable processes.  

As stated by Redman (2001), organizations with the best data “can approach 

customers, respond more quickly (and flexibly), keep costs low, perform better, as 

well as make decisions faster and more confident”. However, to reach this goal, it is 

necessary to identify the causes of problems in advance, to address them right away. 

 

 

2.1.2 Data Quality and Legal Concerns 
 

  

Some non-functional attributes, handled as dimensions, are applied to better 

express the notion of data quality, such as integrity, completeness, consistency, 

precision, privacy, and security. These two latter aspects have been intensely 

discussed, since an increasing amount of personal and confidential data are 

consumed, stored, and handled by organizations, giving rise to initiatives such as the 
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European Union’s General Data Protection Regulation (GDPR)3 (European 

Parliament and Council of the European Union, 2016) and, shortly afterwards, the 

Brazilian General Data Protection Law – GDPL4 (BRASIL, 2019), first established in 

2018. 

This law provides for a change in the way that organizations’ operations are 

carried out, there are clear rules for the collection, storage, processing, and sharing 

of personal data (PERRONE; STRASSBURGE, 2018). Also, the customer has 

greater control over the use of his/her data, being able to ask the organization the 

access to information related to him/her, and to have the right to request the removal 

of such information. 

Due to these region-specific regulations, organizations worldwide, such as 

Google, are updating their data protection terms of services to fit the new Brazilian 

data protection rules (GOOGLE, 2020), reinforcing the importance of handling quality 

aspects of the data and how they are increasingly present in people’s everyday lives. 

 

 

2.2 Data Quality and the Difficulties faced by Person With Disability 
 

 

Information collected from different sources is becoming increasingly relevant 

to making certain decisions and used as a guide in some situations. Thus, having 

quality data is a very critical premise these days. It is possible to observe a 

relationship between data quality and the difficulties of PWD people. 

As discussed in subsection 1.1, one of the challenges faced by PWD people is 

access to digital content, e.g., the visually impaired people who need to use screen 

reader software to access the content. Comparing the quality of data, this difficulty in 

accessing information through websites can also result in generating low-quality 

data. When a user needs to send information through a website for later processing 

and usage, these data can be wrong or filled in an unexpected way. Occasionally, a 

web page may have been dynamically updated by the system when it expected to 

receive other specific information. However, the software that does the translation for 

                                                 
3
 In Portuguese: Regulamento Geral de Proteção de Dados da União Europeia – RGPD 

4
 English translation for Lei Geral de Proteção de Dados – LGPD 
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PWD people does not update and does not notify the user about this change, so the 

user sends wrong information. This impairs the capture and quality of this data. 

Valle (2012) analyzes the difficulties from the perspective of students with 

Attention Deficit Hyperactivity Disorder (ADHD). According to him, the school ends up 

excluding and harming students with ADHD because the professionals and teachers 

in general are not prepared. They often do not modify classroom teaching methods to 

meet the needs of these students. Tests that are too long and time-consuming can 

harm the student with ADHD, as she/he is unable to focus and perform the tests, 

requiring targeted support for this activity. In addition, the school environment needs 

well-defined rules and routines, as students with this disability are unable to 

understand priorities, needing to be structured, so as not to depend on memory to 

remember their routines on a daily basis, which would be a challenge for them. 

When students have difficulty staying focused for a long time, performing 

extensive tests or performing other activities requiring a lot of concentration, this 

negatively impacts their school performance (MAIA; CONFORTIN, 2015). As a result, 

the quality of the data generated by this student is also impacted. Whether she(he) is 

answering a test or filling out a form, students with ADHD tend to struggle to 

concentrate in these situations for a long time and end up answering incorrectly, 

changing the expected answers or information, and even leaving some information 

blank. 

According to Abreu (2012),  reading and writing are skills considered 

fundamental in our society. From the perspective of people with dyslexia, for 

instance, these skills become complex. This condition often leads to considerable 

struggling in the production and consumption of written information. 

It is difficult to keep up with the dynamism of information generation. 

Additionally, there is a problem with how data is made available, as well as with its 

quality. Information must be generated and made available in an easy-to-use and 

understandable format. If the information is incorrect, incomplete, duplicated, or out 

of date, it is of no use, since it is poor quality information. 

 

 

2.3 Data Quality in Education 
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The Brazilian National High School Exam (ENEM)5 was created in 1998 to 

evaluate students’ performance after completing basic education (SILVEIRA et al., 

2015). After a while, many Higher Education Institutions6 began to use it as a 

selection tool for students to get into universities (JUNQUEIRA et al., 2017). In 2009, 

ENEM took on another dimension with the implementation of the Unified Selection 

System7 (VIGGIANO; MATTOS, 2019). There was a reformulation in the structure of 

its test, in addition to initiating a greater inclusion of people with disabilities, thanks to 

the public policy of specialized care (DUARTE, 2020). Many works in the literature 

present different perspectives when analyzing the ENEM database. 

The ENEM database is an open database and available at the official website 

for consultation. Among the information available in this database are: the year of the 

test; information related to the student’s region of residence such as state and 

municipality; place of birth; marital status; race; type of school he studied (public or 

private); if he has any disability; what disability he has fits (blindness, low vision, 

deafness, physical disability, mental disability, autism, ...); if you need any 

specialized assistance to carry out the exam (special chair, left-handed chair, 

furniture for the obese, braille, special room, specific material,...); and grades by 

subject. 

An important study proposed in Duarte (2020) aims to analyze the 

performance of students with disabilities and evaluate the effect of the public policy of 

specialized care on their performance, in ENEM 2019. The relevance of this research 

is to understand the performance characteristics of students with and without 

disabilities in a basic education assessment exam, obtaining subsidies to propose 

new public policies that help to improve the educational performance of students with 

disabilities and, at the same time, greater social inclusion. In addition, the work 

intends to to assess the impact of the public policy of specialized care on the 

performance of students with disabilities, making it clear whether there has been an 

improvement in performance, or if this public policy could undergo some changes to 

contribute more efficiently in this scenario. 

The study made by (DUARTE, 2020), proved that students with disabilities, 

who received a public policy of specialized care, had better average grades than the 

                                                 
5
 ENEM is the acronym of the definition in Portuguese: Exame Nacional do Ensino Médio. 

6
 In Portuguese: Instituições de Ensino Superior – IESs. 

7
 English translation for Sistema de Seleção Unificada – Sisu. 
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average grades of students without disabilities who did not receive this public policy. 

So, the need for education is reinforced, both to increase the inclusion of people with 

education, and to increase investment in education, as in other public policy. 

Several other works use the ENEM database for various analyses, not only for 

students with disabilities, but for all students in general to understand factors such as 

parents’ education, family income is more than two minimum wages, and if the 

student has access to a computer at home, they directly influence their performance. 

In Viggiano & Mattos (2019), the main focus of the analysis is to understand 

the performance of students in ENEM in different Brazilian regions. This research 

showed that, with the exception of Writing, all areas of knowledge had a considerably 

higher performance in the South and Southeast regions, compared to the North and 

Northeast. Therefore, the region influences the performance in the ENEM. Based on 

that, the study indicates that despite the implementation of diagnostic evaluations by 

the government, the creation of ENEM has brought limited results, showing the need 

to expand policies to improve Brazilian education, both in public and private schools 

(VIGGIANO; MATTOS, 2019). 

In Noguera et al. (2020), the ENEM database is used to understand the 

performance of women in the ENEM, considering the areas of knowledge of this 

exam related to the exact sciences. Its main objective is to assist educational 

decision-making in proposing specific actions in the field of education, with a focus 

on gender balance in the exact sciences. Based on the analyzes carried out, it is 

possible to notice that the performance difference between female and male 

participants is not so great when compared to the imbalance of these sexes in the 

courses in the area of exact sciences and in the professionals who work in these 

areas. So, the study raises the need for the possible creation of projects or even 

public policies to assist in this gender equality. 

Based on those examples, it is possible to perceive that there are different 

possibilities of analysis in the ENEM database. Decision making, creation or 

maintenance of public policies and even the creation of bills can be made based on 

these data. So, as these data is of great importance for various actions to improve 

education, it is necessary to guarantee its quality, i.e., data should be reliable so that 

no decision is taken in the wrong way. However, some studies also shown that 

ENEM database has not the expected quality. 
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Studies such as Alcantara et al. (2015) show that in Brazil, there are problems 

in relation to educational data due to the lack of completeness, quality of information 

and inadequate data formats for reuse. These problems create barriers to the 

development of new solutions and even government initiatives. Bandeira et al. (2015) 

state that the great problem of the quality of educational data makes the consumption 

of this data to be done through a lot of effort and cost. 

After the literature review, it is possible to note the importance of having a 

unique database of PWD students. Many studies in the literature used ENEM data 

for analyses. But what about students who have not taken ENEM? What about 

children who are not yet old enough to participate in this selection process? It is 

critical that data analyses are conducted early in the lives of PWD students. This 

should not restricted only to the socio-economic information provided by ENEM. 

PWD students face challenges and limitations at an early age. 
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3 DATA-ORIENTED MATURITY MODELS 

  

 

As seen in previous chapters, data quality is a very critical and embracing 

area. As a result, data quality models were created to assist in its management. In 

the following sections, two main data quality models are discussed: the Data 

Management Capability Model and the Data Management Maturity Model. 

Additionally, the main dimensions of data quality will be presented. At the end, the 

relationship between PWD challenges and data quality are explored. 

 

 

3.1 Data Management Capability Model (DCAM) 

 

 

The Data Management Capability Model (DCAM) was developed by the 

Enterprise Data Management Council in 2014. DCAM is a data management 

capability model that combines the best practices related to the management of data 

content. Also, this model determines the scope needed to establish, enable, and 

maintain mature data management (COUNCIL, 2014). 

Since data are generated in different places and at all times within an 

organization, there is a need for strong data management. Given this, the DCAM 

model assists in the identification of a data control structure and defines what 

resources are made available so that data management becomes a critical part of an 

organization’s day-to-day operations. The DCAM is organized into eight core 

components: Data Management Strategy, Data Management Business Case and 

Funding Model, Data Management Program, Data Governance, Data Architecture, 

Technology Architecture, Data Quality and Data Operations (COUNCIL, 2014). 

The Data Management Strategy addresses for an effective data strategy, its 

importance in the organization, and how an organization needs to self prepare to be 

able to implement it. The Data Management Business Case and Funding Model 

broach the creation of the business case and reinforce the importance of involving 

key stakeholders for approval. The Data Management Program addresses which are 

essential for a data management program to be sustainable. Data Governance is 
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responsible for determining an operational model to be followed and emphasizing the 

importance of the procedures and policies that must be used to achieve alignment 

between the selected parties (COUNCIL, 2014). 

Data Architecture is concerned with how data will be defined and related. The 

Technology Architecture is responsible for the link between the data and the physical 

IT infrastructure needed to support it. Data quality is related to the idea of the data 

being adequate to the standards they were related to, and to the data control and 

manage- ment processes. Data operations are related to the data life cycle, i.e., they 

assist in the definition of data life cycle processes, in addition to assisting in the 

integration of data management with the organization’s day-to-day activities 

(COUNCIL, 2014). 

This model requires a controlled environment to be created in order to assist in 

data management. To create this environment, the organization’s executives, 

together with the data owners and Corporate Audit, establish policies and standards 

that must be respected. 

 

 

3.1.1 Data Quality Program 
 

  

The Data Quality Program is one of the eight main components of DCAM. This 

program is responsible for defining the goals and action plans that ensure that the 

data is of sufficient quality to assist in the organization’s strategic objectives, i.e., 

create a data quality strategy. And it is through this program that DCAM creates a 

shared culture of data quality that will allow the integration of all areas of the 

organization with the data quality strategy. 

The crucial aspect of the program that must be emphasized is that it is not a 

process in itself, but it is the union of all the processes in the data availability chain 

that is responsible for quality assurance, and for ensuring that the data will meet as 

needed by customers. 

Besides, this program is developed in line with business objectives and 

measured based on the data quality dimensions that were previously defined 

(COUNCIL, 2014). The prioritization and identification of these main dimensions of 

data quality are a very important pre-requisites for good data quality management. 
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There are many dimensions of data quality that can be analyzed, but in DCAM the 

most emphasized dimensions are completeness, coverage, conformity, consistency, 

accuracy, duplication, and timeliness. 

This program also proposes that a profile of the current state of data quality be 

created regularly. The central idea is to assess what the data standards are, to check 

if there are anomalies and similarities between the new data and those that were 

already stored in the database (COUNCIL, 2014). With this, it is possible to analyze 

whether the new data are in line with the business requirements and the data quality 

requirements that have been established. Thus, based on this analysis, 

improvements and adjustments can be suggested so that the new data undergoes a 

cleaning process that will leave them as expected. 

This data quality program identifies the data elements that are most required 

by the organization, helping to prioritize and guarantee their quality. Besides, the 

data quality process must be documented, operated and validated frequently, 

through quality data management, and monitored by an audit process (COUNCIL, 

2014). 

 

 

3.2 Data Management Maturity Model (DMM Model) 

 

 

The Data Management Maturity Model (DMM Model) was inspired on the 

Capability Maturity Model Integration (CMMI) of the CMMI Institute, in 2014. The 

DMM Model gathers the best practices to establish, construct, monitore and optimize 

data management across the data life cycle (CMMI Institute, 2014). Besides, this 

model also offers an extensive framework to assist in data quality management. 

This model can be applied to any organization and any data management 

objective. DMM is divided into six categories: Strategy, Governance, Data Quality, 

Operations, Platform and Architecture, and a Supporting Process. And this 

categories are divided into 25 process areas: 20 data management process areas 

and 5 supporting process areas.  

Another very interesting aspect of this model is that it is a flexible model, 

allowing the specific need of each organization to be met with it. This model flexibility 

exists because it is possible to implement any combination of process areas or 
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categories, i.e., it is possible to evaluate capacity or maturity in a single process area, 

a set of process areas, a category, a set of categories or the entire model (CMMI 

Institute, 2014). 

 DMM divides the maturity capacity of data quality into 5 cumulative levels 

(CMMI Institute, 2014). At Level 1 (Performed), data quality practices are done in a 

restricted way, often by an area or person, and in general without much control. In 

Level 2 (Managed), practices have already started to be carried out with a certain 

level of management, with processes to be followed. Going up to Level 3 (Defined), 

the practices are standardized and well-defined through a prescriptive process, 

presenting greater control of management and governance. At Level 4 (Measured), 

the organization uses quantitative techniques to measure its processes and manage 

its practices. When the last Level (Optimized) is reached, the organization is able to 

focus on performing only the optimization of its practices, in a continuous 

improvement. 

Capacity and maturity assessment is done differently. For a process area to 

be rated at Capacity Level 4, for example, it must perform all practices provided for 

Levels 1, 2, 3 and 4, mandatorily. As for the maturity assessment, it requires that all 

process areas that are being measured in a given category be performed at the 

function’s capacity level and also at the same level in infrastructure support practices. 

That is, for a process area to be rated at Maturity Level 4 in a specific category, all 

appropriate practices must be performed for Levels 1, 2, 3 and 4, and all 

infrastructure support practices must also be implemented performed at Levels 1, 2, 

3 and 4 (CMMI Institute, 2014). 

 

 

3.2.1 Data Quality in the Context of DMM 
 

  

Data Quality is one of the six main categories of DMM, and is responsible for 

the set of best practices for detecting, evaluating and cleaning data to ensure that the 

data meets quality requirements and business requirements. This category is divided 

into four process areas: Data Quality Strategy, Data Profiling, Data Cleansing and 

Data Quality Assessment. 
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The Data Quality Strategy is the process area responsible for defining goals, 

plans and objectives to improve data quality. Also, it is responsible for decreasing the 

amount of information that is redundant, obsolete and trivial in the data (CMMI 

Institute, 2014). 

According to the DMM model, a good data quality strategy is one that is based 

on the main existing quality problems and is aligned with the strategic objectives of 

the business. Besides, it is very important that the entire organization is aligned with 

the data quality strategy, often requiring a cultural change in the organization (CMMI 

Institute, 2014). 

In developing the data quality strategy, it is very important that the main 

dimensions of data quality are prioritized and identified, just like in the DCAM model. 

In the DMM model, the main dimensions of data quality that are emphasized are: 

Accuracy, Completeness, Coverage, Conformity, Consistency, Duplication, Integrity, 

and Timeliness.  

The Data Profiling is often done just like in the DCAM model. In this process 

area, the new data are analyzed and compared to the data already existing in the 

databases or compared to the metadata and documentation of how the data is 

expected, so that any anomaly or difference can be detected and treated. 

The Data Cleansing is the process area responsible for correcting data that is 

out- side of standards or that does not comply with data quality requirements and 

business requirements. For this, the dimensions of quality that were previously 

defined and the business rules assist in this task. 

The Data Quality Assessment is responsible for assessing data quality based 

on pre-defined quality rules and concerning business requirements. The assessment 

begins to be carried out by the most critical and important data of the organization, 

such as financial data. Besides, goals, limits, and metrics are established to facilitate 

the evaluation and dissemination of the results obtained. 

 

 

3.3 Dimensions of Data Quality Models 
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The term dimension has different meanings depending on the context that is 

used. In this work, dimension is the set of characteristics or objectives that are used 

to assist in the assessment of data quality. 

Table 1 presents how the DCAM (COUNCIL, 2014) and the DMM Model 

(CMMI Institute, 2014) define the dimensions of Data Quality. 

  

Table 1 -  Dimensions of Data Quality Models 

Dimension Definition 

Accuracy Helps to measure whether the analyzed data matches or 

are close to the actual phenomena they represent. 

Completeness Concerns the availability of the needed data attributes. 

Coverage Addresses the scope of the necessary data records. 

Conformity Ensures that the data meets the required standards. 

Consistency Refers to the compliance with the required standards 

and rules. 

Duplication Relates to the redundancy of records or attributes. 

Timeliness Assesses whether certain data is available when 

neces- sary. 

Integrity (only in DMM) Checks the accuracy based on the data relationships. 

Source: The author, 2023. 

 

 Table 2 presents the definitions of data quality dimensions used 

throughout this work. 

  

Table 2 -  Definition of the Dimensions of Data Quality in the literature 

Dimension Definition 

Accuracy Verifies that the modeled data is in line with the real world, i.e. it verifies 
that the information is accurate enough and close enough to reality (EP- 
PLER, 2009; JAYAWARDENE et al., 2015; SMARTBRIDGE, 2020). 
Degree to which the real-life situation is different from its representation 
(NICHOLSON et al., 2021). 
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Completeness Indicates the degree to which values are present in a data collection (SIDI 

et al., 2012; BATINI et al., 2009; REDMAN; GODFREY, 1997). 

Mainly related to the existence of empty values (SERHANI et al., 2016). 

Coverage Indicates which real-world entities the data represent (FILL et al., 2022). 
A measure of data availability and comprehensiveness compared to the 
total data universe or population of interest (SIDI et al., 2012). 

Conformity Determines how well data conforms to a specified format (JAYAWAR- 
DENE et al., 2015; RANJIT; KAWALJEET, 2010). 
Checks that the data is following the set of standard data definitions such 

as data type, size, and format (SMARTBRIDGE, 2020). 

Consistency The data in all systems should reflect the same information, synchronized 

with each other across the enterprise (SMARTBRIDGE, 2020). 

Checks that the data is presented in the same format and 
compatible with the previous data (SIDI et al., 2012; WANG; 
STRONG, 1996). 

Duplication Provides a measure of unwanted duplication for a particular field, record, 
or data set (SIDI et al., 2012; MCGILVRAY, 2008). 

Timeliness Refers whether the information is available when it is expected and 

needed. (SMARTBRIDGE, 2020). 

Refers only to the delay between a change of a real world state and 
the resulting modification of the information system state (SIDI et al., 
2012; SCANNAPIECA; BATINI, 2006). 

Integrity Indicates the ability to link related records with each other, i.e., it is 

responsible for verifying the link between the data (RANJIT; KAWAL- 

JEET, 2010). 

Source: The author, 2023. 

 

 

3.4 Limitations and challenges of PWD people related the dimensions of data quality 

 

 

The previous subsections discussed the importance of data quality models 

and data quality dimensions for ensuring and managing data quality in general. The 

purpose of this subsection is to examine how the challenges and limitations of PWD 

relate to the dimensions of data quality discussed in the chapter. 

People with disabilities have some limitations and challenges in their daily 

lives that require special attention, as discussed in sections 1.1 and 2.2. For 
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example, one of these difficulties was related to people with autism who have 

difficulties in filling out forms, and with the lack of accessibility that is often found in 

this activity, they end up not being able to participate in certain activities that require 

this filling. Considering this difficulty, and that the data quality dimension of 

Consistency has the role of ensuring that the data in all systems reflect the same 

information and are synchronized with each other everywhere they are stored 

(SMARTBRIDGE, 2020), this dimension should be considered to alleviate this 

problem. 

From the perspective of education and how to facilitate filling in forms, it would 

be interesting if the student had a single record of his data and illnesses. Thus, much 

of the information that needs to be filled out about their disabilities would already be 

registered and would be automatically identified when the student entered unique 

personal data, such as the SSN (Social Security Number)8. Therefore, the amount of 

information that the person would need to fill in would be reduced, easing the effort to 

complete this filling.  

If a student has a permanent illness that was diagnosed in high school, for 

example, that information should be associated with her-him when he enters college. 

So all educational platforms should have consistency between them, and if the 

student needed to update one of them, they should all update automatically. If a 

student needs to transfer from one college to another, that important information 

about her-his illness should al- ready be one of the first to be taken into account, as it 

is often necessary to adapt the physical space of the university to give that student 

accessibility. Or suddenly include experienced professionals to help them in the 

classroom. 

Another proactive issue that the Consistency dimension could contribute is to 

facilitate the analysis of data from PWD students, because if all the necessary 

information had in one place and with quality, many actions, bills, and other initiatives 

could be taken to help improve accessibility and follow up on these actions. In 

addition, if the databases of the educational institutions do not speak to each other, 

i.e., they do not have a relationship between them, the data are dispersed and the 

student would have to remember and provide all the documentation again to prove 

certain characteristics and conditions, and this is unnecessary bureaucracy as this 

                                                 
8
 English translation for Individual registration – CPF 
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has already been proven once. So if this process were somehow unified, consistency 

would be guaranteed and would already help people with disabilities a lot. 

In addition, if a PWD student is supposed to participate in an academic event, 

the place where the event would be hosted could already proactively analyze the 

database of students enrolled in the event and provide the necessary items for 

accessibility, instead of always asking in the questionnaire if that student would need 

some help. This would help make accessibility more transparent. Furthermore, 

students often do not feel comfortable talking about their illnesses in certain ways, 

even to avoid prejudice. 

Considering also this problem of the difficulty of filling in forms, and adding to 

other problems presented in the sections 1.1 and 2.2, both in relation to the difficulty 

that students with Autism Spectrum Disorder (ASD) have in taking long tests, and the 

barriers faced by students with dyslexia in competences simple as reading and 

writing, the data quality dimension Completeness, responsible for verifying the 

availability of the necessary data attributes (CMMI Institute, 2014), should be 

considered to alleviate this problem. 

Students with ASD in addition to having a lack of attention due to their illness, 

they avoid activities that demand a great mental effort. So, when filling out a 

registration form or taking a test, in addition to filling in wrong data due to lack of 

attention and concentration, they can leave incomplete information because they 

can’t stay long in the same activity. Then, relating the data quality dimension 

Completeness with the data quality dimension Integrity, if there was a single record 

about the student, as seen above, he would have less information to fill in the form, 

reducing the problem of completeness. 

Students with Dyslexia have difficulty understanding the written text, and 

depending on how an application form is prepared or the test questions, these 

students could often leave information blank because they do not understand what 

should be filled out in each case. In addition, students with dyscalculia do not 

understand the meaning of numbers, so if enrollment forms, tests or any other way of 

capturing data have questions involving numbers (examples: number of people who 

live with them, average family income, number of household items,...), they will have 

difficulty and possibly leave information unfilled. 

In this way, the Completeness data quality dimension could help to guarantee 

that the data is filled, in addition to guaranteeing their validation. For example, in 
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competitive exam answer cards, a way to ensure that a given question answer left 

blank, student wanted to leave it blank, was not forgotten. Another issue that can be 

analyzed is about students who have some visual impairment that hinders the 

marking of answers in the "small squares" model, as is done in most contests. This 

marking should be made in a more accessible way so that the student does not 

necessarily have to involve another person in this process, as the idea is to try to 

make the person as independent as possible so that they also develop autonomy 

and confidence. 

Regarding the format of the tests is to consider the issue of time spent, the 

number of questions that must be performed for each day of application of the test, 

and if there is any way to provide an environment in case the person feels any 

discomfort during the completion, and that she can have the support she needs so 

she can resume. People often tend to say that people with disabilities cannot afford 

to go to a certain education because they are limited by their illness, but in fact, what 

needs to be done is to adapt current education systems so that they can be 

accessible to all. 

Returning to the idea of having a single record about the personal data and 

illnesses of each student, the Timeliness data quality dimension, that verifies that 

data be available when needed, could also be considered to help with this issue. 

Data referring to PWD students can be temporary or permanent. Temporal would be 

cases in which the person’s limitation was for a determined time, for example, if he 

had an accident and is temporarily using a wheelchair. Permanent refers to diseases 

or conditions that have no cure, such as Multiple Sclerosis, which is a disease that 

still has no cure, just treatment. Thus, the automatic updating of information in an 

integrated manner also contributes to these aspects. 

The Duplication data quality dimension, which checks whether attributes or 

records are in redundancy, could also contribute to some of the problems faced by 

PWD people, as seen in sections 1.1 and 2.2. This dimension can include the issue 

of versioned data, i.e, if a student with a cognitive issue forgets that he has already 

submitted a certain form, he may end up submitting the form again and even with 

divergent information and generating duplicate or inconsistent data. In addition, if a 

student had not yet been diagnosed with a disease at the time of filling out the 

application form, but was diagnosed after that, there should be a way to update this 

information without duplicating such data. 
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Furthermore, the Coverage data quality dimension, related to the availability 

and comprehensiveness of data compared to the total universe of data or population 

of interest (SIDI et al., 2012), could also contribute to some of these problems faced 

by people with disabilities. It is important that education-related public tender forms 

are able to cover all applicants, including PWD students. Since entries in public 

tenders often do not consider accessibility for people with disabilities, either through 

forms that are difficult to interpret, or even websites without accessibility for some 

disabilities, coverage of the entire population is compromised. It might cause 

segregation and even discrimination of a part of the population. 

Another dimension of data quality that can also be considered to help alleviate 

some of the problems that people with disabilities experience is Conformity. As this 

dimension is responsible for ensuring that the data meets the required standards 

(CMMI Institute, 2014), i.e., it determines to what extent the data conforms to a 

specified format (JAYAWARDENE et al., 2015), it could contribute with regard to the 

difficulties in processing information. Students with cognitive difficulties, such as 

ASD, dyslexia and dyscalculia, when they need to fill out forms with open fields that 

need to follow a certain pattern, may not be able to follow certain patterns and end up 

filling in the data without conformity as they should, impairing the quality of the data 

to be processed and analyzed. 

Moreover, using open fields in forms for people with cognitive difficulties may 

not be the best option to capture this information. For example, there are many 

websites that have a checker for the zip code field to see if the person has filled in 

the value as expected. 

However, it would be more interesting and make filling in this information more 

accessible if for each digit of the zip code there was a box or a separate marking to 

make it clear where each digit should be filled. This would minimize forgetfulness or 

confusion in filling in such numbers. In this way, making it more explicit what and how 

each field should be filled in could help people with disabilities and even facilitate 

such filling. 

Another example that this concept fits is about answers to test questions. If the 

question has more than one answer linked to it, and the field for the answer is open, 

perhaps people with disabilities may be confused, because they may not remember 

that they had to answer each item in the question, and end up being harmed in the 

test. 
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The Accuracy data quality dimension verifies that the modeled data is 

following the real world, i.e., it demonstrates that the information is accurate enough 

and close enough to reality (EPPLER, 2009; JAYAWARDENE et al., 2015). Thus, 

making the connection with the problems listed in sections 1.1 and 2.2, the accuracy 

could contribute in some ways, one of which is about the filling of data by third 

parties. Some people have disabilities or limitations that prevent them from filling out 

forms or any type of application by themselves. But would these data filled in by third 

parties have the same quality if they could be filled in directly by students? Often third 

parties end up making mistakes or not fully understanding the real needs of the 

student and may miss some critical information. Thus, this data must be validated in 

some way, for example, by contacting the person who has the disability. 

Accuracy could also help in validating with a reliable source that a particular 

person has a particular disability. Any type of registration that the person has to make 

for some evaluation, to manifest that she is a person with a disability, she has to 

prove that she is a person with a disability. Thus, there should be some mechanism 

that allows the automatic verification of this information. With accurate data 

guaranteed, an API could be created to integrate with any education-related online 

application. Thus, the person would only need to put a code or a validation QR code 

of some document that proves their disability and this information would be validated 

to a reliable database, ensuring proof of such disability. So, this facilitates the 

registration process, facilitates the guarantee that the person has a disability, and the 

process would be less bureaucratic and less limiting. 

Considering all these evidences of the need to improve the situation of people 

with disabilities, this dissertation proposes recommendations for the creation of a 

unified database designed for students with disabilities. 
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4 RELATED WORK 

  

 

 The following subsections describe the works related to this dissertation. 

These works make recommendations to improve the lives of people with disabilities, 

as does the present proposal. Some authors, such as Kumar et al. (2021), 

Neurosaber (2021), Eckstein (2022), Tran et al. (2020), make recommendations that 

could contribute to facilitating the inclu- sion of people with disabilities. In addition to 

inclusion, these recommendations also aim to facilitate and promote accessibility so 

that PWD can have access to all fields of interest.   

 

 

4.1 Recommendation for Improving Disability Employment 

 

 

Several limitations hinder the daily lives of people with disabilities. The reason 

for this is that most of the world we live in was designed by people without 

disabilities. Despite their lack of knowledge, these people fail to recognize the 

challenges faced by people with disabilities. Whether in medical, educational, or even 

professional areas, these people face different barriers. According to Tran et al. 

(2020), sustainable employment of people with disabilities is an example of these 

challenges. In Australia, for example, around 53,4% of disabled people are 

employed, in contrast to 84,1% of non-disabled people. It demonstrates the difficulty 

of integrating disabled people into the workforce. 

To help reduce these barriers in the professional area, Tran et al. (2020) 

proposes recommendations that increase the employability of job seekers with 

disabilities. Also, according to the author, most recommendation systems 

implemented for the employment service use traditional recommendation models that 

use models where recommendations are optimized based on results. If a particular 

position requires a driver’s license as a differential. The candidate does not have 

one, he recommend that the candidate obtain a driver’s license. 
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Tran et al. (2020), on the other hand, make recommendations based on 

improving the probability of employment. Suppose, for example, there is a vacancy 

and a candidate with a license has the same chance of getting the job. This is 

regardless of whether or not they have a license. Thus, it is not recommended that 

the candidate obtain a license, as there would be no improvement in employment 

prospects. 

Thus, through the methodology of causality, i.e., which has the use of the 

causal effect, Tran et al. (2020) estimate the improvement in the employability of 

people with disabilities through recommendations that can improve the probability of 

getting such a job. In addition, recommending people with disabilities for certain 

positions requires making critical decisions that can be done through this 

methodology. 

 

 

4.2 Recommendation for inclusion of university PWD students in the labor market 

 

 

All people have the right to work. However, some continue to face barriers to 

getting a job because they have a disability, especially Australians (ECKSTEIN, 

2022). In addition, university students with disabilities also have a disadvantage on 

the labor Market compared to others. Although universities are not as influential on 

the labor market, some actions can be taken to help PWD students make a better 

transition to the labor market and secure employment that is relevant to their studies 

(ECKSTEIN, 2022). 

Given this disadvantage of university students with disabilities in the labor 

market, Eckstein (2022) recommends some ways to improve the provision of 

university career services for students with disabilities in Australia. To create these 

recommendations, data on students with disabilities, staff, and other academic roles 

were collected. 

According to the data collected, there are universities in Australia that already 

provide targeted career support to PWD students. However, they represent only 

55,8% of universities in Australia, demonstrating significant opportunities for 

improving inclusion in the country’s education. Eckstein (2022) indicates that with 
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systemic changes within universities, it will be possible to make the employment 

scenario more inclusive for PWD students, valuing their aspirations and skills. 

Thus, to achieve this systemic change, Eckstein (2022) makes 12 

recommendations that must be followed. Listed below are some of the main 

recommendations: 

 The education sector, in collaboration with other institutions, 

investigates the provision of a national career strategy for PWD 

students to guide specialist services. 

 Specialized disability bodies promote the sharing of information on 

employability and the challenges faced by PWD students on the labor 

market. 

 Universities use their contacts with national professional associations to 

develop collaborative partnerships with employers. And, in this way, 

they can promote trust and mutual understanding of the benefits of 

students with disabilities. 

 Universities collaborate to investigate ways to provide cooperative 

support for the career development of PWD students. 

 Universities partner with Disabled Employment Services (DES) 

providers for the benefit of the university sector. 

 The government should review the current funding model for DES 

providers to improve compensation for their investment in supporting 

college students with disabilities. 

 

 
4.3 Recommendation for Accessible Learning Objects 

 

 

School inclusion is responsible for promoting diversity and ensuring access to 

education for all children, whether they have a disability or not. Promotion of inclusion 

is not an easy task, as it must overcome many obstacles. The main agents of this 

transformation are the teachers, who also deal with these challenges daily in the 

classroom (NEUROSABER, 2021). This happens because they receive students with 

different levels of development, disorders, and diseases. So, finding the best 
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teaching strategies and methodologies that are suitable for all students becomes a 

very challenging task. 

This challenge motivated Mourão & Netto (2019) to develop a Multi-Agent 

Recommender System for recommending accessible learning objects, designed for 

students with disabilities and professors in the computing field. To develop this 

system, questionnaires answered by teachers in the area were used. With the 

answers to these questionnaires, qualitative analyses were carried out to classify, 

organize and make available the most appropriate Learning Objects according to the 

teachers’ preferences. 

Using the information provided by the teachers, Mourão & Netto (2019) 

propose the best content recommendations based on the type of disability (visual, 

physical, auditory, or cognitive), the discipline, and the content to be taught, based on 

the best recommendations that the agent can make. 

The recommendation system provides a new motivational practice through 

accessible educational content, which significantly contributes to the teaching-

learning process of the computing course and inclusive education (MOURÃO; 

NETTO, 2019). 

 

 
4.4 Recommendation to improve the medical rehabilitation of PWD 

 

 

According to Kumar et al. (2021), many people with disabilities believe that 

their situation negatively affects their chances of living normally like other people, 

such as going to school, working, and enjoying family life. The quality of life, in 

addition to being compromised for people with disabilities, is also for their families. 

Because the social segregation of PWD is also generalized, bringing negative 

consequences of social stigma that affects the whole family. 

Given these challenges faced by people with disabilities, Kumar et al. (2021) 

performed a survey to study the sociodemographic profile of people with disabilities 

who were admitted to a rehabilitation hospital in India. This study aimed to 

understand the barriers faced by PWD regarding the health services and 

rehabilitation available to them, and thereby recommend actions that could be taken 

to improve their living conditions during rehabilitation. 
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After performing qualitative analyzes during the research, Kumar et al. (2021) 

suggested 7 recommendations that should be followed: 

 Facilitate the integration of systems and services for PWD through 

advocacy-related services. As an example, norms, policies, and 

strategies. 

 Invest in specific programs and services for PWD, as in addition to 

traditional services, some people with disabilities may need more 

specific services for each type of disability. It is recommended that this 

investment be carried out jointly with people with disabilities. 

Consequently, because they have experience in the practice of their 

challenges, they can provide information about their problems and 

suggest possible solutions. 

 Train health care providers and program managers so that they can be 

better prepared to care for PWD. 

 Educate children with disabilities as close to the education that children 

without disabilities receive. 

 Increase public awareness and understanding of disability through 

social marketing campaigns. 

 Improve the generation of PWD-related data, as they will help in the 

planning and execution of appropriate measures to address the 

problems of people living with disabilities. 

 Support and encourage research on disability. 

 

 
4.5 Comparative Analysis 

 

 

The literature includes many studies related to people with disabilities. As 

presented in the previous subsections, some of them suggest recommendations to 

reduce barriers facing PWD and to help promote accessibility for all. 

As there are many barriers and different areas that need to be studied to 

promote accessibility for people with disabilities, each author chose a problem to be 

worked on. This was within a specific area. Kumar et al. (2021) did their research 

focused on the medical field, in particular on the rehabilitation of people with 
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disabilities. In his study, Neurosaber (2021), focused on the area of education, 

particularly multi-agent systems to recommend accessible learning objects. Eckstein 

(2022) has done research focused on the area of education in Australia, in particular 

on the employability of students in universities in the country. Finally, Tran et al. 

(2020) focused its studies on the professional field, specifically to assist people with 

disabilities to find work. 

To be able to provide the appropriate recommendations, a quantitative 

analysis of different databases of people with disabilities was conducted in Kumar et 

al. (2021), Eckstein (2022). Kumar et al. (2021) focused on databases that had the 

sociodemographic profile of people with disabilities who were admitted to a 

rehabilitation hospital in India. (ECKSTEIN, 2022) focused on data about students 

with disabilities, staff, and other academic functions. 

On the other hand, in order to be able to propose the necessary 

recommendations, Neurosaber (2021) carried out qualitative analyses based on 

questionnaires developed by him and applied to education teachers. In Tran et al. 

(2020), his recommendations have been based on studies of the literature. 

As can be seen, several authors have worked on research to improve the 

living conditions of people with disabilities in various spheres and perspectives. 

However, none of these works considered the "digital" sphere, and more particularly, 

the sphere of data for these people. In addition, no work was found in the literature 

focused on the construction of a unified database for students with disabilities. 

Therefore, the present proposal is justified. 

The main contribution of this work is in the area of data quality, with the main 

focus being on the area of education in the first instance. However, this work can be 

useful in other areas, such as the medical field, for example. 
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5 PROPOSED APPROACH 

  

 

 People with disabilities have some limitations and challenges in their 

daily lives that require special attention, as discussed in Section 2.2. In addition, as 

presented in Section 2.3, many analyses can be carried out in the education field, 

mainly aimed at students with disabilities, bringing other limiting factors and 

challenges faced by them. 

 As a way of contributing to mitigate these problems, this dissertartion 

argues that it would be interesting to have a central database to identify students with 

disabilities and those who have some type of limitation that hinders their 

development in an education environment. The Brazilian government uses a tool 

called CadÚnico, a tool that allows to record and manage families living in poverty 

and extreme poverty in the country (MUNIZ; BATISTA, 2022).Similarly, a unique 

database of students could be used to assist in (i) government actions for PWD 

students, (ii) creation of inclusive lesson plans and activities, (iii) assist educational 

and health professionals in developing strategies to empower PWD students in 

performing education activities according to their limitations, as well as (iv) providing 

relevant information to institutions so they can adjust themselves based on the 

diversity of PWD students, among other potential benefits. 

 To set up this database, it is necessary to consider several aspects, not 

only in terms of its structure, but also to its content from the data quality dimensions 

viewpoint, thus ensuring its effectiveness. 

 Thus, the purpose of this work is to make recommendations that can be 

considered in the construction of a unified database to register the PWD students. 

This work proposes the use of the main dimensions of data quality as a guide for 

recommending the core items to be taken into account. 

 Based on these recommendations, a database would be able to achieve 

the following goals:   

 Serve as a central, trusted data source for the country’s students. 

 Assist in data analysis aimed at PWD students or who have some 

type of limitation, making them more assertive. 



47 

 

 Assist in measuring the results of public policies aimed at PWD 

students. 

 Assist in the monitoring of investments in the area of education 

specific to this audience. 

 Be a facilitator when registering for exams, colleges, faculties, 

and any other variety educational institution. 

 

 It is worth reinforcing that the scope of this work does not include the 

construction of the database, but solely to provide the recommendations to assist in 

its construction. The actual development of such database and an effective 

evaluation of its benefits depends of community effort, involving additional academic 

efforts and/or the contributions of practitioners from government and industry. 

 

 

5.1 The Brazilian Inclusion Registry 

 

 

In July 2015, the Brazilian Law for the Inclusion of Persons with Disabilities9 

was enacted, aimed at ensuring and promoting, on equal terms, the exercise of 

fundamental rights and freedoms by PWD, aiming at their social inclusion and 

citizenship (Brasil, 2015). This statute established the National Registry of Persons 

with Disabilities10 initiative. It consists of an electronic public record with the purpose 

of collecting, processing, systematizing, and disseminating geo-referenced 

information to allow the identification and socioeconomic characterization of the 

PWD, as well as barriers that prevent the realization of their rights (Brasil, 2015). 

The expected outcome is to contribute to the planning and development of 

public policies for PWD, to promote these people’s access to their rights, in addition 

to being a source of data for studies and research (Brasil, 2022a). 

An interview conducted by Santos (2018) interpreted the Inclusion Registry, at 

first sight, as a registry of people with disabilities.   However, it will not be a 

                                                 
9
 Statute of Persons with Disabilities 

10
 Inclusion Registry 
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registration in itself, but a crossing of existing databases, which requires data from 

other agencies, ministries, federal government agencies, etc. 

This subject matter has matured and been improved over the years; in March 

2022, was launched the first stage of the inclusion registry (Brasil, 2022b). This step 

put forward the Certificate of Persons with Disabilities, a public certificate that citizens 

with Disabilities can download to certify their condition in front of the public and 

private bodies and entities. However, not all disabled people were awarded this 

certificate, but only those who (i) receive a financial support called Continued Benefit 

– towards those who live with lower income – or (ii) those who receive the Retirement 

of Persons with Disabilities (Brasil, 2022b). 

The second stage of this inclusion registration was scheduled to December 

2022, in order to allow every people with disabilities to apply for the certificate, 

subject to undergoing a new biopsychosocial assessment (Brasil, 2022b). 

Since this registry’s database is still under development, no literature is 

available, no data project has been developed, and no metadata has been 

developed. 

In the following subsections, recommendations will be presented in the context 

of each data quality dimension. In addition, for each dimension a summary table of 

recommendations will be presented with the following columns: Context, Problem, 

Solution, and Example. 

 

 

5.2 Recommendation 1: Improving Timeliness 

 

 

The timeliness data quality dimension refers to the update between a change 

in a real-world state and the resulting modification of the state of the information 

system, as presented in subsection 3.3. Thus, to improve this dimension, there 

should be a field to inform the duration of the disease. 

There are many diseases and limitations that are acquired or even diagnosed 

throughout life. Others are diseases that present themselves at birth. In addition, 

there are diseases that can be considered permanent or temporary. Permanent 

diseases are considered diseases that have no cure and will be present throughout 

the student’s life. For example, multiple sclerosis is an autoimmune disease that has 
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no cure yet. Cerebral palsy, physical paralysis and blindness are also examples of 

permanent diseases. According to Frausin (2022), permanent disability concerns 

motor and cognitive impairment. 

Temporary diseases are illnesses that the student may have developed 

throughout his or her life, but that only manifest for a short period of time. Also 

according to Frausin (2022), temporary disability is related to a short-term injury. As 

an example, a person in a car accident may lose leg movement due to the trauma 

caused by the accident, but this loss may not be permanent. After a certain period of 

time, the student becomes physically incapable of moving around. Knowing this 

temporality of the disease can be extremely helpful so that adaptations and initiatives 

can be developed to assist in the educational development of these students. 

An update should be made as soon as an diseases or disability is diagnosed 

for a particular student. In addition to registering the disease and information related 

to it, it is also necessary to identify the start date of the diagnosis. If so, the end date 

of the disease or limitation must also be filled in. Even if the illness is temporary, this 

data should not be deleted when the illness or limitation has been cured, but 

updated. Thus, the entire medical history of diseases can be consulted. 

Along with this information, it is recommended to have a Boolean-type field 

that is used as a flag, to indicate whether a certain disease or limitation is active or 

not in that period. With this information, it becomes possible to provide accessibility in 

a more assertive way in educational institutions. 

To improve the timeliness data quality dimension, it is also important to include 

a field informing whether the diagnosis is official, i.e., to identify whether a given 

illness or limitation is a formal diagnosis or an empirical observation, such as one 

made by a principal, secretary, or teacher. Moreover, it is critical to record which 

person is responsible for issuing the information whether the diagnosis is official or 

not. And it includes the occupation of that person. 

It is not always possible to diagnose certain diseases or disorders in students 

immediately or early. In some cases, these limitations begin to manifest later in a 

student’s life. However, some symptoms and behaviors can be observed early on, 

and may contribute to later diagnoses. This is because many behaviors that are 

observed in childhood have a very strong influence on diagnoses that are observed 

at a much later age (GRILLO; SILVA, 2004). 
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Furthermore, it would be necessary to keep a behavioral history of the 

students, which was observed by education professionals, and that could help with 

future diagnoses. This information, in addition to contributing to a quicker diagnosis, 

would facilitate the traceability of this information. This is because the education 

professional could follow considerable data about the behavioral changes and 

evolution of a given student. 

These data must be temporal, i.e., it must be updated according to the 

student’s development. Because in addition to helping with possible diagnoses, it 

allows education professionals to stay up to date. This enables them to adapt classes 

and school activities to include all students, especially those who have already 

identified limitations. 

Table 3 shows a summary of the Timeliness dimension recommendations. 

 

Table 3 -  Summary of the Timeliness dimension 

Timeliness 

Context There are diseases that are acquired throughout life and others that 

are already born with the person. 

Problem Disabilities or conditions can be temporary or permanent. In the 

former case, once the bearer has recovered or cured, this information 

may become outdated, generating negative effects on other quality 

dimensions. 

Solution Include the fields: temporary_disease, start_date, end_date, 

flag_active, oficial_diagnosis, diagnostician, diagnosti- 

cian_profession, history_diagnosis 

Example temporary_disease=True, start_date=“2023-01- 

01”, end_date=“2023-01-20”, flag_active=True, ofi- 

cial_diagnosis=False, diagnostician=“Ana Luiza”, diagnosti- 

cian_profession=“Teacher”, history_diagnosis=“Student began to 

experience difficulty in writing in January 2020.” 

Source: The author, 2023. 

 

 

 
 
5.3 Recommendation 2: Improving Accuracy 
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The data quality dimension of accuracy verifies that the modeled data is in line 

with the real world, i.e., it verifies that the information is accurate enough and close 

enough to reality 3.3. Thus, to improve the data quality dimension of accuracy, it is 

recommended to include a field that informs the Classification of Diseases. By using 

this field, it possible to determine with accuracy what disease or limitation the student 

has, according to an official classification. 

Listing all the existing diseases would be extremely extensive and beyond the 

scope of this work, therefore the International Classification of Diseases (ICD) by the 

World Health Organization, as presented in subsection 1.2, should be used. 

The main advantage of this classification is that it has an alphanumeric code 

for all existing diseases around the world. This code can be understood by any 

doctor, i.e., it is considered a universal language in medicine. As this information 

about the disease/limitation that the student has is filled in according to an 

international and reliable source, there is no need for this data to be filled in 

manually, in which the student needs to write in an open field what the disease he 

has. 

Thus, it is recommended to include two fields in the base table belonging to 

the unified database of PWD students. One of the fields would be the alphanumeric 

code of the disease categorized according to the international classification of 

diseases. Since this classification undergoes updates over the years, it is necessary 

to include another field to identify the source of this information, i.e., in which version 

of the ICD that data is found. So, to organize the database, the disease code field is 

a foreign key inside the main table. This foreign key will relate to other tables that will 

have a list of diseases and codes, one table for each version. Nevertheless, with 

these two fields, it possible to cross-reference normalized data. In addition, we able 

to obtain the exact name of the disease that a certain student has. 

Table 4 shows a summary of the Accuracy dimension recommendations. 

 

 

 

 

Table 4 -  Summary of the Accuracy dimension 
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Accuracy 

Context As different diseases can have the same names, it is important to 

have a universal nomenclature. 

Problem There are many identical names for the different diseases. 

Solution Include the fields: ICD_classification_fk, ICD_version 

Example ICD_classification_fk=10, ICD_version=“ICD-11” 

Source: The author, 2023. 

 
 
5.4 Recommendation 3: Improving Duplication 

 

 

The data quality dimension of duplication relates to the redundancy of records 

or attributes, according to subsection 3.3. Thus, to improve the data quality 

dimension of duplication, it is recommended to include some basic personal data to 

help guarantee uniqueness in the database. It is through these basic data that we 

able to ensure the uniqueness of each student’s information. 

For this basic personal data, we suggest the inclusion of the following 

attributes: 

 CPF (Individual registration) or SSN (Social Security Number) 

 Name 

 Cell phone 

 Email 

 Date of Birth 

 Gender 

 Address - Country 

 Address - State 

 Address - City 

 Address – Neighborhood 

These attributes, despite being common to all students, are extremely 

important to help ensure the uniqueness of the database of students with disabilities. 

Furthermore, this information can be used for various analyses and follow-ups. From 
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them, it is possible to segment the base and help in the elaboration of public policies 

for students with disabilities in each region of the country. 

It is pertinent to note that the attributes listed can be considered sensitive data 

under the LGBD law, as presented in subsection 2.1.2. So it is very critical to 

consider all the requirements made by law and respect the confidentiality of this data. 

In order to avoid redundant data in the database, it is also recommended to 

use the CPF as the primary key. This issue is important because if we have more 

than one piece of information for the same student, it is difficult to know which one is 

correct, which can even lead to some damage in the teaching of this student. 

Another way to contribute to improving the data quality dimension of 

duplication is to use unique identifiers (UI‘s). For all fields that have fixed and pre-

established information, such as International Classification of Diseases, presented 

in the subsection 5.3, it is recommended to use these UI‘s. Using them, every time 

you reference an attribute, just refer to its UI, and no more duplication was 

necessary. Moreover, it eliminates the risk of the same attribute value being written in 

different ways, since it written only once and always referenced by its UI. 

Table 5 shows a summary of the Duplication dimension recommendations. 

 

Table 5 -  Summary of the Duplication dimension 

Duplication 

Context In a database with lots of different and incompatible information 

about each student, it is hard to know which information should be 

used to improve that student’s education. 

Problem Redundant data can generate wrong information. 

Solution Include the fields: cpf, name, cell_phone, email, date_birth, 

gender, address_city, address_country, address_state, ad- 

dress_neighborhood 

Example cpf=136.333.222-09, name=“Maria”, cell_phone=“21 99999-8888”, 

email=“maria.silva@gmail.com”, date_birth=“24/02/2001”, 

gender=“F”,       address_city=“Rio       de       Janeiro”, ad- 

dress_country=“Brazil”, address_state=“Rio de Janeiro”, ad- 

dress_neighborhood=“Laranjeiras” 

Source: The author, 2023. 

  

mailto:maria.silva@gmail.com
mailto:maria.silva@gmail.com


54 

 

5.5 Recommendation 4: Improving Coverage 

 

 

According to subsection 3.3, coverage refers to the part of real-world entities 

that are represented in the data. Thus, if only students who have an official diagnosis 

were included in the base, this coverage of students would be lower. So, also 

considering students who have not yet had an official diagnosis, but who 

demonstrate behaviors that may negatively influence their student performance, 

coverage would be more extensive and more accurate. Increasing the quality of the 

database according to this dimension. 

The attributes presented in the subsection 5.2, which are responsible for 

indicating whether a diagnosis is official or not, are critical for improving the data 

quality dimension of coverage. Furthermore, the behavioral history of the students, 

which is provided in the subsection 3.3, is also needed to improve the quality of this 

dimension. With a complete history of student behavior, it possible to increase the 

coverage of information that the database has. It brings richer content for education 

specialists to work on. 

Another key factor contributing to the improvement of the data quality 

dimension of coverage is the use of the international classification of diseases. With 

the use of this internationally standardized database, no disease or limitation already 

discovered will left out of the database. Thus, the database will provide wide 

coverage in relation to the variety of diseases and existing limitations in all countries. 

In addition, this classification also increases the coverage of professionals who able 

to use this database. Because diseases are classified with standardized codes, any 

health professional can understand which disease or limitation that data is referring 

to. 

Table 6 shows a summary of the Coverage dimension recommendations. 

 

Table 6 -  Summary of the Coverage dimension  

Coverage 

Context The symptoms and difficulties a student may experience can mani- 

fest themselves early in their lives, even before a diagnosis has 

been made. 
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Problem Official diagnoses are not available to all students. 

Solution Include the fields: oficial_diagnosis, history_diagnosis, 

ICD_classification_fk, ICD_version 

Example oficial_diagnosis=True, history_diagnosis=“Student be- 

gan to experience difficulty in writing in January 2020.”, 

ICD_classification_fk=10, ICD_version=“ICD-11” 

Source: The author, 2023. 

  

 

5.6 Recommendation 5: Improving Completeness 

 

 

According to subsection 3.3, completeness refers to the degree to which 

values are present in a data collection. In other words, it refers to the presence of 

empty values. As a result, it is recommended that some fields be mandatory, i.e., that 

some fields cannot be NULL. 

If all fields in the database are mandatory, we cannot guarantee 100% 

completion, as not all fields need to be filled in. As the database of students with 

disabilities that is being discussed in this work will contemplate both students with a 

diagnosis that has already been officially determined and students who still do not 

have a closed diagnosis, but who have behavior that may somehow impair their 

school performance, it is necessary to provide flexibility in certain fields. In the next 

paragraphs, the fields that must be filled in will presented to improve the 

completeness of the data. 

The fields that have basic personal information, as presented in subsection 

5.4, must be mandatory. Additionally, without these fields we would not be able to 

guarantee the uniqueness of each student in the database, regardless of whether 

they are disabled or not. 

The tables that have the international codes of the diseases, as seen in 

subsection 1.2, are dimensions that must be mandatory. Thus, every disease code 

must be linked to some disease, i.e., these dimensions must not have any empty 

fields. However, in the main database referencing these dimensions, the foreign key 

field may be empty. As the database may have students who do not yet have an 
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official diagnosis, not always a student will have a disease code linked to him and 

thus this foreign key field will be empty. 

The Boolean-type field that indicates whether a certain disease or limitation is 

active or not, as presented in subsection 5.2, must be filled in mandatory. Even if a 

certain student’s illness has not yet been officially diagnosed, it is important to know 

whether such limitation or behavior may be affecting that student’s school 

performance. Thus, this information becomes indispensable in this possible database 

of students with disabilities. The unique identifier fields proposed in subsection 5.4 

must also be mandatory. All these keys created must be related to some data, i.e., 

there cannot be a key that does not have any unique data linked to it and, as a 

consequence, no key must be created without a purpose. 

The behavioral history, presented in subsection 5.2, must be mandatory. 

Regardless of whether the student has already been officially diagnosed with one or 

more than one diseases, he must have his behavioral history always completed and 

updated. With this history, future diagnoses can be discovered, in addition to 

providing inputs so that ed- ucation professionals can adapt classes and school day-

to-day to be able to include all students, especially those who need some more 

specific treatment. 

Table 7 shows a summary of the Completeness dimension recommendations. 

 

Table 7 -  Summary of the Completeness dimension  

Completeness 

Context Some information that should be mandatory about PWD students, 

because without it, some treatments and actions cannot be devel- 

oped. 

Problem Some information is critical to help with the educational develop- 

ment of PWD students. 

Solution Fields that must be mandatory: cpf, name, cell_phone, 

email, date_birth, gender, address_city, address_country, ad- 

dress_state, address_neighborhood, flag_active, oficial_diagnosis, 

history_diagnosis 
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Example cpf=136.333.222-09, name=“Maria”, cell_phone=“21 99999-8888”, 

email=“maria.silva@gmail.com”, date_birth=“24/02/2001”, 

gender=“F”,       address_city=“Rio       de       Janeiro”, ad- 

dress_country=“Brazil”, address_state=“Rio de Janeiro”, 

address_neighborhood=“Laranjeiras”, flag_active=True, ofi- 

cial_diagnosis=True, history_diagnosis=“Student began to 

experience difficulty in writing in January 2020.” 

Source: The author, 2023. 

  

 

5.7 Recommendation 6: Improving Conformity 
 

 

The conformity dimension is responsible for determining whether the data 

conforms to a specific format, such as data type or size, for example, as presented in 

subsection 3.3. Thus, to improve the quality dimension of compliance data, it is 

recommended that all fields that are possible to predetermine their values, be 

predetermined. For example, in personal data fields such as name and CPF, this rule 

does not apply because they are infinite, unique and private values for each student. 

But fields like gender and address (Country, State, City and Neighborhood) may 

already have all their possible values listed in different dimensions. 

As students register in the main database, to fill in those fields that already 

have their predetermined values, it is enough to reference them with their respective 

foreign keys of the dimensions, without having to type them again. Thus, for these 

fields, the data format will always conform to the specification. 

For the disease classification attribute, presented in the subsection 1.2 as 

international disease codes, the values of these fields are already predetermined, 

also contributing to the improvement of data compliance. 

It is important to consider the type of disabilities as a new attribute with 

predetermined values that may contribute to improving conformity. There are 

thousands of types of disability in the world. Listing all of them is beyond the scope of 

this work. Upon evaluating the literature, as presented in subsection 1.3, we will 

classify the types of diseases to recommend the inclusion of this attribute as an 

imperative factor to consider. It is pertinent to point out that each student may have 

more than one type of disease, as it is possible for him to have several diseases 
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simultaneously. Based on this information it will possible to derive many relevant 

analyses. 

In the area of Education, this classification of disease types is crucial because 

different initiatives can be developed based on it. For example, for students with 

physical disease, in specific physical education classes, it is necessary to make 

adaptations for these students. A traditional volleyball class cannot be taught to all 

students equally. Thus, education professionals equipped with information on the 

types of diseases their students have will able to adapt classes to be able to include 

all students. 

For students with cognitive issues, it will often be necessary to adapt the way 

in which assessments are carried out. For certain diseases, very long traditional tests 

can be harmful to the student’s development. Having this information about what 

types of disease each student has allows adaptations that would not have been 

possible before. In addition, if the teaching unit requires students to fill out forms that 

are not adapted for these students, it is possible that the quality of the information 

entered will affected. So, certain mechanisms should be created to help with these 

issues, such as creating fields in forms or tests with predetermined values. 

Table 8 shows a summary of the Conformity dimension recommendations. 

 

Table 8  -  Summary of the Conformity dimension 

Conformity 

Context Standardizing certain information that can be previously defined 

helps in ensuring data conformity. 

Problem The same information can be registered in different ways. 

Solution Fields that should have their predetermined values: 

ICD_classification_fk, ICD_version,   types_disabilities, gender, 

address_city, address_country, address_state, ad- 

dress_neighborhood 

Example ICD_classification_fk=10, ICD_version=“ICD- 

11”, types_disabilities=“Cognitive       Disorder”, gen- 

der=“F”,         address_city=“Rio         de         Janeiro”,  ad- 

dress_country=“Brazil”, address_state=“Rio de Janeiro”, ad- 

dress_neighborhood=“Laranjeiras” 

Source: The author, 2023. 
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5.8 Recommendation 7: Improving Consistency 
 

 

The consistency dimension is responsible for determining whether the data in 

all systems reflect the same information and are synchronized with each other 

throughout the database, as presented in subsection 3.3. Thus, to improve the 

consistency data quality dimension, it is recommended to use identifying fields, such 

as primary and foreign keys, for example. 

Subsection 1.2, shows the international disease codes and the versions of the 

ICD codes they are linked,they are great fields for improving consistency. Because 

with them it possible to reference disease classifications uniquely, ensuring that this 

information is consistent throughout the database. 

Other recommended fields to help improve this dimension are the UI‘s fields 

explained in the subsection 5.4. In addition to helping to improve the dimensions of 

duplicity and completeness, they also contribute to maintaining data consistency 

across the entire database. Instead of always having to write that information several 

times, which may cause an error or different writing, the pre-established UI‘s 

referenced, helping to improve consistency. 

Other attributes also recommended to help improve consistency are personal 

data attributes, such as name, CPF, and email. With these fields, it is possible to 

identify each student uniquely and use them to reference each student, thus ensuring 

that the data of each student consistent throughout the database, i.e., that all data 

referring to those students reflect the same information in the whole base. 

More specifically for the PWD student scenario, helping to ensure data 

consistency extends beyond verifying that certain information is being reflected in the 

same way across different tables and databases. In this context, it is imperative to 

use some mechanism that allows periodic confirmation of certain information. For 

example, if a particular student reports that he has a permanent illness that affects 

his academic development, this information needs to be revisited. This is because 

even permanent illnesses can bring new complications and symptoms that affect that 

student’s academic performance. So to ensure data consistency, periodic verification 

becomes essential. 

PWD students must have their data periodically verified according to their 

specific diseases or limitations. A student with a hearing impairment, for example, 
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must confirm information through text or visual means. In the case of visually 

impaired students, data can be verified through interviews. Each limitation must be 

validated in some way. This periodic verification, in addition to contributing to the 

consistency dimension, also helps to improve the timeliness data quality dimension. 

Another way to improve the consistency of PWD students’ data would be to 

bring some information already made available to public agencies responsible for 

issuing citizens with documents such as Identity Card (RG), Passport, and CPF, 

among others. In addition to the differentiated identity card, which is an identity card 

containing the indication of what type of disability that student has, the government 

also provides a PWD card (Governo do Estado do Rio de Janeiro, 2023). This card 

already has some important information for students, such as Type of Disability, the 

International Code of Disease (ICD), description of medicines for continuous use, 

types of allergies, and personal contacts for possible emergencies. In addition, the 

information available through the RNDS platform, presented in subsection 1.4 would 

help in improving consistency. 

People with disabilities such as physical, mental, visual, auditory, intellectual, 

and/or autism can request this card. This way, the consistency of data on PWD 

students is improved by bringing in previously registered information. 

In addition, it is necessary to carry out periodic checks against these public 

databases, which be used to bring information. Because, as these databases are 

updated, they don’t reflect the data in the unified database. Thus, with these periodic 

verification, a database must be flexible to changes. 

Table 9 shows a summary of the Consistency dimension recommendations. 

 

 

 

 

Table 9  -  Summary of the Consistency dimension 

Consistency 

Context The data from the different databases must be synchronized with 

each other to perform consistency analyses on PWD students. 

Problem Data may not be synchronized across the entire database and 

may not reflect the same information. 
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Solution Include the fields: ICD_classification_fk, ICD_version, cpf, name, 

email. Create an information verification mechanism and bring data 

already registered in the government database. 

Example ICD_classification_fk=10, ICD_version=“ICD- 

11”, cpf=136.333.222-09,  name=“Maria”, 

email=“maria.silva@gmail.com” 

Source: The author, 2023. 

 

 

5.9 Recommendation 8: Improving Integrity 
 

 

The integrity dimension concerns the ability to link related records to each 

other, i.e., it is responsible for verifying accuracy based on data relationships, as 

presented in subsection 3.3. Integrity can also be understood as the sum of three 

other dimensions of data quality: accuracy, completeness and consistency (REIS, 

2020). As long as the data is of quality in these 3 dimensions, it can be stored, 

consulted and used with confidence, thus being integrity data (REIS, 2020). 

To improve the quality of integrity data, it is recommended to apply certain 

storage restrictions, called integrity restrictions, related to aspects such as types of 

data stored, relationships between primary and foreign key columns, the possibility of 

having null or non-null values, and rules specific business. 

The first recommended integrity is domain integrity. This restriction is related 

to the definition of values that are allowed in each column of the database, i.e., they 

are the values of the domain (REIS, 2020). In addition to the data format, check 

whether that field is mandatory and whether it belongs to a set of predetermined 

values. For the specific domain of PWD students, to guarantee this integrity, it is 

recommended that the fields that may already have their values already 

predetermined be filled in, as presented in the subsection 5.7, such as: 

 Gender 

 Address (Country, State, City and Neighborhood) 

 International disease code 

 Types of disabilities 
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Furthermore, the subsection 5.6 addresses the issue of which fields should be 

mandatory or not, contributing to the issue of null values in the database. 

The second recommended integrity is referential integrity. This restriction is 

responsible for securing that the values of a column in a table are valid based on the 

values in another related table (REIS, 2020). To guarantee this restriction, it is 

recommended to use primary and foreign keys and unique identifiers (UI‘s) as 

explained in subsections 5.8 and 5.4. In addition, considering the specific situation of 

PWD students, this restriction must also ensure that all listed diseases and limitations 

contemplated in the database must refer to the international disease codes 

presented in the subsection 5.3. 

The third recommended integrity is null integrity. This restriction is responsible 

for determining whether filling in a column is mandatory or optional (REIS, 2020). A 

primary key column, for example, must always have data inserted, and can never be 

empty, for any record. To guarantee this restriction, it is necessary to follow the 

recommendations made in the subsection 5.6, which lists the fields that must be 

mandatory for the context of PWD student data. Thus, based on the explanations in 

the subsection 5.6, the following fields cannot have null values: 

 Fields that contain basic personal information, as presented in the 

subsection 5.4. 

 The tables that have the international codes of the diseases, as seen in 

the subsec- tion 5.3. 

 Boolean-type field that indicates whether a given disease or limitation is 

active or not, as presented in subsection 5.2. 

 The unique identifier fields, proposed in the subsection 5.4. 

 The behavioral history, presented in the subsection 5.2. 

The last recommended integrity is key integrity. This restriction is responsible for 

ensuring that the values inserted in the primary key column must always be unique, 

not allowing repetitions of these values (REIS, 2020). Thus, it is recommended to 

validate that all key fields and all unique identifier fields are unique in that database. 

Table 10 shows a summary of the Integrity dimension recommendations. 

 

Table 10  -  Summary of the Integrity dimension 

Integrity 
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Context As the information will be stored in different tables, there must be 

some mechanism that guarantees the integrity between them. 

Problem Information about PWD students needs to be correctly related to 

each other. 

Solution Follow the rules of integrity: domain integrity, referencial integrity, 

null integrity 

Example Domain integrity –> The fild Types of disabilities can only con- 

tain the following values: Cognitive Disorders, Psychological and 

Physical 

Source: The author, 2023. 

 

As it was possible to see throughout the chapter, there are some 

recommendations that can be used as a guide in building a unique database for 

PWD students. The goal of these recommendations is not just to build any database, 

but to build a quality database. 
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6 PROPOSAL EVALUATION 

  

 

The proposal of this dissertation - a set of recommendations aimed at 

guaranteeing the quality of a database of PWD – has clearly 2 aspects. The first one 

is related to the technical issues of applying recommendations to build a database. 

The second one is the usage of a database with such characteristics. 

 While the first should be understood and assessed by database or system 

development professionals, the second is closely related to the stakeholder 

educational field. Therefore, the methodological approach chosen to evaluate the 

proposal was interviews and experts’ panel. 

 This chapter presents how the methodology for the evaluation was chosen, 

the ques- tions asked in the interview and in the experts’ panel, details the execution 

of the evaluation itself, the analysis and discussion of the results, in addition to 

exposing the final considerations.   

  

 

6.1 Methodological approach 

 

 

The methodological approach chosen in this research aimed to evaluate 

whether the proposal is technically feasible and if it can contribute in any way to 

professionals in education. The goal was is to evaluate the proposal in two different 

perspectives. Thus, we decided to conduct interviews with professionals from the 

technical and education fields to collect perceptions from a variety of perspectives. 

According to Marconi & Lakatos (2003), the purpose of an interview is to get 

information from the interviewee about a certain topic, to investigate theories, to 

determine the opinion on certain facts and even to obtain opinions. In a semi-

structured interview, the researcher formulates questions to the interviewee, following 

a previously established script, in order to acquire data that are of interest to the 

research (FREITAS et al., 2022; MARCONI; LAKATOS, 2003). During the the 

conduction of the interview, the researcher follows the previously established 

questions, being able to add new questions if necessary. 
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The experts’ panel technique, developed in the 1960s, allows the qualitative 

validation of evidence. This is, by using a group of experts on the subject, it allows 

the selection, judgment, and creativity of suggestions for the evaluation of a proposal 

(CAMPOS et al., 2010). This technique is a structured variant of the methods for 

small group discussion. In this sense, by preventing one person from dominating the 

debate, it encourages passive participation (CAMPOS et al., 2010). 

Once the interview technique was chosen, we designed a semi-structured 

interview because the idea was to follow a script of questions, but without imposing 

limitations on the conversation, so that we could ask other questions that emerge 

during the interviews. Another question that arose was whether the interviews would 

be carried out physically or remotely. Analyzing the current scenario, where with the 

pandemic remote meetings and work have become more common and efficient, we 

opted for the remote interviews. 

Regarding the conduction of the interviews, the protocol followed was: the 

interview started with a brief slide presentation about the dissertation proposal and 

then the script with questions was asked. For this presentation two ideas emerged, 

the first was to record a video presenting the proposal and the basic content for the 

questions, where the interviewees should watch it beforehand. The second idea 

would be that in each interview the presentation would be made in person and in real 

time for each interviewee. We chose to follow the second idea, because with it we 

could guarantee that the interviewees would be watching the presentation, and if any 

questions arose, they could be solved on the spot, without running the risk of 

forgetting. 

Delving further into how to conduct the interviews, it was decided to switch 

from interviews to experts’ panel during the technical assessment. This experts’ 

panel technique was chosen because of its possibility to involve different people at 

the same time, and also because of its ability to generate many opinions in a short 

period of time. In addition, it enables the technical professionals to come up with 

opinions that they would not have had if they had been interviewed individually. For 

the evaluation by education professionals it was decided to keep the interview 

technique, because the objective was to bring more personal feedback, involving the 

professional’s day to day experience. 
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6.2 Technical assessment 

 

 

To perform the experts’ panel, 5 professionals working in the field of Database 

were invited: 3 data engineers and 2 data specialists. To increase the diversity of the 

participants, people of different genders, ages, educational levels, length of 

experience, and country of work were chosen. The following list summarizes this 

characterization data: 

 Gender: 60% male and 40% female 

 Age: 80% are between 25 and 34 years old, and 20% are between 45 

and 54 years old 

 Education: 80% computer science, and 20% information systems 

 Education level: 40% post-graduate, 40% master’s, and 20% 

undergraduate 

 Time of experience: 60% between 5 and 12 years, and 40% between 

14 and 20 years 

 Practice area: 60% data engineering, and 40% data analysis 

 Country of work: 60% Brazil and 40% Germany 

In addition, some questions were prepared previously, with the objective of 

guiding the experts’ panel, but without restricting it. The questions and topics that 

were addressed during the experts’ panel will be presented below: 

1. Is the application of these patterns to build this database feasible at the 

implementation level? Can you identify some techniques that could be 

used? 

2. Does the use of the mentioned dimensions contribute in any way to the 

construction of the database? 

3. Are there other technical issues that should have been taken into account 

in the proposal? What are they? 

4.  Did you miss any restrictions? What is it? 

5. Did you miss any specifications regarding the base? Which specifications? 

What adjustments would you make? 

6. Do you have any restrictions that you would not include in the proposal? Or 

any dimension that you don’t think is necessary/important? 

7. Future works 
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8. What positive points can you see in the proposal, thinking on the technical 

side? 

 

Before starting the experts’ panel, a slide presentation was made with a 

summary of the proposal of this work, as presented in Appendix A. The purpose of 

this brief presentation was to introduce the topic studied and explain the deliverables 

and objectives of the dissertation. After that, the debate started, leaving an open time 

for the participants to give their opinions about the presentation and the proposed 

theme. 

The debate occurred in a very positive way, where all participants felt 

comfortable exposing their opinions and ideas. However, at some moments it was 

necessary to interrupt and remind the participants what the objective of the proposal 

was, because as it is a broad theme, at some moments many ideas and opinions 

emerged that diverged from the objective. 

The next subsections present the discussions for each question. In addition, to 

facilitate the understanding of the discussions and to guarantee the anonymity of the 

experts, each participant will be referenced by a code: P1, P2, P3, P4, and P5. 

 

 

6.2.1 Question one 

 

 

Regarding the first question, which concerns the feasibility of implementation, 

the five participants agreed that implementation of this proposal is feasible. And 

based on this, some suggestions for implementation techniques have been identified. 

Participants P3 and P2 brought the most opinions to the discussion, as will be 

presented in the following.  

According to participant P3, since the proposed database recommendation is 

to contain only PWD students, should a student cease to be considered PWD or be 

cured of a certain disease or limitation, he suggested that student’s data be logically 

deleted. In this way, the data would not be lost and could be consulted for future 

analysis. This proposed logical deletion would be the creation of a flag to control 

which students are PWD and which are not, as he mentions below: 
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“This is related to what I said about removing non-PWD students from the 

base. Not physically delete them, but delete them logically. Use a flag to do this 

logical deletion.” 

The other four participants agreed with this implementation technique 

suggested by participant P3. 

In the proposal there is already a suggestion to include a flag field to indicate 

whether a certain disease is currently manifesting itself or not. The flag, however, is 

associated with each student’s disease. The flag for logical deletion would have the 

objective of indicating that the student no longer has any disease. So it would be 

viewed by students, and not by disease. 

In addition, this suggestion of the logical deletion flag contributes to data 

quality dimensions timeliness and coverage. In the dimension of timeliness, it 

contributes to updating the data, as it can identify which students are currently PCD 

and which are no longer considered PCD. In the dimension of coverage, it increases 

students’ comprehensiveness and coverage. 

Another technique proposed by P3 was the creation of N to N relationships in 

the database. This technique was suggested after a questioning by P1: 

“You talked about illness registration. Considering that one person has two 

disabilities, would you duplicate this in the base, how would you handle this kind of 

situation? ” 

P3 argues that, this is because one student may have many diseases, and 

one disease may be associated with more than one student, as he mentions below: 

“I see it as an N to N relationship. Because one student can be related to 

many diseases, and many diseases to many students.” 

In addition, the technique of versioning the data was also suggested by P2. 

Let’s say a PWD student does not have any other diseases besides their logical 

deletion. In that case, it would be interesting to know the date when the change 

occurred, as well as the summer when that event took place. For if the same student 

has some illness or limitation again, that history would not be lost. The following 

shows this P2 argument: 

“When you say that the base has to be flexible, i.e., it can have a disease and 

get better and then have it again, I wanted to suggest something about versioning. It 

would be to version the activities and lifespan in the base.” 
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The other four participants also agreed with this implementation technique 

suggested by participant P3. 

This suggestion of the versioning technique contributes to the data quality 

dimension of timeliness. This is because it makes the database dynamic and helps 

ensure it is always up to date. It also contributes to the completeness dimension, 

because by requiring this versioning information to be mandatory, we will have a 

more complete database. 

Another implementation technique identified, was thinking about updating the 

static dimensions, such as a dimension that contains all diseases and ICD codes. 

Participant P2 brought the following suggestion: 

“Maybe to update the dimensions it would be nice to have some kind of update 

mechanism. This could be an automated crawler that surfs the internet once a 

month, and updates the dimensions automatically. And then the teacher, for 

example, when he or she fills out the form, would have a field to choose which 

disease. It can be any technology, but use the crawler concept to update this data.” 

P2 argues that it would be interesting to use the crawler concept to perform 

this update. The idea would be to have some mechanism that automatically, from 

time to time, consults the Internet in search of new data to populate that dimension. 

To complement this suggestion, P5 brings the idea of using possible APIs: 

“If this international disease registry already exists you must have some API 

ready to consume this data.” 

It would contribute to data quality dimensions of consistency, timeliness, and 

completeness of data. In terms of consistency and timeliness, it would ensure that 

data from the static dimensions is always synchronized with the main sources of 

information and always up-to-date. On the other hand, in the completeness 

dimension, by making this information mandatory, the database becomes more 

complete. 

Another technical issue was mentioned by P3: 

“I wanted to make one more technical suggestion. What about the backups of 

this data? It is very important to have backups of this data. If something happens, to 

have a way to recover it.” 

Participants P4 and P5 agreed that this technique of using data backups is 

extremely important. And finally, another technique suggested by P2 was to use the 

user experience of the database to help build the database: 
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“Maybe you can use the experience of the user who uses this data. For 

example, when I tried to buy things at Casas Bahia, the clerk left several fields blank. 

This is because he was in a hurry and didn’t want to spend a lot of time filling out the 

form. So thinking about the teacher, this set of checks ensured that the teacher could 

fill in the data with more quality. Making the filling out experience pleasant. Because 

the teacher is already overburdened with very limited time. So when modeling, it is 

nice to consider user experience. Define fixed formats for fields with predefined 

information, for example. Thinking about coverage, there could already be a list of 

symptoms. The professional would ask the person responsible if the child has those 

symptoms before marking it as a checklist. User experience would be based on 

data.” 

User experience, as suggested, would contribute to data quality dimension 

conformity. With the standardization of certain information that can be predefined 

based on user experience, it would help ensure the conformity dimension. 

 

 

6.2.2 Question two 

 

 

Regarding the second question, the participants were asked if the use of the 

mentioned dimensions contributed to the construction of the database. Dimensions 

are relevant to recommendations, and the five participants agree they should be 

used. To contribute to this statement the participant P4 gave the following statement: 

“It is very valid to use the dimensions, because they are concepts of data 

quality, there is no way we can use them.” 

In addition, the P3 argued that most of these dimensions will be applied at 

design coding time, i.e. they will be heavily used at database creation time. The 

participant P1 brought up the idea that not all dimensions will be applied to all tables 

in the base: 

“I think it would help. Maybe, for example, the case of duplicity does not apply 

to all tables, but all tables that you are going to build, like I was thinking here of a 

modeling and maybe, for example, duplicity does not apply to a disability registration 

table, so you would have to duplicate the data there to cross-reference it with your 

student table. Students could have more than one disease.” 
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That is, if a student can have more than one disease and limitation, it will be 

necessary to make an N to N relationship. This will mean that the student will have 

more than one row in the table. The duplicity would not be in the data, but in the 

concept itself. 

 

 

6.2.3 Question three 

 

 

In the third question, it was asked if there were other technical issues that 

should have been taken into account in the proposal. The participant P4 felt that it 

was necessary to have minimal modeling to facilitate the understanding of the work 

proposal. Having a visual representation would facilitate understanding: 

“It gets a little confusing to discuss these issues without modeling, because it 

becomes too abstract.” 

The other four participants agreed with this question. According to him, 24% of 

the Brazilian population has some kind of disability. So there are about 40 million 

people in the database, which is not a very large amount for a database. But thinking 

about technology, it would be interesting to calculate the number of PWD students 

and multiply it by the number of possible diseases that affect them. Thus, we have an 

approximate measure of the minimum amount of records, serving as input for the 

choice of technologies to be used. 

This suggestion to make recommendations on technical limitations contributes 

to ensuring data quality dimensions of coverage and completeness. With inputs to 

the choice of technologies to be used, the database can be built in a flexible and 

scalable way. In this way, the data coverage can be expanded and more flexible, as 

well as complete. 

Another interesting point, but beyond the scope of this paper, is reported by 

P2 in the following speech: 

“We missed talking about data encryption, some security issues. Thinking 

about the day to day of Brazilian education, many times teachers don’t have 

resources, don’t have the internet.” 

As this question would be more related to the development itself of the 

database, we did not delve into this subject during experts’ panel. 
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6.2.4 Question four 

 

 

When the discussion about the fourth question started, the participants were 

asked if they missed any restrictions in the recommendations. Two significant points 

were raised. The first was about the basis being limited to PWD students. The 

participant P1 felt that the database could be for all students and have some 

mechanism to identify which students are PWD and which are not. Participant P3 

agreed with this point. 

Then, it was explained that in order to restrict the scope of the master’s thesis, 

only PWD students were chosen. Expansion to other students could be done in 

future work. 

The second point was regarding the word “flexible”, brought by participant P5. 

He commented that this word sounds like it can be deleted and overwritten: 

“When you talk about flexible tables, sometimes flexibility makes me afraid. 

Because if it is flexible it means such an update is in place and we would lose the 

history.” 

So it was suggested to be careful when using it. In contrast, the P3 also 

suggested to make it clearer that the data would be deleted only logically, keeping a 

history of all the information. 

These two proposed recommendations help ensure the quality of coverage 

and timeliness of data. As a result, including all students, even those who are not 

PWD, would increase the database coverage. In addition, the recommendations for a 

flexible database contribute to the timeliness dimension, as it allows the database to 

stay up-to-date and flexible to change. 

 

 

6.2.5 Question five 

 

 

For the discussion of the fifth question, the participants were asked if they 

missed any specifications regarding the base. Based on this, what adjustments they 

would make. This question was well discussed by the participants and many opinions 

were brought up for discussion. 
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The participant P3 said that he missed a link between the student and his legal 

guardian: 

“Sorry to interrupt, but I missed that connection between the student and his 

legal guardian. Have some kinship information as well.” 

So it would be interesting to include additional information such as legal 

guardian, how related, and even an emergency contact. In order to ensure 

completeness of data quality, this information should be mandatory in the base. 

 In addition, the P4 suggested that besides behavioral history, the family 

history field would be interesting. This new field would be filled in with the student’s 

behavior at home, observed by the family, especially by the parents. Because many 

times the student’s behavior at home can bring a lot of interesting information for 

professionals to take into consideration when making a diagnosis, as P4 mentions 

below: 

“Because there could be an initial input that would be, I am responsible, I have 

my son, I know he has the disease right.” 

This new field would help in ensuring the quality dimension of timeliness data, 

as it is information that changes over time, and every day various symptoms and 

behaviors may arise that must be constantly updated and entered into the database. 

The third topic was related to those responsible for filling out the database. 

The participants P1 and P2 felt that there was a lack of any recommendation that 

specified which people should be responsible for filling out the database. The 

suggestion is that this responsibility should be divided among parents, teachers, and 

doctors. And the initial filling in could be done by the secretary of education, as soon 

as the student enters the school network. 

Recommending who is responsible for completing the information contributes 

to ensuring data quality dimensions of completeness and coverage. By choosing the 

right people for this task, it is possible to ensure that the data will be filled in from 

more than one source of information. In addition, the data will be filled in more 

accurately and completely. 

Another recommendation that the participant P2 missed was the specification 

of who could have access to the database. Because it is very sensitive data, it is 

dangerous that anyone can use it: 

“Who would be the people that would have access to this database? Because 

I am afraid that some people will use this database for evil purposes, for example, 
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health insurance companies finding out that the family has disabled children and 

charging more for this.” 

So it was suggested by the other participants that only education professionals 

who had direct contact with a particular student could access the data related to that 

student. Or, if the educational institution had a committee dedicated to PWD 

students, they could have access to the database to make analyses and create 

improvement initiatives. Regarding doctors having access to this database, it was 

suggested that only doctors authorized by the students’ parents could have access to 

the students’ data. 

It contributes to the LGPD guarantee mentioned in subsection 2.1.2 by 

recommending who could have access to the information. This data must be 

accessed according to the law, and all personal and sensitive data rules must be 

followed. 

At the end of the discussion of this question, it was suggested by P1 and P4 

that more analytical recommendations be made, as shown in the speech of the 

participant P1 below: “It would be nice to also bring in a more analytical look. What 

do I want to answer later on? How do I want this data to be analyzed? What answers 

do I intend to give? 

That could help in building the database.” 

 

 

6.2.6 Question six 

 

 

In the discussion of the sixth question, it was asked if there were any 

restrictions that they would not include in the proposal. In addition, it was also asked 

if there were any dimensions that they would not include in the proposal. Regarding 

the dimensions, the five participants agreed that all of them should continue to be 

included in the proposal. 

  However, one of the fields recommended in the proposal, the "gender" field, 

was suggested to be removed from the base, by participant P5. The reason was 

explained in the following speech: 

“Since it is an open field, we would have no way to guarantee the domain integrity of 

it. And furthermore, since it’s information that doesn’t have a direct impact with 
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diseases and limitations, it might be interesting to take it out of the database. Besides 

he is a very sensitive and controversial piece of information.” 

Thus, by removing the "gender" field, it is possible to contribute to the data 

quality dimension of data integrity. Because, as it is an open field, it is difficult to 

guarantee the integrity of the domain. As it is not an essential field for the database, 

removing this information is interesting. 

 

 

6.2.7 Question seven 

 

 

During the proposal discussion, the participants brought up 3 ideas that, as 

they are outside the scope of this dissertation, but will be addressed as possible 

future work. The first idea, which was placed by P1, was to include information about 

the schools, to know if the schools have any specialized services for PWD students. 

In addition, an exclusive table could be created with this information, such as dates of 

inspections of the schools, grades that that school received for certain criteria, 

among other information. The goal would be to have inputs so that the schools could 

be evaluated in relation to being prepared to receive PWD students, and identify 

what improvements need to be made in relation to this. 

This new information contributes mainly to the quality dimension of coverage 

data, as it increases the scope of analysis in relation to the database. The amount of 

contexts and information to be analyzed increases. 

The second suggestion was placed by P5: Future work would be, based on 

the behavioral history field, to apply artificial intelligence such as NLP to derive 

information from this field. For example, from certain symptom patterns, we 

recommend possible diagnoses for that student. Finally, it was recommended that all 

students be included in the database, not just PWD students. 

 

 

6.2.8 Question eight 
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To close the experts’ panel, the participants were asked which positive points 

they could list. The first positive, which was placed by P3, was that the 

recommendations of this database will make it possible to build a database that will 

serve, in the future, as input for various analyses. Based on this data, PWD students 

will have a very high visibility, and it will provide material for analyses that may not 

yet exist on this subject. All the other four participants agreed with this point. 

Another positive point, which was placed by P5, was in relation to the size and 

expansion that this work may have in the future: 

“This can be the starting point of many things. We started discussing the base 

of PWD students and then we started talking about the school evaluation. And how 

do we identify the responsible parties? There is a great chance that this registry will 

grow a lot, so you are creating a small pile of sand that could be a giant desert in a 

little while.” 

Finally, the participant P1 brought up a positive point regarding future 

planning: “This proposal will help a lot in planning as well. Sometimes there are 

places available in certain places that don’t have so many students with intellectual 

disabilities, and in other places there are more. So it would be possible to allocate 

these resources to places that need them the most.” 

 

 

6.3 Educational assessment 

 

 

In order to evaluate the proposal in the area of education, we interviewed a 

pedagogue who works in public education. The choice criterion used was that 

besides having more than 30 years of experience in the area, she works in a public 

school, and more than 80% of the enrollment of students in the country are from the 

public network (MATTOS; FARIA, 2022). The following is a summary of her 

characterization data: 

 Gender: Female 

 Age: Between 45 and 54 years old 

 Education: Pedagogy 

 Education level: PhD 
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 Time of experience: 33 years 

 Practice area: Public Education 

 Country of work: Brazil 

 

Some questions were prepared previously, with the objective of guiding the 

interview, but without restricting it. The questions that were addressed during the 

interview are presented below:  

1. Following this suggested pattern would help education 

professionals in what way? What actions could you do 

differently with this information in hand? 

2. What do you think about the idea of having a behavioral history 

of students? In what ways could this be used to adapt 

teaching for that student? 

3. How would standardizing the names of diseases contribute to your 

analysis of PWD students? How would your work be impacted 

by this standard? 

4. What is the importance of considering students who do not yet 

have a defined official diagnosis? Are there preventative 

measures that can be taken to help PWD students? 

5. How significant is it to have this information centralized in one 

place? How would this contribute to the daily life of an 

education professional? 

6. Did you miss any relevant information? What is it? 

7. What do you think should be done to improve this proposal? 

What adjustments would you make? 

8. Is there unnecessary information? Is there any information that is 

not contributing to improving the study condition of PWD 

students? 

 

Before starting the interview, a slide presentation was made with a summary 

of the work proposal, as presented in appendix B. This brief presentation introduced 

the studied theme and explained the dissertation deliveries and objectives. After this, 

the interview was started, leaving open time for the interviewee to give her opinions 

about the presentation and the proposed theme. 

In the first question, it was asked how the suggested standard would help 

education professionals. Also, what actions could be taken with this recommended 
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information? Based on these questions, the interviewee said that following this 

suggested pattern, public policies can be developed based on this information. She 

mentioned that today there are 20 thousand lauded children in Rio de Janeiro. 

However, she estimates that more than 40 thousand children have some specificity 

that can compromise their school and academic development. Furthermore, this 

information would assist in the official diagnosis of these children, in addition to public 

policy. 

The second question in the interview concerns the students’ behavioral 

history. It is crucial to discuss this behavioral history with the students’ parents, 

according to the interviewee. Because, many times, students’ parents do not accept 

that their child may have some illness or limitation. So, the behavioral history would 

work as an argument to convince the students’ parents that their child needs special 

attention. In addition, it would be very interesting if the educational professional could 

help feed this database with behaviors observed by him/her. After being stored, this 

information serves as an indicator that a particular student may need special 

attention, as per your comment below: 

“If you have a program that helps you as an education professional, you go to 

the schools and feed that database. At the end, a red light turns on, drawing your 

attention. Not red, but a yellow light of attention. Maybe this would even be an 

indicator, you know. As the number of responses fills the base.” 

This issue related to behavioral history, as mentioned by the interviewee, 

contributes to ensuring data quality dimensions of timeliness, coverage and 

completeness. In relation to the timeliness dimension, having this field in the 

database allows the database to remain up to date. It also allows the database to 

always receive updated information as it appears in the PWD student’s life. In 

relation to coverage, as there may or may not be students with official diagnoses, this 

field helps education professionals talk to parents and give inputs. This is so that 

their children can be diagnosed. Finally, in relation to the completeness dimension, it 

is critical that this field be mandatory, because without it many analyses would not be 

possible. 

Moving forward in the interview questions, it was asked whether the 

standardization of disease names would contribute to education professionals’ 

analysis regarding PWD students. This question was designed to assess whether the 

ICD recommendations contribute to ensuring data quality dimensions accuracy, 



79 

 

coverage and conformity. In response, the interviewee confirmed the question, but 

stressed the importance of this standard: 

“I think the next most helpful thing is ICD. Because I see this project as bigger. 

So you are already working from an international database. So you don’t have to 

change that. Go to ICD. I see that project in other countries. A very big thing.” 

The third question was about the importance of considering students who do 

not yet have a defined official diagnosis. In addition, it was asked if there is any 

preventative work for PWD students. These questions were designed to assess 

whether the recommendation to include PWD students with official and unofficial 

diagnoses in the base would contribute to the quality assurance dimension of 

coverage data. The interviewee mentioned that including all these students would 

help parents find an official diagnosis. It would be another motivator and input to 

contribute to the diagnosis’s officialization. 

In addition, the interviewee said she could not think of any preventive action 

for PWD students. Because many of the diseases and limitations that students have 

are already inherent. So, according to her, she does not see preventive actions even 

though she has all this information in the database. 

Additionally, a bit further in the questions, the importance of having this 

information centralized in one place was questioned. The educator interviewed said 

that she sees a very substantial and positive impact from this centralization. She also 

said that data availability is a worldwide trend. Just like "sougov", which is a 

government platform to ensure information transparency, having this data centralized 

and available is a sign of citizenship: 

“You ensure that this citizen is respected because he is on a unified, certified, 

and validated platform. This is why I am so excited about this project. Because I see 

this as a government project. It’s very critical, very crucial, even for granting benefits 

which the law provides.” 

Towards the end of the interview, the interviewee was asked if she had missed 

any significant information. In response, she mentioned the importance of 

collaboration: 

“Make it very clear that for this project to work, it is a collaborative project. It is 

a project of many hands. It is a project to help society relate fairly and honorably to all 

children with PWD. These children will become adults and workers.” 
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To conclude the interview, the interviewee was asked if she saw anything else 

included in the proposal. She was also asked if any recommended information was 

unnecessary, or even not contributing to improving PWD students’ study conditions. 

In response, she argued that everything was extremely relevant, and that she would 

not take anything from the proposal. 

  

 

6.4 Discussion of results 

 

 

In this chapter, the evaluation of the proposal was described, presenting the 

questions used to conduct the interview and the experts’ panel carried out. The 

execution of the evaluation and its results obtained in each analyzed sphere were 

also presented. One was in the technical area and the other in the educational area. 

As seen at the beginning of the dissertation, the main research problem 

addressed in this work is the lack of inputs, through a unified database. This is so 

that actions and projects can be developed to increase inclusion of students with 

disabilities. And the biggest question to be answered is what aspects are relevant for 

a database to support PWD? 

Analyzing the technical context, the experts were able to identify several 

possible implementation techniques to help in building a database with quality for 

students with disabilities. In addition, it was brought up during the expert’s panel that 

the use of data quality dimensions is very critical in building such a database. It was 

also brought up that not all dimensions would be applied to all tables and business 

rules. 

Looking through the educational context, having these attributes suggested 

through the recommendations is essential to building this database of PWD students. 

Also, with the possibility of creating this database, this proposal shows itself to be a 

much bigger project.   It is a project that can reach a worldwide level to reach all 

PWD children from different countries. Furthermore, with this structured information 

many actions and projects can be developed in schools and universities to improve 

these students’ education. For example, teachers and educators will have inputs and 

arguments to help those responsible for PWD students accept their children’s 

diagnoses, which were often not accepted. 
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Both interviews lead to many ideas, which proves that the proposed standards 

make sense. For example, the suggestion to include family history information 

contributes to the improvement of the timeliness data quality dimension. In this way, 

the standard for contributing to the quality dimension of timeliness data could be 

increased with this idea, i.e., the proposed standard is valid but allows new 

information to be included to improve it. 

Thus, it is possible to see that the initial question, in the beginning of this 

dissertation, has been answered through the recommendations presented, based on 

the evaluations carried out. Moreover, the results from evaluation indicates that the 

proposal presented is feasible. 

During the evaluation some improvements to the proposal were also identified. 

These improvements included proposing data versioning, proposing the creation of 

data backups with a certain frequency, and creating some modeling to facilitate the 

understanding of the proposed recommendations. 

Furthermore, the proposal presented in this dissertation can complement 

some of the related works presented in Chapter 4. For example, in Kumar et al. 

(2021) it is recommended that PWD related data production should be improved. 

They will contribute to the planning and implementation of appropriate measures to 

solve PWD problems. With the construction of the proposed database, it would be 

possible to contribute to this improved data production. This would make the present 

proposal complementary to this other work in the literature. 

Among the limitations of the methodological approach we highlight: (i) The 

reduced number of participants, due to time constraints and the availability of 

possible participants; (ii) The difficulty of maintaining focus during evaluations. For 

the participants sometimes strayed from the main focus, which was to evaluate the 

proposal, and leaned towards the idealization of ideas based on the theme; (iii) Lack 

of a more visual proposal to facilitate the technical understanding of the proposal. 

Despite the limitations of the evaluation presented, its execution was important 

(because it made it possible to get different feedbacks on the proposal, having 

different views on the subject) and positive (because it provided indications that the 

proposal achieved its objective). 

The next chapter presents the conclusions of this work, the contributions of 

this dissertation, its limitations, and future work. 
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CONCLUSION 

 

 

This work presented the importance of having a unified database of PWD 

students, resulting in several benefits for these students such as the possibility of 

creating government actions for PWD students, of creating inclusive lesson plans 

and activities, and of providing relevant information to institutions so that they can 

adjust based on the diversity of PWD students, among other benefits. After the 

literature review it was found: (i) the scarcity of approaches involving the relationship 

between PWD students’ difficulties and the data related to them; and (ii) the absence 

of a formal proposal for the construction of a unified database for these students. 

In this context, the described approach in this paper was proposed to assist, 

through recommendations, in the creation of a unified database for PWD students. 

To do this, the approach used the concepts of the main dimensions of data quality. 

This was done to ensure that this database is built with quality data. 

To support the proposal elaboration, a theoretical study was done. This 

covered subjects such as PWD students’ difficulties, the main dimensions of data 

quality, and Data Quality Maturity Models. In addition, related works involving data 

analysis of PWD students were also studied to support the proposal. 

From this information, recommendations were proposed and explained 

throughout the proposal evaluation chapter. 

An interview and experts’ panel were conducted to assess whether the 

proposed approach was feasible and achieved its goal. The proposal was evaluated 

from two perspectives, one technical and one based on education. In addition, 

improvements were identified in the proposal. From this study there are indications 

that the approach is feasible and would help many students. 

The main contributions of this dissertation are: 

 Definition of recommendations for building a unified database of PWD 

students. 

 Visibility of the challenges faced by PWD students, and how they can 

be helped in some aspects of education. 
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 Relationship between PWD students’ limitations and data quality 

dimensions. 

 Inputs for building a unified database of PWD students. 

 

Limitations of this research include: (i) The recommendations made do not 

guarantee the totality of the data quality dimensions, i.e., the objective is not to 

ensure the total quality of each dimension, but rather to contribute to increasing the 

quality of each dimension. In subsection 5.3, for example, an improvement in data 

quality will be guaran- teed for the accuracy dimension, but this does not imply 100% 

accuracy for the database; (ii) To reduce the scope and be more specialized, the 

recommendations focus on PWD students, so students without disabilities or 

limitations were not included in the proposal; (iii) More technical issues such as 

recommendations of technologies to be used, analysis and studies on how to choose 

these technologies were also out of scope; (iv) Issues related to security, backup and 

data encryption were also not covered in the dissertation proposal; (v) The reduced 

number of participants in the proposal evaluation, due to time constraints and the 

availability of possible participants. 

From the proposal evaluation results, some improvements and some 

suggestions were identified for the approach. Future work identified is listed below: 

 Create a model of the proposed database. 

 Implement the proposed database. 

 Include recommendations regarding technology choice. 

 Include information about PWD students’ legal guardians. 

 Expand the database to all students, removing the restriction on PWD 

students. 

With this, it is possible to realize that many other works can be developed 

based on this research. These works can contribute to the improvement of PWD 

students’ quality of life. 
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