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ABSTRACT
Background Objectives:
empowerment has become a key strategy for

and Patient
promoting patient safety and preventing incidents
and adverse events in healthcare services. In the
Brazilian context, there is a lack of validated
technologies this purpose.
Therefore, this study aimed to develop and validate
a mobile application designed to empower patients
in the prevention of incidents and adverse health
events. Methods: This study was conducted in two
stages: a scoping review and a methodological
study focused on technological production. The
application was developed for Android® and iOS®
platforms, following the Dick and Carey
instructional design model, and validated in terms

mobile aimed at

of content, appearance, semantics, and usability by
expert judges and patients. Results: The application
achieved a Content Validity Index above 0.90,
demonstrated high usability, and showed strong
user acceptance, with mean scores above 4.0 in the
heuristic evaluation. Conclusion: The application
proved to be valid, innovative, and promising for
patient empowerment and the prevention of adverse
events in healthcare services.

Keywords: Patient Safety. Mobile Applications.
Patient Empowerment. Adverse Events. Health
Technology.
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RESUMO

Justificativa e Objetivos: O empoderamento do
paciente se consolidado como estratégia
fundamental para a promocdo da sua seguranca do
individuo e a prevencdo de incidentes e eventos
adversos em servicos de saude. No contexto
brasileiro, observa-se a auséncia de tecnologias
moveis validadas com essa finalidade. Assim, o
objetivo deste estudo foi construir e validar um
aplicativo movel voltado ao empoderamento do
paciente na preven¢do de incidentes e eventos
adversos em satde. Métodos: Trata-se de um
estudo desenvolvido em duas etapas: revisdo de
escopo e estudo metodologico de produgido
tecnologica. O aplicativo foi construido para os
sistemas Android® e iOS®, seguindo o modelo
tedrico de Dick e Carey, e validado quanto ao
conteudo, a aparéncia, a semantica e a usabilidade
por juizes especialistas e pacientes. Resultados: O
aplicativo apresentou coeficiente de validade de
conteudo superior a 0,90, elevada usabilidade e alta
aceitagdo pelos usuarios, com médias superiores a
4,0 na avaliagdo heuristica. Conclusdo: O
aplicativo mostrou-se valido, inovador e promissor

tem

para o empoderamento do paciente e a prevengdo de
eventos adversos nos servigos de saude.

Descritores: Seguranca do Paciente. Aplicativos
Moveis. Empoderamento do Paciente. Eventos
Adversos. Tecnologia em Satide.
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RESUMEN

Justificacién y Objetivos: El empoderamiento del
paciente se consolida como una estrategia clave
para promover la seguridad del individuo y
prevenir incidentes y eventos adversos en los
servicios de salud. En el contexto brasilefio, existe
una ausencia de tecnologias moviles validadas con
este proposito. Por lo tanto, el objetivo de este
estudio fue desarrollar y validar una aplicacion
movil orientada al empoderamiento del paciente en
la prevencion de incidentes y eventos adversos en
salud. Métodos: Se trata de un estudio desarrollado
en dos etapas: una revision de alcance y un estudio
metodologico de produccion tecnologica. La
aplicacion fue desarrollada para las plataformas
Android® e iOS®, siguiendo el modelo tedrico de
Dick y Carey, y validada en cuanto a contenido,
apariencia, semantica y usabilidad por jueces
expertos y pacientes. Resultados: La aplicacion
obtuvo un indice de validez de contenido superior a
0,90, presenté alta usabilidad y elevada aceptacion
por parte de los usuarios, con promedios superiores
a 4,0 en la evaluacion heuristica. Conclusion: La
aplicaciéon demostré ser valida, innovadora y
prometedora para el empoderamiento del paciente y
la prevencion de eventos adversos en los servicios
de salud.

Palabras Clave: Seguridad del Paciente.
Aplicaciones ~ Moviles.  Empoderamiento  del
Paciente. Eventos Adversos. Tecnologia en Salud.
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Patient safety refers to actions that strengthen cultures,
processes, and environments that can reduce risks,
prevent damage, and minimize errors. Patient
empowerment to prevent adverse health incidents and
events has become an increasingly present practice in
this context. Despite these advances, a gap remains in
the availability and validation of digital technologies to
empower patients in preventing adverse events,
especially in Brazil. Promoting person-centered care
and patient empowerment requires the development and
application of technologies (especially mobile
applications) that expand access to information and
foster co-responsibility in health care. Brazil still faces a
shortage of validated digital technologies with this
focus; such gap configures the main motivation of this
study.!

This study is in line with the United Nations 2030
Agenda for Sustainable Development (especially its
third goal) as it contributes to the promotion of health,
patient safety, and quality of care, reinforcing the
commitment to more effective, inclusive, and
sustainable ~ health systems*—which includes
educational and communication technologies that
facilitate dialogue between patients and healthcare
providers and digital systems that promote transparency
and therapeutic data sharing. Thus, this study aims to
build and validate a mobile application to empower
patients in preventing incidents and adverse events in
health services.

This study was carried out in two steps, the first of
which consisted of a scoping review to map evidence on
the use of digital mobile technologies to promote patient
empowerment and prevent adverse health incidents and
followed the JBI  methodological
recommendations for scoping reviews and a previously
defined search strategy with eligibility criteria and study
selection stages.’> The second stage methodologically
studied technological productions focused on the
development and validation of a mobile application for
i0S and Android. Construction followed the theoretical
model in Dick and Carey, including analysis,
design/development, implementation, and evaluation.®

The scoping review was carried out with MeSH and

events. It

DeCS descriptors — Seguranga do Paciente,”
“Aplicativos Moveis,” “Eventos Adversos,” and
“Tecnologia” and “Hospitais” — that were associated

with the Boolean operators AND and OR. The
EMBASE, MEDLINE, Cochrane Library, LILACS,
BDENF, and SciELO databases and the gray literature
(Google Scholar, CAPES Journal Portal, and Open
Access Theses and Dissertations, which involved the
support of a librarian) were searched. Studies in
Portuguese, English, or Spanish on mobile technologies
related to patient safety or empowerment that were

published from 2013 to 2024 and were available in full
were considered. Articles were chosen by independent
reviewers, who analyzed the titles, abstracts, and full
text of the articles according to previously defined
eligibility criteria.

The Java language was used to develop the mobile
application for Android®, whereas its i0OS version was
constructed on Back4App® with support from Canva for
the elaboration of its design.” Then, its content was
validated by expert judges, who were selected according
to criteria adapted from the Fehring model, considering
academic training, practical experience, and scientific
production in patient safety, technology, or health
education.® The specialists were recruited by electronic
invitations to professionals in teaching and research
institutions and in research groups in the thematic areas
of this study.

Implementation included content and appearance
validation by a committee of 12 expert judges (chosen
according to the following inclusion criteria: at least one
year of care and/or teaching experience and a master’s
and/or PhD degree) via structured instruments based on
Likert-type scales to assess the clarity, relevance,
organization, and presentation of the content of the
mobile application. Semantic validation was carried out
with a pilot group of 10 patients. This step adapted the
application content and layout to its target audience.
Application usability was evaluated by tab pilot group
of patients via an instrument composed of items based
on Nielsen’s 10 heuristics, which were adapted to
facilitate understanding and evaluation by the target
audience.’

Validation with the target audience was conducted
with 30 patients hospitalized in a medical clinic and
eight family members. Those aged over 18 years who
had been hospitalized for at least three days were
included in this stage. Participants were recruited in
hospitalization ~ units.  Their = sociodemographic
information and familiarity with the use of digital
technologies were collected to characterize the sample.
The Suitability Assessment of Materials instrument was
used in this stage. Note that the groups had no
participant overlap!® across stages (semantic validation,
usability evaluation, and assessment with the target
audience). This study was approved by the Research
Ethics Committee. Participants read and signed
informed consent forms.

Regarding its results, this study developed its
application based on its scope review, which included
the six goals by the Joint Commission International and
the Brazilian National Health Surveillance Agency,
made available for free (Figure 1).
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Figure 1. Screenshots of the Paciente Empoderado application. Juiz de Fora, Minas Gerais, Brazil.

The content validity coefficient regarding appearance
exceeded 0.90. The evaluation of usability by experts
showed the high technical quality of the application
interface. The pilot group evaluated the application
based on Nielsen’s 10 heuristics. All dimensions
averaged above 4.0 on a one-to-five Likert scale,
highlighting the correspondence between the system and
the real world (mean = 4.90) and its aesthetics and
minimalist design (mean = 4.70). These results indicate
that the application meets fundamental usability
principles.

The pilot group offered a satisfactory semantic
validation (above 85%). The evaluation with end users
showed great satisfaction and acceptance. This study
evaluated aspects related to the organization, language
clarity, content relevance, and potential of the
application to promote self-care, finding total agreement
(100%) regarding ease of navigation, information
comprehensibility, content adequacy, and perception
that it can contribute to strengthening patient safety. The
variable with the lowest total agreement was related to
the colors of its interface, despite its high acceptance
(87%).

The results indicate robust application development
and validation. The content validity coefficient showed
high agreement between experts regarding content
adequacy (0.91), whereas the averages above 4.0 in the
usability heuristics indicate that the application interface
meets fundamental interaction principles. Satisfactory
semantic validation and great user agreement regarding
clarity, organization, and navigability reinforce the
adequacy of the language and content of the application
to its target audience. Although the evaluation of its
colors showed lower total agreement, its level of
acceptance remained high (0.81). These findings
suggest that the technology can support health education
strategies and promote patient safety.>”

This study built and validated an application that
constitutes an instrumental technology to be made
available in Brazil. The work of health teams and future
research technology can incorporate it, serving as a
reference for strategies to prevent incidents and adverse
events and promote health education.
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