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Abstract. The study of problems that contribute to health education in university students is increasingly demanded by the
scientific community, as it contributes to the prevention of diseases and thus encourages healthy lifestyles. In correspondence
with the bibliographic review carried out in this research, it was found that this topic has been addressed by various scientific
disciplines, but undoubtedly it is still required to deepen the link with Neutrosophy. Based on these arguments, the present
research aims to apply Neutrosophy in the evaluation of a health education program for undergraduate medical students of the
Regional Autonomous University of the Andes, in the Republic of Ecuador. During the development of this study, theoretical,
empirical and statistical methods were taken into account, particularly descriptive neutrosophic statistics. The results obtained
allow asserting that the program presented has a high level of relevance and can be applied in university educational practice.
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1 Introduction

According to the World Health Organization (1948), health is considered to be a "state of complete physical,
mental and social well-being and not merely the absence of disease or infirmity". Health is understood in this case
as a positive concept, in which social, personal, and physical aspects are reflected.

Another material that gives a vision of the concepts and contents that are needed to know about this topic is
the Director Program for Health Promotion and Education, which states that: Health education is the process of
permanent education based on the reports and actions aimed at acquiring knowledge, healthy habits, and skills that
enable and facilitate negative behavior changes and the strengthening of others in the process of promoting health-
ier lifestyles [1].

According to Alvarez, [1] who considers that health education "is teaching that aims to lead the individual and
the community, to a process of changing attitudes and behavior, for the application of means that allow them to
preserve and improve their health”. It is also an action that tends to make them responsible for both their own
health and that of the social group to which they belong.

Health education seeks to incorporate a culture based on making students personally responsible, through the
incorporation of knowledge, attitudes, and healthy habits. In addition, it allows decisions to be made to facilitate
the care of the health of others, and integrate it with Physical Education in the educational environment, to favor
the harmonious growth of their personality, developing an educational and socio-cultural process [2].

These topics must be recognized by university students, so that they can acquire the knowledge of health
education, being able to have personal and collective hygiene habits and demonstrate a pleasant personal appear-
ance at all times, exert a transforming action on caring for the environment, and become aware of its importance
for the preservation of their health [3].

There is a wide range of studies and knowledge on health education in the university context. The main re-
searchers have directed their studies from approaches such as pedagogical, gnoseological, and health, just to men-
tion a few. However, the use of Neutrosophy has been little systematized in the scientific bibliography, aspects
that will be used to carry out the analysis presented in this research.

That is why the present investigation has the objective to apply Neutrosophy in the evaluation of a health
education program for undergraduate medical students of the Autonomous Regional University of the Andes, in
the Republic of Ecuador.
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2 Methodology

The research starts from the postulates of neutrosophy, which have been systematized by researchers such as
[4] [5] [6], who agree that this is a new branch of philosophy, which opened a new field of research in metaphilos-
ophy, and which studies the origin, nature, and scope of neutralities, as well as their interactions with different
ideational spectra. It was created by Professor Florentin Smarandache in 1995.

Etymologically neutrosophy (from the French neutre and the Latin neuter meaning neutral and the Greek so-
phia, knowledge) is the knowledge of neutral thoughts. It forms the basis for neutrosophic logic, neutrosophic sets,
neutrosophic probability, and neutrosophic statistics.

According to the aspects discussed above, each of the analyses of this research will be carried out, both statis-
tical and in the selection of the sample and the use of neutrosophic linguistic scales. Which will be discussed
below.

2.1 Study subjects

In correspondence with the criteria of the authors discussed above, the sample selection criteria proposed by
Smarandache [4] are assumed, who considers 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 we are studying, or may only partially belong to it) or with respect to the subset as a whole. While
classical samples provide accurate information, neutrosophic samples provide vague or incomplete information.

Where the letter p = means the approximate proportion of the reference population, the letter q = refers to the
proportion of the reference population that does not present the research (1 -p). The desired confidence level for
the statistician (Z), this letter is indicative of the level of confidence that will be had in the true value of the
parameter in the population found in the calculated sample. For its part, absolute precision is represented by the
letter (d). Which in turn means the desired width of the confidence interval on either side of the true value of the
difference between the two proportions (in percentage points). While the N refers to the size of the population.

That is why Smarandache also says that any sample is neutrosophic since it can be considered that its determi-
nation is equal to zero. A neutrosophic population is a population that has not determined the membership of its
members (that is, it is not known with certainty whether some individuals belong to the population or not) [4],
[22], [23, 26].

Being consistent with the selected formula and to increase the validity of the research, a confidence level
between 90 and 95% is desired, z= [1.642, 1.99], d= [0.04, 0.2] and p = [0.5, 0.43] , N=40. The result called the
neutrosophic sample n=[10.1, 30.9], indicates that the sample must be in values between 10 and 32 medical stu-
dents of the Autonomous Regional University of the Andes, in the Republic of Ecuador.

This research selects 32 undergraduate students who will be users of the health education program presented.
All of them passed their third year and were randomly selected using the Tombola technique.

2.2 Instruments used

In the investigation, methods and techniques of the sciences, in general, were used, such as those of a theoret-
ical nature such as the analytical-synthetic, and the inductive-deductive, which facilitated the work with the bibli-
ography selected for the present investigation.

Within the empirical ones, the survey and the user criteria were used, for the latter, the recommendations of
authors such as Matos, and Matos, Brito, who consider it important to consult those who will benefit from a certain
proposal, are followed [7] [8].

These consulted bibliographic sources [7], [21], [24], [25], [26], [27], [28] consider that the user criterion refers
to “the opinions expressed by the subjects who become users or direct beneficiaries of a proposal, who are or will
be responsible for the application of such results in the immediate or mediate future ”. In addition, they defend the
criterion that it is a method of a qualitative nature and include it at the empirical level. (p.46).

Within the mathematical statistics, neutrosophic descriptive statistics are used, and within this, the percentage
calculation.

2.3 Neutrosophic method

Within the neutrosophic techniques used, the Neutrosophic Likert scales, where the values under consideration
are composed of PA (x), 1A (x), NA (x), where PA(X) denotes a positive membership, IA(X) is indeterminate, and
NA(X) is negative. The user can assess whether the health education program belongs to the three sets of satisfac-
tion criteria.

This scale used single-value neutrosophic numbers (SVNS) [4], [5]. For this case study, the universe of dis-
course, an SVNS on which is an object with the following form [12], [13], [14].

Where With for all x

The interval [0, 1] represents the true, undetermined, and false memberships of x in A, respectively. For con-
venience, an SVN number will be expressed as A, where a, b, ¢, and +b +¢ < 3
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To represent inconsistent, imprecise, and uncertain information from the real world, the membership of inde-
terminacy is represented independently together with the membership of truth and falsehood in the set of neu-
trosophy, this has been recommended by several researchers such as [4], [5 ], [15], [16], [20]. The interval repre-
sents the true, undetermined, and false memberships of x in A, respectively.

A= {{x,uq(x), 15 (x),v,(x)): x € X}d 1)
Where

Uz (x): X - [0,1],7,(x): X - [0,1] ¥y v (x): X - [0,1]
With

0 <uy(x),r,(x),v,(x) <3, VxeX

The intervals u, (x), 7, (x) and v, (x) denote the true, indeterminate, and false memberships of x in A, respec-
tively.

For convenience, an SVN number will be expressed as A, where a, b, ¢ [0,1], and +b +¢ < 3.

Linguistic term SVN numbers
Excellent (E) (1,0,0)
Very good (VG) (0.70,0.35,0.28)
Good (G) (0.50,0.50,0.49)
Regular (R) (0.40,0.85,0.75)
Bad (B) (0,1,2)

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 [4], [17]:

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

Its execution algorithm basically 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:

d(A-B) = \EZinq[PA(Xi)_PB x)]? + [Ta(x) =T (x;)]? + [No(x;) —Ng(x1)]2 (2

Neutrosophy, as already discussed, was proposed by Smarandache [9] for the treatment of neutralities. This
has formed the basis for a series of mathematical theories that generalize classical and fuzzy theories such as
neutrosophic sets and neutrosophic logic [12].

For the implementation of the research, the neutrosophic model proposed in the methodological steps presented
below is used.

Step 1. Select the researchers and who can be the receiving users
Step 2. Preparation of a preliminary survey

Step 3. Explain in the survey questionnaire it is necessary to detail and explain to the users what is to be
evaluated

Step 4. Determination of the procedure to follow for the collection of information
Step 5. Information processing and analysis

Components of the program for health education

Components Contents Actions
System of objectives General and specific Identification of general and spe-
cific objectives
Block 1. Orientation Healthy lifestyles Conduct orientation seminars
Nutritional orientation Conduct educational talks
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Toxic habits

Block 2. Systematization Systematic educational activities Systematization of significant ex-
Community educational inter- periences
vention Organization of community fo-

rums

Table 2: Summary of the components of the health education program.

3 Results

Before applying the survey to the selected users, who in this case are the medical students at the Autonomous
Regional University of the Andes, a brochure with the entire program was given to them a week before so that
they could study it. Subsequently, it is applied to a survey to know its level of relevance.

Results of the users to question 1 of the applied survey

Question 1 Excellent 6 Very Good 5 Good 4 Regular 3 Bad 2

How do you assess

the system of objec-

tives of the health 17 (34.3%) 8 (25.2%) 6(18.7%) 4 (12.5%)  3(9.3%)
education program

presented?

Table 3: Results of the assessment of the patients regarding question 1.

In correspondence with the results of Table 3, the categories with the highest score were the most indicated by
the university students. Well, 11 for 34.3% of the total sample value the components of the program as excellent.
On the other hand, 8 of them for 25.2% value it as Very good. While 6 for 18.7%, estimated that these are Good.
On the other hand, they value it as Regular only 4 for 12.5%, and a minority of the students consider that the
program is qualified as Bad. This is reflected in 3 students for 9.3%.

Question 2 Excellent 6 Very Good 5 Good 4 Regular 3 Bad 2

How do you
rate the blocks

of the health 19 (59.3%) 4 (12.5%) 4 (12.5%) 3 (9.3%) 2 (6.4%)
education pro-
gram

Table 4: Results of the assessment of university students regarding question 2 of the survey

The results of question 2 of the survey applied to university students, it is evident as in the previous one that
there is a regularity that the students indicate in their majority the categories with the highest score. This is reflected
in the fact that only 19 for 59.3% stated that the health education program presented is of excellence, while 4 for
12.5% rated it as VVery good, the same number rated it as good (4 for 12.5%) For their part, only 3 for 9.3% value
it as regular and only a minority of 2 students for 6.4% state that the program is bad. A result that coincides with
what was expressed in the previous question.

Question 3 Excellent 6 Very Good 5 Good 4 Regular 3 Bad 2

How do you
value the con-
tents and ac-
tions of the 21 (65.6%) 5 (15.6%) 3 (9.6%) 1 (3.1%) 1(3.1%)
health educa-
tion program?

Table 5: Results of the assessment of university students regarding question 3 of the survey

Table 5 illustrates the results of the students' responses to question 3 of the survey. Where it is appreciated that

Andrea S. Lépez, Maria |. Fong B, Diana L. Jordan F. Use of Neutrosophy in the Evaluation of a Health Education
Program for Undergraduate Medical Students



Neutrosophic Sets and Systems {Special Issue: Neutrosophic in Latin America, progress and perspectives}, Vol. 52, 2022 255

the majority of university students consider that the program is Excellent (22 for 65.6%), while 5 for 15.6% con-
sider that it is Very Good, only 3 for 9.6% consider that this is Good and the two lowest categories of the scale
had 1 student respectively (Regular 1 for 3.1 and Bad 1 for 3.1). What has been assessed so far makes evident the
relevance of the program presented according to the criteria of the users [18], [19], [29].

Conclusion

From the analysis carried out, it becomes evident that health education has been systematized from different
approaches and perspectives. However, the use of Neutrosophy for the assessment of the relevance of a program
has been little treated in the specialized bibliography on this subject.

Through the use of a linguistic neutrosophic scale and with the help of the user criterion technique, the rele-
vance of a health education program in medical university students was demonstrated.
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