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1.1 Konsep Penelitian

1.2 Klasifikasi Penelitian t




1.1 Konsep Penelitian



| Mengapa Melakukan Penelitian?

* Berangkat dari adanya masalah penelitian
e yvang mungkin sudah diketahui metode pemecahannya

* Research (Inggris) dan recherche (Prancis)
* re (kembali)
* to search (mencari)

* The process of exploring the unknown, studying and
learning new things, building new knowledge about

things that no one has understood before
(Berndtsson et al., 2008)

limuKomputer.Com 7 DEVS‘



I Apa Yang Dikejar di Penelitian?

Research is a considered activity, which
aims to make an original contribution to
knowledge

(contribution to the body of knowledge, in the research field of
interest)

(Dawson, 2009) Projects in Computing

and Information Systems

(ari Masalah Christian W. Dawson

Meluruskan Salah Kaprhn Metodologi Penelitian Computing,
Salah Paham Kontribusi Penelitian, Publikasi Peneliliamfizagal

limuKomputer 8 DEVS‘


https://youtu.be/IC5IovSf_oU

|| Bentuk Kontribusi ke Pengetahuan

Kegiatan penyelidikan dan investigasi
terhadap suatu masalah yang dilakukan
secara berulang-ulang dan sistematis,
dengan tujuan untuk menemukan atau
merevisi teori, metode, , dan
aplikasi

(Berndtsson et al., 2008)



|| Bentuk Kontribusi ke Pengetahuan

Current boundary
of world

knowledge\

Your knowledge
and understanding

~ '\ —— Contributions to
! knowledge

Your learning
and development

(Dawson, 2019)
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Bentuk Kontribusi ke Pengetahuan

Metode Sugeno

/

Logika Fuzzy

Metode Mamdani yang
Direvisi dengan Algoritma XYZ
Your learning

and development J
\ Metode

Mamdani

Your knowledge
and understanding

Metode Tsukamoto



Bentuk Kontribusi ke Pengetahuan

CART (Breiman ,1984)

Decision Tree
/

T~

Credal C4.5 (Mantas, 2014)

"_“'H/
%,

"

]

f

f
L
&
-

Credal DT (Abellan, 2003)

Your knowledge
and understanding

Your learning
and development

C4.5 (Quinlan, 1993)

™ p3 (Quinlan, 1986)

EVS



Bentuk Kontribusi ke Pengetahuan

Marketing Mix
~

7P (Booms and Bitner, 1981)

_—————
h

"
!
!
!
#
#

8P (Gold Smith, 1999)

Your knowledge
and understanding

Your learning
and development

4P (Jerome McCarthy, 1964)

™~

12 Elements (Neil Borden, 1953)

EVS



Marketing Mix Evolution (Festa et al., 2015)

Mixer of
ingredients
Culliton
1948

4Cs
Lauterborn
1990

Concept
Borden
1953, 1964,
1984

3 items
Lazer Kelly
& Stadt
1973

4Ps
McCarthy
1960

limuKomputer

15Ps
Baumgart-
ner

1991

4Rs
Kotler
2006

4P+1P+1S
Vignali &
Davis
1994

TPs

Zeithaml 2 .
& Bit Goldsmith
itner 7999

1996

14

4As
Shet

& Sisodia

2012

Knowledge
Marketing
Mix
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Penelitian Terapan

Penelitian Dasar




Pengaruh pada
Peningkatan Penjualan Perusahaan XYZ

(Neil Borden,
1953)

Mixer of Ingredients (James Culliton, 1948)




Pengaruh pada
Peningkatan Penjualan Perusahaan XYZ

(Jerome
McCarthy, 1964)

Mixer of Ingredients (James Culliton, 1948)




Pengaruh pada
Peningkatan Penjualan Perusahaan XYZ

(Booms and
Bitner, 1981)

Mixer of Ingredients (James Culliton, 1948)




Penerapan untuk Prediksi
Kelulusan Mahasiswa pada STMIK ABC

C4.5

Gain Ratio

(Quinland, 1993)

Teori Gain (Kullback & Leibler, 1951)




Penerapan untuk Prediksi
Kelulusan Mahasiswa pada STMIK ABC

Credal C4.5

Imprecise
Gain Ratio

(Mantas, 2013)

Imprecise Probability Theory (walley, 1996)




Penelitian yang Berkualitas Tinggi

Topik dan skalanya kecil, fokus,
dalam, dan membawa pengaruh
vang besar ke bidang penelitian kita

10 Mitos _
Penelitian ¥~

‘:I ,‘,"mpuliﬂg -4

Banyak Ajarande { J_l 'i Dunia Penelitian Computing
e fiVata Itu Hal yang Salah Kapran



https://youtu.be/4WFuNc1Pjts

The Illustrated Guide to a Ph.D (mignt, 2010)




The Illustrated Guide to a Ph.D (mignt, 2010)




The Illustrated Guide to a Ph.D (mignt, 2010)




The Illustrated Guide to a Ph.D (mignt, 2010)




I The Illustrated Guide to a Ph.D (might, 2010)




The lllustrated Guide to a Ph.D wmight, 2010)




The lllustrated Guide to a Ph.D wmight, 2010)
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The Illustrated Guide to a Ph.D (mignt, 2010)




I Akademisi vs Technopreneur

A
J

Meja Kuat |

« Technopreneur?
1. Jual Produk
2. Beri Nilai Tambah Produk
3. Jadikan Aset, Jual Layanan

« Akademisi?
« Pelajari,
« Ciptakan yang
Berbeda dengan 3 Meja Itu

Meja Luas
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Apa itu Penelitian?

* Penelitian dilakukan karena ada masalah
penelitian, dimana masalah penelitian sendiri
muncul karena adanya latar belakang
masalah, yang terlahir dari masalah
kehidupan

* Penelitian dilakukan secara terencana,
sistematis, berulang-ulang dan terukur

* Penelitian harus memiliki orisinalitas
(originality) dan kebaruan (novelty), serta
menghasilkan kontribusi yang orisinil pada
pengetahuan dalam bentuk menemukan atau
merevisi teori, metode, , dan aplikasi

BN Devs



1.2 Klasifikasi Penelitian



1. Pendekatan

<
2. Metode

) -
3. Jenis

a /,
4. Tingkat

\

limuKomputer

Klasifikasi Penelitian

1. Pendekatan Kualitatif
2.Pendekatan Kuantitatif

. Metode Penelitian Tindakan
.Metode Eksperimen
.Metode Studi Kasus

. Metode Survei

A WO N -

[HEY

. Dasar vs Terapan
. Eksplanatori vs Konfirmatori
3. Deskripsi vs Eksperimen vs Korelasi

N

1.51
2.52
3.53

Brain[BIEYS



I 1. Pendekatan

1. Pendekatan Kualitatif:

* Dariilmu sosial, konsepnya peningkatan pemahaman terhadap sesuatu, dan
bukan membangun penjelasan dari sesuatu (Berndtsson et al., 2008)

* Sifatnya subyektif, berorientasi ke observasi tanpa dikontrol, dan secara umum
tidak ada generalisasi (Blaxter, Hughes, & Tight, 2006)

* Dilakukan bidang sistem informasi, dengan metode penelitian seperti “studi
kasus” dan “survei”, berbasis pola alur induktif

Pengamatan terhadap obyek Menghasilkan konsep atau
penelitian (Khusus) teori baru (Umum)

2. Pendekatan Kuantitatif:

* Dariilmu alam, konsepnya bagaimana sesuatu dibangun dan bekerja, dan
membangun penjelasan dari sesuatu

* Sifatnya obyektif, berorientasi ke verifikasi, observasi yang dikontrol, dan secara
umum ada generalisasi (Blaxter et al., 2006)

* Menggunakan skala numerik, berbasis pola alur deduktif-induktif

) )
Kumpul'kan Hasilkan Ru.muskz?m Ui Tarik
Teori Konse Hipotesis Hiootesis Kesmpulan
(Umum) | P (Khusus) P (Umum)

(Berndtsson et al., 2008)
limuKomputer 35 DEVS‘



| 2. Metode

1. Penelitian Tindakan

* Studi berupa monitoring dan pencatatan penerapan sesuatu oleh
peneliti secara hati-hati, yang tujuannya untuk memecahkan masalah
dan mengubah situasi (Herbert, 1990)

* Penelitian Tindakan Kelas (PTK) di bidang Pendidikan

2. Eksperimen

* Investigasi hubungan sebab akibat dengan menggunakan ujicoba yang
dikontrol oleh peneliti

* Melibatkan pengembangan dan evaluasi
* Penelitian bidang Science dan Teknik

3. Studi Kasus

* Eksplorasi satu situasi secara mendalam dan hati hati
(Cornford and Smithson, 2006) Projects in Computing

e Penelitian bidang Sosial, Ekonomi, Politik and Information Systems

4. Survei '

* Pengumpulan data dari populasi yang bisa diukur,
dengan cara yang ekonomis (Saunders et al., 2007)

* Melibatkan penggunaan kuesioner dan interview

Second Edition

Christian W. Dawson

(Dawson, 2009)

limuKomputer.Com 36



3. Jenis

Deskripsi Eksperimen Korelasi
Kualitatif Kuantitatif
Eksplanatori Konfirmatori
—— R e

Dasar

ImuKomputer.Com 37 D EVS‘



I 4. Tingkat

m Skripsi (S1) Tesis (S2) Disertasi (S3)

Pengujian Teori Pengembangan Teori Penemuan Teori Baru
Level
Kontribusi

Implementasi dan  Perbaikan Secara Substansial dan
Bentuk penerapan Inkremental dan Invention
Kontribusi Terus Menerus
T N Domestic International International Journal

arge Conference Conference

Publikasi

(Permendikbud No 3 tahun 2020 tentang SNPT)

limuKomputer DEVS



I Komparasi Kontribusi Penelitian S1 vs S2 vs S3

* S1.:
* Pengaruh 4P Marketing Mix pada Peningkatan
Penjualan Perusahaan XYZ

* Kontribusi: menguji dan menerapkan
teori/hukum/model/metode

* S2:
* Pengaruh 4P+3C Marketing Mix pada Peningkatan

Penjualan Perusahaan XYZ

* Kontribusi: mengembangkan dan memperbaiki
teori/hukum/model/metode

* S$3:
* Pengaruh ABCD Marketing Mix pada Peningkatan

Penjualan Perusahaan

* Kontribusi: mengembangan dan menemukan (invention)
teori/hukum/model/metode baru yang sifatnya lebih general

39 BN Devs
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Article
Marketing mix effects on
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Private labels

Store brands

Brand equity

In-store communication
Distribution

Introduction

Private label brands, also known as “store
brands”, were considered low-price, low-q
decades ago; currently, however, they repre
to manufacturer brands (Kapferer, 2008).
than 40% of the market in six European c
Manufacturers Association [PLMA], 2015). It
refer to brands owned by the retailer or dist
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Available online at www.sciencedirect.com
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Generalisasi Lebih Luas

Marketing mix standardization: a cross
cultural study of four countries

Richard Alan Kustin

Southern Connecticut State University, New Haven, CT 06515, USA

ELSEVIER International Busnrstandalrd’&a S' I m:am‘:ng

Abstract

The study researched the possibility of standardizing the marketing mix by investigating
the cross-cultural responses from the United States, Brazil, France and India. The study tes-
ted the premise of standardization by determining if respondents perceived specific attributes
of a common non-durable consumer product the same or differently. The results indicate the
opportunity for dynamic marketing standardization remains limited but applicable within
specific cultural country markets. Several attribute perceptions between US and foreign
respondents are found to be more similar than dissimilar suggesting advantages may exist
for a limited implementation of marketing mix standardization as part of a global marketing

ix untuk
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I Komparasi Kontribusi Penelitian S1 vs S2 vs S3

D3/D4:

* Pengembangan Sistem Informasi Rumah Sakit untuk Rumah Sakit
“Suka Sembuh”

* Karakter: menguasai skill teknis

e S1:
e Sistem Cerdas Berbasis Neural Network untuk Prediksi Harga Saham
» Karakter: menguji teori, ada software development

e S2:

* Penerapan Algoritma Genetika untuk Pemilihan Arsitektur Jaringan
Secara Otomatis pada Neural Network untuk Prediksi Harga Saham

* Karakter: mengembangkan teori (perbaikan metode), ada kontribusi ke
teori/metode meskipun specific obyek

S3:

* Penerapan Algoritma XYZ untuk Pemilihan Arsitektur Jaringan Secara
Otomatis pada Neural Network

* Karakter: menemukan teori (invensi metode), ada kontribusi ke
teori/metode dengan generalisasi lebih luas

BN Devs

limuKomputer 41



LR -

ELSEVIER

Contents lists available at ScienceDirect

Expert Systems with Applications

journal homepage: www.elsevier.com/locate/eswa

Memperbaiki C4.5

Credal-C4.5: Decision tree based on imprecise probabilities to classify @Cwssm
noisy data

Carlos J. Mantas, Joaquin Abellan *

Department of Computer Science & Artificial Intelligence, University of Granada, ETSI Informdtica, c/Periodista Daniel Saucedo Aranda s/n, 18071 Granada, Spain

AR
Keyw
Impr
Impr
Unce
Cred,
c45
Nois)

i

ELSEVIER

journal homepage: www.elsevier.com/locate/infsof e

Contents lists available at ScienceDirect ;L'].',";my_."gx

-I"IIIZRg
|___JECHNOLOGY

Information and Software Technology o

Memperbaiki

Simplifying effort estimation based on Use Case Points === Use Case Points
M. Ochodek *, J. Nawrocki, K. Kwarciak

Poznan University of Technology, Institute of Computing Science, ul. Piotrowo 2, 60-965 Poznan, Poland

ART

Article hi
Receivec
Receivec
Acceptet
Availabli

Keyword
Use Cas¢
Software

limuKomputer,C

IEEE TRANSACTIONS ON SYSTEMS, MAN, AND CYBERNETICS—PART C: APPLICATIONS AND REVIEWS, VOL. 41, NO. 1, JANUARY 2011 93

Genetic Algorithms With Guided and Local Search
Strategies for University Course Timetabling

Shengxiang Yang, Member, IEEE, and Sadaf Naseem Jat

Abstract—The university course timetabling problem (UCTP) is
a combinatorial optimization problem, in which a set of events has
to be scheduled into time slots and located into suitable rooms. The
design of course timetables for academic institutions is a very diffi-
cult task because it is an NP-hard problem. This paper investigates
genetic algorithms (GAs) with a guided search strategy and local
search (LS) techniques for the UCTP. The guided search strategy
is used to create offspring into the population based on a data
structure that stores information extracted from good individu-

The research on timetabling problems has a long history
of more than 40 years, starting with Gotlieb in 1962 [22].
Researchers have proposed various timetabling appro. S
by using graph coloring methods, constraint-based met
population-based approaches (e.g., genetic algorithms (GAs),
ant-colony optimization, and memetic algorithms), metaheuris-
tic methods (e.g., tabu search (TS), simulated annealing (SA),

TS QENITRIURGTP SN, (u% Avmoopres, SIEESTeTIN Y Bf (RERRIRTIL Ny X RGN IEeemerl. SUVSISETIt NN . U 4 R [ A Ul e

emperbaiki
etic Algorithms
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Parameter Penelitian Yang Berkualitas

Penelitian yang dilakukan secara logis, sistematis, terencana, dan
hasil penelitian divalidasi serta terukur (Supino & Borer, 2012)

Penelitian yang empiris, dilatarbelakangi oleh situasi yang riil,
dengan data yang valid dan kongkrit (Kothari, 2004)

Penelitian yang memiliki kebaruan (novelty) yang bisa diwujudkan
dalam berbagai bentuk (Lichtfouse, 2013)

Penelitian yang menghasilkan kontribusi ke pengetahuan yang
memiliki orisinalitas yang tinggi (Sahu, 2013)

Penelitian yang menghasilkan kontribusi ke pengetahuan yang

karakternya bisa digeneralisasi untuk obyek yang lain (Dawson, 2009)
(Supino & Borer, 2012)

Penelitian yang bisa direplikasi oleh peneliti lain (Kothari, 2004) (Runeson
et al.,, 2012)

Penelitian yang mendapatkan sitasi (citation) yang tinggi dari peneliti
lain setelah dipublikasi dalam bentuk paper di jurnal ilmiah

43 BN Devs



2. Literature Revie

2.1 Tahapan Penelitian

2.2 Literature Review



2.1 Tahapan Penelitian



Tahapan Penelitian Umum

1. Identifikasi Masalah

2. Perumusan Hipotesis

3. Pengujian Hipotesis dan Analisis
4. Kesimpulan



Tahapan Penelitian Umum vs Skripsi/Tesis

Tahapan Penelitian

1. Pendahuluan:
- Latar Belakang
1. Identifikasi Masalah - Rumusan Masalah
- Tujuan Penelitian
- Manfaat Penelitian

2. Landasan Teori:
- Penelitian yang Berhubungan
- Landasan Teori
- Kerangka Pemikiran

2. Perumusan Hipotesis

3. Metodologi Penelitian:
- Metode Penelitian
3. Pengujian Hipotesis - Metode Pengumpulan Data

dan Analisis Hasil - Metode Analisis Data
- Metode Pengukuran Penelitian

4. Analisis Hasil dan Pembahasan
4. Kesimpulan 5. Kesimpulan dan Saran

Brain[BIEYS



I Tahapan Penelitian Komprehensif

Literature Review

1. Penentuan Bidang Penelitian (Research Field)

2. Penentuan Topik Penelitian (Research Topic)

3. Penentuan Masalah Penelitian (Research Problem)

4. Perangkuman Metode-Metode Yang Ada (State-of-the-Art Methods)

5. Penentuan Metode Yang Diusulkan (Proposed Method)

6. Evaluasi Metode Yang Diusulkan (Evaluation)

7. Penulisan llmiah dan Publikasi Hasil Penelitian (Publications)

*https.//www.site.uottawa.ca/~bochmann/dsrg/how-to-do-good-research/
*http.//romisatriawahono.net/2013/01/23/tahapan-memulai-penelitian-untuk-mahasiswa-galau/

limuKomputer DEVS



I 1. Penentuan Bidang Penelitian

* Ingat kembali seluruh mata kuliah yang sudah kita
terima di perkuliahan

* Bidang penelitian di disiplin management:

Human Resource Strategic Management
Finance Leadership

Marketing Supply Chain Management
Risk Management Business Process Simulation
Project Management dsb

* Tentukan berdasarkan passion!

* Contoh: Saya memilih bidang Marketing

limuKomputer DEVS



I 2. Penentuan Topik Penelitian

* Searching di google, google scholar, ScienceDirect.Com,
Springer Link, ACM, IEEE Explore:

* research trends challenge topics on NAMA BIDANG

e Cara lain menemukan topik adalah dengan menemukan
survey/review paper, karena review paper pasti
membahas satu topik penelitian

e Contoh:

* Dari paper-paper survey dan review tentang Marketing, saya

tahu trend penelitian di bidang Marketing:
1. Marketing Mix

Product Development
Branding
Marketing Media
Corporate Social Responsibility i

6. etc t ' \
) v " \
* Saya mengambil topik penelitian: l! ol m

Cost Estimation
e

e WD

Banyak Peneliti Indonesia Men: katdopik

Marketin g Mix yang Ternyata Bukan Topik Penelifi fig SE

limuKomputer 50 DEVS‘



https://youtu.be/piK9Nx_wljk

I 3. Penentuan Masalah Penelitian

* Searching di google, google scholar, ScienceDirect.Com:
* Survey review on NAMA TOPIK
* Research problem challenge on NAMA TOPIK

* Dari “survey paper” yang ditemukan, kejar sampai
dapat semua “technical paper” yang ada di daftar
referensinya

 Dari puluhan/ratusan/ribuan paper Yang didapat
lakukan scanning, pilih paper journal yang terindeks
SCOPUS/ISI, 3 tahun terakhir, dan peta kan masalah
penelitian yang ada di paper-paper itu

. I(<5unakan Mendeley untuk mempermudah pekerjaan
Ita

 Pilih satu atau dua masalah penelitian yang kita anggap
menarik dan menantang, dan jadikan itu masalah
penelitian kita

limuKomputer 51 DEVS



I 4. Perangkuman Metode Yang Ada

* Pahami semua paper penelitian yang tujuannya
memecahkan masalah yang sama dengan yang kita
pilih

* Pahami teori/hukum/metode/algoritma terkini
yang mereka gunakan untuk memecahkan masalah
penelitian mereka

* |Ini yang disebut dengan state-of-the-art method

* Dalam bidang computing, metode biasanya berupa
algoritma yang secara sistematis, logis dan
matematis menyelesaikan masalah

limuKomputer 52 DEVS



Menzies
Framework

LUWenﬂesetaL2007)

limuKomputer

Lessmann
Framework

{ (Lessmann et al. 2008)

/

State-of-the-Art Frameworks in Software
Defect Prediction

Song
Framework

L (Song et al. 2011)

Brain[BIEYS
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Menzies Framework venzes et al. 2007)
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I

Tramines
-

Proces'zs
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I Lessmaﬂﬂ Framework (Lessmann et al. 2008)
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I Song Framework (songetal 2011
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5. Penentuan Metode Yang Diusulkan

e Kita harus membangun dan mengusulkan suatu metode

limuKomputer

(proposed method), yg lebih baik bila dibandingkan dengan
metode-metode yang ada saat ini

Keunggulan metode yang kita usulkan harus dilandasi (reference),
dibuktikan secara matematis dan empiris lewat hasil eksperimen
dan perbandingan dengan metode yang ada

Metode yang kita usulkan itu bisa saja dari state-of-the-art
methods, kita kemudian “menambahkan” sesuatu (algoritma,
koefisien, formula, dsb), yang akhirnya ketika kita bandingkan
dengan metode original, metode kita lebih baik (lebih cepat,
lebih akurat, lebih konsisten, dsb).

“Penambahan” yang kita lakukan dan akhirnya membuat
pemecahan masalah menjadi lebih baik itulah yang disebut
dengan kontribusi ke pengetahuan (contribution to knowledge)
(Dawson, 2009)
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|| 6. Evaluasi Metode Yang Diusulkan

* Metode yang diusulkan harus divalidasi dan
dievaluasi dengan metode pengukuran standard dan
disepakati para peneliti di bidang penelitian yang kita
lakukan

* Ujungnya supaya bisa ditarik kesimpulan yang
menghasilkan finding (contribution to knowledge)

* Di dunia computing, pengukuran metode disesuaikan
dengan masalah dan tujuan penelitian:

* Masalahnya rendahnya akurasi = pengukurannya akurasi
* Masalah rendahnya efisiensi = pengukurannya waktu
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I 7. Penulisan llmiah dan Publikasi Hasil Penelitian

e Lakukan pendataan journal-journal yang ada di
bidang kita, urutkan berdasarkan rangking SJR atau JIF

* Pilih target journal untuk tempat publikasi hasil
penelitian kita

* Publikasikan hasil penelitian ke journal yang sesuai
dengan kualitas kontribusi penelitian yang kita
lakukan

* A paper is an organized description of hypotheses,
data and conclusions, intended to instruct the reader.
If your research does not generate papers, it might
just as well not have been done (whitesides 2004)
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'No |Journal Publications SJIR | Q Category

1 IEEE Transactions on Software Engineering 3.39 Qlin Software
2 Information Sciences 2.96 Qlin Information Systems

3 IEEE Transactions on Systems, Man, and 2.76 Ql in Artificial Intelligence
Cybernetics

4 IEEE Transactions on Knowledge and Data 2.68 Ql in Information Systems
Engineering

5 Empirical Software Engineering 2.32 Q1 in Software

6 Information and Software Technology 1.95 Q1 inInformation Systems
7 Automated Software Engineering 1.78 Q1 in Software

8 IEEE Transactions on Reliability 1.43 Q1 in Software

9 Expert Systems with Applications 1.36 Q2 in Computer Science
10 Journal of Systems and Software 1.09 Q2 in Software

11 Software Quality Journal 0.83 Q2 in Software

12  IET Software 0.55 Q2 in Software

13 Advanced Science Letters 0.24 Q3 in Computer Science
14  Journal of Software 0.23 Q3 in Software

15 International Journal of Software Engineering and 0.14 Q4 in Software
Its Application



2.2 Literature Review



I Tahapan Penelitian

Literature Review

1. Penentuan Bidang Penelitian (Research Field)

2. Penentuan Topik Penelitian (Research Topic)

3. Penentuan Masalah Penelitian (Research Problem)

4. Perangkuman Metode-Metode Yang Ada (State-of-the-Art Methods)

5. Penentuan Metode Yang Diusulkan (Proposed Method)

6. Evaluasi Metode Yang Diusulkan (Evaluation)

7. Penulisan llmiah dan Publikasi Hasil Penelitian (Publications)

*https.//www.site.uottawa.ca/~bochmann/dsrg/how-to-do-good-research/
*http.//romisatriawahono.net/2013/01/23/tahapan-memulai-penelitian-untuk-mahasiswa-galau/
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Manfaat Mereview Literatur

* Memperdalam pengetahuan tentang bidang dan
topik yang diteliti (Textbooks)

* Memperdalam pengetahuan tentang topik lebih
detail yang diteliti (Survey Paper)

* Mengetahui hasil penelitian yang berhubungan dan
yang sudah pernah dilaksanakan (Related Research)
(Technical Paper)

* Mengetahui perkembangan ilmu pada bidang yang
kita pilih (state-of-the-art) (Technical atau Survey
Paper)

* Memperjelas masalah penelitian (Technical Paper)
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Jenis Literatur lImiah

Paper dari Journal

Paper dari Book Chapter

Paper dari Conference (Proceedings)
Thesis dan Disertasi

Report (Laporan) dari Organisasi yang
Terpercaya

6. Buku Textbook

Al S

Cari Mﬂsalﬂn
ultesealm

* Prioritaskan paper journal

terindeks WoS (Clarivate) or SCOPUS .“P‘:Iﬁ"l &
Cek dengan http://scimagojr.com il k]

Meluruskan Salah Kaprah Metodologi Penelitian Computing,
Salah Paham Kontribusi Penelitian, Publikasi Peneliliamfizagal
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Sekitar 168.000 hasil (0,08 dtk) V4

Kiat: Telusuri laman berbahasa Bahasa Indonesia saja. Anda dapat menentukan bahasa penelusuran di Setelan Cendekia.

A critique of software defect prediction models [PDF] dari gmul.ac.uk
NE Fenton, M Neil - Software Engineering, IEEE Transactions ..., 1999 - ieeexplore.ieee.org

Abstract—Many organizations want to predict the number of defects (faults) in software

systems, before they are deployed, to gauge the likely delivered quality and maintenance

effort. To help in this numerous software metrics and statistical models have been ...

Dirujuk 887 kali Artikel terkait 12 versi Kutip Simpan

Benchmarking classification models for software defect prediction: A proposed framework
and novel findings

S Lessmann, B Baesens, C Mues... - Software Engineering, ..., 2008 - ieeexplore.ieee.org

Abstract—Software defect prediction sirives to improve software quality and testing efficiency

by constructing predictive classification models from code attributes to enable a timely

identification of fault-prone modules. Several classification models have been evaluated ...

Dirujuk 352 kali  Artikel terkait 12 versi Kutip Simpan

Empirical assessment of machine learning based software defect prediction techniques [PDF] dari lums.edu.p
VVUB Challagulla, FB Bastani, IL Yen... - International Journal on ..., 2008 - World Scientific

Automated reliability assessment is essential for systems that entail dynamic adaptation

based on runtime mission-specific requirements. One approach along this direction is to

monitor and assess the system using machine learning-based software defect prediction ...

Dirujuk 122 kali  Artikel terkait 10 versi Kutip Simpan

Software defect prediction

BE Hunt Jr, JJ Kirkpatrick, RA Kloss... - US Patent ..., 2014 - freepatentsonline.com
Abstract: A method of software defect prediction by a computer is provided. The method
comprises identifying software test organizations scheduled to perform testing on an
application or applications, where the scope of the software testing varies between ...
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Expert Sysems with Spplications 38 (2011) $526-4636

Contents lists available at ScienceDiract El
Expert Systems with Applications no—
journal hemepage: www. slsaviar.com/locata/eswa
Review
Software fault prediction: A literature review and current trends
Cagatay Catal
The Soienifc ond Techesloginal Mezenrch Counol af Turkey (TURITAK), Marmarn Research Center, infarmation Technolagies nsitute, Kovaed, Turkey
ARTICLE INFO ARBRSTRACT
Kaywvanids; Software engineenng discipline contains several prediction approaches such as test effort prediction, cor-
Maching leaming rection cost prediction. Fault prediction, reusability prediction, security prediction. effert prediction, and
Autemated fault prediction modets gualicy predicelon. Howewer, most of these prediction approaches are still in preliminary phase and more
Expert systems research shoubd be conducted to reach robust models. Saltware fault prediction is the most popular

Softweare quality engireering
Software engineering
Statistical methods

research area in these prediction approsches and recently several research centers starled new projects
v this area. In this study, we investigated 90 software fault prediction papers published between year
1950 ancl year 200% amd then we categonzed these papers according to the publication year, This paper
surveys the software engineering literature an seftware Bult prediction and both machine learning based
and statistical based approaches are included in this survey, Papers explained inthis article reflect the
outlime of whar was published so far, but naturally this s not a complete review of all the papers pub-
lished sa Far. This paper will help reseanchers o investigate the previous studies from metrics, methosds,
dataxiets, perlormance evaluation metrics, and experimental resulls perspectnves in an easy and effective
manner, Furthermare, curent trends are introduced and discussed.

@ 2000 Elsewier Lid, All nghts reserved.
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1 Jenis Paper limiah

1. Technical Paper

1. Paper yang isinya adalah hasil penelitian dan
eksperimen yang dilakukan seorang peneliti

2. Penilaian kualitas technical paper dari kontribusi ke
pengetahuan

2. Survey Paper

1. Paperyangisinya adalah review dan survey tentang
topik/tema suatu penelitian, biasanya jumlah penelitian
yang direview mencapai ratusan atau ribuan paper

2. Rujukan dan panduan penting bagi peneliti yang baru
memulai penelitian untuk memahami suatu topic/tema
penelitian secara komprehensif
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Kiat Mereview Technical Paper

1. Pahami Masalah Penelitian

Apakah penelitian hanya menyelesaikan masalah yang dibuat-buat?
Apakah masalah penelitian dilandasi dan divalidasi?

2. Pahami Kontribusi

Apakah peneliti hanya mengulang hal yang sudah ada?

Apakah peneliti menyadari literatur lain yang berhubungan dengan
penelitiannya?

Apa yang baru dan orisinil di paper itu (metodologi, algoritma, evaluasi,
validasi, tool, dsb.)?

3. Pahami Validitas Kontribusi

limuKomputer

Apakah teori atau model yang diusulkan sudah terbukti benar? Tidak
adakah kesalahan pada pembuktian?

Adakah faktor-faktor aneh pada proses eksperimen penelitian?

Apakah benchmark yang dilakukan realistis atau hanya buatan? Ataukah
membandingkan apel dan jeruk?

Apakah generalisasi cukup valid?
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I Kiat Mereview Paper Survey

e Secara umum, paper survey harus dibaca seluruh bagian
untuk mendapatkan pemahaman yang komprehensif

* Fokus ke bagian paper (tergantung jenis paper survey):
Traditional Review or Systematic Literature Review (SLR)

1. Traditional Review:
e Lihat bagian yang menjelaskan tentang state-of-the-art methods

2. Systematic Literature Review (SLR)

e Pahami Research Question (RQ) yang biasanya tertulis secara
eksplisit di paper, dimana Jawaban RQ ada di bagian “result and
analysis”

* Perhatikan RQ tentang:

e “best model/method/algorithm” karena di situ akan dibahas
tentang state-of-the-art method

* “research challenge/problems”, karena di situ kita bisa menemukan
masalah penelitian terkini (state-of-the-art problem)
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Jenis dan Metode Penulisan Survey Paper

1. Traditional Review

2. Systematic Review
1. Systematic (Scoping Study)
2. Systematic Literature Review (SLR)

3. Tertiary Study



I 1. Traditional Review

* Provides an overview of the research findings on
particular topics

* Advantages: produce insightful, valid syntheses of the
research literature if conducted by the expert

e Disadvantages: vulnerable to unintentional and
intentional bias in the selection, interpretation and
organization of content

* Examples:

* Liao et al., Intrusion Detection System: A Comprehensive Review,
Journal of Network and Computer Applications, 36(2013)

e Galar et al., A Review on Ensembles for the Class Imbalance
Problem: Bagging-, Boosting-, and Hybrid-Based Approaches, |IEEE
Transactions on Systems, Man, and Cybernetics, Part C (Applications
and Reviews), Vol. 42, No. 4, July 2012

e Cagatay Catal, Software fault prediction: A literature review and
current trends, Expert Systems with Applications 38 (2011)
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|| 2. Systematic Mapping Study

* Suitable for a very broad topic

* |dentify clusters of evidence (making
classification)

* Direct the focus of future SLRs
* To identify areas for future primary studies

* Examples:

* Neto et al., A systematic mapping study of software
product lines testing, Information and Software
Technology Vol. 53, Issue 5, May 2011

* Elberzhager et al., Reducing test effort: A systematic
mapping study on existing approaches, Information and
Software Technology 54 (2012)
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|| 3. Systematic Literature Review (SLR)

» Systematic reviews are a type of literature review that
uses sYstematic methods to collect secondary data,
critically appraise research studies, and synthesize findings
qualitatively or quantitatively (Amstrong et al., 2011)

* A process of identifying, assessing, and interpreting all
available research evidence, to provide answers for a
particular research question (RQ)

* They are designed to provide a complete, exhaustive
summary of current evidence, that is methodical,
comprehensive, transparent, and replicable

* SLRs are well established in other disciplines, particularly
medicine, biomedic, healthcare

* SLR application in the various fields:
* Medicine (Archie Cochrane, 1974)
e Computing Field (Kitchenham & Charter, 2007)
* Social Science (Gough, 2016)
* Business Management (Durach et al., 2017)
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Contoh Systematic Literature Review (SLR)

Contents lists available at ScienceDirect

INTERNAL
MEDICINE = |

European Journal of Internal Medicine

FILSEVIE Journal of Supply Chain Management
2017, 53(4), 67-85

 Romi Satria Wahono, A

Systematic Literature Review of
Software Defect Prediction: Screenir A NEW PARADIGM FOR SYSTEMATIC LITERATURE
Research Trends, Datasets, systema REVIEWS IN SUPPLY CHAIN MANAGEMENT
Methods and Frameworks, Cosimo Br ' | =,
. . Gemma Le¢
Journal of Software Engineering, . a.
Vol. 1, No. 1, April 2015 g
Christian F. Durach Joakim
Kembro Andreas Wieland, A —
New Paradigm for Systematic i
Literature Reviews in Supply

Chain Management, Journal of
Supply Chain Management, Vol.
53(4), pp 67-85, 2017

OAVID 60UGH

Matthias Galster, Danny Weyns, ' SANDY DLIVER
Dan Tofan, Bartosz Michalik, and ' JAMES THOMAS
Paris Avgeriou, Variability in

Software Systems: A Systematic | AN INTRODUBTIUN TU

Literature Review, IEEE e s e
Transactions on Software S, "ol bl
Engineering, Vol 40, No 3, 2014 (02 ok ey

raisal and synthesis

app
(1987) later refined thg
more systematic approac|



Contoh Systematic Literature Review (SLR)

Contents lists available at SciVerse ScienceDirect

Information and Software Technology

journal homepage: www.elsevier.com/locate/infsof

Systematic literatiire review nf marhine learnino haced ceaftwware develanmeant I

Effort EStlmatlor‘. IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 38, NO. 6, NOVEMBER/DECEMBER 2

Jianfeng Wen **, Shi
A Systematic Literature Review on
Fault Prediction Performance

in Software Engineering
EEEEE%?;EE%E%,W“ Tracy Hall, Sarah Beecham, David Bowes, David Gray, and Steve Counsell

Available online 16 September 20

ARTICLE INFO

Article history:

Keywords: Abstract—Background: The accurate prediction of where faults are likely to occur in code can help direct test effort, reduce costs, and
i?:z‘::‘[:: r;j;‘:m“s“ma“”" improve the quality of software. Objective: We investigate how the context of models, the independent variables used, and the
Systematic Htmgmm review modeling techniques applied influence the performance of fault prediction models. Method: We used a systematic literature review to

identify 208 fault prediction studies published from January 2000 to December 2010. We synthesize the quantitative and qualitative

results of 36 studies which report sufficient contextual and methodological information according to the criteria we develop and apply.

Results: The models that perform well tend to be based on simple modeling techniques such as Naive Bayes or Logistic Regression.

Combinations of independent variables have been used by models that perform well. Feature selection has been applied to these

combinations when models are performing particularly well. Conclusion: The methodology used to build models seems to be influential

to predictive performance. Although there are a set of fault prediction studies in which confidence is possible, more studies are needed
. that use a reliable methodology and which report their context, methodology, and performance comprehensively.
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I 4. Tertiary study

°|s aSLR of SLRs

* To answer a more wider question
* Uses the same method as in SLR
* Potentially less resource intensive

* Examples:

e Kitchenham et al., Systematic literature reviews
in software engineering — A tertiary study,
Information and Software Technology 52 (2010)

* Cruzes et al., Research synthesis in software

engineering: A tertiary study, Information and
Software Technology 53 (2011)
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3. Systematic Lite rat Ure s
Review (SLR)

3.1 Tahapan SLR
3.2 Contoh SLR



3.1 Tahapan SLR



I Tahapan SLR

—

— CONDUCTING

—

limuKomputer.Com 92 Brain




1. Tahapan Planning

1. Formulate the Review’s Research Question

2. Develop the Review’s Protocol

limuKomputer



1. Formulate the Review’s Research Question

* Features of good question:
 The RQ is meaningful and important to practitioners and
researchers.

 The RQ will lead to changes in current software
engineering practice or to increase confidence in the

value of current practice
 The RQ will identify discrepancies between commonly
held beliefs and the reality

* RQ can be derived primarily based on researcher’s

interest
* An SLR for PhD thesis should identify existing basis for
the research work and where it fits in the current body of

knowledge

BN Devs
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The Research Question (RQ)

* |s the most important part in any SLR

* |s not necessarily the same as questions
addressed in your research

* |s used to guide the search process
* Is used to guide the extraction process

e Data analysis (synthesis of evidence) is
expected to answer your SLR’s RQ

BN Devs



RQ and PICOC

The formulation of RQs about effectiveness of a
treatment should focus on 5 elements known as

PICOC:

1. Population (P) - the target group for the investigation (e.g.
people, software etc.)

2. Intervention (l) - specifies the investigation aspects or
issues of interest to the researchers

3. Comparison (C)— aspect of the investigation with which the
intervention is being compared to

4. Outcomes (O)- the effect of the intervention

5. Context (C)— the setting or environment of the investigation

(Petticrew et al., Systematic Reviews in the Social Sciences: A Practical Guide,
Blackwell Publishing, 2006)

limuKomputer
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Kitchenham et al., A Systematic Review of Cross- vs. Within-

Company Cost Estimation Studies, IEEE Transactions on
Software Engineering, 33 (5), 2007

Example of PICOC (Kitchenham et al., 2007)

Population:

Software or web project

Intervention:

Cross-company project effort estimation
model

Comparison: Single-company project effort estimation
model
Outcomes: Prediction or estimate accuracy

Context:

None

limuKomputer
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l|  Example of PICOC (Wahono, 2015)

Romi Satria Wahono, A Systematic Literature Review of Software Defect
Prediction: Research Trends, Datasets, Methods and Frameworks,
Journal of Software Engineering, Vol. 1, No. 1, pp. 1-16, April 2015

Population Software, software application, software system,
information system

Intervention Software defect prediction, fault prediction,
error-prone, detection, classification, estimation,

models, methods, techniques, datasets
Comparison n/a

Prediction accuracy of software defect,

successful defect prediction methods
Context Studies in industry and academia, small and large
data sets
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I Example of RQs (Kitchenham, 2007)

Kitchenham et al., A Systematic Review of Cross- vs. Within-
Company Cost Estimation Studies, IEEE Transactions on
Software Engineering, 33 (5), 2007

® RQ1: What evidence is there that cross-company estimation
models are not significantly different from within-company
estimation models for predicting effort for software/Web
projects?

® RQ2: What characteristics of the study data sets and the data
analysis methods used in the study affect the outcome of
within- and cross-company effort estimation accuracy
studies?

® RQ3: Which experimental procedure is most appropriate for
studies comparing within- and cross-company estimation
models?
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I Example of RQs (Radjenovic et al., 2013)

Radjenovic et al., Software fault prediction metrics: A
systematic literature review, Information and Software
Technology, Vol. 8, No. 55, pp. 1397-1418, 2013

 RQ1: Which software metrics for fault prediction
exist in literature?

* RQ2: What data sets are used for evaluating
metrics?

limuKomputer 100 BrainBIEYS



Example of RQs (Fu Jia et al., 2020)

Fu Jia et al., Soybean Supply Chain Management and
Sustainability: A Systematic Literature Review,
Journal of Cleaner Production, 2020

* RQ1l: What are the drivers and barriers to
sustainable soy production and their relationships?

* RQ2: What are the value chain governance
mechanisms available for the soybean chain?

* RQ3: What are the consequences of the
implementation of these mechanisms?

Brain[BIEYS
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Example of RQ (Wahono, 2015)

Romi Satria Wahono, A Systematic Literature Review of Software Defect
Prediction: Research Trends, Datasets, Methods and Frameworks, Journal of
Software Engineering, Vol. 1, No. 1, pp. 1-16, April 2015

ID | Research Question

RQ1
RQ2

RQ3

RQ4
RQ5
RQ6
RQ7
RQ3

RQS

limuKomputer

Which journal is the most significant software defect prediction journal?

Who are the most active and influential researchers in the software defect
prediction field?

What kind of research topics are selected by researchers in the software
defect prediction field?

What kind of datasets are the most used for software defect prediction?
What kind of methods are used for software defect prediction?
What kind of methods are used most often for software defect prediction?

Which method performs best when used for software defect prediction?

What kind of method improvements are proposed for software defect
prediction?

What kind of frameworks are proposed for software defect prediction?

Brain[BIEYS
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2. Develop the Review’s Protocol

* A plan that specifies the basic review
procedures (method)

 Components of a protocol:

1.

N o AW

Background

Research Questions

Search terms

Selection criteria

Quality checklist and procedures
Data extraction strategy

Data synthesis strategy

BN Devs



2. Tahapan Conducting

Identify the Relevant Literature
Perform Selection of Primary Studies
Perform Data Extraction

Assess Studies’ Quality

S

Conduct Synthesis of Evidence
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I 1. |dentifying Relevant Literature

* A comprehensive and exhaustive searching of
studies to be included in the review

* Define a search strategy

e Search strategies are usually iterative and
benefit from:

* Preliminary searches (to identify existing review and
volume of studies)

* Trial searches (combination of terms from RQ)

* Check the search results against list of known studies

Consult the experts in the field
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Approach to Construct Search String

* Derive major terms used in the review
guestions based on the PICOC

* List the keywords mentioned in the article
* Search for synonyms and alternative words

* Use the boolean OR to incorporate
alternative synonyms

* Use the boolean AND to link major terms

BN Devs



I Example of Search String (Kitchenham et al., 2007)

e Kitchenham et al. (2007) used their structured questions to
construct search strings for use with electronic databases:

® Population: software OR application OR product OR Web OR
WWW OR Internet OR World-Wide Web OR project OR
development

® |ntervention: cross company OR cross organisation OR cross
organization OR multiple-organizational OR multiple-
organisational model OR modeling OR modelling effort OR cost
OR resource estimation OR prediction OR assessment

® Contrast: within-organisation OR within-organization OR within-
organizational OR within-organisational OR single company OR
single organisation

® Outcome: Accuracy OR Mean Magnitude Relative Error

* The search strings were constructed by linking the four OR
lists using the Boolean AND
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|| Example of Search String (Wahono, 2015)

Romi Satria Wahono, A Systematic Literature Review of Software Defect
Prediction: Research Trends, Datasets, Methods and Frameworks,
Journal of Software Engineering, Vol. 1, No. 1, pp. 1-16, April 2015

Search String:

(software OR applicati* OR systems ) AND

(fault* OR defect* OR quality OR error-prone) AND

(predict* OR prone* OR probability OR assess* OR
detect* OR estimat™* OR classificat*)
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I Example of Search String (Salleh et al., 2011)

* The complete search term initially used:

(student* OR undergraduate*) AND (pair programming OR
pair-programming) AND ((experiment* OR measurement
OR evaluation OR assessment) AND (effective* OR efficient
OR successful)

* Avery limited number of results retrieved when using
the complete string

e thus a much simpler string was derived

e Subject librarian suggested to revise the search string:

“pair programming” OR “pair-programming”
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| Sources of Evidence (Kitchenham et al., 2007)

* The search strings were used on 6 digital libraries:

» Science Direct, SpringerLink, SCOPUS, Web of Science,
IEEExplore, ACM Digital library

 Search specific journals and conf. proceedings:
* Empirical Software Engineering (J)
* Information and Software Technology (J)
e Software Process Improvement and Practice (J)
* [International Conference on Software Engineering (C)
e Journal of Business Research (J)
 Management Science (J)
* International Business Review (J)
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Managing Bibliography

* Use relevant Bibliographic package to manage large
number of references

* E.g. Mendeley, EndNote, Zotero, JabRef Reference
Manager EtC_ -~ Mendeleybeswp 0

File Edit View Tools Help
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! Documenting the Search

* The process of conducting SLR must be transparent
and replicable

* The review should be documented in sufficient detail

* The search should be documented and changes

noted
Digital Library Name of Database, Search strategy, Date of search, years
covered by search
Journal Hand Name of journal, Years searched
Searches
Conference Title of proceedings/Name of conference, Journal name
proceedings (if published as part of a journal)
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2. Selection of Studies

* Primary studies need to be assessed for their
actual relevance

* Set the criteria for including or excluding
studies (decided earlier during protocol
development, can be refined later)

* Inclusion & exclusion criteria should be based
on RQ

* Study selection is a multistage process

Brain[BIEYS



Studies Selection Strategy s

I (Wahono, 2015)

 Publication Year:
v'2000-2013

* Publication Type:
v'Journal
v'Conference Proceedings

'

Select digital libraries

\

Define search string

\

Execute pilot search -t ‘

Majority of no
known primary Refine search string
studies found?

* Search String: S
Retrieve initial list of primary S———
software studies Digital
AND (2117) Libraries
R x : i v
galeDlt OR defect* OR quality OR error-prone) _ Srimary siidies based on : ACMDigl Liery (474
title and abstract * =E Explore
(predict* OR prone* OR probability OR assess* (Zf) > SpringerLink (335
OR detect* OR estimat™ OR classificat®) *  Scopus (243)

e Selected Studies:
v'71

limuKomputer

Exclude primary studies based on
full text
(71)

Make a final list of included
primary studies
(71)

End

Brain[BIEYS



Studies Selection Strategy (PRISMA)

# Records identified through

# Records identified through

 Many leading medical &
healthcare journals refer to
PRISMA (Preferred Reporting
ltems for Systematic Reviews
and Meta-Analyses ) in their
Instructions to Authors and
some require authors to
adhere to them

(Liberati et al., 2009)

(PRISMA) is an evidence-based
minimum set of items for
reporting in systematic reviews
and meta-analyses

* Replaced the QUOROM method

limuKomputer.Com

database searching other sources
# Records after duplicates
removed

# Records excluded

# Full-text articles excluded
with reasons for exclusion

# Records screened for —,
relevance
# Full-text articles assessed  fji.
for eligibility

# Studies included in
qualitative synthesis

¥

# Studies included in
guantitative synthesis (meta-
analysis), f any
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Studies Selection Strategy (PRISMA)

limuKomputer

Identification

Screening

Included

Electronic Database Search (n=365)
(PubMed=183, CINAHL= 59, Global
Health=61, CENTRAL=62)

0 new studies retrieved by expert-
contact, hand-searching of conference
abstracts and reference search

-
«

—

v

93 duplicates removed

272 papers screened
(title + abstract)

261 papers excluded as not

A 4

A J

relevant

11 full texts

v

25 records screened from trial registry
(clinicaltrials.gov)

6 records met the inclusion criteria

!

!

3 Completed trials

3 Ongoing trials
NCT02054182 , NCT02185196, NCT02936895
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1| Selection of Studies (Kitchenham et al., 2007)

* Kitchenham et al. (2007) used the following
inclusion criteria:

* Any study that compared predictions of cross-company
models with within-company models based on analysis of
single company project data

* They used the following exclusion criteria:

e Studies where projects were only collected from a small
number of different sources (e.g. 2 or 3 companies)

e Studies where models derived from a within-company
data set were compared with predictions from a general
cost estimation model
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1| Selection of Studies (Wahono, 2015)

Inclusion Studies in academic and industry using large and small
Criteria scale data sets

Studies discussing and comparing modeling performance
in the area of software defect prediction

For studies that have both the conference and journal
versions, only the journal version will be included

For duplicate publications of the same study, only the
most complete and newest one will be included

I {], N Studies without a strong validation or including
Criteria experimental results of software defect prediction
Studies discussing defect prediction datasets, methods,
frameworks in a context other than software defect
prediction

Studies not written in English
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1| Selection of Studies (Salleh et al., 2011)

* Inclusion criteria:

* to include any empirical studies of PP that involved
higher education students as the population of interest

* Exclusion criteria:

e Papers presenting unsubstantiated claims made by the
author(s), for which no evidence was available.

* Papers about Agile/XP describing development practices
other than PP, such as test-first programming,
refactoring etc.

* Papers that only described tools (software or hardware)
that could support the PP practice.

* Papers not written in English.
e Papers involving students but outside higher education
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1| 3. Assessing Studies’ Quality

* To provide more detailed Inclusion/Exclusion criteria

* To check whether quality differences provide an
explanation for differences in study results

* As a means of weighting the importance of
individual studies when results are being synthesized

* To guide the interpretation of findings and
determine the strength of inferences

* To guide recommendations for further research
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Assessing Studies’ Quality

* Quality relates to the extent to which the study:
* Minimizes bias, and
* Maximizes internal and external validity (Khan et al. 2001)

e Quality Concepts Definition (Kitchenham & Charter, 2007)

Systematic error tendency to produce results that depart

Bias

Internal
Validity

External
Validity

limuKomputer

Validity

Generalizability,
Applicability

systematically from the ‘true’ results.
Unbiased results are internally valid

The extent to which the design and conduct
of the study are likely to prevent systematic
error. Internal validity is a prerequisite for
external validity

The extent to which the effects observed in
the study are applicable outside of the study

Brain[BIEYS



|| Assessing Studies’ Quality

e Assessing quality of studies:
* Methodology or design of the study
* Analysis of studies’ findings

* Quality checklist or instrument need to be
designed to facilitate quality assessment

* Most quality checklists include questions aimed at
assessing the extent to which articles have
addressed bias and validity
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| Study Quality Assessment (Salleh et al., 2011)

1. Was the article referred? [30] Yes/No
2. Were the aim(s) of the study clearly stated? [16], [67] Yes/No/Partially
3. Were the study participants or observational units adequately described?
For example, students’ programming experience, year of study etc. Yes/No/Partially
[44], [68]

4. Were the data collections carried out very well? For example, discussion
of procedures used for collection, and how the study setting may have Yes/No/Partially
influenced the data collected [44], [48], [67], [68]

5. Were potential confounders adequately controlled for in the analysis? 67] Yes/No/Partially

6. Were the approach to and formulation of the analysis well conveyed? For
example, description of the form of the original data, rationale for Yes/No/Partially
choice of method/tool/package [48], [67], [68]

7. Were the findings credible? For example, the study was methodologically
explained so that we can trust the findings; findings/conclusions are Yes/No/Partially
resonant with other knowledge and experience [48], [44], [68]
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1| Study Quality Assessment (kitchenham et al., 2007)

Kitchenham et al. (2007) constructed a quality
questionnaire based on 5 issues affecting the quality of

the study:

Is the data analysis process appropriate?

Did studies carry out a sensitivity or residual analysis?
Were accuracy statistics based on the raw data scale?
How good was the study comparison method?

The size of the within-company data set
(e.g < 10 projects considered poor quality)

Al S
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| 4. Data Extraction

* Involve reading the full text article

* Data extracted from primary studies should be recorded
using data extraction form

* The form should be designed and piloted when the
protocol is defined

e Collect all the information that can be used to answer
the RQ and the study’s quality criteria

* Both quality checklist and review data can be included in
the same form

* |n case of duplicates publications (reporting the same
data), refer the most complete one

 For validation, a set of papers should be reviewed by 2
or more researchers. Compare results and resolve any
conflicts
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5. Synthesis of Evidence

* Involves collating and summarizing the results of
the included primary studies

* Key objectives of data synthesis (Cruzes & Dyba, 2011):
* to analyze and evaluate multiple studies
* to select appropriate methods for integrating or
providing new interpretive explanations about them
* Synthesis can be:
* Descriptive (narrative/non-quantitative)
* Quantitative (e.g. meta-analysis)

(Cruzes et al., Research Synthesis in Software Engineering: A
tertiary study, Information and Software Technology, 53(5),
2011)
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I Descriptive Synthesis (Narrative)

“An approach to the synthesis of findings from multiple studies that
relies primarily on the use of words and text to summarize and
explain the findings of the synthesis. It adopts a textual approach to
the process of synthesis to ‘tell the story’ of the findings from the
included studies.” (Popay et al. 2006)

* Use tables to tabulate information extracted from
included studies (e.g. population, number of included
studies, study quality etc.)

* Tables should be structured to highlight similarity or
differences of study outcomes

* Were the findings consistent (homogeneous) or
inconsistent?
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Quantitative Synthesis (Meta-Analysis)

* Meta-analysis can be used to aggregate results or to
pool data from different studies

* The outcome of a meta-analysis is an average effect size
with an indication of how variable that effect size is
between studies

* Meta-analysis involves three main steps:

1. Decide which studies to be included in the meta-
analysis

2. Estimate an effect size for each individual study
3. Combine the effect sizes from the individual studies to
estimate and test the combined effect

* Results of the meta-analysis can be presented in a
forest plot
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Study

(Kia et al., 2001)

(Amir Khani et al., 2002)
(Mahmodzadeh et al., 2011)
(Tavasoli et al., 2012)

(Rashidi et al., 2012)

(Bahman et al., 2012)

(Saki and Khademvatan, 2014)
(Seifollahi et al., 2016)
(Rahdar et al., 2016)

Overall (12 = 93.55%, p = 0.00)

limuKomputer.Com

Contoh Forest Plot

129

ES (95% Cl)

0.00 (0.00, 0.04)
0.24 (0.16, 0.34)
0.37 (0.25, 0.49)
0.22 (0.12, 0.36)
0.50 (0.34, 0.66)
0.24 (0.17, 0.33)
0.06 (0.02, 0.13)
0.06 (0.01, 0.16)
0.00 (0.00, 0.12)

0.15 (0.05, 0.27)

Weight

11.38
11.44
11.19
11.00
10.69
11.56
11.44
10.97
10.32

100.00
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3. Tahapan Reporting

1. Write Up the SLR Paper
2. Choose the Right Journal



I 1. Write Up the SLR Paper

1. Introduction
* General introduction about the research
» State the purpose of the review
 Emphasize the reason(s) why the RQ is important

 State the significance of the review work and how the
project contributes to the body of knowledge of the field

2. Main Body

1. Review method — briefly describe steps taken to
conduct the review

2. Results —findings from the review

3. Discussion —implication of review for research &
practice

3. Conclusions
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I 2. Choose the Right Journal

* Some journals and conferences include a specific
topic on SLR:

* Information & Software Technology has an editor
specializing in systematic reviews

 Journal of Systems and Software

* Expert Systems with Applications

* |EEE Transactions on Software Engineering
* Journal of Cleaner Production

* European Journal of Internal Medicine

* Journal of Supply Chain Management

limuKomputer 132
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|| Listing Jurnal Tujuan dan Nilai SIR/JIF

e Lakukan pendataan journal-journal yang ada di
topik SLR yang kita tulis, urutkan berdasarkan
rangking SJR atau JIF

* Publikasikan paper SLR kita ke journal yang sesuai
dengan kualitas SLR yang kita lakukan

* A paper is an organized description of hypotheses,
data and conclusions, intended to instruct the
reader. If your research does not generate papers, it
might just as well not have been done (whitesides 2004)
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'No |Journal Publications SJIR | Q Category

1 IEEE Transactions on Software Engineering 3.39 Qlin Software
2 Information Sciences 2.96 Qlin Information Systems

3 IEEE Transactions on Systems, Man, and 2.76 Ql in Artificial Intelligence
Cybernetics

4 IEEE Transactions on Knowledge and Data 2.68 Ql in Information Systems
Engineering

5 Empirical Software Engineering 2.32 Q1 in Software

6 Information and Software Technology 1.95 Q1 inInformation Systems
7 Automated Software Engineering 1.78 Q1 in Software

8 IEEE Transactions on Reliability 1.43 Q1 in Software

9 Expert Systems with Applications 1.36 Q2 in Computer Science
10 Journal of Systems and Software 1.09 Q2 in Software

11 Software Quality Journal 0.83 Q2 in Software

12  IET Software 0.55 Q2 in Software

13 Advanced Science Letters 0.24 Q3 in Computer Science
14  Journal of Software 0.23 Q3 in Software

15 International Journal of Software Engineering and 0.14 Q4 in Software
Its Application



3.2 Contoh SLR

*  https.//romisatriawahono.net/2016/05/15/systematic-
literature-review-pengantar-tahapan-dan-studi-kasus/

* Romi Satria Wahono, A Systematic Literature Review of
Software Defect Prediction: Research Trends, Datasets,
Methods and Frameworks, Journal of Software
Engineering, Vol. 1, No. 1, pp. 1-16, April 2015
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I Tahapan SLR
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— CONDUCTING

—
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1. Contoh Planning

limuKomputer

https://romisatriawahono.net/2016/05/15/systematic-
literature-review-pengantar-tahapan-dan-studi-kasus/

Romi Satria Wahono, A Systematic Literature Review of
Software Defect Prediction: Research Trends, Datasets,
Methods and Frameworks, Journal of Software
Engineering, Vol. 1, No. 1, pp. 1-16, April 2015
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I Research Question (RQ)

[_ Research Question

RQ1 Which journal is the most significant software defect prediction journal?

Who are the most active and influential researchers in the software defect
prediction field?

RQ2

RQ3 What kind of research topics are selected by researchers in the software
defect prediction field?

RQ4 What kind of datasets are the most used for software defect prediction?
RQ5 What kind of methods are used for software defect prediction?
RQ6 What kind of methods are used most often for software defect prediction?

RQ7 Which method performs best when used for software defect prediction?

RQ3

What kind of method improvements are proposed for software defect
prediction?

RQY9 What kind of frameworks are proposed for software defect prediction?
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I Research Question (RQ)

r -

, | ‘ RQ1 - Significant Journal

T
I+}

RQ9 - Proposed Software Defect o
o . Publications
Prediction Frameworks

+

e
ol

{ RQ2 - Influential Researchers

&

RQ8 - Proposed

-,

=
it

Method Improvements |
, | Software , ‘
Defect 4{ RQ3 - Research Topics and Trends |
_|RQ7 - Method Comparison | _ Prediction
Results — N

‘ RQ4 - Software Defect Datasets &

o+

RQ6 - Most Used |
Classification Methods

W +

o
s

RQ5 - Software Defect .
Prediction Methods |
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. p

Studies Selection
Strategy

ublication Year:
v'2000-2013

ublication Type:
v'Journal
v'Conference Proceedings

e Search String:

software
AND

(fault®* OR defect* OR quality OR error-prone)

AND

(predict™ OR prone™ OR probability OR assess
OR detect™ OR estimat™ OR classificat™®)

e Selected Studies:

limuKomputer

v'71

140

Start

'

Select digital libraries

\

Define search string

\

Execute pilot search -t ‘
Majority of no
known primary Refine search string
studies found?
yes
Retrieve initial list of primary
studies Digital
(2117) Libraries
Exclude primary studies based on e ACM Digital Library (474)
title and abstract » IEEE Explore (785)
(213) e  ScienceDirect (276)

SpringerLink (339)
Scopus (243)

% | Exclude primary studies based on

full text
(71)

Make a final list of included
primary studies
(71)

End
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I Inclusion and Exclusion Criteria

Studies in academic and industry using large and small scale data sets

Studies discussing and comparing modeling performance in the area
RN | of software defect prediction

S CUER For studies that have both the conference and journal versions, only
the journal version will be included

For duplicate publications of the same study, only the most complete
and newest one will be included

Studies without a strong validation or including experimental results
of software defect prediction

Exclusion
oai- - Studies discussing defect prediction datasets, methods, frameworks in

a context other than software defect prediction

Studies not written in English
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2. Contoh Result

https://romisatriawahono.net/2016/05/15/systematic-
literature-review-pengantar-tahapan-dan-studi-kasus/

Romi Satria Wahono, A Systematic Literature Review of
Software Defect Prediction: Research Trends, Datasets,
Methods and Frameworks, Journal of Software
Engineering, Vol. 1, No. 1, pp. 1-16, April 2015

\/ BrainBIEYS



|| RQ1: Significant Journal Publications

IEEE Transactions on Software Engineering
Journal of Systems and Software

Expert Systems with Applications

IEEE Transactions on Reliability
Information and Software Technology
Information Sciences

IEEE Transactions on Systems, Man, and Cybernetics
Software Quality Journal

Empirical Software Engineering

IET Software

Advanced Science Letters

Automated Software Engineering

IEEE Software

IEEE Transactions on Knowledge and Data Engineering

International Journal of Software Engineering and Its...

Journal of Software
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Journal Quality Level of Selected Studies

m Journal Publications SIR___[QCategory

w

limuKomputer

IEEE Transactions on Software Engineering
Information Sciences

IEEE Transactions on Systems, Man, and
Cybernetics

IEEE Transactions on Knowledge and Data
Engineering

Empirical Software Engineering

Information and Software Technology
Automated Software Engineering

IEEE Transactions on Reliability

Expert Systems with Applications

Journal of Systems and Software

Software Quality Journal

IET Software

Advanced Science Letters

Journal of Software

International Journal of Software
Engineering and Its Application

3.39
2.96

2.76

2.68

2.32
1.95
1.78
1.43
1.36
1.09
0.83
0.55
0.24
0.23

0.14

Qlin Softwa re
Q1 in Information Systems

Q1 in Artificial Intelligence

Q1 in Information Systems

Q1 in Software

Q1 in Information Systems
Q1 in Software

Q1 in Software

Q2 in Computer Science
Q2 in Software

Q2 in Software

Q2 in Software

Q3 in Computer Science
Q3 in Software

Q4 in Software
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I Distribution of Selected Studies by Year

12

=
o

(0e]

N

Number of Studies
(@)

0
1998 2000 2002 2004 2006 2008 2010 2012 2014

Year
* The interest in software defect prediction has changed over time
» Software defect prediction research is still very much relevant to this day
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I RQ2: Influential Researchers

Number of Studies
=Y
o N B~ OO 00O O
O
27 .
m
<~ .
O
m
o
%
e
c .
>
<
v
A T s

Researchers

M First Author B Non-First Author
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I RQ3: Research Topics and Trends

1. Estimating the number of defects remaining in
software systems using estimation algorithm
(Estimation)

2. Discovering defect associations using association
rule algorithm (Association)

3. Classifying the defect-proneness of software
modules, typically into two classes, defect-prone
and not defect-prone, using classification
algorithm (Classification)

4. Clustering the software defect based on object
using clustering algorithm (Clustering)

5. Analyzing and pre-processing the software defect
datasets (Dataset Analysis)
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|| Distribution of Research Topics and Trends

1,41%5'63%

1,41%

M Estimation M Association M Classification

W Clustering B Dataset Analysis
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Yo . . N
Primary Studies Publications

Example Distribution of Research Topics and Trends

Datasets

(Lessmann et al., 2008) IEEE Transactions on Software Engineering Public Classification
20 (Bibi et al., 2008) Expert Systems with Applications Private Estimation
(Gondra, 2008) Journal of Systems and Software Public Classification
(Vandecruys et al., 2008) Journal of Systems and Software Public Classification
(Elish and Elish 2008) Journal of Systems and Software Public Classification
(Gray et al., 2012) IET Software Public Dataset Analysis
(Ying Ma, Luo, Zeng, & Chen, 2012) Information and Software Technology Public Classification
(Benaddy and Wakrim 2012) International Journal of Software Engineering Private Estimation
(Y. Peng, Wang, & Wang, 2012) Information Sciences Public Classification
(Zhang and Chang 2012) International Conference on Natural Computation Private Estimation
(Bishnu and Bhattacherjee 2012) IEEE Transactions on Knowledge and Data Engineering Private Clustering

(Sun, Song, & Zhu, 2012) IEEE Transactions on Systems, Man, and Cybernetics Public Classification

(Pelayo and Dick 2012) IEEE Transactions on Reliability Public Classification

(Jin, Jin, & Ye, 2012) |[ET Software Public Classification

(Cao, Qin, & Feng, 2012) Advanced Science Letters Public Classification

(Park et al., 2013) Information Sciences Public Classification
(Dejaeger, Verbraken, & Baesens, 2013) IEEE Transactions on Software Engineering Public Classification
(Shepperd, Song, Sun, & Mair, 2013) IEEE Transactions on Software Engineering Public Dataset Analysis
(Wang and Yao 2013) IEEE Transactions on Reliability Public Classification
(Peters, Menzies, Gong, & Zhang, 2013) IEEE Transactions on Software Engineering Public Dataset Analysis
(Radjenovic et al., 2013) Information and Software Technology Public u)ataset Analysis )

Brain[BIEYS
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I RQ4: Software Defect Datasets

Number of Studies
D

1998 2000 2002 2004 2006 2008 2010 2012 2014
Year

——Private Dataset —e—Public Dataset
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|| Distribution of Software Defect Datasets

* The use of public data sets makes the
research repeatable, refutable, and
verifiable (catal & piri 2000a)

* Since 2005 more public datasets were
used

* NASA MDP repository have been
developed in 2005 and researchers
started to be aware regarding the use
of public datasets

M Private Dataset M Public Dataset
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NASA MDP Dataset

Number of Faulty

. D . . L
Project Description anguage | modules Percentage

Spacecraft instrument C 505 48 12.21%

Storage management for
ground data
Storage management for
ground data
MC2 Video guidance system C 127 44 34.65%
Zero gravity experiment

KC1 C++ 1571 319 15.51%

KC3 Java 458 42 18%

(o)

related to combustion € Ok = SO

PC1 Fllgh’F softwar.e from an earth C 1059 76 8.04%
orbiting satellite

PC2 Dypamlc simulator for c 4505 53 1.01%
attitude control systems

pcy | NG SEMETES ey G C 1511 160 12.44%
orbiting satellite

pCa Flight software for earth c 1347 178 12.72%

orbiting satellite
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Code Attributes

LOC counts

Halstead

LOC_total
LOC_blank

LOC_code_and_comment

LOC_comments
LOC_executable
number_of_lines
content

difficulty

effort

error_est

length

level

prog_time

volume
num_operands
num_operators
num_unique_operands
num_unique_operators
cyclomatic_complexity
cyclomatic_density
design_complexity
essential_complexity
branch_count
call_pairs
condition_count
decision_count
decision_density
edge_count
essential_density
parameter_count
maintenance_severity

modified_condition_count

multiple_condition_count
global_data_complexity
global_data_density
normalized_cyclo_cmplx
percent_comments
node_count

NCSLOC

< A4 Z wmoxT

gdv(G)

Code Attributes | Symbols____ Description

The total number of lines for a given module
The number of blank lines in a module

The number of lines which contain both code and comment in a module

The number of lines of comments in a module

The number of lines of executable code for a module
Number of lines in a module

The halstead length content of a module p = 4 +

The halstead difficulty metric of a module D = 1/L

The halstead effort metric of a module E = V/L

The halstead error estimate metric of a module B = E23/1000
The halstead length metric of a module N = N;+N,

The halstead level metric of a module L = (2* p,)/ p4*N,
The halstead programming time metric of a module T = E/18
The halstead volume metric of a module V = N*log,(u4+ o)
The number of operands contained in a module

The number of operators contained in a module

The number of unique operands contained in a module

The number of unique operators contained in a module

The cyclomatic complexity of a module v(G) = e —n +2
v(G) / NCSLOC

The design complexity of a module

The essential complexity of a module

Branch count metrics

Number of calls to functions in a module

Number of conditionals in a given module
Number of decision points in a module

condition_count/ decision_count

Number of edges found in a given module from one module to another

Essential density is calculated as: (ev(G)-1)/(v(G)-1)
Number of parameters to a given module
Maintenance Severity is calculated as: ev(G)/v(G)

The effect of a condition affect a decision outcome by varying that condition only

Number of multiple conditions within a module

the ratio of cyclomatic complexity of a module’s structure to its parameter count

Global Data density is calculated as: gdv(G)/v(G)
V(G) / numbe_of_lines

Percentage of the code that is comments
Number of nodes found in a given module
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|l RQ5: Software Defect Prediction Methods

kM: k-Means

GP: Genetic Programming

ACO: Ant Colony Optimization
RvC: Regression via Classification
LDA: Linear Discriminant Analysis
FIS: Fuzzy Inference Systems

LR: Logistic Regression

MBR: Memory based Reasoning
AR: Association Rule

RF: Random Forest

LiR: Linear Regression

SVM: Support Vector Machine
DT: Decision Tree

NN: Neural Network

k-NN: k-Nearest Neighbor

NB: Naive Bayes

CR: Capture Recapture

EM: Expectation-Maximum

FNR: Fuzzy Nonlinear Regression
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Il RQ6: Most Used Software Defect Prediction Methods

16

14
o 12
Q
510 LR
)
5 3 H NB
o
o m k-NN
c 6
< 4

2

m SVM
0 W RF

NB k-NN NN DT SVM RF
Methods
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I RQ7: Method Comparison Results

* The comparisons and benchmarking result of the
defect prediction using machine learning classifiers
indicate that:

v'Poor accuracy level is dominant (tessmann et al. 2008)

v'No significant performance differences could be
detected (Lessmann et al. 2008)

v'No particular classifiers that performs the best for all the
data sets (songetal. 2011) (Hall et al. 2012)

* The accurate and reliable classification algorithms
to build a better prediction model is an open issue
in software defect prediction
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! RQ8: Method Improvement Efforts

* Researchers proposed some techniques for improving the
accuracy of classifiers for software defect prediction

e Recent proposed techniques try to increase the prediction
accuracy of a generated model:

v By modifying and ensembling some machine learning methods
(Misirhi et al. 2011) (Tosun et al. 2008)

v’ By using boosting algorithm (zheng 2010) (Jiang et al. 2011)

v by adding feature selection (Gayatri et al. 2010) (Khoshgoftaar & Gao, 2009) (Song et
al. 2011)

v’ By using parameter selection for some classifiers (peng & Wang 2010) (Lin
et al. 2008) (Guo et al. 2008)

* While considerable works have been done separately,

limited research can be found on investigating them all
together

BN Devs
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I RQ9: Existing Frameworks

Three frameworks have been highly cited and
influential in software defect prediction field

Menzies Lessmann Song
Framework Framework Framework

(Menzies et al. 2007) (Lessmann et al. 2008) (Song et al. 2011)

/ / 4
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| Menzies Framework

(Menzies et al. 2007) RN
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| Lessmann Framework

(Lessmann et al. 2008)
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Mind Map of the SLR Results

Menzies et al.'s Framework (2007)

Lessman et al.'s Framework (2008) |

Song et al's Framework (2011) |

Prediction Frameworks

RQ9 - Proposed Software Defect

Ensemble Learning

Feature Selection

Boosting

Parameter Optimization

Maive Bayes

RQ8 - Proposed
Method Improvements |-

Logistic Regression
Meural Network

Support Vector Machine

[ra7-

Method Comparison
Results

Maive Bayes
Decision Tree

Meural Network

Random Forest

Logistic Regression

RQ6 - Most Used

| Classification Methods

Suppeort Vector Machine

k-Mearest Neighbor

@ Classification Methods

® Estimation Methods

# Association Rules

® Clustering Methods

_| RQ5 - Software Defect
Prediction Methods

Dataset Analysis

Software
Defect
Prediction

_—{RQ2 - Influential Researchers }‘

RQ1 - Significant Journal |
Publications

IEEE Transactions on Software Engineering

Journal of Systems and Software

Expert Systems with Applications

Information Sciences

Information and Software Technology

IEEE Transactions on Reliability

Software Quality Journal

IEEE Transactions on Systems, Man and Cybernectics

Empirical Software Engineering

|ET Software

IEEE Software

International Journal on Software Engineering and Its Applications

Advanced Science Letters

IEEE Transactions on Knowledge and Data Discovery

lournal of Software

Automated Software Engineering

Taghi Khoshgoftaar, Tim Menzies, Qinbao Song, Martin

Shepperd, Morman Fenton, Cagatay Catal, Burak Turhan, Ayse
Bener, Huanjing Wang, Yan Ma, Bojan Cukic, and Ping Gua

Classification - Classifying Software Components as
Defect-Prone and Mon-Defect-Prone

\{ RQ3 - Research Topics and Trends le

Estimation - Estimating the Mumber of Defects

Association - Mining Reveal Software Defect Associations

Clustering - Segmenting the Cluster of Software Defect

Dataset Analysis - Analyzing and Pre-
processing the Software Defect Datasets

Private Dataset @

| RQ4 - Software Defect Datasets | public b
. ublic Dataset -

MNASA MDP Dataset ®
- Eclipse Dataset &



SLR Melahirkan Research Gaps

Dari Hasil SLR, Kita Menemukan
Research Gaps yang Menjadi Kandidat
Masalah Penelitian yang Kita Angkat
pada Penelitian Kita




Gap Analysis of Framework

* The comparisons and benchmarking result of the defect
prediction using machine learning classifiers indicate that:
v'Poor accuracy level is dominant (tessmann et al. 2008)

v'No significant performance differences could be detected (tessmann
et al. 2008)

v'No particular classifiers that performs the best for all the data
sets (songet al. 2011) (Hall et al. 2012)

* Noisy attribute predictors and imbalanced class
distribution of software defect datasets result in
inaccuracy of classification models

* Neural network and support vector machine have strong
fault tolerance and strong ability of nonlinear dynamic
processing of software fault data, but practicability of
neural network and support vector machine are limited
due to difficulty of selecting appropriate parameters
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RP1

RP2

RP3

limuKomputer

Research Problems (RP)

While many studies on software defect
prediction report the comparative performance
of the classification algorithms used, but there
is no strong consensus on which classifiers
perform best when individual studies are
looked separately

Noisy attribute predictors and imbalanced class
distribution of software defect datasets result
in inaccuracy of classification models

Neural network has strong fault tolerance and
strong ability of nonlinear dynamic processing
of software fault data, but practicability of
neural network is limited due to difficulty of
selecting appropriate parameters

1AR

RP1 RQL |
—» RQ2
RP2 RQ3
> RQ4
RP3 RQS
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A Comparison Framework of
Classification Models for
Software Defect Prediction

NASA MDP Dataset
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)| AUC and Friedman Test Results

KC1 KC3 MC2 MWl PC1 PC2 PC3
> 0.763 -1 0.8017 0.713 > 0.766 => 0.726 -1 0.852 71 0.849-1 0.81 71 0.804
0.471 4% 05364} 04474} 05034 0584 04544 05774} 052454 0.61 |0.522| 833
0.734 5> 0.786 91 0.67=» 0.7395>» 0.7325» 0.781 21 0.811=» 0.756 21 0.838 ]0.761 3
054 o054 o5 o058 o054 o054 o054 o5 05 05)8778
0.6 51 0.6784F 0.562dF 05851 06351 0.652=> 0.754 51 0.697=> 0.76 | 0.658 5.33
0.713 5> 0.791 91 0.647=> 0.71 91 0.625=> 0.7844F 0.918=> 0.79/1 0.883 J0.762| 3.22
0.753 0> 0.75291 0.642C=> 0761 0.714=> 0794 0534c=> 0.75 71 0.899 |0.733] 3.33
0.5654F 0.5154F 0.497dF 0.4554F 054359 0.601dF 0493 0.7155 0.723 |0.567) 7.78
0.604 ] 0.648 %1 0.6374F 0.482%1 0.6564}F 0.574dF 049151 0.68 51 0.623 |0.599| 6.89

0.5734F 04854 0477dF 05250 0.74 9 06185 0.649%5 0.6784F 0.2 |0.549| 6.89
S —

* LR is dominant in most datasets Symbol

* Rrank: LR has the highest rank, followed by NBgg-1.00 excellent classification ¢

PC4

BF, and SVM 0.80 - 0.90 d classificati
80 - 0. ood classification
* M results: no excellent or good models, and a :
few fair models 0.70-0.80 fair classification =

0.60 - 0.70 poor classification
<0.60 failure
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I P-value of Nemenyi Post Hoc Test

LR LDA NB kNN K* BP SVM C4.5 CART RF

LR 1 0.0001 0.986 0.0001 0.164 0.965 0.949 0.000 0.005 0.005
LDA 0.0001 1 0.007 1.000 0.526 0.013 0.017 1.000 0992 0.992
NB 0.986 0.007 1 0.002 02831 1.000 1.000 0.028 0.164 0.164
k-NN 0.0001 1.000 0.002 1 0318 0.004 0.005 1.000 0949 0.949
K* 0.164 0.526 0.831 0.318 1 0901 0927 0.789 0986 0.986
BP 0.965 0.013 1.000 0.004 0.901 1 1.000 0.046 0232 0.232
SVM 0.949 0.017 1.000 0.005 0927 1.000 1 0.058 0.273 0.273
C4.5 0.000 1.000 0.028 1.000 0.789 0.046 0.058 1 1.000 1.000
CART 0.005 0.992 0.164 0.949 0.986 0.232 0.273 1.000 1 1.000
RF 0.005 0.992 0.164 0.949 00986 0.232 0.273 1.000 1.000 1

 |If Pvalue < 0.05 (boldfaced print), it indicate that there is
significant different between two classifiers

* Based on significant difference results, there is no significant
difference between LR, NB, BP, and SVM models
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Research Publication on RQ1

Romi Satria Wahono, Nanna Suryana Herman and
Sabrina Ahmad, A Comparison Framework of
Classification Models for Software Defect
Prediction, Advanced Science Letters, Vol. 20, No.

8, August 2014

Advanced

SCIENCHE
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Research Result on RQ3

Research Problems (RP)

Research Questions (RQ)

Research Objectives (RO)

RP2

Noisy attribute
predictors and
imbalanced
class
distribution of
software defect | Rra3
datasets result

in inaccuracy of
classification A
models

How does the integration
between particle swarm
optimization based feature
selection and bagging
technique affect the accuracy
of software defect prediction?

RO3

To develop a hybrid particle
swarm optimization based
feature selection and
bagging technique for
improving the accuracy of
software defect prediction

limuKomputer
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]
I A Hybrid Genetic Algorithm ...

based Feature Selection ( P i c}
° ° Select the Feature Subset -
and Bagging Technique .

(GAFS"'B) L Implement Bagging ‘

v

(I&’afn Classifier with Selected |
Feature Subset
no

~

* Every chromosome is evaluated by

Y
the fitness function Equation @ ,
Fimi shed? i
ny Crossover Operation

-1
fitness =Wy, XA+ Wp x| P+ ZCiXFi i:fes .
‘ Combine Votes of All

Mutation Operation

i=1 . -
Classifiers J
° Where v ¥ Selection Operation
e . . Y
* A: classification accuracy [Vahdare the Generated Model ‘

* F;: feature value ¥

* W,: weight of classification accuracy [Camﬂamhe:\.mdd Accuracy
e W, feature weight
* C;: feature cost

* When ending condition is satisfied,
the operation ends, otherwise,
continue with the next genetic
operation

h
[ Cal culate the Fitness Value

Optimized Feature Subset J
17T
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I Results: Without GAFS+B

0.763 0801 0.713 0.766 0.726 0.852 0.849 081 @ 0.894

Statistical LDA 0471 0536 0447 0503 058 0454 0577 0524 061
Classifier

NB 0734 0786 067 0739 0732 0781 0811 0756 0.838
ST kNN 05 05 05 05 05 05 05 05 05
Neighbor K* 06 0678 0562 058 063 0652 0754 0697 0.76
Neural BP 0713 0791 0647 071 0625 0784 0918 079  0.883
Network
SupportVector o\, 0753 0752 0642 0761 0714 079 0534 075  0.899
Machine

C4.5 0.565 0515 0497 0455 0543 0601 0493 0.715 0.723
Decision Tree CART 0.604 0.648 0.637 0482 065 0574 0491 0.68 @ 0.623
RF 0573 0485 0477 0525 0.74 0.618 0.649 0.678 0.2
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Results: With GAFS+B
----

Statistical

Classifier LDA
NB

Nearest k-NN

Neighbor K*

Neural

Network BP

Support Vector

Machine SVM
C45

Decision Tree CART

* Almost all classifiers that implemented GAFS+B method
outperform the original method
* GAFS+B affected significantly on the performance of the class

limuKomputer

RF

0.753
0.592
0.702
0.666
0.71

0.744

0.667

0.64
0.674
0.706

0.795
0.627
0.79

0.689
0.822

0.797

0.767

0.618
0.818
0.584

0.691
0.635
0.677
0.67

0.503

0.707

0.572

0.658
0.754
0.605

imbalance suffered classifiers

0.761
0.64

0.739
0.783
0.718

0.835

0.747

0.732
0.709
0.483

0.742
0.674
0.724
0.656
0.68

0.689

0.659

0.695
0.703
0.735

0.852
0.637
0.799
0.734
0.876

0.829

0.774

0.758
0.819
0.696

0.822
0.607
0.805
0.554
0.877

0.905

0.139

0.642
0.832
0.901

0.813
0.635
0.78

0.649
0.816

0.799

0.476

0.73
0.842
0.734

0.901
0.715
0.861
0.732
0.893

0.921

0.879

0.844
0.9
0.601
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|| Without GAFS+B vs With GAFS+B

LR 0.156 Not Sig. (o> 0.05)
Statistical .
Classifier LDA 0.00004 Sig. (a < 0.05)

NB 0.294 Not Sig. (o> 0.05)
Nearest k-NN 0.00002 Sig. (a < 0.05)
Neighbor K* 0.001 Sig. (. < 0.05)
Neural Network  BP 0.008 Sig. (o < 0.05)
Support Vector .
Machine SVM 0.03 Sig. (0 < 0.05)

C4.5 0.0002 Sig. (a < 0.05)
Decision Tree CART 0.0002 Sig. (a < 0.05)

RF 0.01 Sig. (o < 0.05)

* Although there are two classifiers (LR and NB) that have no significant
difference (P value > 0.05), the remaining eight classifiers (LDA, k-NN, K*,
BP, SVM, C4.5, CART and RF) have significant difference (P value < 0.05)

* The proposed GAFS+B method makes an improvement in prediction

performance for most classifiers
limuKomputer DEVS



A Hybrid Genetic Algorithm based
I Neural Network Parameter

Testing Tratning
Optimization and Bagging e o
e Select Neuml Network Parmmeters:
Technique for Software Defect | “Iiru R Momennan, and -
° . Training Cycles
Prediction (NN GAPO+B) - ; i
Separates a Training Setinto
Several New Trainmg Sets by
Random Sampling
. v
* Every chromosome is evaluated by the Train Neural Network with )
. . . Selected Parameters based on [+—
fitness function Equation New Training Sets | ‘ [ Vuation Opention }
-1
itness =W, x A+ Wp x| S+ C; X P, Al Trining Sefi
d ! ’ < (; )) timhe® [ Crossover Opermation ]
* Where _ ‘ f
. . Combine Votes of All Model SJ
e A: classification accuracy ! :: [ Selection Operafion ]
* P;parameter value V ali date the Generated Model t
* W,: weight of classification accuracy - /
. h
* Wp: parameter Welght Calculate the Model Accuracy
e (;: feature cost \
* S:setting constant [ = ]
. L. . . . Cal culate the Fitness Value
* When ending condition is satisfied, the T
operation ends and the optimized NN

parameters are produced. Otherwise,
the process will continue with the next :
generation operation [Gpﬁmd}‘m”ﬂmﬂ

Parameters
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I Results: NN GAPO+B

T N T A

0.713  0.791 0647 071 0625 0784 0918 079  0.883
NN GAPO+B | 0744 0794 0703 0779 076 0801 092 0798 0871

1
0.9

Variable 1  Variable 2
0.8

ol Mean 0.762333333 0.796666667
06 Variance 0.009773 0.004246
05 Observations 9 9
0.4 Pearson Correlation 0.923351408
22 Hypothesized Mean Difference 0
01 df 8
o )
cMm1 KC1 KC3 MC2 PC1 PC2 PC3

= i 0.02791077

AUC

Data Sets

EBP M®BP(GAPO+Bagging)

* NN GAPO+B outperforms the original method in almost all datasets
 The proposed (NN GAPO+B) method makes an improvement in
prediction performance for back propagation neural network (P<0.05)
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! Framework Comparison

CM1 KC1 KC3 MC2 MWl PCl PC2 PC3 PC4
NB only (Lessmann et al.) 0.734 0.786 0.67 0.739 0.732 0.781 0.811 0.756 0.838

NRT R eleE TR CI R EIR:1] 0.708 0.786 0.677 0.712 0.752 0.775 0.885 0.756 0.84
' NAN1T 0700 N749 N707 _N704 0742 0824 05K’ N R1?

NB (PSOFS+B) 0.756 0.847 0.71 0.732 0.748 0.79 0.818 0.78 0.85
NB (GAFS+B 0.702 0.79 0.677 0.739 0.724 0.799 0.805 0.78 0.861

0.9

0.8

0.7
0.6
0.5
0.4
0.3
0.2
0.1
CM1 KC1 KC3 MC2 MW1 PC1 PC2 PC3 PC4

Datasets

AUC

=]

B NB only (Lessmann et al.) B NB with InfoGain (Menzieset al.) m NB with FS (Song et al.)
m NB (PSOFS5+B) m NB (GAFS+B)
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|| Weighted Average of Relevant Attributes

0,90
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|| Research Publication on RQ3

Romi Satria Wahono and Nanna Suryana, Combining
Particle Swarm Optimization based Feature Selection
and Bagging Technique for Software Defect Prediction,
International Journal of Software Engineering and Its
Applications, Vol 7, No 5, September 2013

ISSN: 1738-9984
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International Journal of Software
Engineering and Its Applications

IJSEIA

:i_UQ \.Ili‘l'_ Vol.7, No.2, March, 2013
~Tor(i=01068
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