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Abstract

Background: Interoperability between health information systems is a fundamental requirement to guarantee the continuity of
health care for the population. The Fast Healthcare Interoperability Resource (FHIR) is the standard that enables the design and
development of interoperable systems with broad adoption worldwide. However, FHIR training curriculums need an easily
administered web-based self-learning platform with modules to create scenarios and questions that the learner answers. This
paper proposes a system for teaching FHIR that automatically evaluates the answers, providing the learner with continuous
feedback and progress.

Objective: We are designing and devel oping alearning management system for creating, applying, deploying, and automatically
assessing FHIR web-based courses.

Methods: The system requirements for teaching FHIR were collected through interviews with experts involved in academic
and professiona FHIR activities (universities and health institutions). The interviews were semistructured, recording and
documenting each meeting. In addition, we used an ad hoc instrument to register and analyze all the needsto elicit the requirements.
Finally, theinformation obtained was triangul ated with the avail able evidence. Thisanalysiswas carried out with Atlas-ti software.
For design purposes, the requirements were divided into functional and nonfunctional. The functional requirements were (1) a
test and question manager, (2) an application programming interface (API) to orchestrate components, (3) a test evaluator that
automatically evaluates the responses, and (4) aclient application for students. Security and usability are essential nonfunctional
requirements to design functional and secure interfaces. The software development methodology was based on the traditional
spiral model. The end users of the proposed system are (1) the system administrator for all technical aspects of the server, (2) the
teacher designing the courses, and (3) the students interested in learning FHIR.

Results: The main result described in thiswork is Huemul, alearning management system for training on FHIR, which includes
the following components: (1) Huemul Admin: a web application to create users, tests, and questions and define scores; (2)
Huemul API: module for communication between different software components (FHIR server, client, and engine); (3) Huemul
Engine: component for answers evaluation to identify differences and validate the content; and (4) Huemul Client: the web
application for users to show the test and questions. Huemul was successfully implemented with 416 students associated with
the 10 active courses on the platform. In addition, the teachers have created 60 tests and 695 questions. Overall, the 416 students
who completed their courses rated Huemul highly.

Conclusions: Huemul is the first platform that allows the creation of courses, tests, and questions that enable the automatic
evaluation and feedback of FHIR operations. Huemul has been implemented in multiple FHIR teaching scenarios for health care
professionals. Professional s trained on FHIR with Huemul are leading successful national and international initiatives.
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Introduction

A critical requirement for universal access to health is to have
interconnected and interoperable health systems that guarantee
effective and efficient access to quality data, strategic
information, and tools for decision-making and people’'s
well-being [1]. One of the most relevant areas in medical
informatics is the interoperability between health information
systems. The interoperability eliminates duplication and errors
in health data. For thisreason, health informatics professionals
must be educated about the benefits of interoperable systems.
Therefore, strategic education on eHealth and interoperability
standardsis needed to enable health care professionalsto make
informed decisions[2].

The Fast Healthcare Interoperability Resource (FHIR) is an
interoperability standard used in health information technol ogy,
introduced in 2011 by the Standard Developing Organization
Health Level Seven International (HL7) [3]. FHIR is based on
previous HL7 standards (HL7 versions 2 and 3 and Clinical
Document Architecture) and combines their advantages with
established modern web technol ogies such as a Representational
State Transfer (REST) architecture[4], application programming
interface (APl), XML, JSON formats, and authorization tools
(Open Authorization). The mainideabehind FHIR wasto build
aset of resources and devel op http-based REST APIsto access
and use these resources. FHIR uses components called resources
to access and perform operations on patient health data at the
granular level [5,6].

The adoption of FHIR in health information systems by
developers and companies has grown in recent years with
multiple applications in various fields [5,7-9]. Thus, FHIR is
positioned as an interoperability standard that is easy to
understand by nontechnology professionals, with fast learning
curves that minimize the development time of applications and
new tools. In addition, itstechnological coreisaligned with the
latest architectures and web standards that allow the
development of open APIs, which facilitates interoperability
between systems[10].

Teaching and learning interoperability standards, particularly
FHIR, within digital health education programs have been
oriented more toward delivering content, presentations, and
audiovisual material, considering the solution of practical
problems separately [2]. Continuously emerging new
technol ogies (synchronous and asynchronous) promise new and
improved experiences for individual users but often bring new
challenges[11].

The existing learning management systems (LM Ss) are oriented
to support cross-cutting activities (forums, chat, and content
uploading) with content delivery (videos, documents, and links)
[12] but not to evaluate REST operations for accessing and
using resources. For the use of APIs, some platforms allow
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interaction with FHIR servers, such as Postman (Postman, Inc)
or Insomnia (Kong Inc). However, they cannot creste content,
manage questions, automatically evaluate the response, or
provide feedback but only act as an interface between the user
and the FHIR server.

The configuration currently used to teach FHIR is to publish
the contents in an LM S or website and, for practice, use tools
such as Postman [13,14] without the possibility of having
automatic feedback and correction of the activities. The results
of the practical exercises must be uploaded as a document to
the LMS, with written create, read, update, and delete (CRUD)
operations and server response in plain text. The teacher must
review them, which makes it challenging to implement
workshops with many questions for large groups of students.
Other websites offer the opportunity to learn FHIR with guides
and theoretical content, such as Simplifier (Firely Corporation).
It should be noted that Simplifier is a platform for building
FHIR implementation guides. It does not claim to be an LMS
or to manage COourses.

There is currently no LMS for training on FHIR that allows
problem-oriented assessment and practice of web-based CRUD
operations. Practice is essential to learn FHIR; therefore, a
problem-oriented platform is necessary, allowing the crestion
and administration of practical courses (where a problem is
presented) with different levels of complexity and for multiple
professionals (clinicians, engineers, and technicians). In
addition, each course should be associated with a set of
exercises, which the students must answer with CRUD
operations (eg, create a patient with the data given in the
description or modify the patient information with the new
phone number provided). The platform should automatically
evaluate these answers, and feedback should be provided to
guide each question’s achievement (or nonachievement). This
would help generate an extensive repository of massive
web-based training programs focused on specific problems,
where students must practice as requested. The lack of such
platforms has motivated theinteroperability team of the National
Center for Health Information System (CENS) [15] to design
atool capable of automatically teaching and evaluating FHIR.

In this sense, our goal wasto develop an API that allows usto
integrate and communicate a set of loosely coupled modules
that enable teachers to manage FHIR training programs,
designing courses, questions, and scenarios. In addition, learners
can interact through a web client for self-learning sessions,
where the API, in conjunction with an assessment engine,
provides feedback for each attempt the learner makes. This
undoubtedly streamlinesthe self-learning process and automates
the correction of hundreds of CRUD operations and the
submission of learner responses within a context that the
platform delivers.
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The design and development of a platform called Huemul
support the creation of courses associated with multiple
questions (which expect a CRUD operation as an answer),
automate the eval uation of the responses, and provide automatic
feedback to the studentsin each exercise. We have also created
an administrator that allows us to create and manage courses,
guestions, and users.

Methods

Study Design

The e-learning system requirements for teaching FHIR were
collected through interviews with expertsinvolved in academic
and professional activities (universitiesand health institutions).
Theinterviewswere semistructured, recording and documenting
each meeting. In addition, we used an ad hoc instrument to
register and analyze all the needs to dlicit the requirements.

The CENS academic committee, formed by 5 senior biomedical
informatics researchers (3 engineers: 2 biomedical and 1
informatics and 2 medical doctors), was the initial core of
experts consulted. In another focus group, engineers from the
interoperability areaof CENS, expertsin FHIR, were consulted.
They presented their requirements and needs to automate both
the deployment and evaluation of the different interoperability
challenges organized by CENS, where the need to register,
quantify, and evaluate the hundreds of requests sent by the
participants to the server was a problem when assessing their
tests. These interoperability events were part of Chile's CENS
human capital training program.

Both academics and CENS engineers were interviewed with
the following questions: Do you think a platform for teaching
HL7 FHIR is necessary? What functions should it have? What
non-functional requirements do you think are essentia for the
platform? For more details, see Multimedia Appendix 1.
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Finally, the students (engineers from health institutions) were
consulted on the platform’sfunctionality, modul es, and usability
in the first application of the pilot. A small instrument with 5
guestions on a Likert scale (scale of 1-5) was applied to assess
the application and the proposed modules, considering the user
interface, quality of feedback, response times, quality of the
content, and the response console. In addition, 2 open-ended
guestions were asked about the advantages and disadvantages
of the platform.

Thefocus group sessionswere transcribed, the topics of interest
were categorized (user profile, usability, perceptions of use, and
design), the patterns present were identified and interpreted,
and the information obtained wastriangul ated with the available
evidence. This analysis was carried out with Atlas-ti software
(Scientific Software Development GmbH). With this
information, the final prototype and the website for its
deployment were designed.

End users are classified according to the following profiles: (1)
system administrator in charge of the deployment and
administration of the modules, client, and all technical aspects
of the server; (2) professor who designsthe course and describes
the clinical context and associated questions; and (3) students
in charge of accessing the client to answer questions about the
course they are enrolled in.

Requirements

The system design requirements were divided into functional
and nonfunctional (Textbox 1). The system devel opment aimed
to support the functional requirementsto run e-learning sessions
for FHIR courses. Regarding the nonfunctional requirements,
security and usability are essential to design functional and
secure interfaces by considering technological aspects, learner
interactions, and instructional design [16,17] (Table 1). For
more details, see Multimedia Appendix 1.
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Textbox 1. Functional requirements to design the system for teaching FHIR (Fast Healthcare Interoperability Resource).

1. Test and question manager:

e Users management

« FHIR create, read, update, and delete (CRUD)-oriented test management
.  FHIR CRUD operations

« CRUD courses

«  Create and manage a database with questions, tests, and courses

For an FHIR test (where the context and the problem are explained), examples of questions could be:
«  Create the patient with the information given in the description

o  Create amedical encounter

«  Maodify the phone number and address of the doctor

« Deletethe patient

2. Application Programming I nterface (API) for orchestrating components:
«  Users authentication management

« Cadl uptestsand questions

« Validate user answers

e  Saveuser answers

«  Execute FHIR CRUD operation on the server

3. Test evaluator:

«  Evauate answers

«  Compare questions and answers

«  Build resources with the HAPI FHIR library

« Validate resources with standard

The expected answer should be a CRUD operation for a FHIR test (where the context and the problem are explained). For example, for the creation
of apatient, the student must compl ete the following:

« Method for creating a FHIR resource (post)

« [FHIR Endpoint]/patient (URL server and resource name)

«  Patient data (JSON format; patient information)

4. Client application:
o  Createresponsive front end
«  Communicate using the Huemul API

o  Decoupled other components
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Table 1. Tools, libraries, and relation with each software component.

Guinez-Molinos et d

Development area and tools or libraries Related component
Engine Admin Api2  Client FHIRP server
Environment
NetBeans
IntelliJ CE 0 0 0
Backend
Python
Python 3.6 0
Celery ad
Django 3.1
Django DRF 3.1
Java
OpendDK 11 0 0
Apache Maven 0 O
Apache Tomcat 9 a O
HapiFhir 5.3 0 0
Front end
Bootstrap 4.3
jQuery 3.1.1 O
Deployment
Docker
Docker Compose
Database
MySQL 5.7 0 0 0 0 0
3API: application programming interface.
BEHIR: Fast Healthcare Interoperability Resource.
Sotuare Development Mthcdology e s
The development methodology was based on the traditional web client (Huemul Client) for the consumption and
spiral model. The spiral development model starts with asmall interaction of the REST API.
set of requirements and goesthrough each developmentiteration 3. Response processing and evaluation: in the third iteration,
for that set of requirements. Then, the development team adds models for response processing are included, an interface
functionality for the additional requirement in ever-increasing for sending responses to the web client is added, and an
spirals until the application is ready for the production phase engine (Huemul Engine) for response evaluation is created.
[18]. The administrator createsatest planning mechanism, setting
Each iteration has objectives related to the evolution of the start and end times. ,
components to be developed: 4. Functional improvements and feedback: in the fourth

1. Modeing and management: in the first iteration, a

functional database model was generated with the objective
that it can support the definition of models related to tests,
users, questions, and courses and the creation of FHIR
learning tests. In addition, an administration application
(Huemul Admin) was created to maintain the generated
models. Once the model was built, a REST API (Huemul
API) was devel oped to consult the information.

Improvements to the data model and API: in the second
iteration, improvements to the model were included with
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iteration, modifications are introduced in the processing of
answers, feedback in case of incorrect answers, and the
enabling of anatural resource query interface.

Each devel oped component has aset of toolsdescribed in Table
1, the languages used are Python (Python Software Foundation)
and Java (Oracle Corporation) in the backend, and all interaction
between components involves using a REST API. In addition,
the front end group has some traditional libraries for client
development, as it uses another APl to consume resources
independently and does not restrict alternative clients.

JMIR Med Educ 2024 | vol. 10 | e45413 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION

Threefull-time computer engineersand the leader of the CENS
interoperability area worked on the platform to create the
software. It took 6 monthsto develop the prototype and 1 month
to make modifications during the pilot implementation.

Ethical Considerations

It should be noted that this research complied with ethical
standards in accordance with the Declaration of Helsinki
(updated in 2013).

Results

Overview

Huemul has 4 components that were designed and named
considering the functional and nonfunctional requirements.
Therefore, the following modules are necessary to develop a
scalable and robust system:

1 Huemul Admin: web application to create users, tests,
guestions, and scores.
2. Huemul API: communication between different components

of Huemul (FHIR server, client, and engine).

Guinez-Molinos et d

3. Huemul Engine: answers evaluation to identify differences
and validate responses.
4. Huemul Client: web application for users to show the test

and questions.

The architecture of the developed system allows for the
separation into different layers. For example, the software was
built under the Model-View-Controller architecture [19] to
separate the views from the data model and the business logic
(Figure 1). Furthermore, since usability is one of the most
important nonfunctional requirements, views use web
technologies, such asHTML5, JavaScript, and CSS3, to ensure
access to different web browsers.

The front end can display the courses created and managed by
the administration component, where the users can answer each
guestion. In the business-oriented layer, Huemul API
interconnects with the validation engine and communicates the
user's answers to this engine, which oversees validating and
reviewing their structure and content. The APl is Huemul’s
communication core. Once auser’s response has been validated,
it connectsthe operation with the backend (HAPI FHIR server)
and communicates the result to the client.

Figure 1. The system architecture of Huemul with the components and their relations. API: application programming interface; FHIR: Fast Healthcare

Interoperability Resource.
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The admin component was developed as a web application to
create users, tests, and questions with associated test scores.
This component is decoupled from the overall system
architecture, providing independence and modularity. Figure 2
shows a set of screenshots with the main functionalities of the
Huemul Admin component. It shows the questions created,
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Students users

associated FHIR servers, tests, users, and courses. Each
mentioned element can be modified and associated with
generating modular courses that are easy to administer.

It is essential when creating a course to situate the clinical
scenario within acontext (outpatient, emergency, inpatient, and
home). This will help health professionals, who are learning
about interoperability, to better design the necessary resources,
and CRUD operationsrequired to solve the problems presented.
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Figure 2. Huemul Admin component with active FHIR courses in the platform. CENS: National Center for Health Information System; FHIR: Fast
Healthcare Interoperability Resource; HL7: Health Level Seven International.
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Huemul API

The core of the communication is Huemul API. This AP
communicates the different components of Huemul (FHIR
server, client, and evaluation engine), orchestrating the whole
system. An essential task of the APl iscommunicating between
the client and the evaluation engine. Thetest eval uation process
begins when the learner sends an answer through the Huemul
client application until the response is received. Specifically,
the steps are as follows (Figure 3):

1

Send a request from the client: the student sends the
response through the client application.

Internal validation: the API performs basic validations of
therequest sent from the client. It validatesthe server URL,
the headers, and the body of the JSON content.
Enginevalidation: performsafull validation by comparing
the answer sent by the student with the expected answer
configured when creating the question.
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Evaluation response: once al the validations have been
carried out, the result is delivered, either a successful or
unsuccessful comparison.

FHIR request: once the expected response has been
validated against the one sent, if the evaluation in the engine
was successful, the student’s response is sent to the
corresponding FHIR server to be saved.

FHIR response: the FHIR server receives the request,
processes it, and assigns a destination variable to the
resourceto identify the student who sendsthe response and
responds to the API.

Build successanswer: if theresponse from the FHIR server
is successful, the APl constructs the response with the
summary of the validation process, evaluation, and result
from the FHIR server, which will be sent to the client
application.

Response: the API sendsthe answer to the client application
so that the result of its submission isdisplayed on the screen
to the learner.
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Figure 3. Huemul APl component that communicates with all the components of the system. API: application programming interface; FHIR: Fast

Healthcare I nteroperability Resource.
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This component has the function of response evaluation, for
which it evaluates 2 responses, the expected response and the
user’s response. The processing comprises 3 subprocesses to
finally have an evaluation result that allows us to assess if the
answer is correct or to assess the percentage of completeness
(Figure 4).

A FHIR request, by definition, contains the following elements
to be assessed:

»  Base URL of the FHIR server.

»  Path of the resource or query to be made to the server.

»  The header of the requested content is JISON or XML.

» The body of the resource is JSON or XML format if, in
case, REST methods require a body; otherwise, the body
will not have information for the request.

The methods accepted to create a question are POST, PUT,
GET, and DELETE.

Figure4. Huemul Engine component that validates, evaluates, and buildsthe response. API: application programming interface; FHIR: Fast Healthcare

Interoperability Resource.
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Huemul Client

Huemul providesaweb client for users, allowing themto display
thetest and the questions, and istheinterface with the platform.
For example, on the screen for sending the answer, the question
statement and essential information for answering (action,
precondition, expected task, etc) are presented; there is also a
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button to visualize the description of the scenario, and below
in notifications, the platform gives feedback to the user to
improve and correct the answers (Figure 5). For more details,
see Multimedia Appendix 2.

When the user enters a course, the client presents the complete
scenario, including information relevant to the test. Below isa
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list of the exercises to be answered; each activity has an
associated answer button with different colors.

Guinez-Molinos et d

- Orange button: exercise active but still needs to be
answered.

«  Green button: exercise with the correct answer.
»  Red button: exercise with the wrong answer.

Figure 5. Huemul Client with a test consisting of an explanation of the scenario and associated questions. FHIR: Fast Healthcare Interoperability

Resource.

Simple Exercises on Patient Resource

In the following exercises, you will see a compilation of basic queries, which will allow you te interact with a FHIR server, in a friendly
way and with the aim of creating a resource with the data provided, You will also be able to insert, modify, delete and extract data from
aFHIR server.

Patient Data;

Mame: Luis Gomez
RUN: 10.010.020-3

e e e e e

Gender: male
Date of Birth: Novernber 18, 197%
Marital s s Married,

Contact number:

+56923242526.

Links of Interest:

+ https

The exercises are based on the FHIR R4 specification.

1 Creating apatient

The insertion of a patient into the system is required, Luis Gomez, RUN 10.010.020-3, male, i
born on November 18, 1979, married, whose contact telephone number is +56923242526

Action: Create the Patient with all the data indicated in the test case.

Expected Task: The Patient resource created within the FHIR server.

Additional Information:

Add the element " active™:true inside the resource
System for identifier http:/fregistrocivil.cl/RUN

System prepare maritalStatus http:/terminology.hl7.org/CodeSystem/v3-

MaritalStatus

2 Verification of the created patient

Since a Patient was already created in the previous exercise, now it is necessary to verify that
see answer

this patient exists in the system.

Action: Verify the existence of the patient in the system.

Precondition: That the patient is registered in the system and his ID is known

Expected Task: Extract the patient's information from the FHIR server.

3 Deletion of the created patient

To test the system, you want to delete the Patient created in exercise 1.

Action: Remove the patient fram the system

Precondition: That the patient is registered in the system and his ID is known

Initial Evaluation of Huemul Use

In early 2020, we conducted apilot project in which we invited
20 health care professional sfrom different national institutions
(10 systems development, 3 physicians, 4 computer scientists,
and 3 nurses). They were studentsin apilot coursethat presented
a clinical situation and had to answer the questions through
CRUD operations with HL7 FHIR. Once the course was
completed, we gave them 5 questions. The questions had 5
scores according to the Likert scale for quality: 1=very poor,
2=poor, 3=fair, 4=good, and 5=excellent.

Each question focused on evaluating aspects related to the
following five dimensions:

1. End-user interface: the platformisaccessible and attractive
for students.

2. Quality of response: feedback provided by the platform
was helpful.

https://mededu.jmir.org/2024/1/e45413
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3. Response times: platform response times are adequate.

4. Quality of content: course description and questions are
adeguate.

5. Response console: response console is intuitive and easy
to use.

In addition, we incorporated 2 open-ended questions that
inquired about the advantages and disadvantages of the platform.
The most rates of the dimensions scored on average above 4
(response times=4.9, quality of content=5, and response
console=4.6). The only dimensions that did not cut above 4 on
average were end-user interface and quality of feedback, with
averages of 3.4 and 3.0, respectively.

This was consistent with the qualitative analysis of the
open-ended questions, where students rated the content,
questions, response times, and the working console positively.
In general, they expressed the platform’s usefulness for
self-study of FHIR. However, the usability was criticized
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concerning the navigation between the questions and the test,
the font and size of the text, and the lack of information to
support formatting.

Currently, Huemul has the following usage statistics:

« Users: 416 students with one or more courses in the
platform.

«  Courses: 10 courses.

« Tests: 60 tests.

«  Questions: 695 questions (431 used and 264 unused; 572
genera questions that can be used by any teacher with a
Huemul account and 123 private questions).

« Responserate: 1725 (1666 compl eted+59 incompl ete).

During the last 3 years, including the COVID-19 pandemic,
416 students have answered the same questions to evaluate the
platform (with the exact 5 dimensions applied in the 2020 pilot).
The evaluation has been good, with slight improvements since
thepilot in dimensions 1 and 2. The same open-ended questions
were applied in each course. The general comments are good
or excellent, with suggestions for improvements, mainly in
usability issues. The main criticisms collected in the open
guestions coincide with the pilot’s answers, making comments
for feedback too brief and needing more helpful information to
solve the exercise. Another aspect that stands out is usability,
color, and font size.

Each comment has hel ped usto improve, incorporating agraphic
designer into the team and improving the navigability of
Huemul. In addition, feedback was complemented with
templates of the principal associated resources that allow
studentsto learn in amore guided way.

The preliminary impact detected is the increase in
interoperability projects associated with FHIR in Chile, where
the project leaders are the professional s who participated in the
CENS courses with Huemul. In addition, some professionals
(cliniciansand engineers) wereincorporated into the government
towork on national strategieslinked to FHIR. Other participants
wererecruited for medical informatics departmentsin hospitals
(both public and private), where they led projects with FHIR.

Discussion

Principal Findings

The Huemul FHIR learning platform was designed and
developed with loosely coupled components to communicate
through a central APl orchestrating module communication.
Thisdesign was fundamental when starting to plan, considering
the development of an API rather than a platform. In addition,
its decoupling alows the APl to interact with different
technol ogies and with other systems and software that students
can use while maintaining the independence of the components.

Integrating information dispersed in different systems is a
relevant problem in health informatics. Thus, health informatics
professionals must strengthen interoperability by learning
standards that allow proper use. Currently, the most promising
interoperability standard is FHIR. It builds on the concepts of
the previous HL7 standards. The main objective of FHIR isto
facilitate the implementation of solutions in various contexts:

https://mededu.jmir.org/2024/1/e45413

Guinez-Molinos et d

mobile apps, cloud communications, telemedicine, and medical
records data sharing, among many others. Therefore, one of its
main strengths is its ease of use and better learning curve
compared to previous standards; this allows doctors, nurses,
and engineersto work together in designing interoperable health
care informatics solutions.

To develop competencies in FHIR, Huemul has been
fundamental for training professionalsin Chile. The CENS[15],
with its Health Information Systems (HIS) Reference
Competency Model [20], has developed and used it to strengthen
and generate competencies in interoperability and standards,
especialy with HL7 FHIR. The model proposed by CENS
brings together consensual knowledge, skills, and attitudes as
areference that guides the training of excellence in biomedical
informatics. Moreover, the model drives the design of
undergraduate and postgraduate training curricula and
establishes common training standards in the country and the
region. In addition, it makes it possible to make it evident on
what is expected of professionals and techniciansin this sector
and what is expected of them from the point of view of job
opportunities or professiona development.

In Chile and Latin America, there is a need for biomedical
informatics professionals trained in interoperability and
standards for sharing data between HIS [2]. Currently, the
demand for professionalswith these competencies hasincreased
the digital gap in health and, consequently, has slowed down
the changes needed to have amore connected health with robust
standards, terminologies, and HIS. Huemul is available for
training processes that require new ecosystems and models.

In this context, Huemul is aweb application that creates users,
tests, and questions to define scores and reviews them
automatically in interoperability scenarios with HL7 FHIR.
Huemul was the learning platform for Chile's annual health
interoperability meeting in 2020 and 2021 [21]. The
interoperability meeting featured 4 sections of HL7 FHIR
exercises (patient, diagnostic report, electronic medical
prescription, and electronic health record), with 2 levels of
complexity: introductory and intermediate. More than 100
participants each year performed hundreds of CRUD operations
per exercise, which Huemul reviewed automatically. In addition,
Huemul has been the official CENS platform for delivering
HL7 FHIR training courses.

As a result, in the last 3 years, more than 400 technicians,
engineers, and health professionalsinterested in learning FHIR
from all over the country have been trained so far [20].
Moreover, the CENS academic team generated 10 courseswith
60 associated tests. Huemul has made it possible to create a
repository with more than 695 questions with different
complexity levels. Each applied course has served as feedback,
considering that we asked the students about the quality of our
platform; considering all the dimensions exposed in the results,
the users have a good evaluation of Huemul. We are till
working on usability and feedback on the answers; we believe
that we must improve and move forward, for example, to mobile
devices and expand the content base and application areas.

Most trained professional s are leading interoperability projects
with FHIR from the government, universities, and public or
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private health institutions. CENS continues to support capacity
building for both professionals and institutions. In this sense,
Huemul is an effective tool to support practical activities,
enabling theteaching of FHIR. We expect to continue advancing
and complementing Huemul with new functionalities and
modulesin future work.

Future Work

Concerning future work, Huemul is currently in the process of
redesigning for a 2.0 version that will allow us to incorporate
new functiondities:

« Incorporate extensions, profiles, and extended Huemul for
more search parameters. This would allow the number of
guestions, courses, and scenario options to be expanded as
well as the complexity of the tests.

« Incorporate multiple choice and true and fal se questions to
prepare for the HL7 FHIR certification examination.
Incorporating content questionswould give usarobust tool
to prepare the CRUD operationsin a clinical scenario and
the theoretical context that will enable us to schedule
examinations and certifications (eg, HL7 FHIR Proficiency
examination).

+  Createweb-based courseswith LM Ss (for instance, Moodl€)
and Huemul. Integration with LM S platformswould extend
the teaching ecosystem, incorporating content management
systems, chat, forums, and all the tools with LMS.

« Incorporate other FHIR servers. Until now, Huemul has
been working with HAPI FHIR, which is a complete
implementation of the HL7 FHIR standard for health care
interoperability in Java [22]. The advantage of having a
decoupled system is the ease and modularity of its
components. Huemul currently works with HAPI FHIR as
a server; however, another server could be incorporated.
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Another interesting aspect is evaluating and certifying
interoperability levelsin health information systemsin anatural
context [23]. Huemul could extend its applicability to other
domains, for example, the assessment of HIS interoperability
in hospitals, clinics, and al types of health ingtitutions. Any
modificationsto its approach would be minimal, asits original
4-component structure would be maintained: Huemul Admin,
Huemul API, Huemul Engine, and Huemul Client. The main
changes should focus on the client-submitted request eval uation
engine, broadening itsfocusfrom teaching HL7 FHIR toamore
enterprise-based domain.

Considering a detailed systematic evaluation, the platform’s
usability isinteresting to investigate deeply. Therefore, a study
design that allows the application of validated instruments and
the collection of information from multiple profiles and
professionalsis proposed as future work.

Conclusions

Huemul isthefirst platform that allows the creation of courses,
guestions, and scenarios that enable the automatic evaluation
and feedback of CRUD operations with HL7 FHIR. Huemul
has been implemented and applied in multiple HL7 FHIR
teaching scenarios for health care professionals. It has
demonstrated its efficiency and effectiveness in courses and
massive events, managing hundreds of users and evaluating
thousands of answers in these 4 years of application.

Of the 416 students who were trained with Huemul, many are
currently leading interoperability projectswith HL7 FHIR, both
in the government and the private sector, contributing to
developing digital health and information systemsin Chile.
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Conflicts of Interest
None declared.

Multimedia Appendix 1

Huemul functional requirements.
[DOCX File, 30 KB-Multimedia Appendix 1]

Multimedia Appendix 2

User manual client.
[DOCX File, 2869 KB-Multimedia Appendix 2]

References

1. About Information Systems for Health (1S4H). Pan American Health Organization. 2022. URL : https.//www3.paho.org/

ish/index.php/en/about-is4h [accessed 2022-12-15]

2. Otero P, Leikam M, Gonzalez Z, de FatimaMarin H, Aravena |P, Zawadzki S. Informatics education in Latin America.
In: Berner ES, editor. Informatics Education in Healthcare: Lessons Learned. Cham. Springer International Publishing;

2020;167-182.

3. HL7FHIR release 4B. Standard Devel oping Organization Health Level Seven International (HL7). 2022. URL.: http://hl7.
org/implement/standards/fhir/index.html [accessed 2022-10-20]

https://mededu.jmir.org/2024/1/e45413

IMIR Med Educ 2024 | vol. 10 | e45413 | p. 11
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mededu_v10i1e45413_app1.docx&filename=3e1e0d09148f29112c90ceaa0a6ef2eb.docx
https://jmir.org/api/download?alt_name=mededu_v10i1e45413_app1.docx&filename=3e1e0d09148f29112c90ceaa0a6ef2eb.docx
https://jmir.org/api/download?alt_name=mededu_v10i1e45413_app2.docx&filename=8ee8e1e2dedd2e3c030a1658b938eb0a.docx
https://jmir.org/api/download?alt_name=mededu_v10i1e45413_app2.docx&filename=8ee8e1e2dedd2e3c030a1658b938eb0a.docx
https://www3.paho.org/ish/index.php/en/about-is4h
https://www3.paho.org/ish/index.php/en/about-is4h
http://hl7.org/implement/standards/fhir/index.html
http://hl7.org/implement/standards/fhir/index.html
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION Guinez-Molinos et &

10.

11.

12.

13.

14.

15.
16.

17.

18.
19.

20.

21.
22.
23.

Fielding RT. Architectural styles and the design of network-based software architectures. University of California, Irvine.
2000. URL: https://ics.uci.edu/~fielding/pubs/dissertation/top.htm [accessed 2023-11-21]

Ayaz M, Pasha MF, Alzahrani MY, Budiarto R, Stiawan D. The Fast Health Interoperability Resources (FHIR) standard:
systematic literature review of implementations, applications, challenges and opportunities. IMIR Med Inform.
2021;9(7):€21929. [FREE Full text] [doi: 10.2196/21929] [Medline: 34328424)

Bender D, Sartipi K. HL7 FHIR: an agile and RESTful approach to healthcare information exchange. Presented at:
Proceedings of the 26th IEEE International Symposium on Computer-Based Medical Systems; June 20-22, 2013,
2013;326-331; Porto, Portugal. [doi: 10.1109/cbms.2013.6627810]

Saripalle R, Runyan C, Russell M. Using HL7 FHIR to achieve interoperability in patient health record. J Biomed Inform.
2019;94:103188. [FREE Full text] [doi: 10.1016/j.jbi.2019.103188] [Medline: 31063828]

Shull JG. Digital health and the state of interoperable electronic health records. IMIR Med Inform. 2019;7(4):e12712.
[FREE Full text] [doi: 10.2196/12712] [Medline: 31682583]

Guinez-Molinos S, Andrade JM, Negrete AM, Vidal SE, RiosE. Interoperable platform to report polymerase chain reaction
SARS-CoV-2 testsfrom laboratoriesto the Chilean government: devel opment and implementation study. IMIR Med Inform.
2021;9(1):€25149. [FREE Full text] [doi: 10.2196/25149] [Medline: 33417587)

Benson T, Grieve G. Implementing FHIR. In: Principles of Health Interoperability: SNOMED CT, HL7 and FHIR. Cham.
Springer International Publishing; 2016;397-416.

Khan L, Dieter MG, Berner ES, Vaenta AL. Managing unspoken assumptionsin online education. In: Berner ES, editor.
Informatics Education in Healthcare: Lessons Learned. Cham. Springer International Publishing; 2020;263-275.
KralevaR, Sabani M, Kralev V. An analysis of some learning management systems. Int JAdv Sci Eng Inf Technol.
2019;9(4):1190-1198. [FREE Full text] [doi: 10.18517/ijaseit.9.4.9437)

Hussain MA, Langer SG, Kohli M. Learning HL7 FHIR using the HAPI FHIR server and its use in medical imaging with
the SIIM dataset. J Digit Imaging. 2018;31(3):334-340. [FREE Full text] [doi: 10.1007/s10278-018-0090-y] [Medline:
29725959

Gonzalez-Cid Y, Guerrero C, Lobo J, Tarbal A, Picking R, Castell N, et al. eHealth Eurocampus: an innovative educational
framework to train qualified professionals in the emerging ehealth sector. Presented at: EDUL EARN19: 11th International
Conference on Education and New Learning Technologies Proceedings; July 1-3, 2019, 2019;9938-9947; Palma, Spain.
[doi: 10.21125/edulearn.2019.2476]

National Center for Health Information Systems. CENS. 2020. URL : https://cens.cl [accessed 2020-02-07]

Sandars J, Lafferty N. Twelve tips on usability testing to devel op effective e-learning in medical education. Med Teach.
2010;32(12):956-960. [doi: 10.3109/0142159X.2010.507709] [Medline: 21090948]

Zahabi M, Kaber DB, Swangnetr M. Usability and safety in electronic medical recordsinterface design: areview of recent
literature and guideline formulation. Hum Factors. 2015;57(5):805-834. [doi: 10.1177/0018720815576827] [Medline:
25850118]

Boehm BW. A spiral model of software development and enhancement. Computer. 1988;21(5):61-72. [doi: 10.1109/2.59]
Leff A, Rayfield JT. Web-application development using the model/view/controller design pattern. Presented at: Proceedings
Fifth IEEE International Enterprise Distributed Object Computing Conference; September 04-07, 2001, 2001;118-127;
Sesttle, WA, USA. [doi: 10.1109/edoc.2001.950428]

Gutierrez S, Erazo C, Guinez-Molinos S, Taramasco C, Galindo C, FigueroaR, et al. No CENS: towards a L atin American
proposal for core competenciesin health information systems. Presented at: AMIA 2018 Informatics Educators Forum;
June 19-21, 2018, 2018; New Orleans, LA.

Techconnect interoperability challenge. CENS. 2022. URL: https.//www.techconnect.cl [accessed 2022-12-15]

Smile CDR. HAPI FHIR. 2022. URL: https.//hapifhir.io [accessed 2022-12-15]

Dixon BE, Rahurkar S, Apathy NC. Interoperability and health information exchange for public health. In: Magnuson JA,
Dixon BE, editors. Public Health Informatics and Information Systems. Cham. Springer International Publishing;
2020;307-324.

Abbreviations

API: application programming interface

CENS: National Center for Health Information System
CRUD: create, read, update, and delete

FHIR: Fast Hedlthcare Interoperability Resource

HIS: Health Information Systems

HL7: Health Level Seven International

LMS: learning management system

REST: Representational State Transfer

https://mededu.jmir.org/2024/1/e45413 JMIR Med Educ 2024 | vol. 10 | e45413 | p. 12

(page number not for citation purposes)


https://ics.uci.edu/~fielding/pubs/dissertation/top.htm
https://medinform.jmir.org/2021/7/e21929/
http://dx.doi.org/10.2196/21929
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34328424&dopt=Abstract
http://dx.doi.org/10.1109/cbms.2013.6627810
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30106-6
http://dx.doi.org/10.1016/j.jbi.2019.103188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31063828&dopt=Abstract
https://medinform.jmir.org/2019/4/e12712/
http://dx.doi.org/10.2196/12712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31682583&dopt=Abstract
https://medinform.jmir.org/2021/1/e25149/
http://dx.doi.org/10.2196/25149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33417587&dopt=Abstract
https://ijaseit.insightsociety.org/index.php?option=com_content&view=article&id=9&Itemid=1&article_id=9437
http://dx.doi.org/10.18517/ijaseit.9.4.9437
https://link.springer.com/article/10.1007/s10278-018-0090-y
http://dx.doi.org/10.1007/s10278-018-0090-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29725959&dopt=Abstract
http://dx.doi.org/10.21125/edulearn.2019.2476
https://cens.cl
http://dx.doi.org/10.3109/0142159X.2010.507709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21090948&dopt=Abstract
http://dx.doi.org/10.1177/0018720815576827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25850118&dopt=Abstract
http://dx.doi.org/10.1109/2.59
http://dx.doi.org/10.1109/edoc.2001.950428
https://www.techconnect.cl
https://hapifhir.io
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION Guinez-Molinos et &

Edited by G Eysenbach; submitted 29.12.22; peer-reviewed by R Saripalle, F Besoain, F Buendia, JL Serra, D Chrimes; comments
to author 30.01.23; revised version received 27.03.23; accepted 16.11.23; published 29.01.24

Please cite as:

Guinez-Molinos S Espinoza S, Andrade J, Medina A

Design and Devel opment of Learning Management System Huemul for Teaching Fast Healthcare Interoperability Resource: Algorithm
Development and Validation Sudy

JMIR Med Educ 2024;10:e45413

URL: https:.//mededu.jmir.org/2024/1/e45413

doi: 10.2196/45413

PMID: 38285492

©Sergio Guinez-Molinos, Sonia Espinoza, Jose Andrade, Algjandro Medina. Originally published in IMIR Medical Education
(https.//mededu.jmir.org), 29.01.2024. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Medical Education, isproperly cited. The complete bibliographic
information, alink to the origina publication on https.//mededu.jmir.org/, aswell as this copyright and license information must
be included.

https://mededu.jmir.org/2024/1/e45413 JMIR Med Educ 2024 | vol. 10 | e45413 | p. 13
(page number not for citation purposes)

RenderX


https://mededu.jmir.org/2024/1/e45413
http://dx.doi.org/10.2196/45413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38285492&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

