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Serious games in virtual environments for health teaching and 
learning

Jogos sérios em ambiente virtual para ensino-aprendizagem na saúde

Cristiano Alves dos Santos1, Valtuir Duarte Souza-Junior1, Flávio Ferreira Lanza2, Allan Jonny Lacerda2, Beatriz 
Maria Jorge1, Isabel Amélia Costa Mendes1

Objective: to identify the evolution in the use of serious games in virtual environments for health teaching and 
learning in the literature. Methods: integrative review with searches in the databases: Web of Science, National 
Library of Medicine, Cumulative Index to Nursing and Allied Health Literature. Results: in total, 82,779 articles 
were identified, 13 of which were fully read. Serious games are cheaper than simulated surgical procedures, 
easy to access and appropriate for the development of surgical skills and the training of patients, skills, clinical 
reasoning and decision taking. Conclusion: serious games have been developed through the elaboration of 
software and specific interactivity tools, mainly focused on skills development; using internet components, 
especially in Medicine and Nursing; and use peripherals of the computers in the teaching-learning strategies to 
encourage clinical reasoning and decision making.
Descriptors: Video Games; Simulation Training; Health Education; Software Validation.

Objetivo: identificar na literatura como tem evoluído o uso de jogos sérios em ambiente virtual para o ensino-
aprendizagem na saúde. Métodos: revisão integrativa, com buscas nas bases de dados: Web of Science, National 
Library of Medicine, Cumulative Index to Nursing and Allied Health Literature. Resultados: identificaram-se 
82.779 artigos, dos quais 13 foram analisados na íntegra. Jogos sérios apresentam menor custo comparados às 
simulações de procedimentos cirúrgicos, fácil acessibilidade e adequação ao desenvolvimento de habilidades 
cirúrgicas, treino de pacientes, aptidões, raciocínio clínico e tomada de decisão. Conclusão: os jogos sérios 
têm sido desenvolvidos por meio da elaboração de softwares e ferramenta de interatividade específica, 
principalmente os direcionados ao desenvolvimento de habilidades; com uso de componentes via internet, 
especialmente, na Medicina e Enfermagem; e utilizam periféricos dos próprios computadores nas estratégias de 
ensino-aprendizagem para incentivar o raciocínio clínico e a tomada de decisão.
Descritores: Jogos de Vídeo; Treinamento por Simulação; Educação em Saúde; Validação de Programas de 
Computador.
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Introduction

Through the evolution of society, at all times, 
advances have interfered and determined the need to 
implement sociocultural changes. Society admits that 
it is natural to face new situations that imply changes. 
In the educational scenario, however, the use of inno-
vative concepts and techniques becomes essential to 
reconcile and harmonize the teaching-learning pro-
cess with the state of cultural and technological deve-
lopment new generations of students present.

Thus, it is a function of education to be always 
attentive to the expectations and profile of the stu-
dents, in order to innovate and adopt techniques and 
methods capable of promoting a healthy teaching-
-learning process that favors the satisfaction of all 
stakeholders(1).

In this perspective, studies that aim to promote 
innovation in the scenarios of teaching practice are of 
relevance because it is essential to attend to the nee-
ds of the clientele and to prepare the teachers for the 
adoption of changes. Thus, this study aims to contri-
bute in this sense, also considering that serious games 
have been used as an effective tool for competency 
building among health professionals.

It is of common agreement that the field of In-
formation and Communication Technologies has ena-
bled the development and growth of several areas of 
science, including the health sciences. In professional 
education, the changes in teaching / learning paradig-
ms currently place the student at the center of lear-
ning, considerably increasing the need for innovative 
strategies, among which the use of simulation can be 
highlighted(2).

In Health and Nursing, the use of simulated te-
aching provides active learning, which reinforces the 
theoretical knowledge acquired in the classroom and 
contributes to the student’s own participation in lear-
ning. They harmonize the reflection of the new con-
tent based on the student’s background knowledge, 
which generates significant learning(3). In the use of 
simulation, strategies promote students’ co-accounta-

bility in their learning process and the development of 
ethical attributes linked to patient safety(4).

Among the various resources used for this tea-
ching-learning method, the use of simulated games in 
a virtual reality environment, also known as serious 
games(5), has increased. These have a number of mea-
nings and can be described as virtual games simulated 
for educational purposes and not just entertainment. 
They have been considered as important and innova-
tive tools for training human resources in health, with 
emphasis on the education of nursing professionals, 
both in skills training, in the formation of critical sen-
se, decision making and reasoning; the serious games 
develop competences related to the provision of ma-
terials and equipment and to the stages of the proce-
dures, permitting the repetition of the training and, in 
some cases, favoring the critical judgment to support 
the manual dexterity(5).

Virtual games were introduced by the industry 
as a mere instrument of children’s entertainment, but 
today their applicability has been exploited in a pro-
fessional way, in several areas of knowledge and ba-
sed on scientific evidence, which motivated the need 
to formulate methods and guidelines and the concern 
about what would be defined as serious games(6).

Serious games are learning objects mainly 
characterized by the concern to transmit knowledge 
through digital media. These are tools that have the 
potential to change educational paradigms and that 
stand out in many aspects when compared to traditio-
nal teaching-learning methods(7).

Some of the benefits of virtual games applied 
to health are: safety for the student and the patient, 
reducing and preferably avoiding the possibility of er-
ror and control of events, motivating and facilitating 
effect on learning; development of cognitive skills, 
discovery learning, experience of new identities, so-
cialization, motor coordination and expert behavior. 
It is considered difficult, however, to play a game to 
exploit all these benefits, because some drawbacks 
still remain, such as the lack of this kind of products 
in the market, the slow adaptation of educators in the 
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use of this tool and the imprecision of what gaming 
companies are producing, which remain much more 
concerned with the market for the game than with the 
pedagogical gains(8).

The technological resources used in this tool 
employ current, promising technologies that grow 
exponentially, change and improve constantly, but not 
always with evidence of success. In order to be ap-
plied, they need to be evaluated in their area of know-
ledge, in order to choose the best evidence.

In this sense, the objective was to identify in the 
literature how the use of serious games in virtual en-
vironments has evolved for teaching and learning in 
health.

Methods

An integrative review of the literature was un-
dertaken. The methodological development was sub-
divided into six phases: elaboration of the guiding 
question; establishment of inclusion and exclusion 
criteria and literature search; definition of the infor-
mation to be extracted from the selected studies; eva-
luation of included studies; interpretation of results 
and presentation of the review(9).

The guiding question elaborated for selecting 
the articles was: how has the use of serious games 
evolved in virtual environments for teaching and lear-
ning in health? For the search, the following databases 
were used: Web of Science, National Library of Medici-
ne (PubMed), Cumulative Index to Nursing and Allied 
Health Literature (CINAHL).

To accomplish the search, the descriptors were 
defined as: video games, games, video, simulation trai-
ning, simulation, health education, software valida-
tion. Publications were included that were published 
in the period 2010 to 2016 in English, Portuguese and 
Spanish, available in full, which discussed the resear-
ch question in the teaching of health professionals, ba-
sed on a qualitative and/or quantitative method, whi-
ch contributed to understand the study phenomenon.

Of the 82,779 publications found, 168 were 

selected and, after exhaustive reading of the titles 
and abstracts, 72 full studies were selected for re-
ading, while 59 were excluded because they did not 
answer the research question. Thus, 13 articles met 
the established inclusion criteria, being selected for 
analysis. The 13 articles were later analyzed using a 
bibliographical data collection tool(10), which included 
data related to the identification of authorship, year of 
publication, journal, methodological design, the inter-
vention studied, the main results and the conclusions.

The analysis of the ranking of the evidence in 
the article was based on a proposed six-level ranking, 
namely: Level I, studies related to the meta-analysis of 
multiple controlled studies; Level II, individual experi-
mental studies; Level III, quasi-experimental studies, 
such as non-randomized clinical trial, single pre- and 
post-test group, and time series or case-control; Le-
vel IV, non-experimental studies, such as descriptive, 
correlational and comparative research, with a quali-
tative approach and case studies; Level V, evaluation 
data of programs obtained systematically and Level 
VI, expert opinions, experience reports, consensuses, 
regulations and legislation(11).

The methodological details were based on the 
literature and the results were presented descriptive-
ly(12). The articles analyzed were identified from one to 
13, adopting the term technology, defined as a force of 
cultural transformation(13). 

Results

Among the 13 articles included in the study, 12 
were published in English and one in Portuguese. The 
knowledge areas of the studies were Medicine (nine) 
and Nursing (four). The research data related to au-
thorship, year of publication, country, knowledge area 
and evidence level are displayed in Figure 1.

Therefore, the sample consisted of 13 articles, 
developed in eight countries and published in 13 
journals.

The main results and conclusions of the publi-
cations analyzed are displayed in Figure 2. 
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ID Author Year Country Area Evidence level
1 Dariel et al.(14) 2013 France Nursing VI
2 Wit-Zuurendonk & Oei(15) 2011 The Netherlands Medicine IV
3  Diehl et al.(16) 2013 Brazil Medicine II
4 Fonseca et al.(17) 2014 Brazil Nursing IV
5 Munro(18) 2012 USA Medicine IV
6 Consorti et al.(19) 2012 Italy Medicine I
7 Solomon et al.(20) 2011 USA Medicine VI
8 Jalink et al.(21) 2013 USA Medicine III
9 Ruthenbeck et al.(22) 2012 Australia Medicine IV
10 Clarke et al.(23) 2012 Canada Medicine IV
11 Farra et al.(24) 2015 USA Nursing V
12 Corradi et al.(25) 2011 Brazil Nursing IV
13 Papatsoris et al.(26) 2012 United Kingdom Medicine III

Figure 1 - Results found in the studies according to author, year of publication, country, knowledge area and 
evidence level

ID Main results and conclusions of the studies analyzed

1 The serious games are efficient teaching and learning tools that offer safety to the teachers and allow the student to develop skills and 
competencies, to apply clinical reasoning and recognize the consequence of this reasoning.

2 Serious games are being applied as an auxiliary tool in the teaching of medicine, to improve the technical and clinical decision-taking 
skills. They are low-cost and offer possibilities to simulate scenarios that are unfeasible in real life.

3 It was demonstrated that, in a multiprofessional team, a virtual learning object can be created with possibilities for attractive and 
low-cost applications to guarantee better care for diabetes patients.

4 A learning object was constructed, based on the teaching and learning theories, at a low cost and with a low access level to improve 
the care for vulnerable populations.

5
The current simulators offer the opportunity to develop surgical skills, and the virtual-reality simulation models have not surpassed 
them yet. Validation studies are now needed, as well as cost assessments to purchase hardware and software. In the future, the role of 
simulation in virtual reality will gain broader dimensions.

6 It was evidenced that the virtual teaching method is superior when compared to the traditional model. Its inclusion in the curricula 
is recommended.

7 The reality of the virtual simulation of a cognitive task can overcome the deficiencies of the existing education models.

8 The fictional construction of a valid prototype virtual game with considerable perspectives was demonstrated for the training of 
laparoscopy skills.

9 The final assessment was positive, indicating that the simulator can support surgeons to gain amygdalectomy skills rapidly in a safe 
and realistic environment.

10 The surgical essay of complex procedures in virtual reality simulation can be performed for specific patients according to advances 
in the simulation technologies (preview).

11 Virtual reality is an important strategy for health professional training and permits the inclusion of evidence into clinical practice.

12 The use of computer technologies integrated in undergraduate Nursing teaching should support the teaching and learning process of 
the physical examination, optimizing the results inside and beyond the classroom.

13 Virtual-reality simulated training can reduce risks in the initial phase of the learning curve of percutaneous renal access, improving 
several skills required for this technique.

Figure 2 - Synthesis of results and conclusions of the selected articles
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In Figure 3, the distribution of the primary stu-
dies is displayed according to the technologies used, 
the interactivity tools and the target audience.

ID
Technolo-
gies used

Interactivity tools Target audience

3 Web-based Mouse Medical professionals

4 Web Mouse Nursing graduates

7 Software
Haptic

Virtual reality
Medical graduates and 

professionals

8 Software
Haptic

Laparoscopy simulator
Medical graduates and 

professionals

9 Software
Haptic

Tonsillectomy simulator
Surgeons

10 Software Haptic Surgeons

12 Web Mobile technology (mobile) Nursing graduates

13 Software
Haptic

Urologic surgery simulator
Medical professionals

Figure 3 - Articles according to technologies used, in-
teractivity tools and target audience

Discussion

It should first be pointed out that, as a first ap-
proach to the subject in the form of a literature review, 
one of the limitations of this study is the number of 
databases used. The main bases for the theme studied 
were adopted as selection criteria, but variations may 
occur if other bases are included. Considering that this 
is a new and expanding topic, the standardization of 
the terms in the databases may not be well structured 
yet, which may hinder the retrieval of articles.

In this study, it was observed that, during the 
last five years included in this review, there was an in-
crease in the dissemination of research on the theme, 
mainly between 2011 and 2013. The greatest empha-
sis was found on clinical studies (Nursing and Medici-
ne) and the highest prevalence of publications was in 
the developed countries of the Northern hemisphere.

Among the studies produced, as shown in Figu-
re 1, several levels of evidence were identified, althou-
gh with a predominance of non-experimental and case 
studies, which indicates that the levels of research on 
the subject are in the reporting phase of the elabora-
tion of the games and that, possibly, soon, the journals 

will publish the evaluation of the produced items(27).
Among the research analyzed, also shown in Fi-

gure 1, it is observed that the articles proposed were 
focused on the description of pedagogical models and 
the evidences of the literature on the subject; the de-
velopment of clinical reasoning and the improvement 
of motor skills. Simulation technology in virtual reali-
ty has been massively applied in health education, es-
pecially in the form of serious games, associated with 
complex hardware or just simple computers. Several 
areas of knowledge have established this method as 
a support tool in didactic activities, highlighting the 
development of motor skills. Serious games are embe-
dded in active methods(28).

Stimulated by the possibility of manufacturing 
and the availability of easy access to the equipment, 
serious games made it possible for students from di-
verse knowledge areas, thrilled by the innovative and 
pioneer spirit, to develop prototypes, learning objects, 
focused on specificities, with good interactivity and 
low cost. Specifically in the area of health, the conve-
nience and effectiveness of serious games generate 
questions, resulting from the lack of reliable data on 
validity, as well as from the lack of methodological 
information about the production. The construction 
of serious games for use in the health area requires 
mastery of the thematic content, as well as mastery 
of other areas of technological knowledge, such as 
information technology and design; without this par-
tnership in the innovation process, there is a risk of 
launching products that do not meet the strategies of 
using the virtual learning object as an ally of the tea-
ching-learning process(5,28).

With regard to the production of serious games, 
the technologies currently available permit countless 
forms of interaction between men and machines by 
means of mouse, different sensors, voice commands, 
eye movements and other forms created by enthu-
siasts and innovators. In the studies analyzed, con-
cerns could be observed with the development of 
more sensitive sensors and the reinforcement of mo-
tor skills, especially in games created for the medical 
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area. For the development of motor skills, in most of 
the studies, the haptic concept was used, aiming to 
guarantee immediate tactile feedback during the si-
mulation, which allows the simulation to become even 
more realistic and guarantee the possibility of evalua-
ting both the tutor and the apprentices(29).

Kinect, a sensor from Microsoft, figured as a 
breakthrough in the gaming market by offering new 
interaction between the player and the digital media 
by capturing body movement. In addition, the tool 
has great potential in health-related projects, and can 
be associated with applications the users developed 
themselves(30), offering an optimistic perspective in 
the current simulation area with a relevant role for 
serious health games(27).

Simulation in a virtual environment does not 
pretend to replace the traditional forms of teaching 
used in health, but presents itself as an auxiliary tool, 
with proposals and possibilities that depend on the 
creativity and commitment of users. Applied in the 
form of serious games, they provide learning objects 
that can guarantee motivating and enriching inte-
raction both in the cognitive and motor part for the 
generation of college students for whom these tech-
nologies are much more attractive and motivating to 
learn. In surgical disciplines, virtual reality simulation 
is associated with hardware in order to ensure a rea-
listic tactile sensation; on the other hand, nursing uses 
the strategy for clinical reasoning and agile decision 
taking. Investing in this process is vital for the sake of 
researchers, teachers and students’ adherence in the 
innovation process in health teaching.

Conclusion

Serious games have been developed through 
the elaboration of software and specific interactivity 
tools, mainly focused on skills development; involving 
the use of Internet components, particularly in Medi-
cine and Nursing; and use computer peripherals in the 
teaching and learning strategies to encourage clinical 
reasoning and decision taking.
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