TOQ Neutrosophic Sets and Systems
Nbs {Special Issue:lmpact of neutrosophic scientific publication in Latin American context}, Vol. 44, 2021

'l' 'l' University of New Mexico -.._
Y1
Neutrosophy to Enrich Legal Opinion Mining

Wilson Eduardo Castro Nufiez?, Paul Alejandro Centeno Maldonado?, Diego Xavier Chamorro
Valencia®, Danilo Santiago Alvarado Ibarra*, and Anthony Rafael Sotolongo Leon®

 Universidad Regional Auténoma de los Andes (UNIANDES). Transversal Central, Quevedo. Los Rios. Ecuador.
Email: ug.wilsoncastro@uniandes.edu.ec
2 Universidad Regional Auténoma de los Andes (UNIANDES). Avenida Lizarzaburu. Riobamba, Chimborazo.
Email: ur.Ipaulcenteno@uniandes.edu.ec
8 Universidad Regional Auténoma de los Andes (UNIANDES). Juan de Salinas 612-500, Ibarra. Imbabura. Ecuador.
Email: ui.diegochamorro@uniandes.edu.ec
4 Universidad Regional Auténoma de los Andes (UNIANDES). Km 5 ¥ via a Bafios. Ambato. Tungurahua. Ecuador.
Email: ua.daniloalvarado@uniandes.edu.ec
®OnGres, Santiago de Chile, Chile. Email: asotolongo@ongres.com

Abstract. The main characteristics of legal research lie in its complex operation and the articulation between science, technology,
politics, and law. This is why it is claimed that the technology helps experts in processing information resulting from the sources
of a legal investigation. Furthermore, the data mining process offers statistical techniques and pattern recognition and trend
identification in the stored information. In this way, it facilitates its study and offers a significant contribution to the speed and
efficiency required by today's users. Therefore, the main objective of the research is to develop a simple method for mining legal
opinions enriched with Neutrosophy that contributes to legal scientific research. This multidisciplinary project allowed obtaining
amodel that integrates single value neutrosophic numbers to calculate polarity and statistical processing based on data clustering.
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1. Introduction
Legal research is of vital importance for law professionals. In fact, according to what was stated by the authors
in [1]:
The dual system of professional training in the legal sciences is based on the premise of the investigation

as an element that reinforces and improves the performance of the student, who incorporates this
competence, to his daily performance as a resolution mechanism in the face of any problem situation (p. 3).
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Figure 1: Main areas and sources of legal research.
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To establish the theoretical and epistemological foundations of this type of research, the details stated in figure
2 must be taken into account since they are necessary to identify specific problems in law and legal sciences and
propose solutions through legal scientific production. These models, methods, and paradigms have qualitative as
a fundamental component, one of their primary applications being the analysis of legal texts associated with the
sources and areas shown in Figure 1.

. e — Paradigms
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Historical— legal Quantitative: (historical- Positivist
Legal- comparative logical, hypothetical-deductive, Post positivist
Legal— descriptive systemic, experimental, Socio-critical
Legal- exploratory inductive-deductive). Constructivist
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Legal-projective (phenomenological, grounded

Legal- propositivo theory, action research,
Hermeneutical model ethnographic)

Legal-dogmatic model
Realistic-materialistic model

Quantitative or explanatory
Qualitative or hermeneutical

Figure 2: Models, methods and paradigms for legal scientific research.

According to [1], the main characteristics of legal research lie in its complex behavior and the articulation
between science, technology, politics, and law, which leads to an updated view of it. That is why technology
currently helps experts in processing scientific evidence [1] in all the areas in which it develops. Nowadays, this
issue has been consistently consolidated because Artificial Intelligence has made Opinion Mining and Sentiment
Analysis possible. It is worth remarking that in the consulted references, we could observe that the authors are
divided regarding establishing the similarities and differences of these terms. Some say that it is not the same since
the first focuses on the narrative while the second on pure emotions. However, all agree on the help provided by
both techniques for legal scientific work [2-5].

Statistical techniques and techniques for pattern recognition and trend identification are used in the stored
information through the data mining process. In this way, it facilitates its study and offers a great contribution to
the speed and efficiency required by today's users [4, 6-9]. The foregoing is supported by the fact that opinion
mining subtasks have evolved and now include [10]:

1. Subjectivity analysis: implies determining whether one of the topics for the blogging sub-community is
text (neutral in feeling) or subjective (expresses a positive or negative sentiment or opinion).

2. Polarity analysis: includes the prediction of whether a text that has been established as subjective is
positive or negative in its polarity

3. Degree of polarity: measures positive or negative polarity, in a subjective text.

It should be noted that among the advantages of using data mining is the ease of its implementation and its
various applications. But the main difficulty in applying these models lies in the effort required in the evaluative
processes of the different algorithms. However, as it was possible to verify in the previous paragraph, the polarity
analysis is dichotomous, so applying it to a legal investigation where neutralities exist, is not convenient.
Therefore, the authors of the current work agree on the need to incorporate a science such as Neutrosophy [11-20],
since it analyzes this type of situation. Then all these criteria will be unified, while still simplifying the process to
obtain cost reduction. Thus, this research will be carried out with free software so as not to have to pay excessive
licenses [1-5, 10, 21].

According to the need to improve and humanize legal science researchers' work, we will develop a simple
method for mining legal opinions enriched with Neutrosophy that contributes to legal scientific research. Which
is exposed as the main objective of this article. Since it is established as a hypothesis of whether the text processing
is optimized that allows analyzing opinions to obtain knowledge on a certain subject, it will be possible to
contribute effectively to legal research. In addition, with the introduction of neutrosophic science, it will be
possible to complement the opinion analysis system covering a broader field of variables that enrich the qualitative-
quantitative research of any student of the social sciences in the legal field. For the fulfillment of this, in the first
place, a theoretical framework will be established with the previous knowledge in section two. Subsequently, the
method developed will be presented in section three and its respective application in the Results section. Finally,
the conclusions reached and the bibliographic references of the research will be presented.
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2 Previous knowledge

For the analysis of this topic within the present research, we start from a common thread of thought as illustrated
in figure 3:
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Figure 3: Relationship diagram.
2.1 Data mining

Data mining is based on statistics, database management, and artificial intelligence models and is closely
related to computer science. Its purpose is to generate knowledge from databases [2-5, 10].

o
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o

Figure 3: Phases of data mining. Adapted by the authors from [3].

In general, a Database Knowledge process consists of 5 stages[5]: data selection, data preparation or pre-
processing, exploratory analysis, Data mining, interpretation of patterns, and evaluation of models. Obtaining the
final DM model depends on the last two stages, which requires successive iterations on the exploratory analysis
of the input data, and obtaining patterns and interpretation of results.[5].

2.2 Opinion mining

According to [10]:

Opinion mining identifies the author's point of view on a topic rather than simply identifying the topic itself
(...). Analyzing the text for your opinions can be extremely valuable to a legal researcher looking for a
perspective on a legal topic or even information on a product or service. Organizations can also benefit
from automatic opinion extraction by getting a timely picture of how their customers view their products
or services, or more generally their names. The Web is a sprawling environment where customers seek or
submit opinions that may be ripe for mining. An increasing number of customer views are posted on blogs
(short for Weblogs). The content of these blogs can range from brief product reviews by consumers to
elaborate essays on legal issues by law professors (p. 231).

3 Materials and methods

To develop the work method, a Legal-exploratory model will be used, where exploratory research based on
the mining of legal options is used to describe the phenomena as they exist. In other words, it will be used to
identify and obtain information on the polarities of opinions in the legal field. All this pursuing a quantitative or
explanatory paradigm where the researcher describes what he has found based on his condition as an observer.
The neutrosophic details on which the method will be based will be explained below.

3.1 Neutrosophy

Neutrosophy is a new branch of philosophy that studies the origin, nature and scope of neutralities created by
Professor Florentin Smarandache. Its incorporation guarantees that the uncertainty of decision-making is
considered, including indeterminacies where experts will issue their criteria evaluating linguistic and non-
numerical terms, which constitutes the most natural form of measurement in human beings [13, 22-26]. Logic and
neutrosophic sets, on the other hand, constitute a generalization of Zadeh's logic and fuzzy sets, and especially of
Atanassov's intuitionist logic, with multiple applications in the field of decision-making and machine learning [13,
23, 27-29]. The truth value in the neutrosophic set is defined as follows [29-31]:
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Definition 1 [13, 32, 33]: Be X a universe of discourse, a Neutrosophic Set (NS) is characterized by three
membership ~ functions,ua(X):, ra(x):,va(x):: X = 170,1*[which  satisfy the conditon -0 <
infuy(x) +infra(x) + infva(x) <sup up(x) + supra(x) + supva(x)<3 + xX wvua(x),ra(®) and va(x):
denote the membership functions of true, indeterminate, and false of x in A, respectively, and their images are
standard or non-standard subsets of 1 70, 1"[. Let N = {(T, 1, F):T,I,F < [0,1]}n be a neutrosophic evaluation
of a mapping of a group of formulas propositional to N, and for each sentence p:

v(p) = (T,LF) D

To facilitate the practical application in real-world problems [7], the use of Single-Value neutrosophic Sets

(SVNS) was proposed, through which it is likely to use linguistic terms to obtain greater interpretability of the
results [8]. Let X be a universe of discourse, an SVNS A over X has the following form [9]:

A= {{(x,uy(x),1,(x),v,(x)): x € X} 2
Where u,(x): X - [0,1],r,(x): X - [0,1] yv,(x): X - [0,1]
With0 < u,(x),r,(x),v,(x) <3, vxeX (3)

The intervals u, (x), r,(x) y v,(x) denote the memberships related to true, indeterminate and false from x in
A, respectively[10]. For convenience reasons, a Single Value Neutrosophic Number (SVNN) is expressed as A =

(a, b, c), wherea, b,ce [0.1]and 0 < a + b + ¢ £ 3.

Linguistic terms SVNN numbers
Extremely good (EG) (1,0,0)

Very very good (VVG) (0.9,0.1,0.1)
Very good (VG) (0.8,0,15,0.20)
Good (G) (0.70,0.25,0.30)
Medium good (MDG) (0.60,0.35,0.40)
Medium (M) (0.50,0.50,0.50)
Moderately bad (MDB) (0.40,0.65,0.60)
Bad (B) (0.30,0.75,0.70)
Very bad (VB) (0.20,0.85,0.80)
Very very bad (VVB) (0.10,0.90,0.90)
Extremely bad (EB) (0,1,1)

Table 1: Linguistic terms used. Source: [34].

Let A = (a, b, ¢) be a single-valued neutrosophic number, a score function S related to a single-valued
neutrosophic value, based on the truth-membership degree, indeterminacy-membership degree, and false
membership degree is defined [35]:

3.2 Designed method

For the development of the model, we based on what was exposed by the investigations of [2-10, 14-21, 30,
36-41] and obtained the following:

1. Define the subject area of interest

2. ldentify external or internal sources of information

3. Data collection from identified sources

4. Formation of the corpus: the extracted data will be filtered and ordered to form the dataset destined for
legal research (corpus), whether they are complete writings of an author, laws, among others. That is, an
analysis of the extracted data is made to verify that they comply with the study standards.

5. Algorithms:

5.1. Data transformation: a series of rules are applied to convert it to a specific format desired by the unit
of analysis.

5.2. Opinion classification: the previously identified words are taken to assign a polarity, that is, to define
the associated sentiment according to the SVNN. To determine the polarity and therefore identify
feelings or opinions, each word will be assigned its respective grammatical category (verb, adjective,
adverb, name, etc.). Once done, the system will search the corpus and process only the polarity of the
information collected.

6. Results display:

For the output, visualization, and discussion of the results, the data will be clustered. This technique starts

from a measure of proximity between individuals and, from there, they look for the groups of individuals

most similar to each other, according to a series of measured variables [12, 42-49]. According to what
was consulted, the K-mean method is very favorable for this, so its application is decided in this step.
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However, to manage neutrality within the entire process, we added to this technique, a neutrosophic version
according to [22, 42-45, 47-54]:

Definition 2: A partition P = {C,, C,, ..., C.} is said to be a soft partition of data set X, if and only if it is true
that: (Vx; € X,VC; € P) < uCi(x;) < 1and (Vx; € X,3C; € P)such that uC;(x;) > 0. Where uC,(x;) denotes
the degree to which xi belongs to the cluster Cj

Definition 3: A Partition is a special soft partition when the sum of the degrees of membership of a specific
point in all the clusters is equal to 1 as shown in equation 5.

Z} I'th(xl) = 1, (Vxl- EX (5)

Definition 4: A constrained soft partition is a partition that meets this additional condition. The Neutrosophic
K-Means algorithm produces a constrained smooth partition and to do this the objective function J is extended in
two ways: Vx; € X,3C; € P such that uC;(x;) > 0 where the degrees of neutrosophic membership of each data
in each cluster are incorporated or; introducing an additional parameter that serves as exponent weight in the
membership function, thus the extended objective function Jm is as shown in 6.

1 6

:ucl(xl) = 212 ( )
2 [, = vl
= e =ylP

Where P is a fuzzy partition of the data set X formed by {C;, Cs, ..., C} and the parameter m is a weight that
determines the degree to which the partial members of a cluster affect the result. This refers to a similarity between
the classical method and its neutrosophic extension since the latter also tries to find a good partition by searching
for the prototypes vi in such a way that they minimize the objective function Jm and that in the same way, it must
also search for the functions of membership uC; that minimize Jm. In addition to the method, equation 7 is
established for the calculation of the initial membership functions of both clusters:

k ()
V=" Y g b - vl
J=1  Jjy€X
The calculations are subsequently updated according to equation 8.
o = i1 (UC ()% x, ®)
L =

k=1 (UG (xx))?

3.3 Software for the processing of the method

Due to the benefits it offers, we chose Orange Software, which is a free software application for data mining
and predictive analysis, under the GPL license. It is a powerful tool, but at the same time, it is friendly and intuitive
and allows visual, fast and versatile programming for an exploratory data analysis. Developed in C ++, the Orange
application is multiplatform, as Windows, Linux and Mac support it. It allows predictive modeling through
classification trees, regression, logistics, Bayes classification, and association rules. In addition to data description
methods, self-organizing maps, and clustering. Lastly, you have model validation and cross-validation techniques.
It also has an easy, powerful, fast, and versatile visual programming component [4, 36].
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Figure 4: Workflow in Orange.

To start the process, the corpus is loaded through a file widget, then its polarity is processed by applying the
SVNNSs and the neutrosophic K-means. In the end, the results are shown in a Scatter Plot and a Data Table to better
analyze the results: apply filters, count, sort, etc. Equation 4 is incorporated into the Feature Constructor for the
deneutrosophication of SVNNs and equations 6, 7, and 8 through a Python Script.
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4 Results

To illustrate the operation of the proposed model, a test experiment is carried out. Where it is proposed as a
thematic field of interest to determine the legal opinions expressed by the students in a blog about the sentence in
a judicial process of a femicide case. The data entry for the formation of the corpus was based on the comments
made by said students on this particular topic. For the data transformation, words were chosen to form a dictionary
where the neutrosophic numbers are assigned based on the polarity shown. Here is an example:

Corpus-polarity Neutrosophic linguistic term SVNN
Indication of total acceptance with the verdict: Extremely positive (EP) (1,0,0)
totally agree, very fair, exemplary
Indication of an agreement but without showing empathy: Fair Average (M) (0.50,0.50,0.50)
Indication of revulsion with the verdict: appeal, unworthy, unfair Extremely negative (EN) (0,1,1)

Table 2: Association of the SVNN to the polarity of opinion.

Then the data is entered according to the flow that was programmed in Orange, obtaining the following:

og

© Neutral
© Negativo
Positivo

Figure 5: Results visualization. Source: Own elaboration (software output)

As could be observed for the experiment carried out, the neutral opinions show the highest level within the
analyzed corpus, obtaining a higher prevalence of the positive ones over the negative ones. So it can be said that
the general opinion among the students was rated as medium-positive. However, students may not have all the
elements available to evaluate the process effectively. Therefore, it was decided to re-evaluate the opinions once
all the elements of the judgment had been presented. They are listed below:

e 8
o o® 000 o ®
% ¢ ®Wo o ° o)
(€}
Q o oo @ o) o
00 @ (g) e
Q%C@go (¢] O Neutral
(@] © Negativo
)
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Figure 6: Second iterative round of the method. Source: Own elaboration (Orange software output).
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Figure 7: Second iterative round of the method. Source: Own elaboration (Orange software output).

It can be seen that the change of opinion is substantial. Although the experiment constitutes a test that could
empirically determine and establish an "adequate™ own judgment, it is necessary to have all the elements inherent
to the case. However, each person depending on the affectation to the problem can develop more empathy than
others and affect their point of view. Sensitive situation, so it is decided to expose the results to the students to
obtain greater feedback on this subject in a legal debate for educational purposes.

Conclusion

It is worth remarking that in the consulted references, it could be observed that the authors are divided
regarding the establishment of the similarities and differences of these terms. Some comment that there are
differences since the first focuses on the narrative while the second on pure emotions. However, all agree on the
help that both techniques provide for legal scientific work. Data mining is a discovery of knowledge that is carried
out through the exploration and analysis of large volumes of data stored in the databases of the information unit,
to discover significant correlations, new patterns and trends between the explored and analyzed data that facilitate
decision-making to improve the services it provides.

The use of data mining processing tools fused with neutrosophy makes it possible to build very robust opinion
mining systems. This will make it possible to carry out new sentiment or opinion analysis experiments focused on
different domains of the social sciences, beyond legal scientific research. A project of this type is interdisciplinary
and requires the assistance of specialists in the areas of Law and Data Mining as well as in the field of statistics.
One of the complexities involved when obtaining an adequate model is understanding its internal functioning,
hence the need for a combination of specialties. The achievement of synergy between the authors and collaborators
allowed us to explore its components. Therefore, it can be said that this method is the result of a complex project
based on the segmentation of knowledge to support decision-making, which must be properly interpreted.

For future lines of research, it would be interesting to identify the profiles of those who make the comments to
combine them with other broader data such as gender, age range, false profiles, patterns in the messages, etc. It is
necessary to combine them with a semantic analysis of the texts to extract more information, determining words
and in which contexts they appear. It is suggested to carry out new studies that, with the use of these models
contrasted with the knowledge of experts, allow to help strengthen and consolidate social research. As well as it is
considered that it is of utmost importance to obtain feedback from the model to perfect it in search of continuous
improvement and thus achieve an established algorithm within legal scientific research.
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