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APRESENTACAO

A Engenharia de Computacdo € a area que estuda as técnicas, métodos e
ferramentas matematicas, fisicas e computacionais para o desenvolvimento de circuitos,
dispositivos e sistemas. Assim, este segundo volume busca apresentar a matematica e
a computagcéo com foco no desenvolvimento de solu¢cdes de software e na solucéo de
problemas de Engenharia.

Dentro deste contexto, esta obra apresenta diversos aspectos tecnologicos
computacionais, tais como: um software que reuna informagdes cientificas sobre vacinas e
doencas imunopreveniveis de forma ladica; um modelo preditivo com objetivo de identificar
a correlacao entre o valor predito e o prego de fechamento das acdes listadas na bolsa
de valores brasileira; ensino de programacdo para criangas; o algoritmo genético e o
método da evolugéo diferencial; uma modelagem mateméatica para o cenario de um ciclo
de desenvolvimento do Scrum; simulagbes computacionais; um sistema haptico sonoro
para auxiliar a navegacao e locomocéo de deficientes visuais em ambientes fechados;
uma solucéo 6tima de despacho de geracdo de energia elétrica para 4 usinas térmicas,
através de simulagdo no software MATLAB; uma rede neural perceptron multicamadas
para previsdo de séries temporais de nivel de agua de uma bacia hidrogréafica; uma rede
neural artificial (Multilayer Perceptron) para a classificacdo de perfis de passageiros no
setor aéreo brasileiro; um modelo de aprendizado de maquina que combina diferentes
técnicas de regressao; a complexidade na inteligéncia artificial dos mascotes virtuais.

Sendo assim, esta obra é composta por trabalhos pertinentes da area, que permitem
aos leitores, analisar e discutir assuntos importantes. Por fim, agradecemos aos autores
pelas significativas contribui¢cdes, e desejamos aos nossos leitores uma excelente leitura,
repleta de reflexdes significativas.

Ernane Rosa Martins
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ABSTRACT: Introduction: vaccination is one
of the main procedures accomplished in public
healthcare to promote health and disease
prevention. If on one hand vaccination seems
simple enough, still it houses a sequence of
information and procedures that are essential
to the success of the task. Diverse situations
may complicate the process and expose
professionals and healthcare users to risk of error
and damages, demanding greater agility from
services and health professionals in the update
of procedures. Usually, consultation documents
from students and professionals are technical
reports and manuals that fragment themselves
as new procedures are introduced. Studies
show the necessity of strategies that allow the
education of students and professionals in a
fast and effective manner. Objective: develop a
software that gathers scientific information about
vaccines and immuno-preventable diseases in
a ludic manner. Method: The utilization of a web
plataform with Java, HTML, CSS, JavaScript,
the graphical framework Bootstrap, and MySQL
database. Results: the “Vacina.com” portal was
developed to interface with teaching, integrating
knowledge concerning the National Immunization
Program’s vaccines and respective preventable
diseases. The portal was implemented in
three modules: Game, Wiki and Mirror Card.
Conclusions: Vacina.com allows working with
complex information in a simple way and fills a
gap in the education of professionals responsible
for vaccination. With dynamic design, it values
ease of access, knowledge update, information
completeness and quick answering. As such,
it contributes to health promotion, minimizing
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mistakes in the vaccination process and reducing preventable risks and aggravations.
KEYWORDS: Health, Vaccination, Educational Software.

VACINA.COM: UM SOFTWARE PARA O ENSINO E ATUALIZAGCAO
PROFISSIONAL SOBRE VACINAS E DOENGCAS IMUNO-PREVENIVEIS

RESUMO: Introdugdo: a vacinagdo € um dos principais procedimentos realizados na rede
publica de saude para promocgéo da saude e prevencao de doencas. A vacinagéo, se por um
lado parece simples, por outro, abriga uma cadeia de processos e informagdes essenciais
para o sucesso da agao. Situagdes diversas podem tornar o procedimento mais complexo
e expor profissionais e usuarios ao risco de erros e danos, exigindo maior agilidade dos
servicos e profissionais de saude na atualizacdo dos procedimentos. Normalmente os
documentos de consulta de alunos e profissionais sdo manuais e relatorios técnicos, que
se fragmentam a medida que novos procedimentos séo introduzidos. Estudos mostram a
necessidade de estratégias que possibilitem a formacédo de alunos e profissionais de forma
mais rapida e eficaz. Objetivo: desenvolver um software que retna informagdes cientificas
sobre vacinas e doengas imunopreveniveis de forma ludica. Método: Utilizamos a plataforma
web com Java, HTML, CSS, JavaScript, o framework grafico Bootstrap e o banco de dados
MySQL. Resultado: o portal “Vacina.com” foi desenvolvido para fazer interface com o ensino,
integrando conhecimentos sobre vacinas PNI e respetivas doencas evitaveis. O portal foi
implementado em trés moédulos: Game, Wiki e Mirror Card. Conclusdes: O Vacina.com
permite trabalhar com informag¢des complexas de forma simples e preenche uma lacuna
na formacéo dos profissionais responsaveis pela vacinagdo. Com design dinamico, valoriza
a facilidade de acesso, a atualizagdo do conhecimento, a completude das informacdes e a
rapidez de resposta. Dessa forma, contribui para a promog¢éo da salde, minimizando erros
no processo de vacinagdo e reduzindo riscos e agravos evitaveis.

PALAVRAS - CHAVE: Saude, Vacinagao, Software Educacional.

11 INTRODUCTION

Large epidemics have devastated nations across the timeline of human evolution.
Despite important scientific and technological advances in the field of healthcare,
humanity is still threatened by pandemics such as Covid-19. Nonetheless, diseases that
are eradicable by immunization, like mumps, measles, and rubella, also prevail, mainly in
economically less-privileged populations. In this sense, the National Immunization Program
(or Programa Nacional de Imunizacdo — PNI), performs an important role, implementing
actions of reduction and eradication of immuno-preventable diseases. Since its creation
in 1973, the actions of the PNI have been characterized by assisting all Brazilian citizens,
with no distinction, through the assessment of epidemiological situations, risks and social
particularities, such as those of indigenous peoples [1]. Today, more than 300 million
vaccines are applied in Brazil each year[2]. The basic health units administer specific
vaccines to Brazilian population from birth to old age. However, the constant increase in the
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number of vaccines entails the larger complexity of its handling, especially concerning the
person responsible for administering the vaccine to the individual [3].

If vaccination may seem simple enough, on the other hand, this process houses
a framwork and essential information for a successful action. The regular vaccination
calendar from Brazil’s Ministry of Health (Ministério da Satde — MS), in 2020, advocates the
administering of 27 doses of vaccines in the first 10 years of life [4]. These 27 doses contain
14 different immunobiologicals for the prevention of 17 specific diseases, notwithstanding
extra dosages from eventual vaccination campaigns. For the administering of such
doses in the regular calendar, it is necessary to consider not only the correct vaccine, the
administering volume, the means of application (be it oral, intramuscular, subcutaneous or
intradermal); the anatomical region (intramuscular in the right or left thigh’s vastus lateralis
muscle, or the deltoid); but also specific guidelines to parents or guardians concerning side
effects related to each vaccine. Many of these occurrences are common and may have light,
moderate or serious consequences.

The possibilities of mistake increase in situations with migrating users [5], delays
that may be related to the user (such as forgetting or a sickness) or healthcare issues (be
it a lack of the immunobiological product or because the professionals chose to schedule
specific dates for specific vaccines) [3]. In such circumstances, it is needed that the worker
take into account not only the previously mentioned technical recommendations, but also
data related to a safe vaccination procedure, such as: the minimal interval between doses
of a same vaccine, the minimum and maximum age limit for a vaccine, and the feasibility
of simultaneous application of two or more vaccines. There could also be guidelines,
contraindications (and false contraindications) in the moment of administering these
substances [6]. The conservation of immunobiological products is also a complex theme. It
is up to cold chain logistics ensure quality of storage, conservation, handling, distribution,
and transportation, from producing laboratory to the moment of an individual’s vaccination.
According to specific characteristics of immunobiologicals, these products can or cannot
be frozen, must be stored at the first or second shelf of a freezer, and can or cannot be
administered 4 hours after dilution[7].

The PNI establishes guidelines and technical-scientific procedures handed to health
secretaries by means of strategic systemic actions of populace vaccination. The combination
of differentiated vaccination strategies such as the case of vaccination campaigns and
routine calendar — actions of epidemiological surveillance implemented as means of lowering
incidence of preventable diseases. The administering of vaccines in healthcare units is
responsibility of the nursing team, usually composed of a nurse and a responsible auxiliary
or nursing technician. However, all maintenance chains are responsible for keeping the
needed quality of immunobiological administering processes that can be disrupted if, in the

moment of application, during classes, the professional do not receive appropriate training.
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21 BACKGROUND

Studies generally recommend the creation of strategies that allows updating
of professionals responsible for quick and effective vaccination. But generally, real
circumstances do not contribute to the quality of the procedure. Oftentimes, both guidelines
manuals and recommended specifications makes difficult the access of the professional,
be it by the volume of data that is higher than needed for quick consultations, or the low
reproduction quality of photocopied materials. Moreover, due to the insufficiency of human
resources, or work overload, professionals are taken to clarify their doubts in faster sources,
like Google. Besides other situations, such as conduct related to inadequate techniques of
professionals [8], distraction, and unfamiliarity of adverse effects [9,10]. Another concerning
factor are fake news related to anti-vaccination movements.

The use of informatized resources related to vaccination is widespread. The MS [11],
presents a digital system to coverage assessment. The Center for Disease Control and
Prevention (CDC) of Atlanta, [12], besides systems for monitoring vaccination coverage,
publishes digitized programs to orient parents about the recommended vaccination
calendar for children. The World Health Organization, WHO, [13], also presents software
applications directed to parents. In that sense, literature is consensual in pointing towards
the necessity of developing more effective educational techniques [14,15], as well as the
rising importance of mobile applications usage [16,17,18]. Many studies present applications
and mobile applications’ reviews related to vaccination [19,20,21,22], and most describe
results concerning acceptance of vaccination[18,23], information about vaccines[24,25],
vaccination records [26,27], vaccination coverage[20,22], vaccination alerts [28], knowledge
for the decision making of parents and/or professionals [23,29], communication about
vaccine safety [30,31].

The use of digitized resources in teaching environment is widespread, however, no
papers were found specifically related to vaccination. That is, no apps were found to help
the process of teaching/learning about vaccination. The application “Vacinagéo em Dia” (Up
to date Vaccination) from the Ministry of Health (MS) [11], available for Android operating
system, has as its target-audience the citizens and their families.

As such, the objective of this research was to develop an interactive software,
accessible and with ludic language, that provides information and practical solutions to the
most usual questions and problems from the daily routines of professionals responsible for

vaccination.

31 METHODS

This study concerns an exploratory research of technological development. To
guarantee the reciprocal influence of the distinct areas that are involved, a focal group
was utilized. Nursing and computer-engineering graduation students and teachers, and
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primary attention healthcare nurses composed the group. The technical content related
to vaccination and immuno-preventable diseases to subsidize the modules of Vacina.com
were extracted from manuals and directives from Ministry of Health[4,6,7,32,33] and the
Brazilian Society of Immunizations (SBIm) [34].

The implementation of code from the Vacina.com (Vaccine.com) portal was made
in JavaServer Pages (JSP), a technology that aids the creation of webpages using HTML
and Java. The model of used software architecture was MVC: Model, View and Controller,
where: Model concerns logic and functions that act as the “cogs” of software; View consists
in the creation of interface pages and the direct interaction with the user; and Controller
connects and organizes both previous modules. For the implementation of graphical
interface, it was opted to use Bootstrap, a framework of HTML5 and CSS3. Its function is
to help the creation of websites and web applications, and one of its greatest advantages is
being compatible with current versions of the most used web browsers, besides supporting
responsive design, that allows adaptations to different kinds of devices. The platforms used
for implementation were NetBeans to the development of JSP, and MySQL Workbench to
work directly with the database.

The Vacina.com portal was designed with three modules: a game, a virtual
encyclopedia and a vaccination mirror card. The game approaches knowledge concerning
immunobiologicals and immuno-preventable diseases. The encyclopedia (wiki) must gather
information about vaccines and diseases that allow for treatment by means of vaccines.
Lastly, the vaccination mirror card is a digital version of the current vaccination record found
in basic healthcare units.

4| RESULTS AND DISCUSSION

The portal was implemented to house three modules: game, wiki and vaccination
card. In the Game, the player is provided with tips that bring specific information about
previously registered themes. At the end of each match, score is stored in a database to
allow a player ranking. Reports for the teacher’s evaluation are also provided. On the Wiki,
from the insertion of a term that refers to the intended subject matter, the software provides
information about vaccines and the diseases related to the research, that the user could
browse, obtaining more item-specific information. The Vaccination Card is a digital version
of the vaccination record found in healthcare units. The user has access to a record of
the administered vaccinations, and is informed if he is or is not up to date with deadlines
established by the National Program of Immunizations.

When the user accesses the system, he is directed to a screen that presents the
three modules proposed by the project: the game, the encyclopedia, and the vaccination
mirror card (see Fig. 1).
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INICIO REGISTRAR SOBRE

Vacina
. com

Sua forma interativa de aprendizado...

JoGo ENCICLOPEDIA CARTAO-ESPELHO

[

= =
Jogar Pesquisar

Fig. 1. Vacina.com homepage

4.1 The Game

The first module of the platform is the game concerning immunobiologicals and
immuno-preventable diseases. This application integrates knowledge of vaccinations
presented by the National Vaccination Calendar [4]. The purpose of this core is to provide
an interactive and singular form of learning that could be aggregated into the institution’s
pedagogical project, helping the effectiveness of the teaching/learning process. The provided
information in this software was extracted from the Manual of Norms and Procedures for
Vaccination [6], the Manual of Reference Centers for Special Immunobiologicals [32], and
the Manual of Epidemiologic Surveillance of Post-Vaccination Adverse Events [33], from
technical guidelines, and from the Brazilian Society of Immunization [34].

In this game’s model, only one player can participate at a time. A player may choose
hints that provide specific information about the theme, to guess to which immunobiological
or immuno-preventable disease this information concerns. The player starts the round with
1000 points and each hint is valued 100 points.

If the player chooses a hint, the box that refers to the number of a hint will be
presented in the white color, and the guideline is presented in the “Hint” box, as can be
seen in the Figure 2 example. According to the game’s rules, each new information the user
solicits causes him to lose 100 points.

When the player knows what the hints refer to, he can submit an answer to the
system, losing 10 points with each wrong guess. In case of all the hints being solicited, and
the student giving up on trying to answer what is the vaccine or disease in question, he can
press the “View Answer” button.

An important fact is that the target audience of Vacina.com are students of health-
related courses, such as Nursing. These students will be professionals that coexist daily with
the possibility of mistakes, and as such, the game aims helping them test their necessary
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knowledge. By the end of a match, the player’s score will be given by means of the number
of hints that were not used.

INICIO INSTRUCOES RELATORIOS MEU PERFIL SAIR

’Vmwm/ 0 jogo da imunoprevencéo

Esta é uma Vacina

Dica 1 4

ﬁ ﬁ
Na gravidez, recomenda-se a avaliacdo do
risco versus beneficio antes da vacinacao 6 7
com esta vacina

Responder

Pontuagao
700

Fig. 2. Game and the tip box

The use of ludic approaches to the work and qualification of health professionals
can increase motivation. Studies show the relevancy of serious games and gamification
when promoting health and prevention, especially in the case of specific groups such as
healthcare professionals, or teenagers, possibly disinterested [35,36]. The use of serious
games for vaccination is an innovative tool for public health [37].

Although there is a relative scarcity of studies concerning the use of digital games
when promoting health, studies suggest that digital gamification has a strong potential to
increase knowledge about vaccination, and eventually, the vaccination coverage itself [20].
4.2 Immunopedia

The other implemented module is the Immunopedia. The student or health
professional types in a vaccine or disease and the portal provides a list of results for that
search, and is up to the visitor to choose one an option to access the vaccine or disease.
The topics of vaccine are: Immunity against, Indication, Contraindication, Before vaccination
(including guidelines to the person responsible and adverse events), Calendar, Vaccination
preparation, Dosage, Route of Administration, Place of application, Conservation, Production
laboratory, Composition, Culture, Vaccine efficiency, and Titration. The topics referring to
immuno-preventable diseases are: Disease description, etiological agent, reservoir, period
and mode of transmission, period of incubation, clinical manifestations, prevention, and
treatment.

The mobile devices enhanced the health care for individuals that need it as much
as for the providers of the service. Smartphones offer the opportunity to enhance the
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immunization practice and facilitate personalized communication among individuals and
public health authorities [7,9]. With the increased use of mobile devices and applications,
there is the potential of capturing, transmitting and monitoring information of post-
immunization experience in real time using personal mobile devices [27].

4.3 Vaccination Card

The Vaccination Card module is a digital version of the mirror card used in basic health
units to control and update individual vaccines. In this module, when used as a teaching/
learning tool, allows the teacher to create hypothetical situations of already administered
vaccines, and the student must design the next doses according to the national vaccination
calendar. When used in basic healthcare units, the user reports the registration of vaccines
already applied to an individual and the application will indicate the vaccines still to be
administered. The application is also able to alert both professionals and individuals about
the need to apply upcoming vaccines. And the user can also contribute to updating the
mirror card database of basic healthcare units.

In the Vaccination Card module, there is the display page of the vaccines already
applied to the patient and the pending vaccines, both arranged in squares marked by the
blue and red colors respectively, as shown in Figure 4.

"
[Nllale} RECISTRAR SOBRE

Old Nathdlia, bem vinde (a) ao seu cartiio espelho de vacinagio!

Suas vacinas estdo em dia.

Vocé precisa estar em dia com a vacinagdo. Cheque as vacinas marcadas com X, que precisam ser tomadas.

VACINA VACINA VACINA VACINA VACINA VACINA

v v v X X X

VACINA VACINA VACINA VACINA VACINA VACINA

v v v v v v

DATA EM QUE FOI DATA EM QUE FOI DATA EM QUE FOI DATA EM QUE FOI DATA EM QUE FOI DATA EM QUE FOI

Fig. 3. Vaccination Cards

Tecnologias, Métodos e Teorias na Engenharia de Computagéo 2 Capitulo 1




The portal can be used in healthcare units, by which the professional updates the
database of vaccination records. By means of Vacina.com complex information can be
worked with in a simple way. With a dynamic design, it values ease of access, the updating
of knowledge, information wholeness, and answering speed, facilitating the access of
necessary information for safe vaccination. As such, it contributes to promoting healthcare
by means of minimizing errors in the vaccination process, reducing risks and preventable

aggravations.

51 CONCLUSION

Vaccination is complex in method, and it is necessary to have deep knowledge
about each vaccine so that one reaches a successful outcome. It is also known that health
professionals are not always the bearers of such crucial specificities during the vaccination
process.

The produced software presents itself as a tool with the ability to help remedy
this demand of professionalization, as it contains essential information concerning
immunobiologicals and immuno-preventable diseases in a dynamic way, and by means of a
highly popularized tool: the Internet.

However, it is known that the work does not end there. The research group intends
to make improvements in the already produced core with, for example, an increase in the
number of players, and the possibility of player interaction.
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