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ARTICLE INTFO ABSTRACT
Article history: Purpose: To describe a model for assessing nursing diagnostic accuracy and its application
Received 16 September 2012 to undergraduate students, comparing students’ performance according to the course year.
Received in revised form Methods: This model, based on the theory of fuzzy sets, guides a student through three steps:
24 April 2013 (a) the student must parameterize the model by establishing relationship values between
Accepted 30 April 2013 defining characteristic/risk factors and nursing diagnoses; (b) presentation of a clinical case;
(c) the student must define the presence of each defining characteristic/risk factors for the
Keywords: clinical case. Subsequently, the model computes the most plausible diagnoses by taking into
Nursing diagnosis account the values indicated by the student. This gives the student a performance score
Educational technology in comparison with parameters and diagnoses that were previously provided by nursing
Decision support techniques experts. These nursing experts collaborated with the construction of the model indicating
Fuzzy logic the strength of the relationship between the concepts, meaning, they parameterized the

model to compare the student’s choice with the expert’s choice (gold standard), thus gener-
ating performance scores for the student. The model was tested using three clinical cases
presented to 38 students in their third and fourth years of the undergraduate nursing course.
Results: Third year students showed superior performance in identifying the presence of
defining characteristic/risk factors, while fourth year students showed superior perfor-
mance in the diagnoses by the model.
Conclusions: The Model for Evaluation of Diagnostic Accuracy Based on Fuzzy Logic applied
in this study is feasible and can be used to evaluate students’ performance. In this regard,
it will open a broad variety of applications for learning and nursing research.
Limitations: Despite the ease in filling the printed questionnaires out, the number of steps
and fields to fill in may explain the considerable number of questionnaires with incorrect
or missing data. This was solved in the digital version of the questionnaire. In addition, in
more complex cases, it is possible that an expert opinion can lead to a wrong decision due
to the subjectivity of the diagnostic process.

© 2013 Elsevier Ireland Ltd. All rights reserved.

* Corresponding author at: Rua Conceicao, 552, apto. 25, CEP 13010-050 Campinas, SP, Brazil. Tel.: +55 19 3521 8831; fax: +55 19 3521 8822.
E-mail addresses: mhbaena@fcm.unicamp.br, mhbaenaml@yahoo.com.br (M.H.B.M. Lopes).
1386-5056/$ — see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.ijmedinf.2013.04.010


dx.doi.org/10.1016/j.ijmedinf.2013.04.010
www.ijmijournal.com
mailto:mhbaena@fcm.unicamp.br
mailto:mhbaenaml@yahoo.com.br
dx.doi.org/10.1016/j.ijmedinf.2013.04.010

876

INTERNATIONAL JOURNAL OF MEDICAL INFORMATICS 82 (2013) 875-881

1. Introduction

Nurses are legally responsible for nursing diagnosis (NDx)
and treating human responses [1]. It has been demon-
strated that NDx identification can improve the quality
of interventions and the results achieved in patient care
[2].

NDx is defined as “a clinical judgment about individ-
ual, family, or community response to actual or potential
health problems/life processes. A nursing diagnosis pro-
vides the basis for selection of nursing interventions to
achieve outcomes for which the nurse is accountable”
[3].

Although it provides for better assistance, NDx is com-
plex and prone to low accuracy due to its inherent subjective
interpretations [1]. It is important, however, for the correct
identification of signs and symptoms to support diagnostic
reasoning, to establish diagnostic etiology, and to improve
diagnostic accuracy [2].

In addition to some methods that have already been pro-
posed to evaluate diagnostic accuracy [4,5], other methods are
also required to teach diagnostic reasoning to students. The
Lunney Scoring Method for Rating Accuracy of Nursing [4] con-
sists of a seven-point scale designed to assess the “accuracy
of the interpretation of clinical findings” of nurses. It is guided
by the principle of sufficiency of data appropriateness of diag-
nosis and context in which they occur. The Nursing Diagnoses
Accuracy Scale (NDAS) [5] was created based on the Lunney’s
scale. It also aims to assess the “accuracy of the interpre-
tation of clinical findings” of nurses. It has four items that
assess the presence, relevance, specificity and coherence of
cues (defining characteristics) of the diagnosis. This scale was
refined recently by its authors, and called NDAS - Version 2
[5].

Here, we present the application of one of these methods
that is based on the theory of fuzzy sets [6]. Fuzzy logic allows
for the construction of a linguistic model that provides a more
natural way for students to learn clinical reasoning by using
verbalization of all steps that are taken from a patient’s signs
and symptoms to their relationships to diagnostic possibili-
ties.

This paper presents an application of fuzzy modeling,
which is an approach to evaluate the performance of nurs-
ing students during the diagnostic process, this is, a tool of
education assessment and training performance. This new
method parameterizes fuzzy models through linguistic trans-
formations from lexical expressions to categorical values.
Then, the results of student diagnoses are aggregated through
max-min composition and compared to those obtained by
nursing experts.

In the present study, we used the Model for Evalua-
tion of Diagnostic Accuracy Based on Fuzzy Logic presented
previously in a nursing conference [6] and applied this to
undergraduate students in their third and fourth years of
the nursing course. Their abilities to correctly parameterize
the model and their performance obtained from comparisons
with those provided by nursing experts are also included,
besides comparing students’ performance according to the
year of course.

2. Methods
2.1.  Theoretical background

Artificial Intelligence has pursued the reproduction of human
intellect capabilities with the use of computational systems.
In this context, expert systems must be designed to represent
human knowledge and, based on decision rules, to support
decision-making; this is useful for standardizing nomencla-
ture and improving the concordance among specialists. Using
this type of system in the case of health care, it is expected
that a professional can provide data from a patient and inter-
act with a program that is able to indicate the most plausible
diagnosis and, perhaps, also provide treatment suggestions,
as if the system could act as a consulting specialist [7].

Although the application of fuzzy logic in the area of nurs-
ing remains limited, some studies have highlighted fuzzy
logic in decision-support models in nursing practice [8,9].
The present study is representative of this use of fuzzy logic,
although it also has implications for nursing teaching.

The theory of fuzzy sets (TFS) was developed during the
1960s by Lofti Zadeh [10]. This theory is based on the con-
cept of partially true values that allows for the treatment
of uncertainty, which is the case with NDx. While classical
logic incorporates clearly delineated sets, fuzzy logic treats
the boundaries between sets as gradual transitions. This intro-
duces the concept of degrees of membership, whose values
may vary from 0 to 1.

For example, while fever is either absent or present in clas-
sical logic, in fuzzy logic there is a gradual transition from a
gradually decreasing membership to the non-fever state to
a gradually increasing membership to the fever state with
increasing temperature. Thus, this allows a model to be a guide
to the correct diagnosis without regard for no-fever/fever,
which is particularly interesting for clinical cases that present
with low or intermittent fevers. By means of a symbolic sys-
tem, models based on TFS can work with linguistic terms to
describe the uncertainty of a phenomenon, such as always,
frequently, sometimes, rarely, or never [10]. Thus, this approach
can apply a mathematical treatment to human language and
turns the interaction of a health professional with a model for
diagnostic support into a straight forward task.

In addition, the notion of the ‘degree of membership’ allows
for the reinterpretation of concepts. Rather than taking health
and disease as opposites, where disease is the lack of health
and vice versa, in fuzzy logic, these concepts are complemen-
tary and the passage from health to disease is gradual. In this
way, a patient may present with either a progressive deterio-
ration or a steady recovery to health, which is much more in
agreement with reality [11].

Formally, if U is a set that represents the Universe, a fuzzy
subset A of U is associated with the function ua: U— [0,1],
which is usually called the membership function. The idea is
that, for each xe U, the pua(x) element indicates the degree to
which x is a member of subset A, which indicates how much
x is compatible with the characteristics that comprise A [12].

Classical set operations can be extended to the fuzzy sets,
which also have membership degrees that are in the interval
[0,1]. Thus, if it is assumed that A and B are two fuzzy subsets
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