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Abstract. This paper aims to provide an understanding of the basis for
conducting a research with output in the form of scientific publications. A study,
from proposal to scientific works, requires a research methodology. Many studies
have been carried out on methodology, but few have returned according to the
demands of the digitalization era. A methodology is in a fundamental position.
The methodology familiarizes phenomena and paradigms with which objectives
as interpretations of the problem formulation can be delivered to the target or
outcome.

1. Introduction

In research, methodology is a decisive part of planning and carrying out research.
It means that the methodology is a systematic analysis that tries to juxtapose the
phenomenon and paradigm [1]. Although the methodology will not provide a solution,
the methodology consists of theoretical analysis of methods and principles related to
the knowledge development [2]. Therefore, the research methodology for mathematics
is different than the research methodology for a computer science even though both of
these knowledge are in one scientific path linearly [3]. Not only that, in mathematics
itself, the research methodology for algebra will also be different for the research
methodology for probability theory [4]. However, in addition to these differences,
there are slices formed from the similarity between knowledge and other knowledge
[5, 6, 7], and it allows there is a general form of methodology for all knowledge [8, 9].

Stating clearly what is being discussed will form an understanding that can
connect problems with possible ways to solve them [10], and this requires the disclosure
of methodology for research or the knowledge development, including methodologies
for education, teaching, research, and research downstreaming [11]. This paper aims
to describes the methodology and connects the related parts systematically. In order
to the objectives in the introduction until the goal in conclusion of scientific works,
there is a bridge by using the problem definition, as a tool for expressing it that is
it determined by issues behind methodology, and the methodology behind a problem
statement.

2. Problem definition

A term of methodology is interpreted as a body of methods, rules, and postulates
employed by a discipline either as a special procedure or set of procedures, or an
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analysis of the principles or procedures requested in a particular field [1, 2]. Thus, the
methodology can be expressed as a systematic and theoretical analysis of the methods
applied to field of study [12]. Whereas the research methodology is a methodology
of developing knowledge [13], namely the theoretical analysis of the body of methods
and principles related to the development of a knowledge [14].

Any research will use methods as a determined process for completing a task [15].
The task carried out and assigned by the paradigm. This literally presents knowledge.
Each such method requires theoretical support to be applied to certain cases, and this
is offered by the methodology [16]. Based on that, the term methodology also includes
concepts such as paradigms, theoretical models, stages and quantitative or qualitative
techniques [2].

In research, the approach taken is about the form of experiments and hypothesis
testing so that provides a way to manipulate data and the situation [17]. Procedures
are changed so that they are essentially the same as they are [18]. The variables
are identified to manipulate and the relationship between variables is then measured
by statistical techniques [19]. Qualitative methodology (based on quality) provides
interpretation. Interpretation is built on an approach that allows the possibility of
knowledge for growing, with knowledge based on reason that influences the results
determined [20]. Whereas, based on quantitative techniques, reality can be dissected
into variables that represent theoretical constructs based on observed phenomena [21].
All variables can then be manipulated through experiments and formulations that
can be determined from the results of these manipulations [22, 23]. In this area of
research, research relies on hypotheses that usually apply, which then empirically tests
by involving verification based on structured experiments [24]. This test involves a
complex statistical mechanism to determine the relationship between variables, and
broader results in the form of plotting to the phenomenon under study [25]. Therefore,
it is necessary to design a methodology to reveal the relationship between the titles
of the research to the conclusion, where conclusions will reveal the possibility of the
outcome of the research.

3. The issues behind methodology

The design of a research methodology is to reveal the systematic relationship between
phenomena and paradigms about the development of a field of knowledge [26]. The
title of the research or something researched is something that manifests itself to
the researcher, through the five senses and in reason that can be considered for
observation by researchers [27]. Thus, the title of the research stated in a sequence:
problem statement, objectives, method, theoretical basis or study, road map, results
and evaluation, which concludes with conclusions [24]. However, the sequence is not
enough, because a research must have evidence that research has been carried out,
namely outputs, from publications to products [11].

The phenomena to be observed are presented in a focus on the formulation of
the problem, and it is not easy to express the problem in a systematic form which
is supported not only by reasoning but also by research interests [28]. Based on the
methodology, the formulation of the problem can be broken down into questions [1].
In other words, reason of the problem formulation are formed from questions, so that
the formulation of the problem in the form of a statements is not a question [18§].
Reasoning the formulation of the problem means that there is a statement that has
value and this will prove to be true or false through the method disclosed. Depending
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on the technique used - quantitative or qualitative, it may also be both quantitative
and qualitative - the depth of the first research is shown by the research questions or
expressed by the objectives expressed following the problem statement [29]. Always,
each objective will have completion and be bait as a target at the conclusion in the
research report [30].

An objective is always expressed with verbs, such as to describe, to explain, to
express, and so on, but also this word is always related to questions, for example the
word what is closely related to verbs for objective as for elaborating or to describe
[27]. In this case, the depth of an objective can be increased even though the objective
was originally based on the question of what, but obligation to the assignment of
the methodology to achieve the technology readiness level (TRL) [31], objective
description can be stated to be objective to prove the existence of something [32].
Therefore, of course basic level research can be developed and improved to be the
applied research, and such research continues to the external stage of producing a
product that is ready to be marketed, or a product that is ready to be used through
the function of the delivering to the user community [33]. Indeed, the research always
starts from the output of scientific publications whether it is in the form of papers at
the conference level, articles in journals [34], to produce intellectual property rights
(creations or patents) [35]. However, the cessation of research at some of stoppage
stones is due to the need for other research support [36]. Thus, the depth of a research
also depends on research collaboration [6, 38].

The depth of research to achieve the TRL is not only related to the objective of
the research, but also how the review of the literature is carried out [39]. A review
of literature or scientific work will eliminate some of the problems that need to be
resolved, based on that it does not rule out the possibility of research collaboration if
certain research turns out to have revealed some of the research that will be conducted
[40]. This also proves the need to conduct a study: at least a review (descriptions) or to
the latest development (it is a state of the art). Thus, research can focus on issues that
have not been clearly proven, and this is meant by knowledge management by which
there is no need to duplicate the development of knowledge done [41]. Optimization
of the knowledge development.

4. The methodology behind a problem statement

Each research (-proposal) will always have completeness such as the title of the
proposal /research, the problem statement supported by the interests of the research,
the roadmap and the objective, and the output target. In addition, a research
contains a roadmap that is supported by a review (also known as a literature review).
Furthermore, in research proposals there are also research methods, implementation
schedules and implementation budget [24].

As a theory, the research methodology deals with the most important issues in
the field under a study, it is systematized in a problem statement. Each formulation
of the problem is developed based on developing issues which are deemed necessary to
produce something useful, contribute to the development of knowledge, and produce
technology to improve human welfare [42, 43, 44]. For example, a chapter book
entitled ”The superficial method for extracting social networks for academics using
web snippets” [45] has a problem statement, namely ” researchers focus on extracting
social network [46], but not overcoming problem of naming relationships or giving
clues to the nature of relationships [47]. Therefore, an approach is developed not only
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Table 1. A research design based on the methodology.

Techniques Questions Objective keys
Qualitative What ... Explanation
Where .... Origin and purpose
Who/Whom ... | Actors and history
Why ... Reasons
How ... Way
Quantitative | How much ... How much/many computation is
How many ... based on formulation.
How long time
Hybrid To what extent | Combination

Table 2. Research design based on completeness.
Techniques Necessary condition Sufficient condition
Qualitative Objective = Target Objective « Target
Quantitative | Data process = Result | Result and Evaluation

to establish the strength of relations between social actors, but also to establish the
underlying relation behind the link ” [48]. While, in the application of mathematics
[37], a formulation of a problem is stated for example such as "Knot theory is an
analysis of closed curves that are not joint to each other in three dimensional space,
namely from a set of ropes where the two ends are removed with the meaning of
connecting them neatly without trace (say in everyday life as a circle). Thus a knot
originating from a string can only be changed to another knot by opening the knot
so that it becomes a string that is not knotted, then concludes it back to the second
form. Facing with two interlocking straps where each one is circular in shape. If
one can map the first to the second configuration without breaking the rope, one
can say the other needs a proof” [49, 50]. However, the problem statement is not
systematically arisen, it requires questions that accompany the presence of a problem,
but it is not directly the questions formulated by the problem, such as questions about
the relationship between the braid and cryptography, or it is not theory? For example,
relating to the formulation of the problem above ” without breaking the rope, how
can one be determined?” is a question that leads to ”, then one can say the other is to
require proof” [49]. Therefore, the research question is a guide that makes it easy to
construct a problem statement. Questions that can be built as research questions are
options for building the problem statement that is appropriate and related to mutually
supportive objectives. If there are quite a lot of research questions, of course there are
arrangements for the formulation of problems that are better options. In addition, to
determine which option is better among them, which is more real either narrative or
reasoning is considered, Table 1.

Objectives are specifically presented from research questions involving verbs
”infinitive to” such as "to describe” as an example. For example, in a variety of
scientific works whether it is a paper or an article it is possible for the objective to be
different or the same, namely ”to map”, "to introduce”, ”to rediscover”, ”to reveal”,
”to elaborate”, ”to analyse”, ”to recognize”, ”to increase”, etc. so that the verb used
does not present similarities, but it is realized differently in the content of the scientific
works. For example, the object stated by the verb "to describe” is found in: ”Basic
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Figure 1. Relation between phenomena and paradigm

framework of urban design based on natural resources” [51]; ”Calligraphy design for
coconut garbage use” [52]; ”Semantic interpretation of the search engine resultant”
[63], ”Triangle number of Laurent polynomials for the closed braids” [37]; ”Social
network extraction based on Web: 3. The integrated superficial method” [54]; ”No
research without publication: Early mining” [55]; and ”Information retrieval based on
the extracted social network” [56]. Thus, the objective ”to describe” used functions
for various purposes: outlines the conceptual design framework of urbanization based
on natural resources; describes the design concept of a letter painting involving unused
natural waster; semantic interpretation of resultant from a search engine; describes in
mathematics a form of numerical arrangement; conceptually describes the possibility
of several methods being integrated; describes in a portrait of research publications;
or formally describe mathematical evidence and experimental evidence (results) about
information retrieval. In this case, although it involves the same objective verb,
content does not only contain concepts, interpretations, formal proofs of mathematics
and/or evidence involving data in an experiment. Therefore, the depth of an objective
research depends on how to interpret the objective, and that interpretation will also
depend on how the study is conducted [57].

In a qualitative design, the methodology assigns a problem statement to be
proven by interpreting the objective in content that meets its needs, while the depth
of objective interpretation into content requires sufficiency as a condition. This is
based on the fact that a statement can be an implication or bi-implication [58]. In
a quantitative design, the methodology assigns a problem statement to be proven
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by interpreting the data through an eligible process that needs to be objective,
while the depth of objective interpretation is expressed through the assessment of
the results of the process or making comparisons with other results analysis [59].
Based on this, the research design can involve both techniques (qualitative and
quantitative), with the methodology assigning a problem statement obtaining evidence
of objective interpretation into the content containing necessary requirement and
sufficient requirements [60], Table 2.

The depth of content and the TRL is not only related to the objectives presented
to interpret the problem statement, but objective interpretation as far as possible is
done depends on the study based on the bibliography. The study is thus functioned
by a methodology to increase the depth of objective interpretation in addition to
providing research focus or direction, Figure 1. However, the study from the point
of view about researchers or research organizations always starts from the traces
of scientific records that have been developed. This track record is controlled as a
roadmap. A researcher must have a roadmap as well as a research organization.
Based on the consideration of knowledge management where there is no overlap in the
knowledge development, each research conducts research based on a roadmap with
which roadmaps are used to form the basis of developing a review of the bibliography.
Some researches not only produce product output or appropriate technology, but
also reveals methods that are suitable for each problem studied. Through the
appropriate method, it can be ascertained that the objective can be transformed by
the methodology to be the target expressed in the research conclusions.

5. Conclusion

Every knowledge development or research requires a methodology to deliver phenom-
ena to paradigms, which is generally supported by objectives, reviews, and discussions.
In various instances, it has been revealed that although there are differences in the
formulation of the problem, objectives, and methods used, the study has shown that
the methodology provides a general solution through research questions and targets
as outcomes.

Acknowledgements

This paper is presented to TALENTA researchers, thanks to the support provided
by the Research Institute (Lembaga Penelitian) and Community Service Institute
(Lembaga Pengabdian pada Masyarakat) of Universitas Sumatera Utara.

References

[1] A J Pickard 2007 Research methods in information Faced Publishing.

[2] M K M Nasution 2017 Metodologi riset Desain Riset 4.

[3] M K M Nasution 2017 Modelling and simulation of search engine Journal of Physics: Conference
Series 801(1).

[4] T Lubis, M K M Nasuiton 2017 Probability model for designing environment condition Journal
of Physics: Conference Series 801(1).

[5] M K M Nasution 2011 Kolmogorov complexity: Clustering objects and similarity Bulletin of
Mathematics 3(1).

[6] M K M Nasution, O S Sitompul, E P Sinulingga, S A Noah 2016 An extracted social network
mining Proceedings of 2016 SAI Computing Conference.

[7] M. K. M Nasution, O S Sitompul, S Nasution, H Ambarita 2016 New similarity IOP Conference
Series: Materials Science and Engineering 180(1).



Research Methodology 7

(8]
[9]

[10]
(11]

(12]
(13]

[14]
[15]

[16]
7]
18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

26]

(27]

(28]
[29]

30]
(31]

(32]

S Mahfudz, M K M Nasution, S Nasution 2013 Knowledge sharing: A model Cornell University

Library, arXiv:1301.0932 [cs.SI].

M K M Nasution to print Theory of sharing knowledge: An introduction Bulletin of

Mathematics.

M K M Nasution 2016 Fenomena riset Harian Analisa.
M K M Nasution 2016 Hilirisasi penelitian berbasis teknologi pada perguruan tinggi Harian

C

Analisa.
Igwenagu 2016 Fundamentals of research methodology and data collection LAP Lambert
Academic Publishing.

C R Kothari 2004 Research methodology - Methods & Techniques New Age International (P)

Limited, Publishers.

M K M Nasution 2017 Karya ilmiah Teknik Penulisan Karya Ilmiah 2.
J Sutton, Z Austin 2015 Qualitative research: Data collection, analysis, and management, The

D

Canadian Journal of Hospital Pharmacy, 63(3).
E Forsythe 1993 Engineering knowledge: The construction of knowledge in artificial
intelligence Social Studies of Science 23(3).

M K M Nasution 2002 Dari realitas ke realitas dalam penelitian matematika EPSILON: Jurnal

Matematika dan Terapannya 3(2).

P Hernon, C Schwartz 2007 Editorial: What is a problem statement? Library & Information

Science Research 29.

M Harahap, M K M Nasution 2005 Proses titik Poisson menurut kulit konveks Al- Khawarizma:

Journal of Computer Science 1(4).

Sutarman, M K M Nasution 2005 Proses sampel seragam menurut kulit konveks Al- Khawarizmsi:

Journal of Computer Science 1(4).

M K M Nasution, M S Lydia 2005 Metodologi pengelolaan proyek sistem informasi Al-

Khawarizmi: Journal of Computer Science 1(4).

M K M Nasution 2005 Pangkalan data untuk rangkaian DNA Al-Khawarizmi: Journal of

Computer Science 1(2).

M Harahap, M K M Nasution 2005 Model dan enumerasi pengukuran kinerja antarmuka aplikasi

Kabupaten Road Management Systems Al-Khawarizmi: Journal of Computer Science 1(2).

M K M Nasution 2006 Struktur proposal penelitian Al- Khawarizmi Journal of Computer Science

2(3).

M K M Nasution, S Sitorus 2002 Memilih pendekatan dan metode dalam penelitian matematika

Epsilon: Jurnal Matematika dan Terapannya 3(1).

M K M Nasution, R Sitepu, Rosmayati, M F G Siregar, B Syam, L. Sihombing, Farhat, A.

O

S. Rambe, B Ginting, Hasanuddin, S Maulina, Ramli, T Boel, B Agustono, K Sebayang,
M Amin, I Yustina, Masfria, Zulkarnain, Setiawan, O S Sitompul, S Latifah, R Sibarani, E
Munir, Tulus, I B Putra, Z Tala, D K Sari, Saidin, P M Hasibuan, J Leviza, H Hanum, J
Ginting, T Supriana, J Tarigan, Syahrizal, Irvan, P Lumbanraja, H S Siregar, A N Lubis, S
Pintauli, R Nasution O, M Zulkarnain, M Purba, H Dewi, I Nasution, N Pasaribu, P Bangun,
S Gea S, H Thamrin, M A Nasution, H Harahap, Nurmaini, I S Chahaya, H Santosa, P A Z
Hasibuan, Khairunnisa, Marianne, E D JGinting, F Novliadi, R Eliana, S E Wahyuni, C T
Siregar, S S Nasution, E M Zamzami, M F Syahputra, M S Lidya, R Hartono, Samsuri, A H
Iswanto, D Suryanto, S Lubis, R P Wibowo, M Husni, G A W Siregar, E Sitorus, H Bangun,
R Bukit, E P Sinulingga, Fadli, D Bakti, C Hanum, I Marsaulina, H Ambarita, E Herawati,
Onrizal, I Muda, Yuandani, P C Eyanoer, R Tambun, R F Rahmat, R Siregar, J Hasugian,
D Chalil, T I Nasution, I Surya Rosmalinda, M A Muchtar, T H Nasution, M Elfida 2018
Talenta Journal of Physics: Conference Series.

S Sitompul, M K M Nasution 2005 Implementasi hubungan bahasa dan logika dalam
objektivitas penelitian Al-Khawarizmi:Journal of Computer Science 1(3).

M K M Nasution 2017 Merancang pernyataan masalah Desain Riset 2.
M S Siregar, M K M Nasution 2005 Dimensi informasi dalam Bahasa Al-Khawarizmi: Journal

of Computer Science 1(2).

M K M Nasution 2016 Karya ilmiah dosen & mahasiswa Harian Waspada.
J Rybicka, A Tiwari, G A Leeke 2016 Technology readiness level assesment of composites

recycling technologies Journal of Cleaner Production 112(1).

M K M Nasution 2018 Singleton: A role of the search engine to reveal the existence of something

in information space IOP Conference Series: Materials Science and Engineering 420(1).

[33] P Sianipar, M K M Nasution 1995 Penguasaan ilmu pengetahuan dan teknologi SEMIRATA,

UNTAN Pontianak.

[34] M K M Nasution 2017 Jurnal Nasional Teknik Penulisan Karya Ilmiah 4.



Research Methodology 8

35]
[36]
(37]
(38]
39]

[40]
[41]

[42]
[43]

[44]
[45]
[46]
[47]
48]
[49]
[50]
[51]
[52]
53]
54]
[55]
[56]
[57]
(58]

59]

[60]

M K M Nasution 2001 Penilaian keterpuasan di dalam sistem EPSILON: Jurnal Matematika
dan Terapannya 2(2).

M K M Nasution 2016 Carut marut menulis karya ilmiah Harian Waspada.

M K M Nasution, A S Harahap, S Nasution, E Herawati 2018 Triangle number of Laurent
polynomial for the closed braids ¢2/ IOP Conference Series: Materials Science and
Engineering 300(1).

M K M Nasution 2018 Doubleton: A role of the search engine to reveal the existence of relation
in information space IOP Conference Series: Materials Science and Engineering 420(1).

M K M Nasution 2005 Konsep penelitian dalam teknologi informasi Al-Khawarizmi: Journal of
Computer Science 1(1).

M K M Nasution 2017 Penelaahan literatur Teknik Penulisan Karya Ilmiah 3.

M K M Nasution, M Elfida, S Mahfudz 2010 Diskoveri pengetahuan: Suatu kritik Prosiding
Seminar Nasional Ilmu Komputer.

M K M Nasution 2001 Basis sains dan teknologi sebagai basis perekonomian Suara USU.

M K M Nasution 2013 Superficial method for extracting academic social network from the Web
Ph.D. Dissertation.

M K M Nasution 2013 Teknologi pengetahuan Dies Fasilkom-T1 USU.

M K M Nasution, S A M Noah 2010 Superficial method for extracting social network for
academics using web snippets Lecture Notes in Computer Science (including subseries Lecture
Notes in Artificial Intelligence and Lecture Notes in Bioinformatics) 6401 LNCS.

M K M Nasution, S A Noah 2017 Social network extraction based on Web. A comparison of
superficial methods Procedia Computer Science 124.

M K M Nasution, O S Sitompul 2017 Enhancing extraction method for aggregating strength
relation between social actors Advances in Intelligent Systems and Computing 573.

M K M Nasution, R Syah, M Elveny 2017 Studies on behaviour of information to extract the
meaning behind the behaviour Journal of Physics: Conference Series 801(1).

M K M Nasution 1992 Studi pembuktian eksistensi simpul normal dari polynomial simpul
Jurusan Matematika FMIPA USU.

M K M Nasution 2000 The numbers triangle of Laurent polynomial on knots Epsilon: Jurnal
Matematika dan Terapannya 1(2).

I Lubis, M K M Nasution, M Maulina 2018 Basic framework of urban design based on natural
resources IOP Conference Series: Earth and Environmental Secience 126(1).

M K M Nasution, M Maulina 2018 Calligraphy design for coconut garbage use IOP Conference
Series: Earth and Environmental Science 126(1).

M K M Nasution 2018 Semantic interpretation of search engine IOP Conference Series:
Materials Science and Engineering 300(1).

M K M Nasution, O S Sitompul, S A Noah 2018 Social network extractin based on Web: 3. The
integrated Journal of Physics: Conference Series 978(1).

M K M Nasution 2018 No research without publication: Early mining Journal of Physics:
Conference Series 978(1).

M K M Nasution, R Syah, M Elfida 2018 Information Retrieval Based on the Extracted Social
Network Advances in Intelligent Systems and Computing 662.

M K M Nasution 2018 Indonesia knowledge dissemination: A snapshot Journal of Physics:
Conference Series 978(1).

M K M Nasution 2018 SumutSiana IOP Conference Series: Materials Science and Engineering
309(1).

M K M Nasution, S A M Noah 2012 Information retrieval model: A social network extraction
perspective IEEE Proceedings of International on Information Retrieval € Knowledge
Management (CAMP’12).

M K M Nasution, T E Nuradi, R Syah R 2017 SumutSiana: A framework for applying ICT to
preserve the cultural heritage of Sumatera Utara Indonesia Journal of Telecommunication,
Electronic and Computer Engineering 9(2-4).



