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Abstract. In this paper we present a Web platform designed to allow
medical students and practitioners to study clinical cases on their own.
The main objective of this proposal is to address key problems inherent in
the traditional study of clinical cases by providing a tool that implements
techniques and elements of gamification, simulation, and serious games.
The proposed platform offers an improved learning experience through
a virtual environment that provides an alternative method for training
and interpretation of clinical cases for medical examinations. Medical
students and practitioners can play the role of a real doctor in a simulated
office. In particular, the platform allows medical students and practitioners to learn through their mistakes without hurting human beings.
In addition, this platform is designed to allow users to add new clinical
cases and make them available for study. The platform was validated in a
local hospital by 8 medical practitioners. The participants indicated that
the platform design, the tutorials included, and the ease of use factors
are satisfactory.
Keywords: medical student, clinical case, gamification, simulation, serious game.

1

Introduction

Gamification is the process of changing a set of traditional actions to an attractive gaming experience for the user [13]. Matallaoui et al. [11] define gamification
as “the use of game design elements in a context not related to the game, is an
interdisciplinary tool, where users are motivated to achieve certain behavioral or
psychological results”. Gamification also enables the development of immersive
games in virtual environments in which users are encouraged to perform desired
actions. In the academic field, gamification serves as a tool to facilitate teaching
and learning processes through collaborative environments [2].
Serious games (SGs) have a high impact as an instructional tool that benefits
from traditional game concepts and information and communication technologies. Serious games have allowed the implementation of simulations and realistic
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virtual environments, where players can experience adventures while acquiring,
practicing, and verifying knowledge. This represents a significant opportunity
for 21st century educators and trainers to improve their educational tools [1].
The traditional method for studying clinical cases is through information
sources such as books, articles, and automated tests. However, this method
usually leads medical students to a state of saturation, stress, and anxiety
given that, for example, the quantity and complexity of clinical cases to study
in exam periods is high. Moreover, the feedback received from this type of
information sources is limited. The study of clinical cases by medical students
and practitioners also takes advantage of the monitoring of patients in hospitals.
This study of clinical cases requires observation and analysis for long periods of
patients with diverse conditions, diseases, signs, and symptoms [9]. However, in
hospitals such as those known as “third level hospitals”, only critical patients
have long stays. The majority of patients are hospitalized for short periods of
time, which makes it difficult the generation and access of medical students to
a greater amount of knowledge that improves their learning experience and the
acquisition of skills related to clinical cases that depend on hospitalized patients.
Lifshitz [8] indicates that clinical cases can not be learned through memorization or readings or through distance education strategies. In fact, the analysis of clinical cases has a very strong affective component because it implies
confrontation with illness and suffering. The discussion about the limits of the
teaching of clinical cases has not been solved, but this type of learning usually requires abilities for communication, physical examination, treatment, and
clinical reasoning. Lifshitz [8] also proposes a well defined structure to organize
and study clinical cases: 1) the approach to the patient, 2) the collection of
information, 3) the analysis of the information collected, 4) clinical procedures, 5)
the diagnostic decision, 6) the decision therapist, and 7) the decision Prognosis.
In this context, although there is great interest in the design and application
of guidelines in clinical practices for the prevention and care of diverse health
situations, greater attention must be paid to its implementation and effectiveness
in various practical scenarios [5].
The simulation of clinical cases involves a set of techniques that facilitate
medical students and practitioners the acquisition of knowledge and skills. In
particular, techniques and methods from fields such as artificial intelligence,
virtual and augmented reality, and human-computer interaction have enabled the
development of platforms that incorporate virtual scenarios, simulation models,
and multimedia materials to simulate different real situations (e.g., for the
analysis of clinical cases) [4]. Although simulation platforms do not replace the
real scenarios, these allow students to learn and practice in controlled media,
contributing to improve their skills and decrease the anxiety when performing an
exam or procedure. This type of platform also accelerates learning and enriches
the true interactions with the patients, helping medical students to avoid states
of saturation experienced with traditional learning methods [9].
In this paper, we present a platform designed to allow medical students and
practitioners to study clinical cases on their own. This platform represents an
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attempt to address key problems inherent in the traditional study of clinical cases
by providing a tool that implements techniques and elements of gamification,
simulation, and serious games. Its design takes into account the elements and
strategies that according to medical students and practitioners are required to
learn and practice clinical cases [10]. The paper is structured as follows. In
Section 2 we discuss related work. The proposed platform and corresponding
validation are presented in Section 3 and Section 4, respectively. Finally, concluding remarks and future work are discussed in Section 5.

2

Related Work

The website The New England Journal of Medicine presents interactive medical
clinic cases designed according to the following interaction process: presentation
of the case, medical history of the patient, information of the physical examination, and finally, performs a test to provide feedback and solutions of correct
and incorrect answers [6]. However, although this website shows to users the
percentage of the result and the studies carried out, key elements of gamification
and serious games are not considered such as dashboard, unlock, and challenge.
Moreover, the interaction is based on text and 2D graphics, leaving aside the
implementation of 3D scenarios and simulations. The inclusion of additional
clinical cases by users is not allowed.
Nevin et al. [12] developed the Kaizen-Internal Medicine (Kaizen-IM) software that includes elements of gamification. This tool involved a large number of
residents in a medical contest that facilitated the acquisition of new knowledge in
the academic period 2012-2013 in two training programs IM (internal medicine)
in the USA: the residency program in Internal Medicine at the University of
Alabama at Birmingham (UAB) and the University of Alabama Program at
Huntsville (UAH). The data was recorded at participant level and question.
The analyzes focused on the acceptance, use, and determination of the factors
associated with the loss of players (attrition) and the retention of knowledge.
The Kaizen-IM data provided information on modifiable factors associated with
student attrition and retention of knowledge that can serve to further enhance
the educational benefits of this strategy for students. This tool is an attempt
to demonstrate the benefits of incorporating elements of gamification in the
learning process of medical students. However, this software does not implement
3D simulations, but is based on strategies based on questions and answers.
Leba et al. [7] proposed an application for the training of medical students
in the field of anatomy with computed tomography images, using elements of
gamification, simulation, and serious games. It was designed in the context of an
educational software. This proposal represents an attempt to support modern
and practical methods of examination based on real cases useful for medical
students and teachers. However, this application for training was not validated
in a case study, the authors proposed only design guidelines.
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3

Synaptix

The Sypnatix platform was designed for the study of clinical cases that follow
the clinical practice guide of the federal government of Mexico [3]. Synaptix
implements elements and techniques of gamification, simulation, and serious
games. In particular, its design is based on a previous study by Marquez et al.
[10] in which data was collected from medical students and practitioners in order
to 1) identify key elements and learning strategies for the study and practice of
clinical cases, and 2) define how these elements and strategies should be taken
into account in the design of a learning platform that incorporates elements of
gamification for the study of clinical cases (see Figure 1) [10].

Fig. 1. Elements involved in the study of clinical cases [10].

The Synaptix platform incorporates the following elements of gamification
(which are common elements reported in the literature [14]):
– Points: represent the way in which the player is observed, classified, and
guided. In Synaptix, the user starts with 0 points. The points are cumulative
and depend on the correct answers provided by the user.
– Badges: mark the fulfillment of goals and the constant progress of the game.
Badges are activated as the user completes clinical cases on Synaptix.
– Levels: a marker for players to know where they are in a gaming experience.
In Synaptix, levels are activated as progress is made in solving clinical cases.
– Dashboard: an ordered list of names and its corresponding score. Synaptix
makes available information about the achievements of each user.
– Unlock: allows players to access another achievement after certain requirements are met. In Synaptix, objectives are unlocked as the user resolves
clinical cases.
– Challenges: offer players an address so they know what to do within the
world of the gamified experience. In Synaptix, the challenges are associated
with obtaining badges.
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Fig. 2. The architecture of Synaptix.

Figure 2 shows the main components of the Sypnatix’s architecture and
their relationship: 1) the elements of gamification mentioned above, 2) a 3D
virtual scenario, and 3) components related to the data management. These
components create an interactive experience by enabling medical students to
acquire, practice, and verify knowledge, which are key elements of SG and
simulation.

Fig. 3. Simulation of a doctor office and a virtual patient.

The virtual scenario provided by Synaptix for the study and practice clinical
cases is shown in Figure 3. This virtual scenario simulates a medical office and a
virtual patient. Medical students interact with the virtual patient by physically
examining, for example, its lungs and head. Additional information related to
clinical records or results of clinical studies (data that is sometimes taken into
account in clinical cases) is also displayed in the scenario. After the medical
student analyzed the data provided in the clinical case (i.e., physically examined
the virtual patient and its medical records), a series of questions and possible
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answers are displayed to evaluate whether the diagnosis and treatment suggested
by the student are correct. Synaptix provides feedback to medical students once
an answer is submitted. If the answer is incorrect, feedback about medications
or treatments is provided. The points obtained and the assigned badges are
activated in the user’s profile as shown in Figure 4.

Fig. 4. Dashboards that show the scores and points obtained by medical students.

Although Synaptix is designed for the study of clinical cases related to the
areas of internal medicine, surgery, gynecology and obstetrics, and pediatrics,
currently only clinical cases of internal medicines are included. Nevertheless,
Synaptix allows medical practitioners to include new clinical cases which are
then available for their analysis by medical students. The tools used in the development of the Synaptix Web platform were Unity game development platform,
Php scripting language, and the Mysql database server. In order to carry out
the tests, it was posted on a web server: http://arevolution.com.mx/synaptix/

4

Validation

Synaptix was validated in a private local hospital by 8 medical students and
practitioners (4 female and 4 male). The validation session consisted of an
introduction by the authors about the functionality and characteristics of the
platform. Afterwards, the participants used the platform to practice available
clinical cases and answered a questionnaire. The instrument consisted of 29
items to measure 1) the design of the platform, 2) the instructions provided
by Synaptix, and 3) easy of use factor. Figure 5 and Figure 6 show the results
obtained in this evaluation phase.
The comments provided by participants include the following: 1) provide
further feedback or suggest additional information sources to the user once a
clinical case is carried out, 2) allow the user to make more questions to the virtual
patient, 3) indicate the specific areas the medical student needs to reinforce in
order to achieve better results, 4) provide greater details in the diagnosis, 5)
include better medical images, and 6) include more references about the clinical
cases presented. Finally, some participants emphasized the importance of badges
and individual scores as incentives.
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Fig. 5. Results of evaluating the design of Synaptix.

Fig. 6. Results of evaluating the easy of use of Synaptix.

5

Conclusions and Future Work

The main contribution of this paper is the design and implementation of a
platform that 1) incorporates elements of gamification, serious games, and simulation, and 2) takes into account the elements and strategies that according
to medical students and practitioners are required to learn and practice clinical
cases. The Synaptix Web platform is a gamified tool that attempts to serve
as an alternative method for the study of clinical cases, avoiding states of
saturation, fatigue, and anxiety in medical students and practitioners. Synaptix
was validated in a private local hospital by 8 medical students and practitioners.
The results demonstrated that participants find that the factors associated with
the design and easy of use of the platform is in general satisfactory. Future
research involves an evaluation to measure complex individual’s aspects such as
motivation, learning, and user engagement as well as the incorporation of virtual
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reality and augmented reality components in order to create more immersive
scenarios. Furthermore, AI techniques will be incorporated to enable the virtual
patients to develop some human-like behaviors.
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