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Introduction

What is a SLR?

conL

® A means ofevaluating and interpreting all
available research relevartb a particular
research questicor phenomenon of interest.

® SLRs aim topresent a fair evaluation of a
research topic by wusing a trustworthy,
rigorous, and auditable methodology.
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Introduction

Evidence Based Medicine

Our vision is that healthcare decision-
making throughout the world will be
informed by high-quality, timely
research evidence

http://www.cochrane.org

THE COCHRANE
COLLABORATION®

Working together to provide the best evidence for health care

to The Cochrane Library

s

Introduction

SLRs are getting relevance in SE

Examples of SLRs of SLRs

Kitchenham, B., Brereton, P., Budgen, D., Turner, M., Bailg, J.,
Linkman, S. (2009). Systematic literature reviews in software
engineering — A systematic literature review. Informatand Software
Technology 51, 7-15.

® B. Kitchenham et al. (2010). Literature reviews in software
engineering — a tertiary study, Information and Softwarehfmlogy 52
(8) 792-805.

® Fabio Q.B. da Silva, André L.M. Santos, Sérgio Soares, A. CasC.
Franga, Cleviton V.F. (2011). Six Years of Systematic Literature
Reviews in Software Engineering: An Updated Tertiary Study
Information and Software Technology. 53 (9), 899-913.

® Zhang, H., Ali Babar, M. (2013). Systematic reviews in software
engineering: An empirical investigation. Information ai@bftware
Technology, 55(7),1341-135% 142 (72 SLR y 72 SMS)
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MOTIVATION

Motivation

) 44

*Most research startsor should start with a
literature review of some sort.

*Unless diterature review is thorough and fait
is of little scientific value.

*A systematic reviewsynthesizes existing work
in a manner that is fair and seem to be fair.




Motivation

®* SLRs must be undertaken in accordance with a
predefined search strategythat must allow the
completeness of the search to be assessed.

* Researchers performing a SLR must make every
effort to identify and report research that does not
support their preferred research hypothesswvell
as identifying and reporting research that supports
it.

Motivation

® To summarize the existing evidence concerning a
treatment or technology (e.go summarize the
empirical evidence of the benefits and limitations of
a specific agile methqgd

® Toidentify any gapsn current research in order to
suggest areas for further investigation.

® To provide aframework/backgroundn order to
appropriately position new research activities.

® To examinethe extent to whictempirical evidence
supports/contradicts theoretical hypotheseseven
to assist the generation of new hypotheses.

[i0]




Motivation

Prons & Cons

* The well-defined methodology makesldtss likelythat
theresultsof the literatureare biased

*  They canprovide informatiorabout the effects cfome
phenomenonacross awide range of settings and
empirical methods.

* In the case of quantitative studies, it ssibleto
combine data usingieta-analytic techniques.

* The majordisadvantagef systematic literature reviews
is that they require considerablynore effort than
traditional literature reviews.

Motivation

Other reviews

*|ndividual studies contributing to a systemati
review are callegrimarystudies

*A systematic review is a form ofecondary
study.

°*A systematic review that analyzes thg
information in SLR is &ertiarystudy.

CJ
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Motivation

Other reviews

Systematic Mapping Studies

® When it is discovered thatry little evidence is likely

to exist or that the topic is very brotheen a systematic
mapping study may be a more appropriate exercise th
a systematic review.

® A systematic mapping study allowse evidence in a
domain to be plotted at a high level of granularity.

® This allows for thedentification of evidence clusters
and evidence deseis direct the focus of future
systematic reviews and to identify areas for more
primary studies to be conducted.

B

an

Introduction

Other reviews

A

Elementos

Systematic Mapping

SMS

Studies

SLR

Objetivos

Clasificacion y analisis tematico de la literatura
sobre un tema especifico de la ingenieria de|
software

Identificar las mejores practicas con respecto a a
procedimientos, tecnologias, metodos o
herramientas especificas, mediante la agregacion
de informacion obtenida a partir de estudios
empircos.

Pregunta de investigacion

Generica, relacionada con tendencias de
investigacion, como por gjemplo: que
investigadores, cuantos estudios, qué tipo de
estudios, etc.

Especifica, relacionada con resultados de
estudios empiticos, como por gjemplo: jEs mejor
el método/tecnologia A que laB?

Proceso de busqueda

Definido por el drea de estudio o de interés

Definido por la pregunta de mvestigacion la cual
identifica la tecnologia especifica que esti siendo
investigada

Alcance

Amplio — ge incluyen todos los articulos sobre un
area de interes, pero solo se extrae de ellos datos
para clasificarlos

Centrado— solo se incluyen articulos que
contengan estudios empiricos relacionados con
las preguntas de nvestigacion y se extrae de ellos
informacion detallada sobre los resultados
obtenidos en cada uno de ellos

[14]




Motivation

Other reviews

Systematic Mapping Studies

SMS

SLR

e

A menudo menos estricta sils se buscan
tendencias, por ejemplo se puede buscal
solo en un conjunto esgéco de
publicaciones, liméndolas a aftulos de
revistas, o limiindolas a una o dos
bibliotecas digitales

Extremadamente exigertse deben
encontrar todos los dctlos relevantes.
Generalmente ade de buscar en las
fuentes establecidas, puede ser necesa

buscar en las referencias de los estudio$
primarios seleccionados o consultar a los

expertos para incluir el mayotimero de
articulos posible

io

g;uaoén de la
ad

)

bed

e

No es esencial. Al incluir tanto estudios
tedricos como emipicos de cualquier tipo,
suele ser muy diil definir un mecanismo
de evaluadn

Es importante asegurarse de que
resultados se basan en la evidencia
mejor calidad

los
de

ultados

Un conjunto de farilos relacionados con
un area de inte¥s clasificados en una seri
de dimensiones, especificando éimero
total de arculos en cada dimerdsi

Se agregan los resultados de los estudig
e emgricos para contestar a las preguntag
investigacdn

2]
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Motivation

Other reviews

Tertiary Reviews

® In a domain where a number of systematic reviews exi
already it may be possible to conduct a tertiary revie\
which is a systematic review of systematic reviews
order to answer wider research questions.

® Atertiary reviewuses exactly the same methodol@sy
a standard systematic literature review.

® |t is potentiallyless resource intensivthan conducting
a new systematic review of primary studies but i
dependent on sufficient systematic reviews of a high
quality being available.

6]
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Introduction

Running examples
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® (AGILE) Tore Dyba, Torgeir DingsgyrEmpirical

studies of agile software development: A systemg

review. Information & Software Technology 50(9-10)

833-859 (2008).

(GSE) Darja Smite , Claes Wohlin,Tony Gorsche
Robert Feldt. (2010)Empirical evidence in global
software engineering: a systematic review. Empirig
Software Engineerind,5, 91-118. (SLR)

(UML) Marcela Genero, Ana M. Fernandez, H.

James Nelson, Geert Poels, Mario Piattini. (2011)|
Systematic Literature Review on the Quality of UM
Models.Journal of Database Management, 23(3), 4
70. (SMS)
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Empirical studies of agile software development: A systematic review

Tore Dyba *, Torgeir Dingsoyr
SINTEF ICT, 8 P. Andersense. 158, NG-7465 Trandheim, Nonway
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Absiract

Agl: saftware development represents a major departure from tradifional, plan bi.v:d approaches o software cnginesring. A sysiem-

a i fcted. ategy ientificd
and adoption,
rrently known about
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Keywards. Epirical software enginsering, Eyidence-hased sf tware engineerin g Syslematic [ s Al ' XP,
Exireme progamming, Scrum
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Motivation

Running examples (GSE)

Empir Software Eng (2010) 15:91-118
DOI 10.1007/510664-009-91 23-y

Empirical evidence in global software engineering:
a systematic review

Darja Smite » Claes Wohlin « Tony Gorschek «
Robert Feldt

online: 15 December 2009
pringer Science Business Media, LLC 2009
Editor: James Herbsleh

Abstract Recognized as one of the trends of the 21st century, globalization of the world
economics brought significant changes to nearly all industries, and in particular it includes
software development. Many companies started global software engineering (GSE) to
benefit from cheaper, faster and better development of software systems, products and
services. However, empirical studies indicate that achieving these benefits is not an casy
task. Here, we report our findings from investigating empirical cvidence in GSE-related
research literature. By conducting a systematic review we observe that the GSE field is still
immature. The amount of empirical studies is relatively small. The majority of the studies
represent problem-oriented reports focusing on different aspects of GSE management rather
than in-depth analysis of solutions for example in terms of useful practices or techniques.
Companies are still driven by cost reduction strategies, and at the same time, the most
frequently discussed recommendations indicate a necessity of investments in travelling and
socialization. Thus, at the same time as development goes global there is an ambition to

minimize geographical, temporal and cultural separation. These are normally integral parts
i :
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Motivation

Running examples (UML)

46 Journal of Database Management, 22(3), 46-70, July-September 2011

A systematc

mapplng Study REsEARCH REVIEW

A Systematic Literature Review
on the Quality of UML Models

Marcela Genero, University of Castilla-La Mancha, Spain

Database Ana M. Fernindes-Saez, University of Castilla-La Mancha, Spain
Management . James Nelson, Southern liots Universiy, USA
Geert Poels, Faculty af Economics and Business Admiristration, Ghent University, Belgium

Mario Piattini, Untversity of Castilla-La Mancha, Spain

ABSTRACT

The qualiy of conceptual models directly affecss the quality of the understanding of the application domain
and the quality of the final software producs that are ultimately based on them. This paper describes a sys-
2 905 (SLR) i 1997 through
2009 on the quality of conceptual models written in UML, wndertaken to understand the state-af-the-art,
and then identify any gaps in current research. Six digital libraries were searched, and 266 papers dealing
UML models were identified fpecfmodel
qualify, ype of evidence, type of research resull, fype of diagram, and research goal. The resuilts indicate
thett mast research focuses on semaric qualiy, with relaiively litie o semantic completeness; as such, this
i i vs. quali and metrics, as well as quality assurance
v indicate that develop
a theorefical nderstanding of conceptual model quality. The classification scheme developed in this paper
can serve as a guidefor both researchers and practitioners.

Keywords:  Concepnial Model Quality, Conceptual Models, Software, Systematic Literature Review,
Unified Modelig Language (UML)

INTRODUCTION g

w reducing
Software is becoming increasingly complex. the complexity of software. is through the use
So complex. in fact, that it is widely acknowl-  of models (Thomas, 2004). Over the years. we

10



Review process._
Phases

L
| L

11



Review process._
Phases

® The stages may appear to be sequential, but it is important to
recognise that many of theages involve iteration.

® Many activitiesare initiated during the protocol development
stage, andrefined when the review proper takes place. For
example:

® The inclusion and exclusion criterare initially specified
when the protocol is drafted but may be refined after
quality criteria are defined.

® Data extraction formnitially prepared during construction
of the protocol will be amended when quality criteria are
agreed.

® Data synthesis methoddefined in the protocol may be
amended once data has been collected.

)

Review process

Planning

| Identification of the need
for a review

Research questions
specification

Review Protocol
Development

[24]
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Review process

K’%/ Planning

Identification of the need for a review

Researchers should identéynd review angxisting systematic
reviewsof the phenomenon of interest against appropriate
evaluation criteria:

What are the review’s objectives?

® What sources were searched to identify primaryisgtdwWere
there any restrictions?

® What were the inclusion/exclusion criteria and heare they
applied?

® What criteria were used to assess the qualityiofgy studies
and how were they applied?
How were the data extracted from the primary salie
How were the data synthesised? How were differehebseen
studies investigated? How were the data combineal? itV
reasonable to combine the studies? Do the condlsifiow
from the evidence?

5]

Review process

K’%/ Planning

Research question(s)

Specifying the research questions is the most importaniopany
systematic review.

The review questions drive the entire systematic review
methodology:

®* The search processnust identify primary studies that
address the research questions.

* The data extraction proceseiust extract the data items
needed to answer the questions.

* Thedata analysis processust synthesise the data in such a
way that the questions can be answered.

2]
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Review process

Research question(s) K\%/ Planning

The critical issue in any systematic review is to ask the
right question.

The right question is usually one that:

* |s meaningfuland important tqoractitionersas well as
researchers

* Will lead either to changes in current softwar

value of current practice.

* |dentify discrepanciebetween commonly held beliefs
and reality.

7]

engineering practicer to increased confidence in the

D

1

Review process

@/ Planning

Question types

Assessing the effect of a software engineering
technology

* Assessing thefrequency or rate of a project
development factor suchas the adoption of a
technology, or the frequency or rate of project succe
or failure.

* Identifying cost and risk factorsassociated with a
technology.

¢ |dentifying the impact of technologieen reliability,
performance and cost models.

* Cost benefit analysief software technologies.

28]

14



L=

y

o Review process
—{E“@ K’%/ Planning
RQ Example (AGILE)

RQ1. What is currently known about the benefits and
limitations of agile software development?

RQ2. What is the strength of the evidence in support of
these
findings?

RQ3. What are the implications of these studies for the
software
industry and the research community?

TN Review process

‘Y,

;ﬁ:—"""" K’%/ Planning
RQ Example (GSE)

® Question 1: What is the state-of-the-art in empirical
studies of GSE?

® Who is Involved in GSE?

® Where are the Development Sites Located?

® Whatis Studied in GSE?

® How Successful are the Cases Reported
Literature?

® Why are Companies Involved in GSE?

® Question 2: What is the strength of the empirica
evidence reflected in the empirical GSE?
[30]
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Review process

S~
i
@“?‘:";X &".,,"Z\/, Planning

| RQ Example (UML)

RQ1. Which type of UML model quality has been
investigated by researchers?

RQ2. Which research methods are used in research
UML model quality?

RQ3. What is the nature of the research results on UM
model quality?

RQ4. Which research goals are aimed at in research
UML model quality?

RQ5. Which type of UML diagrams is the focus of the
research on UML model quality? 5]

on

IL

on

Review process

K’%/ Planning

Review protocol

» Areview protocol specifies the methods that will be use
to undertake specific systematic reviewp reduce the
possibility of researcher bias.

* The components of a protocol include all the elements
the review plus some additional planning information.

pd

of
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Review process

K’%/ Planning

Review protocol development

® Background. The rationale for the survey.
® Theresearch questionghat the review is intended to answer

®The search strategy that will be used to search for primary
studies includingsearch termsand resources to be searched
Resources include digital libraries, specific journalsnda
conference proceedings.

® Study selection criteria Study selection criteria are used to
determine which studies arecluded in, or excludedfrom, a
systematic review. It is usually helpful to pilot the seient
criteria on a subset of primary studies.

3]

Review process

K’%/ Planning

Review protocol development

Study selection proceduresThe protocol should describe how the
selection criteria will be applied e.g. how many assessois w
evaluate each prospective primary study, and how disagnetsm
among assessors will be resolved.

* Study quality assessment checklists and proceduresThe
researchers should develop quality checklists to assees t
individual studies. The purpose of the quality assessméhgwde
the development of checklists.

* Data extraction strategy. This defines how the information
required from each primary study will be obtained.

17



Review process

K’%/ Planning

Review protocol development

Synthesis of the extracted data.This defines the synthesis
strategy. This should clarify whether or not a formal meatatgsis
is intended and if so what techniques will be used.

* Dissemination strategy. How and where the results will be
published or disseminated.

* Project timetable. This should define the review schedule.

Review process

K’%/ Planning

Review protocol: Search strategy
Search strategies are usually iterative and benefit from:

*Preliminary searchegimed at both identifying existin
systematic reviews and assessing the volume of potern
relevant studies.

* Trial searcheraising various combinations of search te
derived from the research question

* Reviews of research results

* Consultations with experia the field

g
tially

ms
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Review process

K’%/ Planning

Review protocol: Search strategy
Initial searches for primary studies can be undertanitially
using electronic databases but this is not sufficie

® Other sources of evidence must also be searchatk{soes
manually) including:

» Reference lists from relevant primary studies awew
articles

» Journals (including company journals such as thé 1B
Journal of Research and Development), grey liteeg(iLe.
technical reports, work in progress) and conference
proceedings

» Research registers

* The Internet

To identify expert researchers

Review process

K’%/ Planning

Review protocol: Search string

Constructed using the following steps:
* Define the major terms

¢ |dentify alternative spellings, synonyms, relatewdts for
major terms.

* Check the keywords in any relevant papers we ajrbad.

* Use the Boolean, to incorporate alternative splin
synonyms, related terms.

* Use the Boolean AND to link the major terms

19



Review process
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Review protocol: Search String
'\ An example (AGILE)

/(1) agile AND software

(2) extreme programming

(3) xp AND software

(4) scrum AND software

(5) crystal AND software AND (clear OR orange OR
red OR blue)

(6) dsdm AND software

(7) fdd AND software

(8) feature AND driven AND development AND
software

(9) lean AND software AND development

10R20OR3OR40R50R60R70R80R9

Review process

‘Y /—ﬂ
A e
=
J ~

K’%/ Planning

Review protocol: Search String

) An example (GSE)

The final search strings were based on the expmrirom the pilot
searches and consisted of a Boolean expression:

(A1 OR A2 OR A3 OR A4) AND (B1 OR B2 OR B3 OR B4),
where

Al—qglobal software development Bl—emjiric
A2—qglobal software engineering B2—inmiias
A3—distributed software development  B3—experimen
Ad—distributed software engineering B4—caselyst

20



Review process
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Review protocol: Search String

An example (UML)

Major terms Alternative terms

Quality quality OR consistency OR maintainability OR
understandability OR completeness OR comprehensiof
OR comprehensibility OR testability OR defect OR

effectiveness OR complexity OR readability OR metric
OR measure OR efficiency OR validation OR verificati

OR layout
UML UML OR Unified Modeling Language
Representation Representation OR diagram OR model

Therefore, we defined the following search string:

(UML OR UNIFIED MODELING LANGUAGE) AND (REPRESENTATION OR
DIAGRAM OR MODEL) AND (QUALITY OR CONSISTENCY OR
MAINTAINABILITY OR UNDERSTANDABILITY OR COMPLETENESS OR
COMPREHENSION OR COMPREHENSABILITY OR TESTABILITY OR DEFECT
OR EFFECTIVENNES OR COMPLEXITY OR READABILITY OR EFFICIENCY
OR VALIDATION OR VERIFICATION OR LAYOUT)

Review process

—@?}Q K’%/ Planning
Review protocol: Search Sources
An example (AGILE)

*ACM Digital Library

» Compendex

* IEEE Xplore

* ISI Web of Science

* Kluwer Online

* ScienceDirect — Elsevier

* SpringerLink

* Wiley Inter Science Journal Finder

In addition, we hand-searched all volumes of the following conference
proceedings for research papers:

* XP

» XP/Agile Universe

« Agile Development Conference

21
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Review protocol: Search Sources

An example (GSE)
* Compendex,
* |EEE Xplore,
® Springer Link,
* ISl Web of Knowledge,
* ScienceDirect,
* Wiley Inter Science Journal Finder,
* ACM Digital Library

P Review process

W =ce,
~ @/’ Planning

Review protocol: Search Sources

An example (UML)

* SCOPUS database,

* Science@Direct with the subject Computer Science,

* Wiley InterScience with the subject of Computer Science, |
¢ |EEE Digital Library,

* ACM Digital Library,

* SPRINGER database.

22



Review process

K’%/ Planning

Review protocol

Bibliography management and document
retrieval

* Bibliographic packages such as Reference
Manager, Endnote are very useful to manage
the large number of references that can be
obtained from a thorough literature research.

* Once reference lists have been finalized the
full articles of potentially useful studies will
need to be obtained.

[45]

Review process

K’%/ Planning

Primary studies selection
Study selection criteria

* Selection criteriashould be decided during the
protocol definition

* |nclusion and exclusion criterishould be based on
theresearch question

* They should be piloted to ensure that they can be
reliably interpreted and that they classify studies
correctly.

[46]




Review process

K’%/ Planning

Primary studies selection

Study selection process
* |nitially, selection criteria should be interpretédzerally,
so that unless studies can be clearly excludedlb@se
tittes and abstracts, full copies should be obthine

* Final inclusion/exclusion decisions should be made after
the full texts have been retrieved.

* Maintain a list of excluded studies identifying the reason
for exclusion.

Reliability of inclusion decisions
* When two or more researchers assess each paper,
agreement between researchers must be reached

J47]

Review process

R

.

AC {E“LMY K’%/ Planning
Primary studies selection

Inclusion criteria: Example (AGILE)

Inclusion criteria:
» Present empirical data on agile software development
* and passed the minimum quality threshold.
» Studies of both students and professional software
« developers were included.
« XP, Scrum, Crystal, DSDM, FDD, and Lean.
« qualitative and quantitative research studies,iphétl up
to and including 2005.
* Studies written in English were included.

24
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Review process
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Primary studies selection
Inclusion criteria: Example (AGILE)

Exlusion criteria:

 Editorials, prefaces, article summaries, interviews, siew
reviews, correspondence, discussions, comments, reader’
letters and summaries of tutorials, workshops, panels, and
poster sessions.

 If their focus, or main focus, was not agile software
development or if they did not present empirical data.

* “Lessons learned” papers (papers without a research
question and research design) and papers merely based on
expert opinion

[49]

A Review process

] _@3:“}? K’%/ Planning
Primary studies selection
Inclusion criteria: Example (UML)
Inclusion criteria:

* Papers which dealt with UML and the tangible resaft
the modelling process (the UML diagram),

* were written in English,

¢ and were published between 1997 and 2009.

25



Review process
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Primary studies selection
Inclusion criteria: Example (UML)

Exclusion criteria:

* pure discussion and opinion papers, studies available ionly
the form of abstracts or PowerPoint presentations,

® duplicates (for example, the same paper included in mone tha
one database or in more than one journal),

* research focusing issues other than UML model quality (for
example, functional size measurement), or where quality is
mentioned only as a general introductory term in the paper’s
abstract and an approach

* or other type of proposal related to quality is not amongst th
paper’s contributions.

* Papers were also excluded if they dealt with the quality and
complexity of UML as a language (for example, how to make
UML the language simpler) rather than on the quality and
complexity of the models produced by UML, and finally if the
paper was a summary of a workshop. @

Review process

"v,,"f'»\/ Planning

Quality assessment

It is generally considered important to assess the
“quality” of primary studies

* To provide still more detailed inclusion/exclusion criger

* To investigate 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 synthesised.

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

* To guide recommendations for further research.

7]
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Review process
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Development of quality instruments

Itis advisable to :
®build checklists
®assign numerical scale® numerical assessments of quality
can be obtained.

Checklists are also developed by considering masvalidity
problems that can occur at the different stagesiempirical study:
Design, Conduct, Analysis, and Conclusions.

Kitchenham et al (2007) in the technical reporivde:
®A quality checklist for quantitative studies

® A quality checklist for qualitative studies

P Review process

=N
-
ey )
@},‘l—-‘f;\ Y4 .
i Xz Planning

Quality assessment: example (AGILE)

. Is the paper based on research (or is it mertéigsaons learned”

, report based on expert opinion)?

/2. Is there a clear statement of the aims of theares?

. Is there an adequate description of the contewtich the research
was carried out?

. Was the research design appropriate to addressris of the
research?

. Was the recruitment strategy appropriate to ims af the research?
. Was there a control group with which to compegatments?

. Was the data collected in a way that addressereearch issue?

. Was the data analysis sufficiently rigorous?

. Has the relationship between researcher ancjpeits been
considered to an adequate degree?

10.Is there a clear statement of findings?

11. Is the study of value for research or practice?

27



Review process

@/ Planning

Data extraction

® Design of data extraction forms

Contents:
* Name of Review
« Date of Data extraction
» Title, authors, journal, publication details
* Space for additional notes

®Data extraction procedures

® Mutiple publications of the same data

Review process

@/ Planning

Data extraction form: Example (GSE)

® General informationmetadata of the papers

® RelevanceTechnical and methodological flaws of the
study

® Empirical Background, GSE Backgrountiiformation
about the sample, population or participants

® Study:Central focus of the study and the problem
addressed

® Qualitative evaluationReview of the key results

28
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Data extraction form: Example
(AGILE)
Study description
1. Study identifier Unique id for the study
2. Date of data extraction
3. Bibliographic reference (Author, year, title, soe)
4

Type of article (Journal article, conference pawerkshop paper,
book section)

5. Study: aims What were the aims of the study?
6. Objectives: What were the objectives?

7. Design of study: Qualitative, quantitative (exp®mt, survey, case
study, action research)

8. Research hypothesis: Statement of hypothesasy if

9. Definition of agile software development given tndy: Verbatim
from the study 57]

Review process

—@%ﬂ K’%/ Planning
Data extraction form: Example
(AGILE)

S\ Study description
10. Sample description Size, students, professionals éfyesation,
experience)

11. Setting of study Industry, in-house/supplieaducts and processes
used

12. Control group Yes, no (number of groups, saraje)

13. Data collection How was the data obtained?diipm@naires,
interviews, forms)

14. Data analysis How was the data analyzed? (qtiaéi, quantitative)
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Review process

@/ Planning

Data extraction form: Example
(AGILE)

\ Study findings

1. Findings and conclusions: What were the findiagd conclusions?
(verbatim from the study)

2. \Validity: Limitations, threats to validity

3. Relevance: Research, practice

Review process

. \ .
Data synthesis K\";;;/ Planning

Descriptive synthesis
» Extracted information should be tabulated

» Quantitative synthesis
» Descriptive statistics
e Meta-analysis
» Qualitative synthesis
e Narrative synthesis
+ Thematic synthesis ~ (most used)
e Grounded theory
» Case survey

e Content analsyis

* Meta-etnography D
60
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Review process

K’%/ Planning

Protocol review

The protocol is a critical element of any systematic review.
* Researchers must agree a procedure for reviewing the pfotoc

e If appropriate funding is available, a group of independent
experts should be asked to review the protocol.

* The same experts can later be asked to review the final report

* PhD or master students should present their protocol ta thei
supervisors for review and criticism.

Review process

K’%/ Planning

Lesson learned from protocol construction

Brereton et al. (2007) identify a number of isstneg researchers
should anticipate during protocol construction:
* A pre-review mapping studymay help in scoping research
questions.
* Expect to revise questions during protocol developmens
understanding of the problem increases.
* All the systematic review teamembersneed to take amctive
part in developing the review protocol, so they understand to
perform the data extraction process.
* Piloting the research protocisl essential.
* |t will find mistakes in the data collection and aggregation
procedures.
* |t may also indicate the need to change the methodology
intended to address the research questions including
amending the data extraction forms and synthesis methoqj
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Review process

Execution

Research

identification % \L
Primary studies l§ B
3 A .g’
L Quality
assessment
L Data
extraction
L Data synthesis

3]

Review process

J  Execution
A N —————

Research identification

Search the primary studies following the search strategy
It could be necesary:

» Torefine the search string

» To add search sources

» To change the search epriod

Save the searches, the meta-data, teh abstrad
Bibliography managegment systems (EndNote, Bib
etc.)

Detect duplications (found in several search sources)

[64]

-
=

Tex,
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Review process

2 A

Research identification

Documenting the search

Theprocesof performing a systematic review must
betransparenandreplicable

®* The review must be documenteih sufficient detail for
readers to be able to assess the thoroughness of the search.

* The search should be documented as it occurscarashges
noted and justified.

J  Execution

Review process

J  Execution
P R

Research identification

Documenting the search

| Data Source

Documentation

Electronic database

Name of database

Search strategy for each database
Date of search

Years covered by search

Journal Hand Searches

Name of journal
Years searched
Any issues not searched

Conference proceedings

Title of proceedings

Name of conference (if different)

Title translation (if necessary)

Journal name (if published as part of a journal)

Efforts to identify
unpublished studies

Research groups and researchers contacted (Names and contact details)
Research web sites searched (Date and URL)

Other sources

Date Searched/Contacted
URL
Any specific conditions pertaining to the search
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Review process

J  Execution
Fa <

Primary studies selection

The selection of primary studies muske into accounthe
inclusion/exclusion critreiand the procedure defined in the
protocol.

If any primary study it is not avialable to be downloaded,
you can contact with other eresarchers or the uathors.

In this tasks the list of the selected primary studiegs is
obtained.

The primary studies must be managed by a bibliogrgphic
management tool (EndNote, BibTex, etc.).

It is advisable to keep the list of the excluded studies angl the

motivation for thie exclusion. ]
67

Review process

J  Execution
A KN

Quality assessment

e Carry out the quality assessment according the insrrungined on
the protocol

e Itcould be necessary ti exclude the primary study that eath the
required level of quality

Data extraction
« Fill the data exctraction form defined in the protocol
« Th data exctraction could be checked by oter researcher
 Discrepancies must be solved
« If duplicates are found the most complete and recenystubt be
considered

Data synthesis
« The extracted data is synthesised using the techniqutdisisad in the

protocol for answering the formulated research questions
J68]




Review process

Reporting

Report formatting

Dissemination media
selection

Review process
Reporting

Dissemination strategy

® It is important to communicate the resultof a
systematic review effectively.

® Most guidelines recommenaanning the dissemination
strategy when preparing the systematic review protoca
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Review process
Reporting

Dissemination venues

Journals
¢ Information and Software Technology
*|EEE Transactions on Software Engineering
* Empirical Software Engineering
*|EEE Software — Voice of Evidence column

Conferences
* ESEM (Empirical software engineering and
measurement)
* EASE (Evaluation and assessment in software
engineering)

Review process
Reporting

Dissemination strategy

If the results of a systematic review are intended fo
influence practitioners, other forms of dissemination aye
necessary:

* Practitioner journals and magazines,

* Press releases to popular and specialized press,
® Short summary leaflets,

* Posters,

* Web pages,

* Direct communication to affected bodies.




=

Report formatting

two formats:

Review process

Reporting

Usually systematic reviews will be reported in at least

In atechnical reporor in a section of &hD thesis.
In ajournal or conference paper.

restriction.

Ajournal or conference paper will normaliyve a size

In order to ensure that readers are able to properly

evaluate the rigour and validity of a systematic review,
journal papers should reference a technical report or
thesis that contains all the detalils.

73]

Table @ Structure and contents of reports of systematic reviews

Sectien Subsection Scape
Tutle®
Authorship®
Executive summary Context The mmportance of the ressarch
or Structurad quastions addressed by the review
Abstmaet* Obyectives The guestions addiassed by the
Systematic 1eview
Methods Dam Sewnres, Smdy selection Qualiey
Avsassment and Data extraction
Rasaults Main Ending including any weta-
analyuis resuls and sensitivity
analysss
Conclusions Imphcations for practice znd foturs
rezzarch
Baekzvound Jusinfieation of the meed for the review.

Summary of previens reviaws

Eeview questions

Each review question 1thould be
specified

Revieo Methods Data sonrces and search

SRRy

Study salection

Study guzbity assessment

Diata exnaction

Data synthaws
Includad and Inchision and exclhesion critena
excluded smudies List of excluded studies with yationsle

fior excluson
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Fesults Pmdmngs Dezcnption of primary smdies
Results of any guantitative summaries
r Details of any mets-analyss

Senutivity analyss

Discusuon Prineipal findings
Swengths and Wealmesses | Strensth and wesknasses of the
evidence meleded m the review
ERelztion to other reviews, particunlarly
considenng any differences n quality
and TRl N
Meaning of findings Duaction and magnitude of affect
observed in summarized studies
Applicability (gensralisability) of the
Endings

Cenclusions Feeommendations Practical impheanons for software
development

Unanswered questions and implications
for fumrs research

Acknowledgamants* All parsens who contnbuted fo the
research but did fulfil authorship
criteria

Conflict of Interest

Fefersnces and
Appendices

~
(3]

Review pro

Ccess

Reporting: Graphical representation

Forest plot: a meta-analysis study

Effect size Lower limit Upper limit Effect size and 95% confidence interval

Study
P07a 0.1 -0.24 0.46 :t
S06a 0.08 -0.28 043 :
500 1.04 0.65 143 | —
S03 0.10 -0.44 0.64 —
S05b 0.28 -0.32 0.88 —
PO7b 0.69 -0.09 1.46 i
502 0.30 -0.50 1.09 :
S06¢ 0.32 —0.69 132 :
~ S06b 0.51 -0.59 1.62 i
P98 0.91 -0.28 2.10 ; =
506d 2.20 058 3.82 : >
Overall effect 0.38 0.21 0.55 <>
-2.00 -1.00 0.00 1.00 2.00

Favors solo programming Favors pair programming
Tore Dyba, Erik Arisholm, Dag 1. K. Sjgberg, Jo &ine Hannay,
Forrest ShullAre Two Heads Better than One? On the Effectiveoiess
Pair ProgramminglEEE Software 24(6): 12-15 (2007)

Relative
weight
23.24
22.85
18.64
9.80
7.95
473
4.53
2.81
2.33
2.02
1.09

76]
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Review process

Reporting: Graphical representation

4

Bubble plot

QO ©
@@@@@

ONORL

Students

Intra-organizational
collaboration

Inter-organizational
collaboration

© Q
Q

2 sites 3 sites 4 sites 5 sites 6 sites 8 sites 15 sites

Example (GSE). Number of partners from the analyzed studies

7]

Review process

Reporting: Graphical representation

... Or bar plot

Topics of Investigation
Requirements Engineering L N * [6.8, 14, 16, 58.59]
Architecture Evaluation 3% [2.31
Tesing [ 2% i
Validation § 2% [20)
Defect Detection | | 20, {29
Coordination and C icali §15% (7. 10, 17, 32, 34, 38. 43. 51. 58]
Mansging Calaborion | GRinuangs,
Trust and Socialization 15% [4.39.42]
Knoweldge Management ) 3% [15. 18]
Managing Cultural Diversity ) 3% [41.54]
- | Enginecring Tools and Mcthods Risk Management ™™ (49, 50]
| Engincering Process Productivity Evaluation §3% [25.47)
Application of Agile Practices }x'., [21.27, 31,35, 48]
Quality Software Inspections 150 e [9.23,33]
o 5 10 15 20

Example (GSE). Detailed list of covered topics
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Review process

Reporting: Graphical representation

.. Or just a table?

Type of quality Number Percent
Syntactic 14 5.64%
Semantic 135 50.75%
Pragmatic 1038 38.72%
Syntactic + Semantic 6 2.26%
Syntactic + Pragmatic 0 0.000%
Semantic + Pragmatic 6 2.26%
Syntactic + Semantic +
Pragmatic ] 0.38%
Total 266 100.00%

Example (UML). Percentage of Papers Addressing Different
QualityTypes

Review process

Reporting

Evaluating systematic review reports

Technical reports are not usually subjected toiadgpendent
evaluation.

results are made available quickly to researchers a
practitioners, it is wortlorganising a peer review.

If an expert panewereassembled to review the study protqcol
the same panel would be appropriate to undertake peer rev
of the systematic review report, otherwise several rebeasc

with expertise in the topic area and/or systematic revie
methodology should be approached to review the report.

® The evaluation process can ugglity checklists.

If systematic reviews are made available on the Web so that

hd

ew

W

0]
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LESSONS LEARNED

Lessons learned

The poor quality of search enginesvailable (precision, available
fields)

Researchershould familiarize themselves with how eackearch
enginehandles search terms.

To avoid redundant searches, researchers should firstvghérh
terms will be applied to which search engines and once cdsthle
the results and timestamp are recorded.

Due to the apparent fragility of some search engines a piadimh
opportunistic approach must be adopted.

The variable quality of the abstractsavailable for Software
Engineering papers.

Use structured abstractgcontext, objective, method, resub5ts
conclusion).

More lessons learned iBrereton et al. (2007and Staples and

Niazi (2007) @]
82
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Lessons learned

Illustrate timeline

Planning Realization Repormng

Movember 200 @ Protocol development

: Data retrieval

' Sudy selecnon upon tiles

December X007 I. Sy sedevtion upon shatacts

: Cansensus meeting

: Pilor dars exwraction. 3 papers (all)

January 200X . Process improvement
E Revient reviewed papers

; Fulot: data extracnan, |0 papers
. [im pairs
Provos impmovesent

: Revisit reviewed papers (in pairs)
February 2008 9 Pilol data extraction: | | papers
: (in pairs)
Trsagreemert resnhurion {in pairs)
: Pilot. dara synthesis
March 2008 @ Pilat Report
E D'.wi?ﬂf.' data extraction
. IEmBning papers
tune 2008 @ Data syrtheas
Deteber 2008 ‘ Final & ~pon

Chenmes

Review protocol
Repository with altlches!_‘

Primary studies screened
3 papers reviewrd

Draft: data =utraetion form

13 papers reviewed

Dezfinitien dictionary
Refined: dato extraction farm

24 papers reviewed

109 papers reviewed

Conclusions
A SLR of SLRs
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A SLR of SLRs

* The software engineering research community is starfing
to adopt SLRs consistently as a research method.
= number of SLRs is increasing.

= number of researchers and organizations perforthieq is
increasing.

» The integration of the results of the primary studies wgs
poorly conducted by many SLRs.

Source (da Silva et al., 2011)

[ 85]

A SLR of SLRs

There was very little consistency in the way the
SLRs are organized.

e Many SLRs omitted essential data, including
important parts of the review protocol.

« The majority of the SLRs:

= not evaluate the quality of primary studies.

= not provide guidelines for practitioners, thus decreasing
their potential impact on software engineering practice.

Source (da Silva et al., 2011)

6]




Relevant literature: Guidelines and lessons learned

Kitchenham, B. and Charters, S. (200@uidelines for

performing Systematic Literature Reviews in Software

EngineeringVersion 2.3 EBSE-2007-01.

Brereton et al., (2007).Lessons from applying the
systematic literature review process within the softwa
engineering domainJournal of Systems and Softwarg
80, 571-583.

Staples, M., Niazi, M. (2007).Experiences using
systematic review guidelinesThe Journal of Systems
and Software, 80(9), 1425-1437
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Relevant Literature: Tertiary studies

Kitchenham, B., Brereton, P., Budgen,D., Turner,M., 8gil J.,
Linkman, S. (2009).Systematic literature reviews in softwar
engineering — A systematic literature reviewnformation and
Software Technology 51 7-15.

Kitchenham, B. e tal.(2010).Literature reviews in software
engineering — a tertiary studinformation and Software Technology
52 (8) 792-805.

Fabio Q.B. da Silva, André L.M. Santos, Sérgior8eaA. César C.
Franca, Cleviton V.F. (2011)Six Years of Systematic Literaturg
Reviews in Software Engineering: An Updated Tertiary Stug
Information and Software Technology 53(9) 899-913.

Zhang, H., Ali Babar, M. (2013)Systematic reviews in softwarg

engineering: An empirical investigatiotnformation and Software
Technology, 55(7),1341-1354

9]

1%

Relevant literature: Synthesis

Daniela Cruzes, Tore DybaResearch synthesis in
software engineering: A tertiary studynformation &
Software Technology 53(5): 440-455 (2011)

Daniela S. Cruzes, Tore DybRecommended Steps for
Thematic Synthesis in Software EngineeringSEM
2011: 275-284

Daniela S. Cruzes, Tore Dyba, Per Runeson, Mart
Host: Case Studies Synthesis: Brief Experience ar
Challenges for the Futur&SEM 2011: 343-346

d
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Relevant literature

Example: Systematic literatures reviews

Tore Dyba, Torgeir DingsgyrEmpirical studies of agile softwarg
development: A systematic reviewlnformation & Software
Technology 50(9-10): 833-859 (2008).

e Sarah Beecham, Nathan Baddoo, Tracy Hall, Hugh RobinselerH
Sharp.Motivation in Software Engineering: A systematic litenagu
review. Information & Software Technology 50(9-10): 860-87
(2008).

()

e Tracy Hall, Sarah Beecham, David Bowes, David Gray, Stdve
Counsell. A Systematic Literature Review on Fault Predictig
Performance in Software Engineerin@gEE Trans. Software Eng.
38(6): 1276-1304 (2012)

>

Relevant literature

Example: Systematic mapping studies

Adrian Fernandez, Emilio Insfran, Silvia AbrahadJsability
evaluation methods for the web: A systematic mapping stufly.
Information & Software Technology 53(8): 789-817 (2011).

e Fabio Q. B. da Silva, Marcos Suassuna, A. César C. FrangeaAl
M. Grubb & Tatiana B. Gouveia & Cleviton V. F. Monteiro, Igo
Ebrahim dos Santoskeplication of empirical studies in softwarg
engineering research: a systematic mapping stuBwnpirical
Software Engineering. (2013).

e Ana M. Fernandez-Séez, Marcela Genero, Michel R. V. Chaudi
Empirical studies concerning the maintenance of UML diagrand
their use in the maintenance of code: A systematic mappindyst
Information & Software Technology 55(7): 1119-1142 (2013)
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