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ABSTRACT

Introduction: The use of educational technologies on biosafety can be an innovative and
interactive strategy to provide knowledge concerning specific issues and work processes.
Objective: To develop an educational quiz game on biosafety in Dentistry; to construct and
validate, in a pedagogical and technical way, the 60 evaluation items to be incorporated
into the system. Method: The study was organized in several stages: elaboration of the
didactic-pedagogical project; development of the game; elaboration of 60 evaluative
items; and validation of content by two professionals in the field of pedagogy and five
experts in the field of biosafety. Results: The pedagogical evaluation results allowed us
to adjust the game questions according to pedagogical criteria. The technical evaluation
results were obtained by using the Content Validation Index (CVI), which exceeded 80%
in the textual clarity criteria, practical relevance, adequacy to the public and response
time of the questions. Conclusions: An open and free access instrument, the educational
game can be used as a knowledge tool in biosafety, responding to the continuous demand
of students and professionals in search of democratization of information.
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RESUMO

Introdugdo: O uso de tecnologia educacional sobre biosseguranca pode constituir uma
estratégia inovadora e interativa que proporciona conhecimentos a respeito de assuntos
especificos e processos de trabalho. Objetivo: Desenvolver um jogo educacional do tipo quiz
sobre biosseguranca em odontologia; construir e validar de forma pedagogica e técnica os
60 itens avaliativos a serem incorporados ao sistema. Método: O estudo foi organizado em
diversas etapas: elaboracédo do projeto didatico-pedagogico, desenvolvimento do game,
elaboracéo dos 60 itens avaliativos e validacao do conteldo por dois profissionais da area
pedagdgica e cinco com expertise na area de biosseguranca. Resultados: Os resultados da
avaliacdo pedagogica possibilitaram que as questoes do game fossem ajustadas conforme
critérios pedagodgicos. Os resultados da avaliacdo técnica foram obtidos utilizando o
indice de Validacio de Contelido (IVC), sendo superiores a 80% para os critérios de clareza
textual, relevancia pratica, adequacdo ao publico e tempo de resposta das questdes.
Conclusées: De acesso aberto e gratuito, o jogo educacional podera ser utilizado como
uma ferramenta do conhecimento em biosseguranca, em resposta a demanda continua de
alunos e profissionais em busca da democratizacao da informacao.

PALAVRAS-CHAVE: Experimental Games; Infection Control; Dentistry; Occupational Risks
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INTRODUCTION

This study addresses the development of a quiz-like educational
game on biosafety in dentistry and the technical and pedagogical
validation of the 60 evaluated items, designed to be used in the
game as tools to support education practices.

Worldwide, the provision of healthcare is always associated with
a potential range of occupational safety and risk issues related
to work practice.

In several studies, researchers found non-compliance with the
current legislation on biosafety norms and good practices in
health services. This hinders the safety of patients, dentists and
dentistry teams. It also shows the need for changes in work pro-
cesses’234 due to the loss of quality in the care that is provided
because of failure in several stages of the process?**5, in addi-
tion to the lack of protocols, monitoring tools and records*¢.
This emphasizes the need for continuous training and updating
of professionals in this area?3*7.

Serious games are educational games that address specific
knowledge. Their objective is to teach and train new skills or
raise awareness about important issues®®'°. This may enable
professionals and students to update and review their prac-
tices, as well as motivate them to search for more information
about a given topic.

According to the guidelines for policies for mobile learning
published by the United Nations Educational, Scientific and
Cultural Organization in 2014, Information and Communica-
tion Technologies (ICT) are a fundamental means of access to
information and the production of new knowledge, since they
enable learning anytime, anywhere, when used together with
mobile technologies''.

Since mobile devices have become more popular and affordable,
society is increasingly familiar with these technologies. Research
suggests the potential of educational solutions enabled by elec-
tronic media to democratize access to knowledge in Brazilian
existential extremities'?.

Students’ interest in mobile technologies like mobile phones
makes it clear that those who intend to educate and engage
their students in the digital age have enormous challenges ahead
of them, but they can use innovative methods to help dentistry
students learn more'.

Several studies have focused on the use of interactive techno-
logical tools to train and inform students in specific areas. They
have been used in medical and dental education, encouraging
the resetting of educational, teaching-learning processes and
taking into account their potential benefits'516.17,

The serious games on biosafety in dentistry aim to validate the
content of the quiz-like game in a qualitative and quantitative
fashion, together with judges specialized in the area of biosafety
and experts in the area of pedagogical production'® 20,
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Faced with a scenario of occupational and environmental health
risks, and given the interest in the use of mobile and interac-
tive technologies, in addition to the requirement of continuing
education of dentistry professionals, the need arose to develop
and validate the educational content of a serious game. The
objective was to contribute, in an interactive and game-like
manner, with good biosafety practices and to encourage the
professionals’ commitment to the adoption of safe measures
and responsible dental care.

METHOD

Design of a didactic-pedagogical project

Because it is an educational game, it was previously planned tak-
ing into account its technical-scientific and pedagogical aspects.

This stage of the project was fundamental because it enabled
the definition of several aspects related to the design of the
quiz-like game.

The educational game was called “biosafety in dentistry”,
with a total of 60 evaluated items based on the main topic
and arranged in a database. This number of items enabled the
random use of 20 questions every time the game was played,
thus avoiding too much repetition and tiring the players with
excess questions.

The subtopics are related to: physical infrastructure; standard
precautions; occupational risk; work accident and conduct after
exposure to biological material; hand hygiene; equipment for
individual safety; flow and processing of items; surface process-
ing; water line; health service waste management; radiation
protection; biosafety in prosthesis laboratories.

We determined the intended audience with dentists, undergrad-
uate and graduate students of dentistry.

The institutions that signed a partnership in the production and
publication of the game were the Open University of the Bra-
zilian Single Health System (UNA-SUS) of the Federal University
of Maranhao (UFMA) and the University of the State of Rio de
Janeiro (UERJ) through the Program of Professional Master in
Telemedicine and Telehealth.

From the initial project conception to the game development
and evaluation, the project lasted from February 2016 to Feb-
ruary 2018.

The evaluated items underwent pedagogical and technical val-
idation. Two pedagogical validators with experience in the pro-
duction of educational games and five prominent professionals in
the biosafety area were selected to carry out this task.

We determined the educational objectives within the category
of cognitive domain. These objectives are related to what is
expected of the player’s performance at the end of the game,
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so that users can understand and rethink their work processes,
focusing on prevention and controlling risks in dental services.

Game development/motivation strategies

The educational game uses a two-dimensional 2D interface and
enables a learning environment on biosafety based on a quiz-like
educational game.

To create the game, we required the participation and the inter-
action of professionals from different areas like education, tech-
nology, health, graphic and instructional design.

We resorted to three technologies to create this tool: Unity 3D®
(the game engine), Adobe Illustrator CS6® (creation tool) and
Ableton Live® (for background audio creation).

The game was created in the Unity 3D game creation framework
with the C# programming language (C Sharp). The evaluation
items elaborated for the game were recorded through a support
system. This system was created in the PHP, Java script, HTML5
and CSS3 programming language. The database we used was
MySQL. With the JSON technology, it sends the data to the game.

The technological area, in partnership with the graphic design
team, developed the game itself and linked it to the database of
questions (evaluated items) produced by the health team with
pedagogical and technical adaptations.

This computer system was developed and registered at the
National Institute of Industrial Property (INPI), process n. 51
2017 000649 0, by the UFMA Foundation.

Five development scenes were created. They include: game home;
character selection; tutorial; gameplay, in which the player can
interact with the focus of the game; and conclusion or final ranking,
in which we can see the score and the player’s position and perfor-
mance among the participants, as shown in Figures 1, 2, 3, 4 and 5.

The game features different tools and motivation strategies:
tutorial, score, response time, opportunity to get tips and rank-
ing, as well as content of texts, images and audio, with charac-
ters in motion to make it dynamic.

Atotal of 20 random questions are available for each game. Every
time the game is played, if the player faces a question that he
or she cannot answer, he or she can choose one of the four cards
that are presented to him or her as a bonus. The options are:
request a tip, delete two wrong alternatives, pause the game,
or skip the question.

The response time for each question depends on the question’s
level of difficulty and is presented in a gradual manner. For
questions considered easy, medium or hard, the response time
is 30, 45 and 60 sec. The scores obtained are computed and
displayed on the final screen.

In Figure 4, we can see an hourglass in the lower left corner of
the scene that counts the player’s remaining response time so
that the game stays fun, engaging and appealing.

http://www.visaemdebate.incgs.fiocruz.br/
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Creation of evaluated items

The content addressed in the development of the evaluated
items was obtained through: book searches?', manuals?>23, Reso-
lutions of the Board of Directors of the National Agency of Health
Surveillance (Anvisa)*? 26272829 term paper, dissertation®,

Figure 1. Entrance scene

Figure 2. Character selection scene.

Figure 3. Tutorial scene.
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thesis*?, updated articles®*34, Ordinance?*, Ministry of Health pro-
tocol®, in addition to regulatory norms of the Ministry of Labor
and Employment®”-*¢ on the topics addressed. We listed only some
of the authors and institutions we consulted.

For the creation of the items, we followed the recommenda-
tions described in the “Elaboracdo de itens de avaliacdGo para
jogos educacionais” manual®. The educational objectives were
designed according to Bloom’s Taxonomy*.

The evaluated items are multiple choice and contain: one
statement, five alternatives, four distractors and one plausible
choice, five feedback replies or justifications for each of the
options, plus a tip, bibliographical references and a supple-
mentary link where players will have access to an article, an
RDC, Ordinance, manual, poster, among other materials on the
topic in question, where they can find relevant information on
the matter.

Pedagogical validation

The pedagogical validation was carried out with the support of
two evaluators from the UFMA’s UNA-SUS Pedagogical Nucleus,
one with a doctoral degree and the other with a master’s degree,
both with experience in the pedagogical production of educa-
tional games.

Figure 4. Gameplay scene.

Table 1. Pedagogical evaluation tool.

Feitosa MLB et al. Serious games for good practices in dentistry

This nucleus received an e-mail with the 60 evaluation items
prepared by the author on biosafety in dentistry and the ped-
agogical evaluation tool to be filled out, with a 30-day return
period, based on the criteria described in Table 1.

After analyzing the 60 evaluation items and filling out the ped-
agogical evaluation tool, the comments and suggestions were
used so that the game questions were adjusted and followed up
for a technical evaluation to be carried out by judges specialized
in biosafety.

Technical validation

The game questions on biosafety in dentistry were emailed to
five reference professionals in the biosafety area, with expertise
in the area and credentials to perform this task. Three of these
professionals were from a public university and two were from
a private college.

Three of these professionals have a doctorate degree, two of
them are dentists and one is a nurse with a master’s degree
in nursing.

In addition to the game questions, the professionals received an
adapted assessment tool' to be filled out individually for each
question (Table 2).

An (X) was marked when the question was considered adequate,
partially adequate and inadequate, according to the following

Figure 5. Final ranking scene.

Comments and

Evaluation criteria suggestions 1

Section

Section Section Section Section Section
2 3 4 5 6

Consistency between the educational
objective and the degree of difficulty of
the questions

Clear, cohesive and objective statement

Plausible feedback, with significant
additional information

Tip for the correct alternative without
giving the answer

Bibliographical references, following ABNT
standards, with active links

ABNT: Brazilian Association of Technical Standards.

Source: Prepared by the author. Adapted from: Carmo, Garcia and Reis (2017).
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Table 2. Technical evaluation instrument.

Feitosa MLB et al. Serious games for good practices in dentistry

Text Practical

Question 1 clarity’

relevance?

Comments
and suggestions

Suitability to

= 4
target audience?® L

Adequate
Partially adequate

Inadequate

" The question is formulated in a clear and unambiguous manner.
2 The theoretical basis is up-to-date and relevant to the proposed theme.

3 The content is consistent with the clinical practice of general dentists/undergraduate and graduate students in dentistry.

4 The time is suitable for the full reading of the question.

Source: Prepared by the author. Adapted from Alexandre and Colucci (2011).

criteria: text clarity, practical relevance, public suitability and
time to answer questions, with comments and suggestions.

The 60 questions were submitted to statistical data analysis.
For this analysis, we used a content validity index (CVI), which
informs the percentage of judges who agreed on a certain aspect
of the tool.

The index score is calculated by the sum of agreement in the
items marked as adequate and partially adequate by the experts
and divided by the total number of questions in the game'2. The
comments and suggestions supported final adjustments and all
content was proofread for grammar correction.

After pedagogical and technical validation, final adjustments
and proofreading, the evaluation items were entered into a plat-
form called Formuldrio Online SigU Atividade and incorporated
into the game.

RESULTS AND DISCUSSION

Several studies surveyed in this paper point to the fact that
many scholars are proposing serious games as interactive, fun,
enabling and supportive learning objects® 415,

Although there is a movement toward the incorporation of edu-
cational games as teaching methods outside the classroom, in
response to the students’ technological demands'', in den-
tistry, games for training on specific subjects - like biosafety*
- are still scarce, although there are many games for children
that improve preventive measures of oral health.

Of 60 evaluation items on the topic of biosafety in dentistry,
10 subtopics were chosen to be addressed in the game. We
sought to relate them to the daily practice of dental services
so that users can acquire relevant information - regardless of
whether they get the questions right or wrong - through feed-
back on each alternative and supplementary active links that
encourage the search for other available and/or correlated ref-
erences. All this information will help players with valuable sub-
sidies and motivate them to seek further knowledge.

Some challenges were found in the design of the evaluation
items, such as: creating the questions and their alternatives with
different levels of difficulty; arranging alternatives of similar
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sizes; building feedback for all alternatives, so that they had
significant additional information; and fitting the questions into
the predetermined times of 30, 40 and 60 seconds.

The content validation process is an important step in assessing
the reliability of what you want to build. The absence of vali-
dated and reliable tools in Brazilian research does not contribute
to the consolidation of the use of learning based on digital games
in educational environments, since games created without a
pedagogical conception of reference and without validation can
produce results different from those expected*.

In a study on the validation of an educational game in medica-
tion administration, the items that obtained agreement rates
higher than or equal to 80% between the expert judges were
validated, serving as a decision criterion on the relevance
and/or acceptance of the item. Similar results were found in
this study*.

An educational game called “Healthy Adventure”, which deals
with healthy life habits for adolescents, was designed with val-
idated the items that obtained agreement rates between the
expert judges and target public higher than or equal to 0.78*.

It is of paramount importance that the evaluation items incorpo-
rated into the educational game be validated according to ped-
agogical and technical criteria, so that they can be reliably used
as educational tools.

In order to measure the degree of agreement between the
evaluators, we used the CVI, which measures the ratio or per-
centage of judges who are in agreement on certain aspects of
the items.

The results of the agreement rate among the evaluators - refer-
ring to the criteria of text clarity, practical relevance, suitability
to the public and response time - can be seen in Table 3.

The pedagogical and technical validations were planned to be
performed by specialists in the areas. However, in the technical
evaluation, which was to be done by five biosafety experts, after
the return of the technical evaluation tool, one of the doctoral
judges filled out only the first ten items for the first section of
questions and was therefore disqualified, since the five remain-
ing sections should have also been evaluated.

Vigil. sanit. debate 2018;6(4):1-8 | 5
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Table 3. Index of content validity among technical evaluators.

Feitosa MLB et al. Serious games for good practices in dentistry

Evaluation Eval. 1 Eval. 1 Eval. 1 Eval. 2 Eval. 2 Eval. 3
criteria i i i i i &
Eval. 2 Eval. 3 Eval. 4 Eval. 3 Eval. 4 Aval.4
Textual clarity 95.0% 93.3% 91.7% 93.3% 91.7% 93.3%
Practical relevance 100.0% 90.0% 95.0% 90.0% 95.0% 85.0%
suitability to the target 100.0% 88.3% 93.3% 88.3% 93.3% 81.7%
audience
Response time 98.3% 96.7% 91.7% 95.0% 93.3% 95.0%

Source: Prepared by the author, 2017.

Although in this study there was a limitation in relation to the
number of technical evaluators, which decreased from five to
four, the agreement rate between them was > 80%, similar to the
results found by several authors?42:4445,

The participation of the expert judges of the pedagogical and
technical areas enabled the adaptation and improvement of the
game content, thus adding value to the final version.

It is worth emphasizing the relevance of the multidisciplinary
work, which enabled the development of the game system tech-
nology with the integration of knowledge from several areas,
such as technology, education and health.

Our intention is to continue this study and submit it to the vali-
dation of our target audience (dentists, undergraduate and grad-
uate students of dentistry) and of information and communica-
tion technology professionals. With that, we hope to verify its
level of acceptance among the stakeholders.

This quiz-like educational game on biosafety in dentistry was
developed for use on desktop computers and also as an applica-
tion in both iOS® and Android® versions.
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