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Abstract: Software Engineering is a profession of a technological nature, which takes up theories and knowledge from various
sources and addresses the development of quality software at an industrial level. Software Engineering builds knowledge around
these software development practices, concretized in the definition of methods, models, and operating schemes that engineers
can apply in their professional activities. However, research processes in Software Engineering lack sufficient clarity, mainly
due to the level of maturity reached in this discipline. This element hinders the ability of novice researchers to design their
research strategies or to recognize the research of excellence. The study is focused on evaluating the consensus and acceptance
of the experts on the integration of software engineering sciences and the investigations carried out with the elements that make
it up through the IADOV neutrosophic study.
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1 Introduction

Research in software engineering is a subject that requires permanent reflection on the part of the groups that
wish to undertake its realization [1], especially even when in some areas this type of activity is not considered as
a type of research strictly or is confused with any type of software development process [2].

How these methods, models, and operating diagrams that constitute the own knowledge of Software
Engineering (SI) are built [3], is based on the review and formalization of heuristics arising from real experience
in software processes and products [4]. This situation requires the definition of research methods that address real
problems and situations in the Software Industry, which seek to identify, formalize and theorize about its best
practices and its general applicability in different companies at a regional and global level [5].

Although creativity could be seen as a characteristic of research, independent of the method, it is understood
that there are sciences whose research requires a high degree of creativity as opposed to observation or
experimentation [6]. Such is the arts and engineering case in terms of their artistic solid component [7]. When
creativity marks the research process [8], creative methods are mentioned. These methods are based on
characteristics such as imagination, premonition [9], visualization, and in them, the creative intelligence of the
researcher intervenes above the rational (Table 1).

Science Object of study Scope Method

So_ftware Engineering Co_nstructlon of new Engineer Qualitative Creative
Sciences objects

Software Sciences Built object Empirical Quantitative
Inf_ormatlon Systems Implgment_atlon and use Cultural and social Qualitative
Sciences of built objects

Table 1. Main objects of study, sciences, and methods used in the discipline of SI.
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For some time, differences have been observed between the knowledge generated in the academic and research
fields [10], and its real application in companies [9]. In many cases, problems and situations analyzed and solved
at the investigative level still do not transcend the business level [11].

One of the examples of this situation, and the need for adaptations of theory to practice, was raised by Jacobson
when he established differences between method and process [12]. The method refers to the sequence of activities
that allow achieving a specific development in the laboratory, this as such cannot be applied directly and without
differences in all organizations [13].

Due to its relatively short existence, Sl (unlike other sciences: mathematics, chemistry, social sciences, etc.)
does not have a consolidated research process that allows us to recognize that it is good to research within the field
[14] [1]. Most researchers in Sl do not describe the research paradigm used or the standards by which the quality
of the research developed is measured [15]. Although some attempts have been made to fill in this gap [13], the
results achieved have not been sufficient for the research community to reach a common position [16].

Intending to raise scientific production in the Sl area, researchers, especially newcomers and universities [12],
require research strategies and scientific writing following what is internationally accepted so that they can raise
the quality of the research carried out [17].

The main difference between science and engineering lies in their object of study; while science studies natural
aspects to know "how things are", engineering tries to determine how "things should be" so that they make possible
the development of new objects [18]. Science studies existing objects and phenomena while engineering focuses
on how to create new objects [15].

Sl has a particular characteristic in terms of its object of study which, as previously expressed, consists of the
methods for software development. Initially, the methods do not exist [19, 20], “They are not natural things” and
therefore cannot be studied following the paradigm of science and the engineering approach must be used to
determine how “they should be” [21]. But once created, these methods become "natural™ objects that can and
should be analyzed following the paradigm of science. Perhaps in this particularity lies to a great extent the
difficulty that the research community has had to agree on a research paradigm in IS to such an extent that this
subject has become an area of research in itself [18], [19], [11], [15], [22].

Regardless of the object of study or the method used, the research process in both science and engineering can
be characterized by the type of question that is sought to be answered, the results that are offered in response to
those questions, and the criteria used to evaluate the results [13, 23]. The conjunction of these characteristics
determines the research strategy for each particular problem [11].

To undertake the research tasks, the research groups must define a work strategy that allows combining
academic work in the laboratory with real experiences of applying technology in companies in the software
industry [3].

The objective of this article is to evaluate the consensus and acceptance of experts on the integration of software
engineering sciences and the research carried out with the elements that comprise it; to understand the use of
software engineering research through the application of the neutrosophic IADOV method, as well as its
advantages [24]. IADOV method stands out for the simplicity with which it can be applied to obtain the collective
evaluation of experts on the subject at hand. Neutrosophy combined with the IADOV method allows to include
the indeterminacy, contradiction, and ignorance of the evaluators, therefore, the results of the evaluation are more
attached to the real knowledge of the specialists.

To evaluate the level of satisfaction of the experts with the methodology used, all of them with affinity to the
subject were surveyed. The groups were made up of a total of 24, 15, and 21 experts respectively.

2 Materials and methods

To apply the neutrosophic IADOV technique, experts must rely on a linguistic evaluation system that shows
the expert's opinion [25-28]. This system and its neutrosophic and numerical equivalents are shown in Table 2
[25][29].

Linguistic term SVNN Scale
Clearly satisfied (1,0,0) 3
More satisfied than dissatisfied (1, 0.35, 0.35) 2.3
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Undefined | 1.5
More dissatisfied than satisfied (0.35,0.35,1) 1
Clearly dissatisfied 0;0;1) 0
Contradictory (1,0,2) 2

Table 2. Evaluation system for experts. Linguistic terms are associated with their neutrosophic assessment and a score value

The term | in neutrosophy is interpreted as a unit of indeterminacy.
Another component of the method is the IADOV Logical Table, which assigns numerical values to three closed
questions that are applied to the experts. If necessary, open questions can be applied in the surveys [30].

1st question Yes I don’t know Not
| | |

2nd question Yes don’t Not Yes don’t Not Yes don’t Not
know know know

3rd question

It is a consolidated research process 1 2 6 2 2 6 6 6 6

It is a partially consolidated research
process

It does not matter to me 3 3 3 3 3 3 3 3 3

2 3 3 2 3 3 6 3 6

It is a less established research process

than it claims to be 6 3 6 3 4 4 3 4 4

It is an unconsolidated research process 6 6 6 6 4 4 6 4
I do not know what to say 2 3 6 3 3 3 6 3 4

Table 3. Derivation of IADOV's Logical box

To survey the level of satisfaction of the experts, the neutrosophic IADOV technique was used. This technique
is based on the use of single value neutrosophic sets (SVNS) associated with linguistic variables or its ability to
increase the interpretability in the recommendation models and the use of indeterminacy [31] [32].

The definition of SVNS is:

Let X be a universe of discourse. An SVNS A over X is an object of the form.

A= {xug (), 1,00, v, ()] € X} dA = {[x,uq (%), 7,(x), v, (x)]: € X}d 1)
Where:

ug(x): X = [0,1], 7,(x): X = [0, 1] y v, (x): X - [0, 1]
With

0< u,(X),r,(X),v,(X) <3,vx €X

For convenience, a Single Value Neutrosophic Number (SVNS) will be expressed as A =
(a,b,c),where a,b,c € [0,1] and satisfies0 <a+b+c < 3.

Aggregation operators are used for finding a SVNS that describes several sets at the same time. One of these
operators is the neutrosophic weighted average (WA), which is defined as follows [30].
Let the Neutrosophic Weighted Average Operator (WA) be calculated:{Al_Az, ...,An} € SVNS (x),where A; =

(a;,bj,c;))(j =1,2,..,n),

WA (A1 Ay, .., Ay) = z;[wj VAl )

Where:
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n
WA (W1,W2, ...,Wn) = Z [Wj ,AL-] is the vector A; (j = 1,2, ...,n) such that w,
i=1

el01ly Y w=1

De-neutrosophication of this set so that a single value is obtained, a scoring function is generally used [33].
Let A = (a, b, ¢), the scoring function S of an SVNS, based on the indeterminate degree of membership and the
false membership degree, is defined by the following equation:
S(A)=2+ab-c 3)

For the use of an SVNS to measure individual satisfaction, this value must be associated with a linguistic
variable [25]. Therefore, the scales shown in table 2 were specified and the corresponding score was calculated
using (3)

For cases in which the evaluation corresponds to indeterminacy (not defined) (1), a process was developed.

May 0D = 222 @

To calculate the Global Satisfaction Index of Respondents (GSl), the aggregation operator WA (2) was used,
taking into account the scoring values and that all respondents have the same weight, so that w; = %

The instrument designed for the application of the survey was a questionnaire with five questions, three of
which are closed (1, 3, and 5) and two are open (2 and 4). The three closed questions were related through the
"IADOV logical table", which is presented in Table 3 [31] [26].

The algorithm used for the application of the neutrosophic IADOV technique:

1. Once the questionnaire is applied, the corresponding value (from 1 to 6) for the satisfaction classification
of the surveyed experts is found in the IADOV logical table of three entries. [26].

2. The linguistic variable, the SVNS, and the score according to table 2 correspond to this value.

3. The score value of each respondent is used to calculate the group satisfaction index (GSI) from the
aggregation of all scores using the aggregation operator formula WA (2).

4. The GSl is interpreted from the location of the value in the graph of figure 1.

0
| Dissatisfaction
1
Undefined
1.5 E=—=——= or
Contradictory
2:3
i — Satisfaction
3

Figure 1. Scale to determine the level of satisfaction according to the scores used

The two open questions allowed to complete the assessment of the level of satisfaction of the students with the
applied methodology:
1. Do you think that the integration of software engineering research will improve the proposed results in
the software industry? (question 1 of the questionnaire)
2. Do you consider that the scope and guidelines of software engineering investigations should be
developed? (question 4 of the questionnaire)
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3. What is your judgment about the software engineering research method? (question 5 of the questionnaire)
4. How do you think you could develop this technique? (question 2 of the questionnaire)
5. How about the new science and its applications? (question 3 of the questionnaire)

3 Results

From the application of the survey to the three groups of experts, the results were obtained in terms
of the individual satisfaction levels shown in Figure 2.

SCIENCE OF SI

Software Engineering Sciences ® Software Sciences ® Information Systems Sciences

Clearly More Undefined More Clearly Contradictory
satisfied satisfied dissatisfied dissatisfied
than than
dissatisfied satisfied

Figure 2: Individual satisfaction levels by group

Positive satisfaction levels can be seen in the sciences of the S, with a predominance of the Software Sciences
in all three groups. However, experts are observed with dissatisfaction especially in the integration of research of
Software Sciences and the Information Systems Sciences. Indeterminate and contradictory positions were also
found, although scarce.

The calculations of the GSI according to the frequency of observation and the indices of individual satisfaction
of the designed categories and their corresponding scores are shown in tables 4, 5, and 6, for each group
respectively.

Punctuation Frequency

Linguistic term SVNU F*S (F*S)/n
©) (@)

Clearly satisfied (1,0,0) 3 21 63 1.05
More satisfied than dissatisfied (1, 0.35, 0.35) 2.3 16 36.8 0.61
Undefined | 15 8 12 0.20
More dissatisfied than satisfied (0.35,0.35, 1) 1 8 8 0.13
Clearly dissatisfied 0;0;1) 0 1 0.00
Contradictory (1,0,2) 2 6 12 0.20
Group Satisfaction Index 2.20

Table 4: Calculation of the Group Satisfaction Index (ISG) of the Software Engineering Sciences group

) o Punctuation Frequency
Linguistic term SVNU F*S (F*S)/n
(S) (F)

Clearly satisfied (1,0,0) 3 35 105 1.75

Vladimir Vega F, John L. Toasa E, Andrés R. Ledn Y, Luis O. Albarracin Z. Managing Contradictions in Software
Engineering Investigations using the Neutrosophic IADOV Method



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

More satisfied than dissatisfied (1, 0.35, 0.35) 25 16 40 0.67
Undefined | 15 5 7.5 0.13
More dissatisfied than satisfied (0.35, 0.35, 1) 1 2 2 0.03
Clearly dissatisfied 0;0; 1) 0 0 0 0.00
Contradictory (1,0,2) 2 2 4 0.07
Group Satisfaction Index 2.64

Table 5: Calculation of the Group Satisfaction Index (GSI) of the Software Sciences group

Punctuation Frequency

Linguistic term SVNU F*S (F*S)/n
S) (F)
Clearly satisfied (1,0,0) 3 20 60 1.00
More satisfied than dissatisfied (1, 0.35, 0.35) 2.5 18 45 0.75
Undefined I 1.5 9 13.5 0.23
More dissatisfied than satisfied (0.35, 0.35, 1) 1 8 8 0.13
Clearly dissatisfied (0; 0; 1) 0 0 0 0.00
Contradictory (1,0,1) 2 5 10 0.17
Group Satisfaction Index 2.27

Table 6: Calculation of the Group Satisfaction Index (GSI) of the Information Systems Sciences (IS) group

Of the three groups, only the GSI from the Software Sciences group is greater than 2.30, so it is established
that the experts agree on the integration of software engineering research as a consolidated investigation process
of the SI.

For the Software Engineering Sciences and Sl Sciences groups, there is a level of indeterminacy or
contradiction among the experts on the interrelation and research of the SI Sciences.

These results obtained from the satisfaction of the experts about the Software Sciences with the IADOV
technique were reaffirmed with the answers of the experts to the open questions. Among the most frequent opinions
stand out the contradictions of the Sl sciences as a consolidated research process, for Software Sciences, but they
can help the current researchers’ analysis and serve as a guide for the improvement of their research strategies by
providing elements of comparison with the research strategies developed in similar studies.

It is noteworthy that there is a long way to go to lay the foundations of this new Science of SI. This requires,
in turn, an adapted Philosophy of Science [34], a Philosophy of Software Engineering, to be built through close
collaboration between Software Engineers and Philosophers of Science.

Conclusions
Based on the results obtained, we reached the following conclusions:

¢ In this study, knowledge in Sl establishes three scientific domains related to this discipline. These
domains are called: SI Sciences when the object of study does not exist except in the mind of the
researcher and the research process consists precisely in the creation of the same method. Software
Sciences, when the object of study is any object previously created in a research process in the
Sciences of the SI [14, 15]; Information Systems Sciences if the object of study focuses on the process
of implementation and use of the aforementioned objects. Given the object of study of Software
Engineering Sciences, it has been concluded that the research methods that are best adapted to this
type of problem are qualitative and creative.

e The application of the neutrosophic IADQV technique allows experts to represent indeterminacy as
part of their knowledge and complementary evaluations, based on the linguistic terms presented in
the questionnaire. It is an instrument of great value for the study of satisfaction - dissatisfaction of
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the experts when evaluating the investigations of Software Engineering Sciences. However, a more
in-depth study of Software Engineering research would allow integration with its counterparts.

The results obtained can help the current researchers’ analysis and serve as a guide for the
improvement of their Sl research strategies by providing elements of comparison with the research
strategies developed in similar studies.
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