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Abstract

Background: The collaborative clinical ssmulation (CCS) model is a structured method for the development and assessment
of clinical competencies through small groups working collaboratively in simulated environments. From 2016 onward, the CCS
model has been applied successfully among undergraduate and graduate medical students from the Universidad de Talca, Chile;
the Universitat de Barcelona, Spain; and the Universidad de Vic-Manresa, Spain. All the templates for building the clinical cases
and the assessment instruments with CCS were printed on paper. Considering the large number of CCS sessions and the number
of participating students that are required throughout the medical degree curriculum, it isimpossible to keep an organized record
when the instruments are printed on paper. Moreover, with the COVID-19 pandemic, web platforms have become important as
safe training environments for students and medical faculties; this new educational environment should include the consolidation
and adaptation of didactic sessions that create and use available virtual cases and use different web platforms.

Objective: The goal of this study is to describe the design and development of aweb platform that was created to strengthen
the CCS model.

Methods: The design of the web platform aimed to support each phase of the CCS by incorporating functional requirements
(ie, features that the web platform will be able to perform) and nonfunctional reguirements (ie, how the web platform should
behave) that are needed to run collaborative sessions. The software was developed under the Model -View-Controller architecture
to separate the views from the data model and the businesslogic.

Results: MOSAICO isaweb platform used to design, perform, and assess collaborative clinical scenarios for medical students.
MOSAICO has four modules: educational design, students’ collaborative design, collaborative simulation, and collaborative
debriefing. The web platform hasthree different user profiles: academic simulation unit, teacher, and student. These usersinteract
under different roles in collaborative simulations. MOSAICO enables a collaborative environment, which is connected via the
internet, to design clinical scenariosguided by theteacher and enablesthe use of all datagenerated to be discussed in the debriefing
session with theteacher asaguide. Theweb platformisrunning at the Universidad de Talcain Chile and is supporting collaborative
simulation activities viathe internet for two medical courses: (1) Semiology for third-year students (70 studentsin total) and (2)
Medical Geneticsfor fifth-year students (30 studentsin total).

Conclusions: MOSAICO is applicable within the CCS model and is used frequently in different simulation sessions at the
Universidad de Talca, where medical students can work collaboratively via the internet. MOSAICO simplifies the application
and reuse of clinical simulation scenarios, allowing its use in multiple simulation centers. Moreover, its applications in different
courses (ie, alarge part of the medical curriculum) support the automatic tracking of simulation activities and their assessment.
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Introduction

Medical education has progressed toward student-centered
learning approaches that allow students to have a more active
role in their learning and the development of competencies
compared with classic teacher-centered approaches [1-3].
Clinical simulation (CS) [4] and computer-supported
collaborative learning (CSCL) [5] are two of these paradigms
that provide significant student-centered benefits [6,7]. Both
methodologies can improve teamwork processes (eg,
communication, coordination, and cooperation), and their
implementation has been associated with improvementsin the
quality of patient care [8].

The CSCL environment empowers students to collaborate
through technology, which positively influences their learning
[7,9]. With the COVID-19 pandemic, the new educational
environment includes consolidation and adaptation of didactic
sessions creating and using available virtual cases [10] and
taking advantage of different web platforms[11]. In particular,
for medical students, some software helpsto build clinical cases
based on data from real patients [12], applying artificial
intelligence [13], or recommendations by experts [14].

The collaborativeclinical smulation (CCS) model isastructured
learning model for the acquisition and assessment of clinical
competencies through small groups working collaboratively to
design and perform in simulated environments supported by
technology [15]. CCS is presently a comprehensive model
because it contains essential considerations and
recommendations from both paradigms (ie, CSand CSCL) [15].

An essential feature of the CCSmodel isits capability to support
the collaborative design of CS cases, which applies to alarge
part of the medical curriculum. The cases are created for
untrained medical students guided by ateacher. The processis
based on what was learned in classroom sessions; it is an
instance where students can learn collaboratively, integrating
information in the construction of aclinical casewhile acquiring,
reinforcing, and applying their knowledge and skills in a
simulated clinical environment [16]. The medical studentscreate
aclinical casein small groups working separately. Each group
is given 60 minutes for designing the simulated scenarios, with
roles, medical records, nursing sheets, and assessments [15].
The designer groups apply the clinical cases created in the
simulation session to another group (ie, performer groups) and
evaluatetheir performance, with templates given by the teacher,
during the collaborative simulation phase. The teacher monitors
all the processes, supportsthe design, assesses the performance
group, and conducts the debriefing [17].

From 2016 onward, the CCS model has been applied
successfully among undergraduate and graduate medical
students from the Universidad de Talca, Chile; the Universitat
deBarcelona, Spain, [17]; and the Universidad de Vic-Manresa,
Spain. Throughout these CCS sessions, the templates for
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building the clinical casesand the assessment instrumentswere
printed on paper. With printed templates, the students could
design acase collaboratively in small groups, take notes, create
laboratory tests, and assess their performance between peers.

Considering the large number of CCS sessions and the number
of participating studentsthat are required throughout the medical
degree curriculum, it isimpossible to keep a clean record when
the instruments are printed on paper. Tracking simulation
activity logs, scheduling simulation sessions, creating templates
for assessment instruments, sharing patient data, monitoring
the progress of students, and reusing clinical cases are
impossible when the work is paper based. M oreover, managing
all of the above information requires specialized software in
order for a CS center to maintain systematized indicators,
attendances, inventories, and simulation activity logs. A platform
must support the management of a center with an emphasison
the teaching and learning processes with innovative tools for
the collaboration between students and teachers.

To give computer support to collaborative simulation activities
with the CCS model, we developed MOSAICO, a web-based
platform. This platform allows for the designing, performing,
and assessing of collaborative CSs through small groups
working collaboratively in simulated environments supported
by technology. The web platform enables a collaborative
technological environment where each group works
independently, while connected by theinternet, to design clinical
scenarios guided by the teacher, performinthesimulated clinical
scenarios, and use all data generated for discussing and closing
their learning gapsin the debriefing session with the teacher as
aguide.

Considering theimportance of tracking the progress of medical
students adequately, the web platform was created to strengthen
the CCS model [15], assist in the co-construction of shared
understanding, and research theinteractions between participants
in simulation activities with technology [18]. The development
of an electronic registry for CSs has the potential to positively
affect the medical trainee workflow through different
mechanisms, including reducing time spent in design, accessing
cases, easing the process of data retrieval, providing greater
remote access, and monitoring the progress of medical students
[19].

The benefits of using simulations and tracking the progress of
students in health care, construction, engineering, aviation,
natural resources, and the military arewidely documented [20].
The capabilities offered by simulations have created unlimited
opportunities in areas such as aviation training, where the use
of simulations is redlistic, safe, and cost-effective and allows
for tracking all the activities of the future pilots [21]. The
tracking of simulated flight hours, the competencies devel oped,
and the facilities to build and reuse different scenarios are
essential characteristics of flight simulators. Medical education,
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like aviation, is driven by needs; use of simulations in this
context allowsfor the tracking of activities of medical students.

Thispaper aimsto describethe MOSAICO web platform, which
was created to facilitate and expand its application and track
student progress acrossthe curriculum. To reach thisgoal, this
paper reports on the requirements elicitation, design, and
development process for implementing MOSAICO in the
Faculty of Medicine of both the Universidad de Talca, Chile,
and the Universitdt de Barcelona, Spain.

Methods

The requirements elicitation was the first phase of the web
platform development process. This phase is a critical aspect
because it lays the foundation for all the subsequent project
work, and it affectsthe success of the development project [22].
The CCSmode [15] wasthe primary source of the requirements
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elicitation, which analyzes and documentsthe requirementsvia
four phases. The process was conducted by the lead researcher
of the web platform development (SGM) to ensure the quality
and completeness of the CCS model.

In order to complement the features and structure of the web
platform, we interviewed the personnel involved in academic
activities, such as medical professors, students, and support
staff. The interviews were semistructured for each CCS phase,
and each meeting was recorded and documented. For the
requirements elicitation from academics, we used an ad hoc
instrument to document and analyze al the requirements.
Furthermore, we modeled each process workflow involved in
thefunctional requirements by module (eg, schedule simulation
session, create a clinical guide, and assign group) with the
Business Process Model and Notation [23] standard using the
free software Camunda Modeler, version 4.4 [24] (see Figure
1).

Figure 1. Process of scheduling asimulation session. The Business Process Model and Notation diagram of the process to request aclinical simulation
that involves the collaborative work of ateacher with the academic simulation unit.
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The documentation and analysis of the requirementsto generate
theweb platform weredivided into functional and nonfunctional.
The functional requirements are the features that the web
platform will be able to perform, such as schedule simulation,
create a clinical guide, and design evauation rubrics.
Nonfunctional requirements describe how the web platform
should behave, such as security, interoperability, and
performance [25].

The web platform was designed to support each phase of the
CCS by incorporating the functional requirements needed to
run collaborative sessions. In this way, the system comprised
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four modules: (1) educational design, (2) students' collaborative
design, (3) collaborative simulation, and (4) collaborative
debriefing. Regarding the nonfunctional requirements, usability
is essential to the design of functional interfaces [26] by
considering specific characteristics of the medical curriculum,
technological aspects, students' interactions, and instructional
design [27,28]. Moreover, the interoperability is fundamental
for sharing information between different platforms, exporting
assessment instruments, sharing laboratory and multimedia
tests, and reusing clinical cases.
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On the other hand, the platform needs to secure users
authentication with different roles and permissions. Security
and confidentiality are essential, since small groups of students
need to generate clinical cases, which are monitored by an
instructor, without the other students knowing the diagnosis.
For the collaboration, all the interactions between students (ie,
suggestions about patient conditions, sharing laboratory and
multimedia diagnostic tests, and performance assessments) can
be achieved with the assistance of mobile devices (ig, tablets
or smartphones). At the end of the smulation sessions (ie,
collaborative debriefing), it is necessary to store theinformation
on simulated clinical cases and the evaluations of both students
and instructors as well as keeping records of collaborative
debriefing sessions.

After designing the web platform, we considered its
development to include all the functional and nonfunctional
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requirements. The software was built under the
Model-View-Controller architecture [29] to separate the views
from the data model and the businesslogic. Figure 2 showsthe
software architecture and the technologies employed. Since
usability is one of the most important nonfunctional
requirements, views use web technologies, such as HTMLD5,
JavaScript, and Cascading Style Sheets 3 (CSS 3), to ensure
suitable access to different web browsers. The Bootstrap
framework, version 3.7, givesthe software responsive capability
to fit different screen resolutions (ie, mobile and desktop
devices). The model defined Hypertext Preprocessor (PHP)
classesthat represent the database schemaand defined methods
to update, select, and insert data into the database. Controllers
call themodel classes and use their methods to access the data.
Both the model and controller were written with PHP 5.6 code.
MySQL (Structured Query Language) 14.14 was used as the
database management system (see Figure 2).

Figure 2. The software architecture and technologies implemented. The platform applies the Model-View-Controller architectural pattern. Controllers
manage al requests from the view layer and update the model based on events or data received. The view layer renders the data sent from the model
layer through a controller, and the web-based responsive interface uses technologies on a wide variety of devices, such as smartphones, tablets, or
desktop computers. CSS: Cascading Style Sheets; JS: JavaScript; PHP: Hypertext Preprocessor; SQL: Structured Query Language.

Js
HTML Ej Css
Bootstrap

The view determines which
events are passed to
the controller

Controller updates model
based on events
received

My

A full-time bioinformatics engineer (JGD) and the lead of the
biomedical informatics laboratory (SGM) designed and
devel oped the web platform. They took 12 monthsto create the
prototype and 6 months to make modifications during the pilot
application. As of 2020, the pilot application is operative for
undergraduate medical students at the Universidad de Talcain
Chile.

Results

Overview

MOSAICO has four modules and three different user profiles:
academic simulation unit, teacher, and student. These users

http://mededu.jmir.org/2021/1/e23370/
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interact under different roles in collaborative simulations. The
academic simulation unit profile includes the platform
administrator, who oversees user accounts, courses, supplies,
and room settings; generates reports; and works collaboratively
with a teacher in order to validate and schedule simulation
sessions. Onthe other hand, theteacher profile generatesclinica
guidelineswith differential diagnosisand supportsthe platform
execution with medical students. Finally, the student profile
participates in modules 2, 3, and 4, which involves designing,
executing, and debriefing a clinical case in smal groups,
collaboratively (see Figure 3).
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Figure 3. The different sequential layers designed and developed by the collaborative clinical smulation (CCS) software MOSAICO. Each module
supports the CCS phases and uses technology to design, develop, and assess collaborative clinical scenarios for medical students.
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The results of the functional requirements engineering process
involved elicitation, documentation, and analysis [25], which
were obtained directly from the foundational paper of the CCS
model [17]. These results were complemented with different
interviews and discussions about the functionalities and
attributes to build aweb platform for a collaborative CS. Table
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1 shows the results of the most critical requirements to design
the software classified by the four CCSmodel phases. Moreover,
the nonfunctional requirements, which specify how the web
platform should behave and were obtained from professors,
students, and support staff, arelisted in Table 1.
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Table 1. Results of functional and nonfunctional requirements to design

Guinez-Molinos et d

and develop the web platform MOSAICO for the collaborative clinical

simulation (CCS) model. Functional requirements were obtained from Guinez-Molinos et al [15].

CCS model phases[15]

Platform software requirements

Functional Nonfunctional
Module 1: educational design «  Schedulesimulation session (dateandtime, education- «  Interoperability
al objectives, and materials) o Usahility

. Createaclinica guide

«  Access security (authentication)

o  Design evaluation rubrics

Module 2: students' collaborativedesign «  Record attendance
o Assign groups

«  Createcollaborative clinical scenarios (small groups)

including:

«  Patient history
Vital signs
Laboratory tests
Roles
Multimedia tests

« Interoperability

o Usability

Access security (authorization, authen-
tication, and privacy)

«  Monitoring student progress (online)

Module 3: collaborative simulation .
and vital signs)
« Apply evaluation rubric
Module 4: collaborative debriefing o Debriefing module with:
« All scenarios
« Evauations
«  Videos (if possible)

Share patient data (Iaboratory and multimediatests

Interoperability
o Usability
«  Mobileusahility

« Interoperability
o Usahility
o  Storage capacity

Module 1: Educational Design

To schedule CS sessions, the teacher requests the academic
simulation unit through the educational design module where
it ispossible to create, edit, review, check status, and delete the
request (see Figure 4). To create a new request in MOSAICO,
the teacher must define a name for the clinical session, select
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the audience (ie, undergraduate or graduate course, number of
participants, academic degree, and competencies), propose to
schedule the rooms, and create educational objectives. The
teacher and the academic simulation unit profiles must design
the components of the CCS (ie, objectives, materias, case
scenarios, and assessment items) collaboratively according to
the medical curriculum and student needs [30].
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Figure 4. Educational design module. Form to request aclinical simulation to the academic simulation unit director (A), who reviews the request and

sends comments to the teacher (B).
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In an iterative process supported by MOSAICO, the teacher
and the academic simulation unit can incorporate progressive
changes, which might be necessary to complete the CS request
(see Figure 4) adequately. Thus, the request may take the status
of incomplete (ie, in preparation), waiting (ie, sent to be
reviewed by the academic simulation unit), commented (ie,
reviewed by the academic simulation unit, where ateacher must
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make changes for it to be accepted), and accepted or rejected.
Once that request has been approved and scheduled by the
academic simulation unit, the teacher should upload theclinical
guides, multimediatests (eg, videos, x-rays, laboratory results,
and electrocardiograms), and assessment items, based on
existing templates or from scratch (see Figure 5). With this
information, the system schedules anew CS session.
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Figure 5. Design of the simulation session module. Once the request by the academic simulation unit is approved, the teacher can design the session

with aclinical guide and rubric to assess the competencies.
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Module 2: Students’ Collaborative Design

MOSAICO can track simulation activity logs of medical
students, generating recorded activities [31,32]. Toward this
goal, each time the medical studentsare about to start simulation
activities, they register their attendance through a fingerprint
reader; they must register their entry, select the simulation
session, and register the exit when the activity has ended.
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The instructor divides the students into at least three small
groupsof 3to 5 students, which are deployed to different rooms
[15,33]. Each group has access to a computer connected to the
internet. Each group designs a clinical case in the students
collaborative design module, according to the differential
diagnosis assigned by the teacher (see Figure 6).
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Figure 6. Students collaborative design module. (A) and (B) are the views of the web platform's graphical interface. (A) shows aview of the students
case design form, where the designer group entersinformation to support their case design. (B) shows ateacher's view from where he or she can monitor

the students' activity remotely and in real time.
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un libro de textos especimen. No sélo sobrevivié 500 afios, sino que tambien
Ingresé como texto de relleno en documentos electronicos, quedando
esenclalmente igual al original. Fue popularizado en los 60s con la creacion de las
hojas "Letraset", las cuales contenian pasajes de Lorem Ipsum, y méas
recientemente con software de autoedicion, como por ejemplo Aldus PageMaker,
el cual incluye versiones de Lorem Ipsum.

Guion del caso clinico:

Lorem Ipsum es simplemente el texto de relleno de las imprentas y archivos de
texto. Lorem Ipsum ha sido el texto de relleno estandar de las industrias desde el
afio 1500, cuando un impresor (N. del T. persona que se dedica a la Imprenta)
desconocido usé una galeria de textos y los mezclé de tal manera que logré hacer
un libro de textos especimen. No sélo sobrevivié 500 afios, sinc que tambien
Ingreso como texto de relleno en documentos electrénicos, quedando
esencialmente igual al original. Fue popularizado en los 60s con la creacion de las

Examen fisico:

Lorem Ipsum es simplemente el texto de relleno de las imprentas y archivos de
texto. Lorem Ipsum ha sido el texto de relleno estandar de las industrias desde el
afio 1500, cuando un Impresor (N. del T. persona que se dedica a la Imprenta)
desconocido us6 una galeria de textos y los mezcl6 de tal manera que logro hacer
un libro de textos especimen. No solo sobrevivio 500 afos, sino que tambien
Ingresd como texto de relleno en documentos electrénicos, quedando
esencialmente igual al original. Fue popularizado en los 60s con la creacion de las
haojas "Letraset", las cuales contenian pasajes de Lorem Ipsum, y mas.

For the collaborative design of a clinical case, MOSAICO
provides standardized templates with al the required
information. The studentswrite down relevant information about
the clinical case (see Figure 6A), including age, sex, weight,
size, physical exam, vital signs, laboratory tests, images, or
videos (see Figure 6B). Moreover, the students describe the
roles they play in the next phase (ie, collaborative simulation)
for each designer group member (eg, patient, nurse, and family
member).

Medical students collaboratively design a clinical case by
forming small groups in person—before the COVID-19
pandemic—at the Clinical Simulation Center, where one student
writes the required information with the group’s consensus on
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theweb platform. Thisyear, with the COVID-19 pandemic, the
semiology course in medicine is using MOSAICO to teach
online academic activities. This web platform alows students
to design aclinical case collaboratively via the internet while
a home. One of MOSAICO's strengths is that it alows
communication between students in person or online through
the web platform.

Throughout the students' collaborative design process, the
teacher supervises and facilitates the design process through
the web platform via the internet, providing advice, clarifying
doubts, and guiding each group in the preparation of the short
clinical case scenario [15] (see Figure 7).
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Figure 7. Teacher monitoring module. In this module, the teacher can monitor each group working in the collaborative design processin real time.
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Collaborative simulation is a face-to-face activity that is
executed in a simulated clinical environment, which provides
acontrolled and safe environment for the acquisition of clinical
skills [34-36]. The members of the designer group prepare the
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odio eu arcu imperdiet dapibus sed eu lorem. Nulla vel porta eros, vel gravida quam. Aliquam quam leo, mollis vel
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Guion del caso clinico:

Lorem Ipsum dolor sit amet, consectetur adipiscing elit. Duis vestibulum rutrum tempor. Maecenas metus ante,
dictum sed sem vitae, consequat pulvinar quam. Pellentesque habitant morbi tristique senectus et netus et
malesuada fames ac turpis egestas. Donec vitae arcu sit amet odio sagittis pellentesque sed vel odio. Nullam eget
odio eu arcu iImperdiet dapibus sed eu lorem. Nulla vel porta eros, vel gravida quam. Aliquam quam leo, mollis vel

nihh tamniic hihendum tincidunt arne | aram incoim dnlar cit amat crnneartetur adiniering alit Muic uactihilum

Examen fisico:

Lorem Ipsum dolor sit amet, consectetur adipiscing elit. Duis vestibulum rutrum tempor. Maecenas metus ante,
dictumn sed sem vitae, consequat pulvinar quam. Pellentesque habitant morbi tristique senectus et netus et
malesuada fames ac turpis egestas. Donec vitae arcu sit amet odio sagittis pellentesque sed vel odio. Nullam eget
odio eu arcu imperdiet dapibus sed eu lorem. Nulla vel porta eros, vel gravida quam. Aliquam quam leo, mollis vel

nihh tamniic hihandum tincidunt arnc

scenario and simulate its case, perform roles, and present the

http://mededu.jmir.org/2021/1/e23370/

XSL-FO

RenderX

B

case (ie, brief) to members of the executing group, who assume
the role of the medical team. Members of the executing group,
based on their knowledge and information, must obtain the
anamnesis, perform aphysical examination, request and interpret
complementary exams and laboratory tests, diagnose, and treat
the simulated patient [15] (see Figure 8).
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Figure 8. Collaborative simulation module. (A) and (B) are views of the performer group during the collaborative clinical simulation where an
electrocardiogram and laboratory test are shown, respectively. (C) is aview of the assessment tool available for the evaluation of the performer group
by the evaluator group. In the web platform, there are rubrics previously defined by the teacher that allow for assessment of the performance of the

performer group in the simulation.
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All information is provided by the designer group as requested
by the performer group when handling the patient inside the
simulated room. The performer group may request laboratory
results and exams, in images or video clips, and may visuaize
them on a desktop computer or mobile device. In paralld, the
teacher controls the time and observes actions from a mirror
room, ideally, and guides the designer group, which receives
instructions through a hidden earpiece to help the performer
group.

Thethird group, the evaluator group, observes the devel opment
of the case and evaluates the performance of the performer
group in a separate room using the evaluation guidelines and
the structured Plus/Delta assessment strategy in MOSAICO.
Thisenables participantsto consider the“ pluses’ (ie, what went
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well) and the“deltas’ (ie, what they would like to change about
the performance) in the web platform [37].

Module 4: Collaborative Debriefing

For the last phase of the CCS session, MOSAICO offers a
summary module with all the logged activities, assessments by
peers and the teacher, and video recordings for the three
simulated clinical cases. This module is specialy adapted so
that the teacher and students can perform a collaborative
debriefing, where each case is discussed deeply by the design,
performance, and scoring carried out in the three groups (see
Figure 9). At the end of the simulation, students can give,
through the platform, their perception of the CSs and what they
learned.
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Figure 9. Collaborative debriefing module. Both (A) and (B) are views for the teacher. During the debriefing, the teacher can access the assessment
done by each group. (A) shows the evaluations done for members of a group, while (B) shows summary charts of al the evaluations done for the

students.
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Discussion

Principal Findings

In this paper, aweb platform, MOSAICO, isdescribed in detail
to facilitate the design, performance, and evaluation of
collaborative clinical scenariosfor medical students. MOSAICO
was created to digitalize the collaborative simulation learning
model that has been successfully applied for 4 years in the
universities where the authors are based [15,17]. The web
platform considers the CCS model’s functional and
nonfunctional requirements and medical experts advice. The
engineering software process (ie, design and development of
the web platform) was oriented to support each phase of the
model and extend its capabilities for designing clinical cases
online viathe internet.

The process of building a clinical case is a complex cognitive
task. The students must work collaboratively to design ascenario
representing ahypothetical clinical situation with enough fidelity
to alow other students in a simulation phase to act
collaboratively asadoctor team (ie, performer groups) to deduce
a diagnosis and proceed to the medical actions. The designer
group must coordinate to provide details like persona data,
clinical history, laboratory or multimediaresults, and vital signs
to the performer group. According to simulation methodol ogy,
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thelast part of the session is used to analyze and discuss among
all participants the experience and consequent relevant actions
for solving the ssimulated situation in the real clinical practice.
Theteacher leads and stimulatesreflection, allowing the students
themselves to discover and assess their future behavior.

In the collaborative designer module, MOSAICO enablestools
for team collaboration, supporting positive interdependencies
among the team’'s members as well as the diversity and depth
of their clinical knowledge [38]. This is critica for the
professional future of the medical students, where a physician
does not work alone or is not isolated from a team. Instead,
being part of ateam has become a requirement, and leadership
isaskill rather than arole [16].

Moreover, it is essential to include technologies that will be
used in real-world settingsinto educational CSsto better prepare
studentsfor clinical practice and to promote patient safety [32].
In a recent perception study [39], European medical students
believed that their curriculum lacked digital health education,
with 84.9% (383/451) agreeing or strongly agreeing that it
should be implemented in the medical curriculum. In Chile, the
Universidad de Talca has implemented the CCS model since
2016 in the medical curriculum, creating the Biomedical
Informatics course for medical studentsand funding the National
Center for Health Information Systems (Centro Nacional en
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Sistemas de Informacion en Salud [CENS]) with four Chilean
universities [40].

Recently at the CENS, we published a model of referential
competenciesin health information systems[41], which focuses
on the health transformation and technology areas. These areas
orient thedesign of curricula, training programs, and new careers
associated with health and data science.

In this sense, MOSAICO is oriented to introducing electronic
recording technologies and developing technological
competencies in the curriculum of a medical faculty. Future
employers expect new graduatesto be competent ininformation
technology use upon graduation. Students are often not given
the significant educational opportunities needed to gain these
competencies[32].

Assessing collaboration in undergraduate education is complex
and requires specia dedication [15]. How teamwork is measured
and assessed is often a concern, making it difficult to include
these skillsin the undergraduate curricula[42]. The development
of assessment instrumentswith reliability and validity based on
statistical analyses should be designed and supervised by
psychometricians, who propose items and dimensionsto assess
[15]. MOSAICO supports the construction and application of
assessment instruments for CCS scenarios. In the educational
design module, the teacher can design both their assessment
guidelines and the one that students will apply to each other.
The students apply this instrument in the collaborative
simulation phase measuring the technical and nontechnical
skills, registering all theitemsin theweb platform for discussion
in the debriefing phase. Understanding and developing
teamwork is essential, and health care lags significantly behind
fields such as the military and aviation [42]. In Chilean and
Spanish medical faculties, asit happensin many other faculties,
the students do not have an electronic registry that records the
number of hours of CSthat they had during their undergraduate
studies.

For this reason, MOSAICO has the capabilities to maintain
individual and group records of the simulated competencies,
the assessments, and the detailed hoursthat each of the students
had in the simulation center. Thisreplicatesthe current aviation
simulation models [42]. Besides, with the registration of cases
and evaluations, investigations could be designed between
different simulation centers, for both undergraduate and graduate
medical students, which could allow for a better and fairer
design of the end-of-program grade assessments of students
performance.

The collaborative debriefing module is vital for enhancing
learning and participating successfully in group discussions,
with all the elements registered in the web platform. In this
MOSAICO module, both teachers and students give feedback
to learners and assess their participation in the activities [15].
Only 41% of the software programs used for medical training
allow feedback to be given to students from the teacher or
through automatic responses [13], but students work aone,
before or after classes, without guidance along the learning
process. The debriefing sessions are essential because they
facilitate reflection, learning, conceptualization, abstraction,
and connecting with real events [36].
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The COVID-19 pandemic has significantly affected teaching
within health career programs [10,43]; students have been
without the possibility of doing rotations in hospitals,
face-to-face classes, and CSs. In this scenario, MOSAICO has
become a unique protagonist as a support web platform for the
construction of online clinical cases, smulations via video
conference, and debriefing with all the elements available (ie,
cases, evaluations, and comments). Each stage in MOSAICO
may happen in adifferent place, so the technology used should
be flexible enough to support access from different devices,
such as desktops or tablets, through the internet.

MOSAICO isgrowing; the next version (ie, version 2.0) should
include moretoolsfor the administration of simulation centers,
modul es for academic reports and supplies, different specialties
(eg, psychiatry, obstetrics, and pediatrics), and improvement of
the interoperability for the export of cases between different
platforms or institutions.

During this online academic semester, MOSAICO is being
evaluated by both teachers and medical students of the
Universidad de Talca. For the evaluation, we are applying the
mobile health (mHealth) App Usability Questionnaire (MAUQ)
[44] to evaluate the usability of the web platform in mobile
devices. This evaluation is a work in progress that considers
two courses: (1) Semiology for third-year students (70 students
in total) and (2) Medical Genetics for fifth-year students (30
students in total). In future work, we are planning to validate
the application of MOSAICO in medical education, comparing
it with similar platforms that use collaborative learning in CS.
The application of MOSAICO in the CCS activities
of cardiology courses at the Universitit de Barcelona (120
students) and the Universidad de Vic-Manresa (64 students) in
Spain will be assessed in a face-to-face or online modality,
depending on the COVID-19 pandemic, during the next
academic year.

Limitations

The platform, which works on computers or mobile devices, is
only available in Spanish. The next version will support both
English and Spanish languages. MOSAICO supports a
collaborative clinical session with three small groups composed
of 3 to 5 students each. It does not allow the incorporation of
another group in the same session, making it necessary to create
another session if four or more groups are needed.

Conclusions

MOSAICO wasimplemented online and is still currently being
used correctly with different simulation sessions at the
Universidad de Talca, Chile, where medical students work
collaboratively connected by the internet. Both students and
teachers have excellent comments about the use of the web
platform. An essential strength of the platform is that it is
possible to use it in face-to-face sessions or online via the
internet without modifications.

The web platform supports all the stages of the CCS model
satisfactorily, and the teachers use MOSAICO astechnol ogical
infrastructure to schedule, design, and execute the simulation
activities. Moreover, it alows for the teaching of clinical
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activities throughout the COVID-19 pandemic while the
university campusiis closed for student safety.

Guinez-Molinos et d

MOSAICO could alow research to be conducted between
different smulation centers by standardizing the information,

structure of clinical cases, and assessment instruments. Thisis
important in comparative studies and in research regarding
medical students' learning.

The use of the web platform simplifiesthe application and reuse
of CS scenarios, permitting itsusein multiple simulation centers.
Moreover, its applications in different courses (ie, alarge part
of the medical curriculum) support the automatic tracking of
simulation activities and their assessment.
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