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Abstract. Human Papilloma Virus is a health problem for paying attention to. This is due to the consequences it can bring to
infected peoples and the society. Thus, it is a privilege to have the vaccine that prevents children to get such disease. Particularly
we propose in this paper to carry out a study of the approval level of the Human Papilloma Virus vaccine in the fiscal school
"Bolivar" sited in Tulcan city, Ecuador. To achieve greater accuracy in this study it is applied the method of 2-tuples linguistic
neutrosophic model, which is part of the Computing with Words. This tool allows obtaining results from the evaluation of the
satisfaction of the respondents by means of linguistic terms, which is the most natural way of evaluation compared with the
numerical one. There is also a numeric element that measures the accuracy of the result. The incorporation of neutrosophy allows
the explicit inclusion of indeterminacy within what is evaluated, that results in a greater accuracy in the model with respect to
the 2-tuples linguistic fuzzy method.
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1 Introduction

According to the World Health Organization (WHO) the Human Papilloma Virus (HPV) is one of the most
important causes of human morbidity and mortality, and is associated with sexual activity. HPV causes cervical
cancer, ranks fourth among the most common cancers affecting women, with an estimated 266,000 deaths and
some 528,000 new cases in 2012. The vast majority (about 85%) of these deaths occurred in the less developed
regions, where it accounts for nearly 12% of all female cancers. Some countries have begun to vaccinate children,
as the vaccine prevents different types of genital cancer in both men and women; in addition, one of the two
available vaccines also prevents genital warts in both sexes. WHO recommends that girls between the ages of 9
and 13 be vaccinated, as this is the most cost-effective public health measure against this kind of disease, see [1-
2].

MINSA-Peru, the Peruvian Ministry of Health ([3]) in the study report "Summary of Experience and
Evaluation of the HPV Vaccine Test Project in Peru" evaluated acceptability through case studies to determine the
conditions and contexts surrounding the decision to vaccinate and the determinants of HPV vaccine approval. The
decision-making processes of parents and girls regarding HPV vaccination were diverse and complex in the cases
studied during the program evaluation. The cases suggest that decision-making is not necessarily a linear process,
but rather a process that varies in response to concerns and doubts about the effects and objectives of the HPV
vaccine.

The case studies highlighted two stages in the decision regarding HPV vaccination. Parents refuse HPV
vaccination because of concerns regarding the signed authorization requirement and adverse effects on girls.
Educational efforts by teachers and health personnel, and information independently collected by parents and girls,
resulted in most parents and girls accepting HPV vaccination.

Some studies have been found that the acceptability of the vaccine varies in relation to the socio-cultural and
educational context, and promoting the vaccine to prevent a sexually transmitted infection in very young girls (<12
years) may create obstacles to its acceptability, it is recommended that it be promoted for the prevention of cervical
cancer.

M.E. Narvaez Jaramillo; M.A. Guerrero Ayala; D.A. Flores Jurado; O.M. Alonzo Pico. Evaluating the acceptance
level of the papillomavirus vaccine using a neutrosophic linguistic model


mailto:ut.olgaalonzo@uniandes.edu.ec

80 Neutrosophic Sets and Systems {Special Issue: Social Neutrosophy in Latin America}, Vol. 34, 2020

The purpose of this investigation is to identify the level of approval of the HPV vaccine by the parents of girls
between 9 and 11 years old in the fiscal school "Bolivar" of the Tulcan city in Ecuador, and to generate information
that will contribute to orient actions to achieve a greater coverage of vaccination and to protect through
immunization a greater population against this disease and consequently to contribute to improve the conditions
of health of the population.

This paper deal with decision support models based on neutrosophy ([4-6]), providing linguistic results that
are easily interpretable. To this end, it is proposed that information be represented with linguistic values and
operated on a 2-tuples linguistic model [7-10]. Thus, the mental models obtained are closer to the way of thinking
of decision-makers.

Computing with words (CWW) is a methodology that permits a computation and reasoning process using
words belonging to the language instead of numbers. This methodology allows creating and enriching decision
models in which vague and imprecise information is represented by linguistic variables using words belonging to
a natural language instead of numbers, see [11-15].

These processes have been carried out in fuzzy decision making using different models:

Semantic Model: operations are performed using fuzzy or fuzzy arithmetic.

Symbolic Model: the operations are carried out on the indexes of the linguistic labels.

Model based on the linguistic 2-tuple: it operates in a domain of linguistic expression, treating it as a continuous
universe, gaining precision in the results. The use of the model based on 2-tuples has made possible to tackle
Decision Making problems defined in complex contexts that the classical models could not, due to their limitations.

A classic statistical method could be used to determine the degree of acceptance of this vaccine, however, the
final result would be given in the form of the percentage of respondents who give a specific answer to each
guestion. Although this method is the most widely used for conducting surveys, it lacks the interpretability of the
linguistic scale. Statistics can be very suitable for health specialists, who must finally interpret the results so that
educators express it to the students in the form of linguistic terms, which is a more effective way of explaining this
health situation.

On the other hand, Neutrosophic Statistics is a generalization of classical statistics ([16-18]), where for
example the distributions that depend on numerical parameters are replaced by interval of parameters, the
population or sample sizes are considered in an indeterminate interval, and so on. However, this generalization
also lacks of interpretability.

Other concepts that combine statistics in decision-making in the neutrosophic environment are probability
multi-valued neutrosophic sets (PMVNSs) ([19]), which are designed to solve problems of Multi-criteria group
decision-making, where multi-valued neutrosophic sets ([20]) are combined with multi-criteria decision methods,
as in [19]. In [21] the Frank operator is studied to solve problems of Multi-criteria group decision-making from
Normal Neutrosophic Sets, where the three membership functions of neutrosophic sets correspond to functions of
normal distribution, which provide to it statistical properties.

In [22] measures on the Probabilistic Neutrosophic Hesitant Fuzzy Sets are studied, which reduce unnecessary
evaluation processes in decision-making.

Other concepts are based on linguistic calculations, especially those which use the Linguistic Neutrosophic
Numbers ([23, 24]).

With the proposed method, linguistic interpretation is carried out directly and automatically. Another
advantage that can be highlighted is the possibility of converting this method into a standard method for carrying
out this type of study, which can be automated by means of friendly software, where only linguistic terms are
entered as data and linguistic conclusions are also obtained.

This method is more accurate in two ways. In one sense the processed 2-tuples contain both, a linguistic term
and a numerical value that reflects the accuracy of this linguistic term, this advantage is inherited from the original
fuzzy method. On the other hand, the neutrosophic 2-tuples overcome the fuzzy ones in that not only one linguistic
term, but three are taken into account, which makes the reached conclusion more accurate.

This paper have the following structure, section 2 contains the concepts and definitions essential to understand
the results of this research. Section 3 presents the results obtained in the research. The last section is devoted to
conclusions.

2 Basic Concepts

This section explains the main concepts related to 2-tuples linguistic models.

The 2-tuple linguistic representation model allows computation processes with words without loss of
information, based on the concept of symbolic translation.

LetS = {so, Sty eve sg} be a set of linguistic terms and Be[0, g] a value in the granularity interval of S.

Definition 1. ([7-9]) The Symbolic Translation of a linguistic terms; is a number valued in the interval [-0.5,
0.5) which expresses the difference of information between a quantity of information expressed by the value Be
[0,0], obtained in a symbolic operation and the nearest integer value, i € {0, ..., g} which indicates the index of the
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nearest linguistic label (s;) in S.

Based on this concept, a new model for the representation of linguistic information was developed, which
makes use of a pair of values or 2-tuples. This representation model defines a set of functions that facilitate
operations on 2-tuples.

Definition 2. ([7-9]) Let S = {so, S, ...,sg} be a set of linguistic terms and Be[0, g] a value that represents the
result of a symbolic operation, then the linguistic 2-tuple that expresses the information equivalent to f3, is obtained
using the following function:

A:10,g] » S x [-0.5,0.5)

AB) = (s, @) @)

Where s; is such that i = round(B) and a = B—i, o €[—0.5,0.5) and “round” is the usual rounding
operator, s; is the index label closest to  and a is the value of the symbolic translation.

It should be noted that A=*:(S) — [0, g] is defined as A~(s;,«) =i+ a. Thus, a linguistic 2-tuple (S) is
identified with its numeric value in [0, g].

In [10] the concept of 2-Tuple Linguistic Neutrosophic Number (2TLNN) is proposed to solve problems based
on Single-Valued Neutrosophic Sets and 2-tuples linguistic sets (2TLSs).

A 2TLNN is defined as follows [10]:

Suppose that S = {s,, ..., sg} is @ 2TLSs with odd cardinality t+1. It is defined for (sy,a), (s;,b), (s, ¢) € L
and a, b, ¢ €]0, t], where (st,a), (s;,b), (sg,c) € L independently express the degree of truthfulness,
indeterminacy, and falsehood by 2TLSs, then 2TLNN is defined as follows:

Iy = {(szp2), (s1,,b), (55, ©)} )

Where 0 < A™*(sy,,a) < t, 0 < A7 (5,,b) <0 < A™(s5,¢) < t,and0 <A™ (sp,a) + 47 (s,b) +
A‘l(st,C) <3t

The scoring and accuracy functions allow us to rank 2TLNN [10].

Letl, = {(sTl, a), (s1,,b), (sg,, c)}be a 2TLNN in L, the scoring and accuracy functions in lare defined as
follows, respectively:

S(ll):A{2t+A—1(sT1,a)—A_:(sll.b)—A—l(sFl.C)}' A_l(S(ll)) € [0‘ t] (3)

s “EERETERS), A (HAL) €104 @

Definition 3.Given a 2TLNN, 1, = ((sTj,aj),(st,bj), (sF].,cj)) G =1,2,..,n) with vector of weights w; =

(wy, Wy, ..., w,)T which satisfies the conditions w; € [0,1] and X, w; = 1, then the following two aggregation
operators are defined, which are the Linguistic Neutrosophic Number-weighted arithmetic averaging (LNNWAA)
and the Linguistic Neutrosophic Number-weighted geometric averaging (LNNWGA), respectively, [25]:

. W]', S

LNNWAA(,, L, ..., 1) = XL, wl = Wi, Wi 5
S A SN T WO

eIl 1(%)‘”]' , St—t I 1(1 —?)wi ' St—t l'[]-“=1(1 —%)wi ©)

Decision-making is a discipline that has been approached from different perspectives, from the most classical
such as philosophy, statistics, mathematics and economics, to the most recent ones such as artificial intelligence.
The solution to a decision-making problem consists in the following steps:

o Defining the problem of decision making.
Analyze the problem and identify the solution alternatives: X = {x, X5, ..., X, }(n>2).
Establish the evaluation criteria.
Select experts.
Evaluate alternatives.
Sort and select the best alternative.
e Implement and follow up.

When the number of criteria satisfies C = {c,,c,, ..., ¢, } (m = 2), it is considered a multi-criteria decision-
making problem. When the number of experts is such that K = {k;,ky, ..., k,} (n>2) it is considered a group
decision problem.

In this paper we propose a method to measure the acceptance of the papilloma virus vaccine. This is basically
a multicriteria decision making solution to process linguistically the responses of the interviewed. In the following
we describe what are the steps forming the proposed method.

LNNWGA(l, 1, ..., 1) = T, 1" = (s

j=17
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Step 1. The respondents will be selected to conduct the assessment of their satisfaction with respect to the
human papilloma virus vaccine. They are denoted by: K = {k;, k4, ..., k,} (n = 2). It is recommendable they
are selected statistically, were a random sampling is used.
Step 2. Specify the scale of linguistic terms that will be used for evaluation. Every scale depends on the kind
of answer. It is important that the set of possible answers have an odd cardinality, and we recommend including
an indeterminate response, like “I don’t know”, “I don’t care” or “Indifference”. Specifically, here we propose
the following questionnaire and linguistic scales:
e  Qi: Do you know about HPV infection?
Measured with the linguistic scale S1 = {S10= “Nothing”, s11 = “Very little”, s1o = “Little”, s13 = “More or
less”, s14 = “Much”}.
e Q2 Do you know what the HPV vaccine protects against?
Measured with the linguistic scale S, = {S20 = “Nothing”, s21 = “Very little”, s», = “Little”, sp3 = “More or
less”, s24 = “Very much”}.
o  Qz: Do you know if HPV is related to cervical cancer?
Measured with the linguistic scale Sz = {S30 = “No”, s31 = “Not sure”, ss2 = “Yes”}.
e Qg Education level of the interviewed
Measured with the linguistic scale S4 = {Sa0 = “Low”, s41 = “Middle”, ss, = “High”}.
e  Qs: Do you authorize the administration of the HPV vaccine to your daughter or tutored?
Measured with the linguistic scale S5 = {ss0 = “No”, s51 = “Not sure”, ss» = “Yes”}.
Step 3. Aggregate the result for each criterion and all respondents, using Equation 7 with weights allotted
equal to 1/n. This weight could vary if the sample is partitioned and some interviewed responses are considered
more important than the others, nevertheless, in this research we judge everybody have the same weight.

WAO(ll, 12, ey ln) = (SZ]!I=1WjTj’ SZ]?L]w]-I]-' SZ]!l:lW],F],) (7)

This operator corresponds to the arithmetic mean ([7]). We used WAO instead of LNNWAA or
LNNWGA, because this is associated with the statistic mean, taking into account we are calculating the result
of review of a random sampling.

Step 4. Either the scoring or the accuracy functions are applied to evaluate the results, obtaining a unique 2-

tuple value.

3 Results

of

This section summarizes the results of applying the survey to the parents of girls respect to the approval level
the HPV vaccine. We substituted the classical statistical analysis by a decision making approach where a

linguistic terms scale is used.

on

With this investigation we prefer obtaining linguistic results from linguistic input values rather than numeric
es because natural language is more effective to express person’s opinions. Additionally, neutrosophy permits

more accurate calculations.

The questionnaire was applied to the parents of girls in the fiscal school "Bolivar" according to the details

given in Table 1.

Respondent Quantity Percent
Mother 70 81
Father 12 14
Others 4 5

Total 86 100

Table 1: Respondents to the questionnaire.

The questionnaire to measure the criteria is the following:
Let us note that second indexes of every S; elements are those used for calculation. We asked for the

truthfulness, indeterminacy, and falseness of the answers in form of linguistic terms.

The final results are summarized in Tables 2-6.

Linguistic term Number of answers Number of Number of answers
for the first answers for the for the third
component second component component
S10 62 0 5
S11 8 60 9
S12 2 12 0
S13 10 3 53
M.E. Narvaez Jaramillo; M.A. Guerrero Ayala; D.A. Flores Jurado; O.M. Alonzo Pico. Evaluating the acceptance
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S14 4 11 19
Table 2: Responses to the questionnaire for Q1.

Linguistic term Number of answers Number of Number of answers
for the first answers for the for the third
component second component component

S20 72 0 3

S21 0 72 11

S22 0 0 0

S23 10 4 72

S24 4 10 0

Table 3: Responses to the questionnaire for Q2.

Linguistic term Number of answers Number of Number of answers
for the first answers for the for the third
component second component component

S30 68 0 18

S31 0 0 0

S22 18 0 68

Table 4: Responses to the questionnaire for Q3.

Linguistic term Number of individuals Percent

S40 36 42
Sa1 42 49
S42 8 9

Table 5: Responses to the questionnaire for Q4.

Linguistic term  Number of answers for Number of Number of answers
the first component  answers for the  for the third
second component component

S30 74 11 10
S31 3 0 0
S22 9 75 76

Table 6: Responses to the questionnaire for Qs.

Table 7 summarizes the result to aggregate the person’s opinions for questions 1, 2, 3, and 5, using formula
75.

Question Aggregated 2 —tuples Aggregated 2 —tuples Aggregated 2 —tuples
corresponding to the first corresponding to the second corresponding to the third
component component component

Q1 (s11, -0.32558) (12, -0.40698) (s13, -0.16279)

Q2 (s21, -0.46512) (21, 0.44186) (S23, -0.36047)

Qs (30, 0.11111) (32, -0.41860)

Qs (S50, 0.24419) (s52, -0.25581) (s52, -0.23256)

Table 7: Results of aggregating opinion’s for questions 1, 2, 3, and 5.

Let us remark that in the proposed method, the arithmetic mean is used as an aggregation operator ([7]), which
is an unbiased statistic used in classical statistics. In this investigation, a survey is carried out on 100% of the
population of parents or guardians of the Fiscal Educational Unit "Bolivar" of the city of Tulcan, therefore it is
sufficient to process the data within the descriptive statistics. For this reason, the arithmetic mean is used as the
linguistic aggregation operator, instead of the LNNWAA and LNNWGA ([25]).

Table 8 contains the results for applying formula 3 to the components obtained in Q1, Q,, and Qs, whereas
formula 4 is applied to Qs. The last column contains the name of the linguistic terms associated with the symbols
on the left.
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Question Results of applying the score function Linguistic term
or accuracy function

Q1 (s11, 0.41473) “Very Little”

Q2 (s21,0.15116) “Very Little”

Qs (s30, -0.15676) “No”

Qs (S50, 0.24419) “No”

Table 8: Results for applying the score function in Questions 1, 2, 3, and 5.

Thus, the majority of the inquired persons are mothers, they know very little about HPV infection, know very
little what the HPV vaccine protects against, do not know if HPV is related to cervical cancer, the educational level
is low or medium, and do not authorize the administration of the HPV vaccine to their daughters.

Conclusion

This paper was dedicated to study the evaluation of the parents and tutors’ opinions about the use of the HPV
vaccine to girls in the fiscal school "Bolivar" of the city of Tulcan in Ecuador. We used the 2-tuple linguistic
neutrosophic model, hence, the input and output of the survey is evaluated on scales based on linguistic terms.
Five questions were asked to 86 parents or tutors, most of them mothers. We can conclude that the results are
negative, in general the parents and tutors consider not appropriate to vaccinate their girls, they do not know many
important aspects of the HPV disease, and few of them have a high educational degree. We recommend increasing
the educational work by the health personnel and teachers, [26, 27]. In future works we will take into account other
operators described in the literature to carry out this type of study. However, with the proposed method, the main problem at
hand was solved, which has a humanitarian and educational nature.
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