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ABSTRACT

Introduction: Game-based mobile applications have become powerful tools to aid the learning 
process. In the study of human anatomy, the use of apps has shown promise, providing students 
with an interactive and accessible way to explore and understand the complexity of the human 
body. Objective: This study describes the performance on digital platforms of an application 
developed to help healthcare students learn human anatomy content. Methods: This mobile 
application was developed in the Dart programming language and made available for Android 
and iOS systems. The Anatomania App presented a multifaceted approach to teaching human 
anatomy, including resources such as quizzes, text lessons, explanatory videos, and flashcards. 
These screens offer options for adjusting individual preferences and settings. Results: This 
mobile application had a total of 85,807 downloads and 82,839 registered users. This applica-
tion had a high frequency of users from Portuguese-speaking countries such as Brazil, Angola, 
Portugal, and Mozambique. Conclusion: This educational application has shown the potential 
to promote a more effective and interactive approach to learning anatomy.
Keywords: Smartphone, Gamification, Students, Anatomy.

RESUMO

Introdução: As aplicações móveis baseadas em jogos vêm ganhando destaque como ferra-
mentas poderosas para auxiliar o processo de aprendizagem. No estudo da anatomia humana, 
a utilização de aplicações parece promissora, visto que pode proporcionar aos estudantes uma 
forma interativa e acessível de explorar e compreender a complexidade do corpo humano. Ob-
jetivo: Descrever o desempenho em plataformas digitais de uma aplicação desenvolvida para 
ajudar os estudantes de saúde a aprender conteúdos de anatomia humana. Métodos: Esta 
aplicação móvel foi desenvolvida na linguagem de programação Dart e disponibilizada para os 
sistemas Android e iOS. O Anatomania App foi desenvolvido com uma abordagem multifacetada 
para o ensino da anatomia humana, incluindo recursos como quizzes, lições em texto, vídeos 
explicativos e flashcards. Estas opções podem ser ajustadas de acordo com as preferências e 
definições individuais. Resultados: Esta aplicação móvel teve um total de 85.807 downloads 
e 82.839 utilizadores registados. Esta aplicação teve uma elevada frequência de utilizadores 
de países de língua portuguesa como o Brasil, Angola, Portugal e Moçambique. Conclusão: 
Esta aplicação educativa demonstrou ter potencial para promover uma abordagem mais eficaz 
e interativa na aprendizagem da anatomia.
Palavras-chave: Smartphone, Gamificação, Estudantes, Anatomia.
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INTRODUCTION
The growing use of applications for 

mobile devices has encouraged the de-
ployment of this technology for educational 
purposes1. Several studies have shown 
that gamification techniques can improve 
students’ performance and learning expe-
rience, as well as increase engagement2,3. 
Furthermore, the mobile computing envi-
ronment has undergone radical changes in 
recent years, including the improvement of 
smartphone technology and the enhanced 
accessibility of mobile data services with 
reduced costs4,5.

The use of digital tools as a su-
pplementary resource could provide sig-
nificantly better understanding of complex 
anatomy concepts in healthcare educa-
tion1,6. In addition, a previous study has 
indicated that mobile learning in anatomy 
could provide an uninterrupted, individua-
lised and beneficial learning environment, 
also generating increased levels of motiva-
tion, self-confidence and satisfaction, and 
reduced levels of anxiety7. These authors 
have encouraged educators to expand the 
use of mobile technologies to stimulate the 
learning of the new generation of healthca-
re students.

Distance learning strategies have 
gained prominence especially during the 
COVID-19 pandemic. This was a period in 
which higher education institutions had to 
adapt their activities to continue the pro-
cess of teaching-learning in a distance 
format8-10. In the post-COVID-19 era, blen-
ded learning approaches have remained in 
institutions, reinforcing the need to design 
studies that can contribute to improving 
teaching tools11.

The game-based mobile applica-
tion represents an innovative approach 
that uses elements of games to promote 
more engaging, motivating and personali-
sed learning12,13. This methodology has the 
potential to transform the way students in-
teract with knowledge, making the learning 
process more meaningful and enjoyable14. 
An in-depth understanding of the anatomy 
and function of the human body is essential 
for safe and effective clinical care. Therefo-
re, this study presents a mobile application 
that uses gamification to engage healthca-
re students in learning anatomy.

METHODS
This is a mixed descriptive study that 

evaluated the performance, download pa-
ttern and user feedback of a mobile appli-
cation developed for learning human ana-
tomy. Data were collected for analysis in 
September 2023. The Anatomania App is 
a free, user-friendly, interactive, game-ba-
sed mobile application designed to support 
anatomy education in remote learning en-
vironments. 

During the development of the user 
requirements, the description of the func-
tional and non-functional requirements of 
the system were developed. The functio-
nal requirements are statements of servi-
ces that the system should provide, how 
the system should react to specific inputs, 
and how the system should behave in cer-
tain situations. Non-functional requiremen-
ts, on the other hand, consist of limitations 
on the services or functions offered by the 
system15. The description of the require-
ments of this app is listed in Table 1.
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TABLE 1. Description of the functional and non-functional requirements of the app.

Requirement Description
Functional requirements

User authentication The system must allow users to authenticate using username 
and password.

Registering new users The system must allow for the registration of new users and 
request information such as name, email, and password.

Password recovery The system must provide an option for password recovery, 
allowing users to reset their passwords through a secure pro-
cess.

Quizzes Users should be able to conduct quizzes with multiple choice 
questions on human anatomy to test their knowledge.

Creating questions Users should be able to create multiple-choice questions to 
expand the question bank available in quizzes.

Viewing flashcards Users should be able to view the created flashcards, with the 
question on the front and the answer on the back, to study and 
review the content.

Creating flashcards Users should be able to create flashcards with questions and 
answers related to anatomy human.

Progress tracking The app should provide a system to track the user’s progress 
by showing statistics on performance in revised quizzes and 
flashcards.

Notifications and remin-
ders

The app should send personalised notifications and reminders 
to encourage users to study regularly and keep a schedule of 
learning.

Interactive lessons The app should provide interactive lessons in text format, im-
ages or videos, addressing human anatomy topics in a didactic 
and engaging way.

Ranking The app should display a ranking of the users with the best 
performance in the quizzes, highlighting the best results and 
scores.

Non-functional 
requirements
Performance The application should be intuitive and user-friendly, with a us-

er-friendly interface for users of different levels of knowledge.
Operational The application must respond quickly to user interactions, 

avoiding significant delays in loading content and responding 
to commands.

Security The application must be stable and reliable, avoiding unexpect-
ed crashes and errors during use. User data must be stored 
securely and protected from loss or unauthorised access.

Offline functionality The application will work without internet access.
Extensibility The application should be designed to support an increasing 

number of users and content without compromising perfor-
mance or usability.
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Upgradeable The application should be easily maintained and updated, al-
lowing for the addition of new functionality and the correction of 
possible errors or failures.

Compatibility The application must have well-defined minimum hardware re-
quirements, ensuring that it can run on devices with different 
capabilities and resources.

This mobile application was develo-
ped using Dart with Android Studio and Flu-
tter framework, which allows development 
for both Android and iOS devices. Flutter 
is an open-source framework designed to 
create high-quality native applications for 
various platforms, including Android, iOS, 
web and desktop, from a single codeba-
se. It uses the Dart programming language 
and provides a user-centred development 
approach, with a wide range of customisa-
ble widgets and a reactive UI architecture16. 

Firebase cloud server was used for 
cloud services and data management. The 
mobile application is available for down-
load in the Google Play Store (since 24 
January 2021) and the Apple App Store 
(since 31 December 2022). Users who 
downloaded the app had the opportunity 
to share their opinions on its practicality 
and usefulness through the reviews avai-
lable on both the Apple Store and the Play 
Store. Testimonials were collected from 
these freely available reviews on the plat-
forms, users were named by double letters 
in order to maintain anonymity (A.A., B.B., 
C.C., D.D.). Data were analysed using 
GraphPad Prism 10 (GraphPad Software, 
San Diego, CA, USA). Descriptive statisti-
cs used measures of absolute frequency 
and cumulative frequency. Results were 
plotted as line and bar graphs.

RESULTS
The present mobile application 

allows interaction between users and pro-
motes gamification of learning, making the 
process more playful and stimulating (Fi-
gure 1a). The regular game mode is based 
on the quiz system (Figure 1b), in which 
the user chooses which category of human 
anatomy and the level of difficulty of ques-
tions (Figure 1c). Users can also challenge 
other players (Figure 1d). The inclusion of 
the ranking in the application aims to ga-
mify learning, stimulating greater engage-
ment on the part of the user (Figure 1e).

The configuration and user mana-
gement screens allow the user to interact 
with their data within the system, offering 
the possibility to customise and integrate 
their account with the application (Figure 
1f). Users can select the fields of anatomy 
they are interested in, create their own sets 
of flashcards, track their progress, and re-
vise content as needed (Figure 1g). This 
adaptive approach encourages continuous 
and self-learning, with a personalised and 
flexible learning experience. In addition 
to providing over two thousand questions 
on human anatomy, the application allows 
users to create their own questions and 
share them within the application commu-
nity, enhancing users’ learning experience 
(Figure 1h).
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FIGURE 1 Screenshots of the Anatomania App. Main menu screen (a), quiz screen (b), 
categories screen (c), challenge screen (d), ranking screen (e), profile screen (f), flash-
card screen (g), question bank screen (h).

Based on the Firebase database 
(Accessed 27 September 2023), this mo-
bile application had a total of 85,807 down-
loads and 82,839 registered users. This 
significant number of users reflects the re-
levance and popularity of the application, 
demonstrating high acceptance among 
users. This application had an expressive 

registration of users coming from Portu-
guese-speaking countries (Brazil, Angola, 
Portugal, Mozambique) since the applica-
tion is currently only available in Portugue-
se (Figure 2). Overall, this educational app 
has demonstrated the potential to promote 
a more effective and interactive approach 
to learning anatomy.
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FIGURE 2 Cumulative frequency of Anatomania App downloads in the Google Play 
Store (a) and Apple App Store (b), and worldwide distribution of users (c).

A collection of user testimonials, 
available on the platform, is listed below. 
User A.A. commented on the gamification 
of learning within the app: “An incredible 
app for health and biology students. The 
best way to learn anatomy is by training 
and this app offers this in a super didactic 
and fun way. I found myself spending hou-
rs playing and did very well in the anatomy 
exam.” User B.B. commented on the ga-
mification of learning within the app. “It’s 
a great tool for bringing scientific knowle-
dge to students and anatomy enthusiasts 
in a playful way,” User C.C. commented on 
the quality of the content within the app. “It 
shows me how shallow my general know-
ledge of anatomy was, I use it to update 
myself and always have something to talk 

about with friends.” User D.D. commented 
on their experience using the app during 
the COVID-19 pandemic: “I was having a 
lot of difficulty with anatomy because of 
missing practical classes due to the pan-
demic, this app saved me a lot!”

DISCUSSION
The present findings suggest that 

the App can offer students and health pro-
fessionals an interactive and accessib-
le tool to improve the study and learning 
of human anatomy. The Anatomania App 
presented a multifaceted approach to tea-
ching human anatomy, including resources 
such as quizzes, text lessons, explanatory 
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videos and flashcards. The user configura-
tion and management screens have been 
designed to allow the user to interact with 
their data within the system, offering the 
possibility of customising and integrating 
their account into the application. These 
screens provide options for adjusting in-
dividual preferences and settings. These 
features have given users the opportunity 
to study independently, reinforce the know-
ledge they had acquired and apply anato-
mical concepts in practical situations. 

In addition, the use of the Android 
Studio and Flutter platforms enabled the 
app to be efficiently structured, with a mini-
mal rate of errors and bugs. The combina-
tion of these two tools also contributed to 
excellent execution performance, guaran-
teeing a fluid cross-platform compatibility 
and satisfactory user experience for iOS 
and Android users. The integration of the 
Firebase cloud server enabled secure and 
efficient storage of the data used by the 
Anatomania App.

The development and use of educa-
tional mobile applications for health brings 
challenges, but also a number of opportu-
nities. Mobile technologies can be effective 
tools for improving the knowledge and skills 
of health professionals, and have some 
advantages such as their low cost, greater 
versatility, and greater independence from 
regional or local boundaries for students to 
set their own learning schedule17.

In this context, gamification has 
gained prominence and is defined as the 
use of game design elements in areas not 
related to games themselves. This metho-
dology has been shown to be effective in 
developing skills, motivating students and 
enhancing the educational experience18. 
Gamification is having a significant impact 

in various sectors, arousing particular in-
terest in anatomy education as a comple-
mentary form of learning, in response to 
the difficulties of accessing cadaveric ma-
terial. Game components such as tourna-
ments, ranking, challenges and a virtual 
assistant can have a motivating effect on 
student learning and satisfaction19. 

Game-based mobile applications 
can adapt content and activities to meet 
the needs of each student, promoting re-
mote learning, learning analytics, and qui-
ck feedback. Additionally, gamification can 
encourage collaboration and teamwork. 
Many games are designed to be played 
in groups, which promote communication, 
cooperation, and knowledge sharing be-
tween participants. In this way, gamifica-
tion in education encourages interaction 
between students and promotes collective 
learning20.

However, it is important to empha-
sise that gamification in education should 
not completely replace traditional teaching 
methods, but rather complement them. 
Games can be used as a pedagogical tool 
to enrich lessons and stimulate students’ 
creativity, curiosity and interest. It is impor-
tant that educators have a solid understan-
ding of the advantages and disadvanta-
ges of gamification in curriculum planning. 
They should be cautious when incorpora-
ting new elements and take into account 
both the different types of students and the 
learning objectives21.

Some limitations of this study shou-
ld be addressed. The descriptive design 
adopted does not allow us to investigate 
associations or the impact of using the 
application on student performance. The 
present study presented the app’s recep-
tivity performance on the platforms where 
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mobile applications are made available. 
Therefore, future studies should evalua-
te the effect of using the application on 
short- and long-term retention of knowle-
dge about human anatomy content, and 
its impact on the future clinical practices 
of these health professionals. Although the 
app is only available in Portuguese, whi-
ch may be considered a limitation, it has 
attracted a significant number of users in 
several countries where Portuguese is not 
their native language. This demonstrates 
the interest in and demand for content re-
lated to anatomy education. It may be pos-
sible to consider making the app available 
in other languages in the future to further 
expand the app’s reach.

CONCLUSION
In conclusion, the development of 

mobile applications for teaching students is 
a constantly expanding field, and the pre-
sent App represents a promising auxiliary 
tool for teaching human anatomy. Future 
studies should be designed to investigate 
the impact of these technologies on heal-
thcare students’ performance and practice 
in anatomy education.
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