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Abstract. Every day there is an increase in the number of non-communicable diseases in different population sectors of Latin
America, aspects that lead to dissimilar deaths per year, which has made these an important line of research in the scientific
community. That is why during the training of professionals in the medical sciences these are an important unit of knowledge.
However, it is still required to use neutrosophic tools to identify the level of knowledge of university students about them. That
is why the objective of this research is oriented towards applying a Neutrosophic Linguistic Scale for the self-assessment of
knowledge about non-communicable diseases in medical students. During the study, theoretical, empirical, and mathematical-
statistical methods were used. The results obtained make evident the need to change the teaching approach of these in the inves-
tigated field.
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1 Introduction

Noncommunicable diseases (NCDs) represent a global problem, especially for developing countries, where
they have become a major public health burden in recent years. The statistics published by the World Health
Organization (WHO) are alarming and worrying. Morbidity and mortality from NCDs increase practically for
years, not only with population aging as life expectancy increases but also increases in very active ages of life [1].

These diseases affect all age groups and represent a heterogeneous group of conditions such as diabetes and
high blood pressure, among others, constituting a public health problem for being a cause of morbidity, in the
framework of the aging process of the Latin American population and due to the unhealthy way of life [2], [3].

The time series of mortality from the highest impact cardiovascular diseases (heart and cerebrovascular dis-
eases) showed a decrease in the adjusted rate per 100 000 population of 1.3% per year, on average, between 1970
and 2017. Reason that makes it an important area of research since, within the NCD, this is the one with the highest
mortality.

According to studies of the 2020s, the WHO warns of an even greater increase in the current decade [1], [4].
They are so for several reasons: the large number of affected cases with their increasing incidence rates, their
gradual contribution to overall mortality because they are the most frequent cause of disability, and the high cost
of hospitalization, medical treatment, and subsequent rehabilitation [4], [23].

That is why during the training of medical professionals from most universities in Latin America, they include
it as an important subject to be passed by their graduates. Well, the incidents show that it is one of the ones that
interact the most during the exercise of their profession.

Because of the above-mentioned, a bibliographic search was carried out where authors such as [3], [4], [5], [6]
stand out, and their main results are oriented to the linking of this subject with related disciplines. However, the
study of neutrosophic tools in the assessment of university medical students on the NCD unit has not been system-
atized.

Based on the arguments raised above, this research aims to apply a Neutrosophic Linguistic Scale for the self-
assessment of knowledge about non-communicable diseases among medical students of the Autonomous Regional
University of the Andes, in the Republic of Ecuador.
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2 Methodology
2.1 Study subjects

For the selection of the sample, the procedures described by [7], [8], [9], [22], [26] for neutrosophic research
were considered. These same authors state that a neutrosophic sample is a chosen subset of a population, a subset
that contains some indeterminacy: either with respect to several of its individuals (which may not belong to the
population under study or may only partially belong to it) or with respect to the subset as a whole.

For the case of this investigation, the following neutrosophic logic was followed, where:

e p = approximate proportion of the phenomenon under study in the reference population
e (= proportion of the reference population that does not present the phenomenon under study
e Z =desired confidence level

e d=the desired width of the confidence interval on either side of the true value of the difference be-
tween the two proportions (in percentage points)

e N=size of the sample that will be studied

When working with a confidence level between 95 and 99%, z= [1.645, 1.96], = [0.05, 0.1] and p = [0.4,0.44],
N=40. Where n=[10.1, 30.6] indicates that the sample must be in values between 10 and 31 university students.

In correspondence with the previous formula, a random sample of 30 university medical students of the Au-
tonomous Regional University of the Andes, in the Republic of Ecuador, was selected. 18 of them are female and
12 are males. All with the third year completed and approved. [27], [28]

2.2 Classical methods and techniques used

During the investigative process, classical methods of scientific research were used, such as synthetic analyti-
cal and inductive-deductive. Which were used for the work with the different bibliographic sources.

Among the empirical ones, the student survey was used, which was the main technique for collecting infor-
mation. While measurement was also used to attribute value to each of the terms of the Neutrosophic linguistic
scale applied in scientific research.

Also, classical statistical methods, such as descriptive statistics, were used within this frequency distribution
analysis. In addition, the Pearson correlation test was employed to identify whether there were coincidences in the
answers of the patients to the questions of the survey, the latter was carried out with the help of the statistical
program SPSS in its version 20.0.

2.3 Neutrosophic method

The neutrosophic method of investigation is used to consider the contradiction and uncertainty in linguistic
labels, and the use of neutrosophic statistics to handle indeterminacy in the sample.

Moment 1. Informative

The Autonomous Regional University of the Andes "UNIANDES" of the Faculty of Medical Sciences re-
searches students' knowledge of non-communicable diseases. For this reason, you are asked to answer this survey
as honestly as possible. It is anonymous, so you are guaranteed total confidentiality of the information provided.
Thank you in advance for your cooperation.

Moment 2. Determination of the objective

The objective of the same is to assess the knowledge of students about chronic non-communicable diseases
Moment 3. Preparation of the questionnaire

Question 1. How do you rate your knowledge regarding the classification of non-communicable diseases?
Question 2. How do you rate your knowledge about the treatment of non-communicable diseases?

Question 3. How do you rate your knowledge about ways to prevent non-communicable diseases?

A neutrosophic Likert scale was used to determine the relevance, where the values under consideration are
composed of PA (x), 1A (x), NA (x), where PA (x) denotes a positive belonging, 1A (x) is indeterminate, and
NA(X) is negative. The patient can evaluate the belonging of his self-assessment criteria to the three sets.

This scale used single-value neutrosophic numbers (SVNS) [10]. Let X be a universe of discourse, an SVNS
A over X has the following form [11], [16], [19], [24], [25].
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A= {{x,us(x),7,(x),v,(x)):x € X}d

Where
U (x): X - [0,1],7,(x): X - [0,1] and v,(x):X — [0,1]

With
0 <uy(x),1,(x),v,(x) <3, Vx€EX

The interval u, (x),7,(x) and v, (x) represents the true, undetermined, and false memberships of x in A, re-
spectively. For convenience, an SVN number will be expressed as A, where a, b, ¢ [0,1], and +b +¢c < 3

Linguistic term SVN numbers
Very High (VH) (1,0,1)

High (H) (0.70,0.30,0.25)
Medium (M) (0.50,0.50,0.50)
Low (L) (0.30,0.70,0.75)
Very Low (VL) (0,1,1)

Table 1. Linguistic terms of the scale.

Let A= (T, I, F) be a single-valued neutrosophic number, a score function S related to a single-valued neutro-
sophic value, based on the degree of truth membership, the degree of indeterminacy membership and the degree
of belonging to falsehood is defined by:

The scoring function for single-valued neutrosophic sets is proposed to make the distinction between the num-
bers.

According to the criteria expressed by [12], [13], [14], [15], [21] that in order to obtain more reliable results,
conglomerate or cluster analysis can be used, which is a multivariate technique that seeks to group elements or
variables trying to achieve the maximum homogeneity in each group and the greatest difference between them,
through a hierarchical structure to be able to decide which hierarchical level is the most appropriate to establish
the classification.

Its execution algorithm exploits the notion of distance measurements between any two entities and based on
this, the clusters are formed. The most commonly used distance formula for these values is the Euclidean one, [7],
[17], [29]:

d(A-B) = %Z[PA(%‘)—PB(%)]Z + [La(x) =I5 (x)]* + [Na(x;)—Np (x:)]?
=1

Based on the formulas and procedures described above, an analysis is carried out following the characteristics
of classical statistics. Which is described in the next section.

3 Results
Question 1 Very High Medium Low  Very low
High (6)  (4) ®) ) 1)
How do you rate your knowledge regarding the 10 6
T . . 4 (13.3%) 6 (20%) 4(13.3%)
classification of non-communicable diseases? (33.4%)  (20%)

Table 2. Results of question 1 of the student survey
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Table 2 refers to the results of question 1 of the survey applied to students. Whose results are displayed as
follows: 4 students, for 13.3%, self-assessed their knowledge as Very High, meanwhile 6, for 20%, assigned them-
selves the High category. While 10, for 33.4%, indicated having a Regular category, 6 for 20% of the total number
of students surveyed selected the Low option, while the rest of the members of sample 4 for 13.3%, chose the Very
low category.

Question 2 Very High (4) Medium Low (2)  very low(1)
High (6) ®)
How do you rate your knowledge
about treatments for non- 6(20%) 6(20%) 3(10%)
(10%) (40%)

communicable diseases?

Table 3. Results of question 2 of the student survey

Table 3 shows the results, where only 3 students, for 10% of the studied sample, chose Very High, while 6
students, for 20%, selected the High category. On the other hand, the linguistic term Medium was valued by 12
students for 40% of the sample. The Low was selected by 6 students for 20% and the rest of the sample, 3 for 10%,
self-assessed as Very Low.

Question 3 Very High Medium Low (2)  Very low(1)
High (6) (4) ®)
How do you rate your knowledge
Y Y J 5 4 15
about ways to prevent non- 1(3.5%)
(16.6%) (13.3%) (50%) (16.6%)

communicable diseases?

Table 4. Results of question 3 of the student survey

Table 4 shows the results of question 3 of the applied survey, where 5, for 16.6%, rated themselves as Very
high in the investigated subject, while 4 of them, for 13.3%, rated themselves as High. While the intermediate
category of the neutrosophic Likert scale was the most indicated by the students as 15 for 50% self-assessed their
knowledge as Medium. On the other hand, the category of Low was indicated by 5 students for 16.6% and the
remaining 1 for 3.5% as Very low.

The results shown revealed that there is still a growing need to continue delving into this subject in the training
stage of the medical sciences professional since they still feel that they can acquire more knowledge on this subject.

Study Validation

To deepen the validity of the results, a study of correlations was carried out, since this marks the relationships
between 2 or more variables, that is, the degree of possibility that they have to coincide. Table 5 presents the
correlation matrix between the variables corresponding to the content of the three questions of the survey applied
to university students. Correlation coefficients have been calculated for all possible pairs of study variables.

This statistical analysis has been carried out from the Pearson Correlation, where significant results were con-
sidered in r, (p<0.005). In this sense, the answers to the content of the survey questions correlate with each other.
All the above makes evident the level of significance of the results obtained in this research. [18], [20]

Correlations Classification Treatments Prevention
Classification Pearson correlation 1 .945** .919**
Next (2-sided) - ,000 ,000
N 30 30 30
Treatments Pearson correlation .945** 1 .901**
Next (2-sided) ,000 - ,000
N 30 30 30
Prevention Pearson correlation .919** .901** 1
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Correlations Classification Treatments Prevention
Next (2-sided) ,000 ,000 -
N 30 30 30
**_The correlation is significant at the 0.01 level (bilateral).

Table 5. Results of the application of the Pearson Correlation. Source: Processing with SPSS version 20

Conclusion

The theoretical elements consulted in the present investigation allowed the creation of a theoretical base to
support the results obtained, in addition to the interweaving of contents of the medical sciences with Neutrosophy.

After applying the instruments of this research, it can be stated that it is still necessary to go deeper into the
knowledge of non-communicable diseases among students of medical sciences at the Autonomous Regional Uni-
versity of the Andes.

The application of the neutrosophic linguistic scale made it possible to give greater robustness to the results
obtained since it created a range of possible answers for the university students who were part of the sample.
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