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resumo
Este artigo descreve o desenvolvimento 
e avaliação de um software que verifica a 
acurácia diagnóstica de alunos de enferma-
gem. O software foi baseado num modelo 
que utiliza conceitos da lógica fuzzy, em 
PERL, banco de dados MySQL para aces-
so pela internet e a classificação NANDA-I 
2007-2008. Avaliou-se a qualidade técni-
ca e a usabilidade do software utilizando 
instrumentos específicos. A atividade pro-
posta no software possui quatro etapas 
nas quais o aluno estabelece valores de 
relação entre diagnósticos de enferma-
gem, características definidoras/fatores de 
risco e casos clínicos. Os valores de relação 
determinados pelo aluno são comparados 
aos de especialistas, gerando escores de 
desempenho para o aluno. Na avaliação, 
o software atendeu satisfatoriamente as 
necessidades de qualidade técnica e, se-
gundo os alunos, trouxe benefícios ao 
aprendizado, podendo transformar-se em 
uma ferramenta educacional no ensino do 
diagnóstico de enfermagem.

descritores 
Diagnóstico de enfermagem
Tecnologia educacional
Lógica fuzzy
Informática em enfermagem

Abstract
This article describes the development and 
evaluation of software that verifies the ac-
curacy of diagnoses made by nursing stu-
dents. The software was based on a model 
that uses fuzzy logic concepts, including 
PERL, the MySQL database for Internet 
accessibility, and the NANDA-I 2007-2008 
classification system. The software was 
evaluated in terms of its technical quality 
and usability through specific instruments. 
The activity proposed in the software in-
volves four stages in which students estab-
lish the relationship values between nurs-
ing diagnoses, defining characteristics/risk 
factors and clinical cases. The relationship 
values determined by students are com-
pared to those of specialists, generating 
performance scores for the students. In the 
evaluation, the software demonstrated sat-
isfactory outcomes regarding the technical 
quality and, according to the students, 
helped in their learning and may become 
an educational tool to teach the process of 
nursing diagnosis.

descriptors 
Nursing diagnosis
Educational technology
Fuzzy logic
Nursing informatics

Resumen 
Este artículo describe el desarrollo y evalua-
ción de un software que verifica la exactitud 
diagnóstica de alumnos de enfermería. El 
software se basó en un modelo que utiliza 
conceptos de lógica fuzzy, en PERL, banco 
de datos MySQL para acceso por Internet 
y la clasificación NANDA-I 2007-2008. Se 
evaluó calidad técnica y usabilidad del soft-
ware utilizando instrumentos específicos. La 
actividad propuesta en el software consiste 
en cuatro etapas, en las que el alumno es-
tablece valores de relación entre diagnós-
ticos de enfermería, características de de-
finición/factores de riesgo y casos clínicos. 
Los valores de relación determinados por el 
alumno son comparados con los de especia-
listas, generando puntajes de desempeño 
del alumno. En la evaluación, el software 
atendió satisfactoriamente las necesida-
des de calidad técnica y mostró que, en la 
percepción de los alumnos, trajo beneficios 
de aprendizaje, pudiendo transformarse en 
una herramienta educativa en la enseñanza 
del diagnóstico de enfermería.

descriptores 
Diagnóstico de enfermería
Tecnología educacional
Lógica difusa
Informática aplicada a la enfermería
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Introduction

A Fuzzy Logic-Based Model to Assess Diagnostic Ac-
curacy was developed(1). Through this model, degrees 
of relationship (degrees of membership) are established 
among defining characteristics (DC), risk factors (RF), nurs-
ing diagnoses (NDx) and degrees of presence of defining 
characteristics/risk factors in a given clinical case. 

A software program was developed based on this model. 
It evaluates the accuracy of a nursing diagnosis and can be 
used in teaching. Through this software, one can compare 
the degrees of membership established by students with 
those established by experts. The software program seeks 
to encourage understanding and the practice of diagnostic 
rationale, in addition to offering the professor an objective 
method to evaluate the students’ diagnostic accuracy. 

LITERATURE REVIEW

A nursing diagnosis depends on the interpretation of 
human behavior related to health, which creates com-
plexity with a great risk of low accuracy(2). 
To improve accuracy, teaching strategies 
should be encouraged that focus on diag-
nostic rationales based on the correct iden-
tification of signs and symptoms and etiol-
ogy of diagnoses(3). 

The use of fuzzy logic can be an alterna-
tive to the development of methods to show 
students how to direct their rationale to 
generate an accurate diagnosis. Fuzzy logic 
could be used to help experts consider how 
to establish their decisions and even how to 
assign weight to each one of the rules used 
in this process. This theory can help experts to verbalize 
their decision-making process and this understanding 
could be transmitted from professors to students(4). 

Fuzzy logic has been applied in the development of 
computer programs used for diagnoses that involve impre-
cision. Diverging from traditional logic, fuzzy logic permits 
a gradual transition (degree of membership) between the 
sets [0,1] where for each element x∈U, µA (x) indicates the 
degree to which x is a member of the set A. In the concept 
of partially true values, fuzzy logic theory is used where 
there is imprecision and uncertainty. The symbolic system 
allows for the use of linguistic terms based on uncertainty(5). 

This paper describes the development and evaluation 
of a software program that verifies the diagnostic accu-
racy of nursing students. 

METHOD

Methodological study conducted in a public univer-
sity in the state of São Paulo, Brazil, approved by the Re-

search Ethics Committee at the institution (protocol No. 
594/2008). All the participants signed free and informed 
consent forms before the study was initiated. The soft-
ware was developed and evaluated between March 2009 
and March 2010.

The concepts of fuzzy logic(5), fuzzy maximum-mini-
mum composition(6), fuzzy aggregation operation(7), and 
the Fuzzy Logic-Based Model to Assess Diagnostic Accu-
racy(1) were applied in the software development.

The programming language Practical Extraction and 
Report Language (PERL) and the MySQL database were 
used so that the program could be accessed through the 
World Wide Web (WWW). NANDA International Nursing 
Diagnoses (NANDA-I) version 2007-2008(8) was also used. 

The program was evaluated in terms of technical qual-
ity and usability, complying with Brazilian standard ISO/IEC 
14598-6(9), which recommends a minimum of eight evalua-
tors. The instrument Sperandio(10) was used to evaluate the 
program’s technical quality, which complies with the Brazil-
ian standard ISO/IEC 9126-1(11). This standard evaluates the 
software’s functionality, reliability, usability, efficiency, main-

tainability and portability, while each charac-
teristic is composed of sub-characteristics that 
total the items evaluated by the experts. 

Eight experts with backgrounds in Analy-
sis and Development of Systems or Comput-
er Science performed the evaluation. The 
experts were provided with access registra-
tion to the software and general guidance 
on the evaluation process. The evaluation 
of experts was individually carried out and 
there was no interference from research-
ers. The experts received a manual with in-

formation on how the software was developed, detailed 
specification of each item under evaluation and instruc-
tions for the evaluation process. 

Two studies(12-13) were the basis for the questionnaire 
developed to evaluate the software’s usability. The ques-
tionnaire was tested with six students who took the Nurs-
ing Diagnosis course in 2008. The instrument’s compre-
hensiveness, clarity, difficulties and general appearance 
were evaluated. No changes were required.  

Once tested, the questionnaire was applied to 27 nurs-
ing students who took the course in 2009 and used the 
software. The students used the software in October and 
November 2009 and the questionnaire was applied at the 
end of the course. 

RESULTS

Description of the software

The software to evaluate diagnostic accuracy, called 
Fuzzy Kitten, is implemented and available in Portuguese 

The use of fuzzy logic 
can be an alternative 
to the development 
of methods to show 

students how to direct 
their rationale to 

generate an accurate 
diagnosis.
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and will be soon also available in English. This software 
includes secure access and requires the use of individual 
logins and passwords. The software can be accessed from 
any computer connected to the Web. 

The presentation of the software to users follows a logical 
sequence and permits students to add registration informa-
tion, communicate with their group or the system’s adminis-
trator, recover attempts of activities to analyze them again, 
pause the activity and see performance scores (Figure 1).

When the activity is initiated, the student is presented 
with a page containing instructions. When each stage is 
concluded, the student cannot go back to previous stages 
until the activity is over. When the student performs an 
activity proposed by the software Fuzzy Kitten, s/he can 
see the linguistic variables to which the system assigns nu-
merical values.

The time spent by the student to complete the activity 
is shown on the screen and s/he can choose to pause the 
activity. The professor can see the date, time and duration 
of each stage performed by students. 

Figure 1 – Main menu of the Fuzzy Kitten program

If access is interrupted, when the student restores ac-
cess, s/he is directed to the interrupted stage, and the 
chronometer is activated at the time the interruption oc-
curs to avoid loss of data, harm to students or the need to 
reinitiate the activity from the beginning. 

All the activities performed remain available for stu-
dents or professors to consult in the future. When the 
student repeats an activity, s/he can recover previous 
attempts and analyze them again for a new attempt. All 
the scores obtained are stored and remain available for 
the student to compare performance over all her/his at-
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tempts. The activity proposed to the student is composed 
of four stages described as follows.
	
First step

	 Before the student learns the clinical case to be 
analyzed, a list with some nursing diagnoses (NDx) is pre-
sented (some of them are related to the clinical case and 
others are not). When a NDx is selected, the student is 
directed to a table with some defining characteristics (DC) 
and risk factors (RF), which may be presented in the clini-
cal case, where the degree of relationship among each 
DC/RF and the studied NDx has to be indicated. 

Each linguistic variable corresponds to the following 
values of relationship (degree of membership): strongly 
related (SR)=1; related (RE)=0.75; moderately related 
(MO)=0.50; weakly related (WE)=0.25; not related (NR)=0. 
When the student does not define the relationship, the 
option not defined (ND) remains selected. The student 
establishes the relationships among all the nursing diag-
noses and defining characteristics/risk factors that will be 
used in the activity. At the end of this step, a table with 
the intensity of relationships among the NDx and DC/RF 
is presented in a gradient blue, where the color’s intensity 
represents the intensity of relationship. In this step, the 
general knowledge of the student concerning the mani-
festation of nursing diagnoses and NANDA-I taxonomy is 
evaluated.

Second step

A clinical case is presented at this point. The clinical 
case is presented to students at the second step of the 
activity so it does not influence the first step.

Third step	

Students are asked to determine the patient’s health 
condition based on the clinical case, that is, the signs and 
symptoms or risk factors the patient presents, identifying 
the DC/RF present in the case. The DC/RF presented at 
this point are the same as those presented in Step 1. De-
gree of presence (degree of membership) to be assigned: 
present (PR)=1; possibly present (PP)=0.75; I do not know 
(DK)=0.5; possibly absent (PA)=0.25; absent (AB)=0. At this 
step the student’s ability to identify DC/RF presented in 
the clinical case is evaluated.

Fourth step

Students are asked to determine and classify the nurs-
ing diagnosis based on the patient’s health condition. 
The NDx presented at this point are the same previously 
presented in the first step of the activity. The correspond-
ing classification and score are: real/ wellness/ syndrome 
(A)=1; of risk (R)=1; possible (P)=0.5; undetermined (U)=0. 
The nursing diagnoses real, wellness, syndrome or of risk 
are assigned a value of 1 because they need the DC or 

RF to be in evidence. An additional blank space is added 
where another NDx can be included besides those listed. 
At this point, the student’s ability to determine NDx and 
correctly classifying them is evaluated. 

At the end of the activity, the software analyzes the 
values of relationships assigned by the student in the first 
and third steps of the activity. Using the Fuzzy Logic-Based 
Model to Assess Diagnostic Accuracy(1), which applies fuzzy 
maximum-minimum composition, the software presents 
new relationship values for the NDx group in addition to 
values determined by the student at the fourth step. The 
new NDx values result from relationships the student de-
termines in the activity’s first and third steps. For these NDx 
to be determined, an inference process similar to a matrix 
multiplication operation is performed, replacing the alge-
braic sum operator by a maximum operator while a mini-
mum operator replaces the multiplication operator. There-
fore, minimum values are selected among the degrees of 
membership of the activity’s first step and the respective 
degree in the third step for each DC/RF. Then a maximum 
value is selected among all the minimum values previously 
determined for each diagnosis. At the end of this process, 
degrees of membership are defined for each NDx. The pro-
cess is concluded when the final diagnoses are determined, 
such as those that reach a value of 1 (on a scale of 0 to 1) or 
the maximum value of the distribution of diagnostic possi-
bilities. This analysis concludes the activity considering new 
values of relationship to the NDx group, that is, based on 
the student’s rationale process throughout the activity. 

The software has three clinical cases with NDx defined 
by experts in a previous study(14). Participants of a research 
group on NDx performed the four steps of the activity and 
reached a consensus on the respective degrees of mem-
bership. Nurses with academic degrees participated in the 
group: Doctor and Researcher in NDx (1), doctoral students 
whose dissertation were related to NDx (3), Doctoral nurs-
ing student (1), Master’s degree in education (1), Master’s 
nursing student (1); experts (2), and undergraduate student 
(1). There were among the participants one researcher and 
five professors. The participants of the research group were 
the experts who established the relationships in the activ-
ity. The values assigned by the experts permit comparison 
with those established by the students when they per-
formed the activity, so that performance scores can be gen-
erated for students. The performance score are presented 
in terms of a percentage (0 to 100%), indicating how closely 
the student’s evaluation matched the experts’ opinions. 

Four performance scores are established:

Score A — Performance in establishing the degree of 
relationship between DC/RF and NDx;

Score B — Performance in identifying the degree of 
presence of DC/RF in the clinical case;

Score C — Performance in determining and classifying 
the NDx;
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Score D — Performance in determining the NDx indi-
cated by the Fuzzy Logic-Based Model to Assess Diagnos-
tic Accuracy(1), which applies the fuzzy maximum-mini-
mum composition.

The student’s correct and incorrect answers obtained 
in each step of the activity are presented on the scores 

page. Comparison between scores C and D allows students 
to verify whether they only classified the NDx correctly or 
whether the trajectory of their rationale process related 
to knowledge of NANDA-I taxonomy, manifestation of NDx 
and identification of signs and symptoms in the clinical 
case, led them to the correct NDx (Figures 2 and 3).

Performance in establishing the degree of
relationship between DC/RF and NDx

Performance in identifying the degree of
presence of DC/RF in the clinical case
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Legend: nursing diagnosis (NDx), defining characteristics (DC) and risk factor (RF) 
Figure 2 – Student performance (table of agreement between students and experts) in establishing the nursing diagnosis given defi-

ning characteristics/risk factors and performance in determining their presence in the clinical case 

Figure 3 – Student performance (table of agreement between student and expert) considering the diagnoses classified by the student 
and diagnoses generated by the model

Performance in determining NDx

Acute pain
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Activity Intolerance
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Impaired gas exchange

Nursing Diagnosis Agreement Diagnostic condition

Real, wellness or syndrome
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Real, wellness or syndrome
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Performance in determining the NDx indicated by the Model
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Software evaluation 

The software was evaluated in terms of technical quality 
and usability. Eight experts evaluated the software in terms 
of technical quality; the evaluation results are presented 
in Table 1. The experts evaluating the software’s technical 
quality had an academic education in Computer Sciences 
(5/8) or Analysis and Development of Systems (3/8) and 
some were Master’s (4/8) or doctoral (2/8) students.

The experts selected the option disagreement or it 
does not apply in various aspects of the technical quality 
evaluation explaining they either did not know the stan-
dards and laws that apply (item FUNCTIONALITY: con-
formity), given the absence of failures when using the 
software (items RELIABILITY: tolerance of failures and 
MANTAINABILITY: analyzability), for not having access to 
the source code (item MANTAINABILITY: stability) or for it 
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being impossible to evaluate the item (item PORTABILITY: 
ability to replace). 

The experts suggested some esthetic changes to the 
color gradient used in the screen of relationships between 
the NDx and DC/RF; with the possibility of modifying fig-

ures in the menu, adding and removing some of the menu 
buttons, and following a hierarchical model; organizing 
the layout of features; provided suggestions concerning 
the layout such as changing colors and font size in some 
pages; and permission to print a report of the student’s 
performance.

FUNCTIONALITY A D NA
The software does what is appropriate (Adequacy) 8
The software has available all the functions required for its execution (adequacy) 7 1
The software does what was proposed correctly (Accuracy) 8
The software is precise in executing its functions (Accuracy) 8
The software is precise in its results (Accuracy) 8
The software interacts with the specified modules (Interoperability) 7 1
The software has capacity for multiuser processing (Interoperability) 6 2
The software has capacity to operate with networks (Interoperability) 8
The software complies with standards, laws, etc. (Conformity) 4 4
The software has secure access through passwords (Secure access) 7 1
The software has a internal backup routine (Secure access) 5 1 2
The software has an internal restore routine (Secure access) 5 1 2
RELIABILITY
The software has frequent failures (Maturity) 7 1
The software reacts appropriately when failures occur (Tolerance to failures) 4 4
The software informs users concerning invalid data entry (Tolerance to failures) 8
The software is capable of recovering data in the event of failure (Recoverability) 6 2
USABILITY
It is easy to understand the concept and application (Intelligibility) 8
It is easy to perform its functions (Intelligibility) 7 1
It is easy to learn how to use (Learnability) 7 1
The software facilitates the users’ data entry (Learnability) 7 1
The software facilitates the users’ retrieval of data (Learnability) 4 3 1
It is easy to operate and control (Operability) 7 1
The software provides help in a clear manner (Operability) 7 1
EFFICIENCY
The software’s response time is appropriate (Time) 5 1 2
The software’s execution time is appropriate (Time) 7 1
The resources used are appropriate (Resources) 5 2 1
MAINTAINABILITY
It is easy to find a failure, when it occurs (Analyzability) 3 5
It is easy to modify and adapt (Modifiability) 5 1 2
There is a great risk when changes are made (Stability) 1 3 4
Changes are easy to test (Testability) 5 1 2
PORTABILITY
It is easy to adapt to other environments (Adaptability) 5 1 2
It is easy to install in other environments (Capacity to be installed) 5 3
It is in agreement with portability standards (Conformity) 6 2
It is easy to use to replace another program (Capacity to replace) 4 2 2

Table 1 – Evaluation of the Fuzzy Kitten software’s technical quality – Campinas, SP, Brazil - 2010

Legend: Agreement (A), Disagreement (D) and Does not apply (NA)

The result of the evaluation by students concerning 
the usability of the software is presented in Table 2. Some 
limitations were identified by the students concerning the 
visualization of some items on the screen and menu; the 
understanding of the activity’s results and a lack of dis-
cussion in the classroom concerning mistakes; slowness of 
the system (due to the internet connection); difficulty on 
the part of students to identify the activity step they were 
working on; understanding of the levels of relationship 
presented in the activity; and the fact that the exercises 
sometimes became repetitive and tiresome. 

Some positive aspects indicated by the students 
included: the positive relevance of the software to im-
proving NDx learning and that the software shows the 
student’s level of knowledge of diagnoses; the fact the 
software helps students to think and reflect on the cor-
rect diagnosis, thus collaborating in the education of 
more competent nurses. They also suggested broaden-
ing the program to include interventions and nursing 
outcomes.
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Legend: Yes (Y), Partially (P), No (N), Great (GR), Very good (VG), Good (GO), Regular (RE) and Poor (PO)

DISCUSSION

Fuzzy logic was used to develop the Fuzzy Kitten soft-
ware in accordance with the theory’s characteristics, 
such as the efficacious applicability of imprecise linguistic 
terms, and permitting the use of natural language to en-
ter data; the possibility of evaluating the students’ perfor-
mance and compare it to that of experts (gold standard); 
and adapt the theory to the diagnostic process, in which 
interpretation is not always precise since it is a subjective 
evaluation. 

Comparison of values determined by experts with 
those determined by students allows the analysis of stu-
dent knowledge concerning the diagnostic process. The 
diagnostic process is seen as the establishment of the 
degree of relationship among DC/RF and NDx, degree in 
which DC/RF are present in the clinical case, and the se-
lection of diagnostics present in the clinical case. As well 
as on which part of the diagnostic process the student 
should focus most to improve his/her performance. The 
scores suggest in which part of the decision-making pro-
cess of the diagnosis the student needs greater skills. 

The activity proposed in the Fuzzy Kitten software is 
intended to encourage the students’ metacognition ca-
pacity, that is, make them reflect on their thinking or the 
steps that led them to a given diagnostic decision(2). The 
reflection of students concerning their performance com-
pared to that of experts incites them to investigate and 
improve their rationale for NDx. The software can help 
nursing professors because it is an objective method to 

Table 2 – Evaluation of usability of the Fuzzy Kitten software – Campinas, SP, Brazil - 2010

EVALUATION OF INTERFACE AND ADEQUACY OF PROGRAM Y P N
Information provided on screen is presented in a clear and pleasant manner 27
The screens are self-explanatory or encourages obtaining help to learn how to use the software 26 1
The meanings on the screen are easily perceived 25 2
The meanings of the buttons and clickable regions were easily perceived 27
Coherent answers are obtained 23 4
Immediate answers are obtained 19 8
While using the program, You know at which point of the program you are 25 2
Based on a screen you know how to go to the remaining pages 24 2 1

Y N
Did you find any problem while using the program? 4 23

GR VG GO RE PO
The students’ knowledge of computer science 1 9 12 5
The program’s general evaluation 5 15 6 1
EVALUATION OF THEORETICAL CONTENT GR VG GO RE PO
The program favors learning concerning the relationship among defining characteristics or risk 
factors and nursing diagnoses 13 11 2 1

The program facilitates learning concerning the identification of nursing diagnoses in clinical cases 2 21 4
The program facilitates learning concerning the rationale process that takes place when a nursing 
diagnosis is identified (trajectory taken to reach a diagnosis) 1 20 4 2

Evaluation concerning exercises performed in Case Study 1 2 15 8 2
Evaluation concerning exercises performed in Case Study 2 3 13 9 2
Evaluation concerning exercises performed in Case Study 3 4 14 8 1

evaluate students concerning their knowledge of nursing 
phenomena and of how much each DC/RF contributes to 
the determination of diagnoses. 

The quality of a software program is a set of proper-
ties to be satisfied to a given degree, so that the software 
meets the needs of its users(15). The experts determined 
that the Fuzzy Kitten software met its objective and satis-
factorily met needs because it has the structure required 
to deliver what it has proposed to do, is user-friendly and 
complies with specifications and use standards. 

In relation to the doubts presented by the experts 
when evaluating the software, some of them had not 
taken into account information present in the manual and 
sometimes they did not even answer the item and select-
ed the option it does not apply.

In the evaluation of usability, the software was consid-
ered great, very good or good by 96.2% of the students. 
The evaluation of the software’s usability showed that 
from the students’ perspective, the activity was beneficial 
to learning NDx. 

Some suggestions of the experts and students can be 
implemented in the software but first the impact of such 
changes need to be evaluated in terms of whether they 
will improve the software’s use. 

We intend to increase the number of clinical cases 
available in the software, including clinical situations and 
diagnoses of varied specialties. For that, one has to vali-
date nursing diagnoses in new clinical cases and establish 
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the degree of relationship present in the nursing diagno-
ses, defining characteristics and risk factors and the clini-
cal cases. 

The software can benefit nursing students’ learning, 
allow a more objective evaluation of professors, generate 
new research concerning diagnostic accuracy and the stu-
dents’ rationale processes in determining a diagnosis, and 
be adapted to new possible uses, considering that it is a 
simple model.  

CONCLUSION

We hold that the software achieved its initial objective 
to make the evaluation of diagnostic accuracy of students 
measurable, to facilitate learning concerning nursing diag-
noses and allow students to more objectively assess their 
knowledge concerning NDx. 

We expect the software to become an educational 
tool in teaching NDx that contributes to the education of 
nurses in making nursing diagnoses with greater accuracy. 
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