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ABSTRACT

Introduction: The human-computer interaction is essential in simulated electronic systems associated with teaching-learning
activities. Interactive clinical cases reinforce the diagnostic reasoning ability, a stage of the advanced Nursing Process.

Purpose: To build educational software, based on NANDA International, to improve the accuracy of nursing diagnoses.

Method: Methodological study in three stages: preparation and validation of case studies; construction; homologation and evaluation.
Held between January / 2012 and December / 2013, in a university hospital in southern Brazil. Teachers, nurses, undergraduate students
and graduate students in nursing and information technology participated. Approved by the Research Ethics Committee (130035).
Results: Construction of five case studies and two versions of the software: one simulates the reasoning process for establishing the
diagnosis; another, aimed at teachers, makes it possible to edit/create cases.

Conclusion: The software helps in the teaching-leaming process, generating accurate diagnoses, supporting more appropriate
interventions.

Keywords: Software. Nursing diagnosis. Education. Nursing informatics.

RESUMO

Introducdo: A interface humano-técnica é essencial em sistemas eletrnicos simulados associados a atividades de ensino-
aprendizagem. Casos clinicos interativos reforcam a habilidade de raciocinio diagndstico, etapa do Processo de Enfermagem avangado.
Objetivo: Construir um software educativo, baseado na NANDA International, para melhoria da acurdcia de diagndsticos de
enfermagem.

Método: Estudo metodoldgico em trés fases: elaboracao e validacdo de estudos de caso; construgdo; homologacao e avaliaao. Realizado
entre janeiro/2012 e julho/205, em hospital universitdrio do sul do Brasil. Participaram professores, enfermeiros, alunos de graduagdo e
alunos de pds-graduagdo de enfermagem e tecnologia da informago. Aprovado pelo Comité de Ftica em Pesquisa (130035).
Resultados: Construcao de cinco estudos de caso e duas versdes do software: uma simula o processo de raciocinio para
estabelecimento do diagnéstico; outra, destinada a professores, possibilita editar/criar 0s casos.

Conclusdo: O software auxilia no processo de ensino-aprendizagem gerando diagndsticos acurados, subsidiando intervences mais
adequadas.

Palavras-chave: Software. Diagndstico de enfermagem. Educacdo. Informética em enfermagem.

RESUMEN

Introduccion: Interfaz humano-técnica es esencial en sistemas electrénicos simulados asociados con actividades de ensefianza-aprendizaje.
Los casos clinicos interactivos refuerzan la capacidad de razonamiento diagndstico, una etapa del proceso avanzado de enfermerfa.
Objetivo: Construir un software educativo, basado en NANDA International, para mejorar la precision de los diagnésticos de
enfermeria.

Método: Estudio metodoldgico en tres fases: preparacién y validacion de estudios de caso; construccion; homologacion y evaluacion.
Celebrada entre enero/2012 y diciembre/2013, en hospital universitario en el sur de Brasil. Participaron docentes, enfermeras,
estudiantes universitarios y estudiantes de posgrado en enfermerfa y tecnologia de la informacion. Aprobado por el Comité de Ftica
de Investigacion (130035).

Resultados: Construccion de cinco estudios de caso y dos versiones del software: uno simula el proceso de razonamiento para
establecer el diagndstico; otro, dirigido a docentes, permite editar/crear casos.

Conclusion: El software ayuda en el proceso de ensefianza-aprendizaje, genera diagndsticos precisos y respalda intervenciones mds
apropiadas.

Palabras clave: Programas informéticos. Diagndstico de enfermeria. Educacion. Informética aplicada a la enfermeria.
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Bl INTRODUCTION

One of the global priorities in the use of health technology
is information and communication technology in nursing®™.
Its use has been growing rapidly in order to improve patient
safety, organizational efficiency and speed of monitoring®.
These activities require dynamism and creativity and, when
combined with the nursing classification systems, they are
excellent tools that facilitate the application of the Nursing
Process (NP), improve and provide visibility to health re-
cords, which is fundamental in strengthening the science
of nursing. profession®,

From the nursing terminologies, highlighting the taxon-
omy of Nursing Diagnostics (NDs) from NANDA International
Inc. (NANDA-I), it is possible to interpret human responses,
guiding the selection of appropriate interventions for different
clinical cases. This diagnostic reasoning process, although fun-
damental, is fragile in its application and learning, suggesting
a technical-scientific lack of preparation by professionals®.
Thus, tools are needed to stimulate clinical reasoning and
critical thinking skills, supporting practice and NP&,

Although technological resources are advantageous in
care and care management, a literature review study points
to gaps in scientific production on the topic®. The same
research shows, in particular, the scarcity in the production
of educational software to improve the performance of the
nursing team in the hospital environment®.

Alternatively, the use of interactive clinical case simulations
contributes to the development of diagnostic reasoning skills
and, consequently, to their accuracy®®®. Some studies have
been conducted with clinical cases as a source of learning,
based on the Problem-Based Learning (PBL) methodology,
which seems to provide better effectiveness in teaching and
student performance®. Furthermore, PBL with clinical cases
presents itself as an alternative to assist in the teaching-learn-
ing challenges identified, not only among nursing students,
but also in the continuing education processes of nurses®.

In this sense, the human-technical interface (HTI) is an
extremely important dimension to be considered, both in
terms of implementing a simulated electronic system and in
the generation of teaching-learning activities that reinforce
the diagnostic reasoning ability, a fundamental stage of
advanced NP®19, Derived from the field of psychology and
computer and social sciences, HTl is focused on understand-
ing how humans interact with technology, both in systems
and devices, and how to make this interaction as valuable as
possible. However, the appropriation of software process
models by nurses is still incipient, which highlights the need
for further study of nursing in this theme",

Thus, in order to bring nursing closer to theoretical and
methodological frameworks for software development and to
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supply the lack of tools to guide nurses'diagnostic reasoning
process, this research aimed to build educational software
to improve accuracy in establishing NDs.

B METHOD

A methodological study that aims to develop instruments,
which may involve complex and sophisticated methods,
including the development, validation and evaluation of
research tools and methods!'?. The study was carried outin a
university hospital in the south of Brazil, with the participation
of professors, nurses and graduate students in the fields of
nursing and information technology.

The project was developed in three stages: preparation
and validation of case studies; construction of educational soft-
ware for the accurate establishment of NDs; and approval and
evaluation of the Software. The steps are described in Figure 1.

Preparation and validation of case studies

In this first phase, a working group was formed with three
nursing professors, three nursing assistants, three nursing
students and a computer science professional, totaling ten
participants. The case studies were constructed considering
different levels of complexity according to the guidelines for
the development of written case studies'. The criteria for
diagnostic precision/accuracy were established using the
Nursing Diagnostic Accuracy Scale-Version 2 (EADE-Version
2)™ The consensus of four experts'> chosen for convenience
was used to validate the studies. The inclusion criteria were
as follows: being a nurse with at least five years' clinical ex-
perience and knowledge of NDs, according to the NANDA-|
taxonomy and electronic health records, all members of
the permanent institutional committee that studies NP. The
participants received a letter of guidance for the preparation
and refinement of the studies, and data were requested to
characterize the sample.

The experts analyzed the adequacy of the defining
characteristics, related factors and risk factors. The ana-
lyzes focused on the quality of the studies. For this, they
observed the specifics, clarity, level of precision and wheth-
er the diagnostic reasoning process was adequate. The
instrument also assessed the degree of difficulty of the
studies as easy, medium, or difficult. The data were ana-
lyzed considering the consensus among experts, using
the NANDA-| framework!?.

Software construction

The Incremental Development methodology was used
in the second phase of the study. It is a staged planning
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Figure 1 - Study steps
Source: The authors, 2015.

strategy in which several parts of the system are developed
in parallel and integrated when complete, with the possi-
bility of each step being later revised for modifications and
increments. This approach is based on the “System Life Cycle’
theory, a process composed of phases through which the
system moves from planning to re-planning/'®. Because
it is interactive, the incremental model quickly produces
operational versions of the software®. In this research, the
phases were sectioned in recognition of the problem (project),
Implementation; tests, technologies involved in the development
of the system, description of the Nursing Diagnosis Educational
Software, Study Module, Editing/Creating Case Studies Module
(creating, editing and removing case studies).

During the problem recognition phase (project), state,
behavior and use diagrams were built, according to the
technical specifications suggested by the software developer,
in addition to the definition of deadlines for carrying out the
activities necessary for the implementation of the project®,

The design and creation of the screens that would make
up the software were started in the implementation phase.
Then, the logical structure of the program was inserted, fol-
lowed by the integration of these parts and, finally, modular
tests'9. It should be noted that these steps were performed
repeatedly until the needs and requirements of the software
were reached.

"

In the testing phase, the system was subjected to accep-
tance and quality control experiments. The tests were carried
out by a team of professors, nurses and Master’s students.
The developer made adjustments according to the needs
identified by the tests.

The software was developed using .NET technology
(Microsoft) in the Visual Basic programming language, in
the Visual Studio 2008 development environment, which
was run on the Windows Operating System.

For the software description phase, two versions were
developed - one for students and another for teachers.

The main module of the software, the Study Module, aims
to present each step of the diagnostic reasoning, while the
Editing/Creating Case Studies Module, present in the version
for teachers, is intended to perform three main operations
in the case studies: creation, editing and removal.

Software Approval/Evaluation

The third stage took place in two phases: initially, an eval-
uation was carried out with fifteen participants selected by
convenience (five nurses, five university professors and five
nursing students). Then, the evaluation was carried out by
39 nursing students in the fifth semester. The software was
made available to the participants, along with an evaluation

Rev Gatcha Enferm. 2021;42:€20190283 3
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form on the following topics: content of the case studies,
usability of the software and didactics on learning the cases.
Each participant was instructed to conduct one of the studies.

As for the content of the case studies and usability of the
software, the items evaluated were: ease of use, contains clear
instructions, visually attractive, interactive. In relation to didac-
tics, the following items were evaluated: reinforces concepts
progressively, need for help from literature to develop the stages,
the number of evidences was sufficient to select the NDs, would
recommend using the software. In addition, each item should
be assessed based on the following degrees of relevance:
strongly agree, agree, no opinion, disagree and strongly disagree.

The subjects signed the Free and Informed Consent Form.
The Project was approved by the Institution’s Research Ethics
Committee (# 130035).

B RESULTS

The results showed the three phases of the research:
the first describes how the case studies were elaborated,
then the details of the software construction and, finally,
the approval/evaluation of the software.

Preparation and validation of case studies

The five case studies developed addressed: child with
neoplasm, elderly in clinical care, elderly in critical care, adult
with mental disorder and woman in gestational period.

The four specialists had an average of 16 years since
graduation, one of them with publications on the theme,
and all were members of the group responsible for manag-
ing the NP in the field of study. The quality of the five case
studies was evaluated positively, considering the following
criteria: whether the cases represent typical clinical practice
situations, if the text has clear wording, whether the studies
reflect different clinical situations, intellectual capacities similar
to those used in a real clinical setting are required, considers
diagnoses at various levels of accuracy. As for the assessment
of the difficulty, two studies were considered easy, one of
medium level and two difficult.

Based on the clinical reasoning of the specialists and the
evaluations of the items above, it was possible to refine the
studies in order to make them more intelligible and faithful
to clinical practice. NDs not selected by specialists were
excluded, and the case studies were remodeled.

Construction of educational software for the
accurate establishment of nursing diagnoses

The case studies comprised the patient’s clinical history,
list of relevant data and different clusters of data that led

to different diagnostic hypotheses. Relevant data includes
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defining characteristics, related factors and risk factors for
possible diagnoses. If the data grouping leads to a ND focused
on the problem, syndrome or health promotion, it would be
directed to a next step, for the selection of a related factor.
If the ND were at risk, it would automatically advance to
the diagnosis selection screen, since the risk factors would
have already been selected in the previous step as relevant
data. Each step of this process was distributed on one or
more screens that made it possible to migrate to the next
one in case of a hit. If the chosen answer was not correct,
the system gave instructions to return to the previous step,
allowing a new selection. The case study is completed when
all groupings have been completed. The user will then be
able to review the diagnosis statement for each data set
before finalizing.

Two versions were built, one for students and one for
teachers. The first contains the main software module, called
the Study Module (Figure 2), which simulates the perfor-
mance of a ND based on the case study.

The teacher version contains the Study Module and the
Case Study Edition/Creation Module integrated in the same
flowchart (Figure 3).

The Study Editing/Creation Module also offers the pos-
sibility to import/add to the list a new study made available
by the teacher.

Didactic screens were developed (Figure 4) in the Study
Module, where the objective of the software, the instructions
for solving an exercise and the important definitions referring
to the present terminology are presented. Afterwards, a list
of case studies that can be exercised is displayed.

The Editing Module allows you to create new case studies,
in addition to editing and removing old ones. Thus, in the
Study Creation option it is possible to create countless studies
in the same pattern as the studies elaborated during the
project and that become part of the software. The creation
process begins with the description of the patient’s history
and follows each step as described in the Study Module.
Upon completion and saving the study, a file is generated
that can be made available to students.

In the Study Edition operation, in addition to creating a
new study, the teacher can edit an original study, or a previ-
ously created study, in case it is necessary to correct or add
information. The editing process is analogous to the creation
process, with the same screens for each stage. When saving,
a file is generated that can be made available to students.
If the student has the old study on his computer, it will be
automatically updated once the new one is added.

In addition, when selecting the Case Study Removal
option, the list with available studies and another list with
those excluded is displayed. An available study can be deleted
and later restored. Those that are excluded are not available
in the Study Module.



Figure 2 - Study Module
Source: The authors, 2015.

With the proposed approach to the development of
this educational software, it is possible to keep the software
always up to date in a dynamic and real-time interaction by
simulating the reality experienced through case studies, thus
optimizing teaching-learning.

Software Approval/Evaluation
In addition to the evaluation of the case studies, pre-

sented in item 3.1, the software was evaluated for tool us-
ability. In the evaluation of students, according to table 1 -

Development of a nursing diagnosis educational software program Il

considering the answers “fully agree”and “agree”- the studies
were assessed as relevant and the data were clearly writ-
ten for 97.44%, and only one student considered that the
studies did not contribute to increase their knowledge. As
for usability assessment, 100% of students agreed that the
software is easy to use.

The software was rated as being self-explanatory, in-
teractive and useful for learning. Some suggestions for im-
provements in the instructions for certain steps have been
considered and implemented in order to make the software
more effective.

Rev Gatcha Enferm. 2021;42:€20190283 5
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Figure 3 - Case Study Editing/Creation Module
Source: The authors, 2015.

Figure 4 - Didactic screens built for software development
Source: Prepared by the authors, 2015.

Rev Gatcha Enferm. 2021;42:220190283
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Table 1 - Software approval

Variables

Content (from the case studies)

[t was written in a clear and concise manner 27(69.23)  11(28.21) 1(2.56)

[tis relevant 29(7436)  9(23.08) 1(2.56)

Provides accurate information 23(5897)  15(3846)  1(2.56)

It includes appropriate amount of data 24(61.54)  15(38.46)

Usability (of Software)

It is easy to use 29(74.36)  10(25.64)

Has clear instructions 27(69.23) 10(25.64) 2(5.13)
It is motivating 25(64.10)  12(30.77)  1(2.56) 1(2.56)
Visually attracted 29(74.36)  9(23.08) 1(2.56)

[tis interactive 27(69.23)  9(23.08) 3(7.69)

Didactics

Enhances content progressively 24(61.54)  15(38.46)

Did the materials promote learning? 26(66.67)  9(23.08) 2(5.13) 2(5.13)
chiS ZtoeL;)Sn?eed help from the literature to develop 1002564)  7(17.95) 10.56) 110821)  10025.64)
If this Software provided more case studies, would 3609231 2(5.13) 102.56)

you like to do them?

Source: The authors, 2015.
Note: Completely Agree (CA), Agree (A), No opinion (NO), Disagree (D) e Completely Desagree (CD)

The Educational Software for Nursing Diagnosis® was
registered at the National Institute of Industrial Property
(INPN under registration BR 51 2014 001195-0.

M DISCUSSION

The creation of the Software arose from the demand for
diversified strategies to train new nurses admitted to a referral
hospital with a computerized NP, and to encourage students
to develop clinical reasoning and critical judgment in future

professional practice. Considering the dynamics between
university and hospital practice, there was a need to develop
a method that would favor the improvement of diagnostic
accuracy, considered a challenge in daily practice. In this sense,
it is understood that the software created corroborates the
following results in the teaching-learning process: minimiz-
ing failures in diagnostic choices, updating nurses in clinical
practice, use of software as a complementary tool with a
formative characterin undergraduate courses, pointed out as
an excellent strategy for the development of diagnostic skills®.

Rev Gatcha Enferm. 2021;42:€20190283 7
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The software development followed the software spec-
ification steps in accordance with the HTI requirements'®,
aiming to supply the learning needs. In addition, the five
case studies were evaluated by experts who had exten-
sive knowledge of the NP and the NANDA-| taxonomy. The
studies were developed considering the dynamics of the
software to be built, in order to enable the participant’s
performance and interactivity as a didactic strategy®©. The
intention was to associate the use of technology with case
studies to stimulate the development of skills in students in
training, as well as in the instrumentalization of the trained
professional, providing visibility to nursing actions and sup-
porting decision making®. Corroborating this proposition,
the use of software as an ally to care planning tends to
help nurses to apply or modify clinical judgment, subsidize
decision-making in the ND selection process, in addition to
configuring a learning tool with the potential to expand the
knowledge of professionals.

As for the methodological rigor adopted for the construc-
tion of the educational software, it proved to be imperative
for the result obtained in the evaluations. Integrative review!!
showed urgency in the development of studies with this
theme in order to replicate the research, therefore, many
studies do not clearly outline their methodology.

Methodological research is carried out in order to de-
velop a reliable, accurate and usable educational tech-
nology for nursing®. These have been considered a ma-
jor challenge in terms of systematizing research for the
construction, evaluation and validation of these types
of technology®. The educational software, aimed at any
discipline or target audience, must be subjected to an
assessment that precedes its implementation in the edu-
cational context®. Thus, the software was approved by 39
students based on the “content’, “usability” and “didactic”
competencies, using a questionnaire with a conformity
assessment scale.

The participating students were in the fifth semester of
the nursing course, when the subject of ND was introduced.
The software’s approval by this audience corroborates the
possibility of implementing the tool in nursing courses as
a pedagogical strategy. The developed tool, as in another
study on educational software, supports the use of mixed
teaching strategies, being able to use combinations of tra-
ditional methods combined with technology, enhancing
the learning resources®.

On average, 97% of students “completely agreed” or
“agreed” on the content assessment. In assessing the us-
ability of the software, about 95% of the students either
‘completely agreed” or“agreed”on this criterion. On average
84% of the students either “completely agreed” or “agreed”
on the teaching methods used. Aspects of positive software

Rev Gatcha Enferm. 2021;42:220190283

evaluation were analyzed in equivalent studies®®, supporting
students’adherence and the relevance of this technology
in the educational field. It should be noted that, in this last
criterion, the question “Did you need help from literature
to develop the steps?”was asked, resulting in 25.64% of the
students answering both “‘completely agree”and‘completely
disagree” It is inferred that this result was dependent on
the experience of each student with the NDs. Although
academics could present different levels of contact with the
NANDA-I taxonomy, researchers from the Federal University
of Ceard identified that students had a moderate to good
performance in the evaluation of educational software, and
that this was not related to age, academic level or previous
experience with NANDA-I®.

The software dismisses the use of literature for its appli-
cability. However, as the assessment was carried out with
students who are being introduced to this field of knowledge,
it is permitted and pedagogically healthy to use didactic
materials as an optional consultation. For nursing practice
and teaching, the software allows for greater flexibility and
individualization of the teaching-learning process, as it allows
the teacher to edit/add new case studies, and to respect
each individual's learning pace.

The limitations of the study are related to the restricted
number of possible groupings for the student’s reasoning,
given the particularities of the screen size. We also high-
light that the development technology has a high cost,
which limited the expansion of the software to another
more Web accessible language. The software developed
was only tested at one university, so we suggest that it be
tested in other realities in order to undergo adjustments for
better performance.

Il CONCLUSION

The developed software can stimulate the diagnostic
reasoning and promote the improvement of the accu-
racy of nursing students and nursing assistants. Through
its development, it was possible to establish criteria and
parameters for the Educational Software to be considered
an interactive tool, capable of reducing barriers in the
teaching-learning process.

The tool is available! for the use of disciplines in the
Nursing undergraduate course, in order to facilitate the
teaching/learning of students in the elaboration of accurate
NDs. In addition, the instrument is an accessible option for
training newly admitted nurses in the fields of work that use
computerized NP in clinical practice.

' Any university may have the software for use in teaching, as long as
authorization is requested from the researchers.
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