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Abstract

Refactoring is an area in software engineering that every person who is programming
is confronted with. It has many direction of research and a large number of writ-
ten articles. Each programmer is engaged in refactoring, sometimes without even
noticing and not understanding that. But how exactly is refactoring used? Why
refactoring is used? When is it performed, and when is it neglected? Where to do
refactoring and what is used for refactor? In this thesis we will try to answer these
questions from a practical point of view. To do this, we conducted a systematic
literature review on articles that explored the practical use of refactoring, and show
which techniques are used most often and by which methods. We will try to answer
the questions why refactoring is used or vice versa, not used, how it is used and
where it is used. We will show the main reasons and motivators for each of the
questions asked, describe them in detail and try to explain them. Also, we will show
other findings in the field of refactoring from practical point of view, which were
found during our analysis. In the end, we will discuss the conflicting data and name
the possible reasons for this and describe the limitations of our study.
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1. Introduction

In this chapter we present the motivations of this thesis, briefly show research ques-
tions, used methods and describe the thesis structure.

1.1 Motivation

The process of creating software includes many tasks and is not limited to just im-
plementing the required functionality of the program. One of the tasks is not only
write the working code, but write a code that is easily readable, extensible, has no
“code-smells” and uses rationally the capabilities of a programming language. How-
ever, writing a working and simultaneously good-looking program from the first time
is an almost impossible task. That’s why programmers may improve the structure of
the code during the programming or on different stages. This process is called refac-
toring and its main task is to improve the design of existing code without changing
its behaviour.

The first mention of refactoring appeared already in the early 90s of the 20th century.
For almost thirty-year history many articles have been written about refactoring, its
need, methods, how to conduct it, when and why. The development of programming
languages also contributed to the development of refactoring, its techniques and
the emergence of new opportunities for automatic refactoring using certain tools.
Despite many different programming languages, some techniques of refactoring can
be applied in a language-independent fashion.

Refactoring is often performed not only as a separate stage of software development.
Very often it is carried out simultaneously with the addition of new functions, the
improvement of program performance or the search and removal of bugs. It can be
said, that refactoring is an integral part of writing a program. Refactoring in an
explicit or implicit form is applied to almost all software that is being created.

Moving from theory to practice, the questions on the use of refactoring arises. Meth-
ods, objectives, opportunities for refactoring are clear. But it is not clear, when the
use of refactoring are rational, how it could be trouble-free carried and how to not
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create new issues during this process. Even more, it is unknown what type of refac-
toring are better in different cases and is the tool support for refactoring sufficient.
From that arises the question: how exactly do developers use refactoring in practice,
in which cases and for what?

The purpose of this master thesis is to try to answer these questions. The main aims
are collecting information about practical use of refactoring and investigation this
usage. Such a study would help to understand practical point of view on refactorings,
motivations, drivers behind refactorings and how developers applying (or not) the
refactoring during their work.

1.2 Goal of this Thesis

The method of solving the problem is a systematic literature review, which will
include articles, books, researches and reviews about refactoring. In this review, we
will try to cover the available information about the use of refactoring by developers
and answer questions like when, why and how refactoring is used. This review will
be conducted according to a protocol, in which will be described a PICOC method,
research questions, literature search methods, sources, definition of primary studies,
data extraction and data synthesis.

To identify specific research problems three main research questions are formulated:

RQ1: Why is refactoring used?

RQ2: When is refactoring used?

RQ3: How is the refactoring used?

The answers on this questions will give us results, which will be analysed and repre-
sented. These results reflect the actual state of the use of refactoring and will help
determine the direction of further development of refactoring.

1.3 Outline

This chapter provides a motivation of this work, understanding the need and re-
search goal. Chapter 2 describes the term Refactoring, main refactoring types,
possibilities to do refactoring and principles of conducting systematic literature re-
view. Chapter 3 represents the protocol to our review, including research questions,
search strategy, conducting the review, data collection and data synthesis. Chap-
ter 4 presents analysis of selected studies, quantitative and qualitative data found,
contradictions in the study and study limitations. Chapter 5 describes related work
in field of refactoring. Chapter 6 defines the summary of this thesis, and in the end
we show directions of future research.



2. Background

To make it clear what will be exactly studied, we deeply explain what is refactor-
ing, code smells, main terms and approaches of it and shortly show the history of
refactoring. Also, this section brings up overview on methodology of conducting
systematic literature reviews.

2.1 What is Refactoring?

Refactoring – process of changing a software system, that improves quality and
design of existing source code without changing its functionality [Fow02].

From a formal point of view, any change in code can be accepted as refactoring.
But its main goal is to make the code more clear, flexible and easier to understand.
Refactoring should be distinguished from optimization, which also does not change
the behaviour of the program, but only increases speed of program execution. How-
ever, in contrast, optimization often makes it difficult to understand the code, which
is the opposite of refactoring. Refactoring improves the design of software and makes
the cleaner, simpler and elegant. Refactoring did not appear as something separate.
Formally, this is an integral part of programming, which was identified as a separate
stage of code improvement.

Refactoring has been initially subject to research in the early 80s of the last cen-
tury. One of the first serious scientific works on refactoring was written already
in 1992 [Gri92]. The main incentives for the development of refactoring were the
development of programming languages, the need to understand the code by several
developers and the emergence of code smells.

Code smells is a term, which was introduced by Fowler et al., and describes defects
in source code induced by poor design or evolution of a software system [Fow02]. In
particular, a code smell represents a concrete template that point outs some deeper
problems in the source code or design [FSMS15]. The code smells are often one of
the main motivators for refactoring [VGSMD03], because refactoring removes them
and improves the overall structure of the program.
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As an explaining of refactoring and code smell, we will show example, which was
given by Cedrim et al. [CSGG16]. On Figure 2.1 we show the class Person, which has
at least three attributes representing two concepts: person and telephone number.
This class can be assumed as a God Class. God Class smell is a class with several
responsibilities, which makes the class hard to read, modify and develop [Fow02].
With the aim to remove this smell, the developer can extract part of the class
structure into another class TelephoneNumber, which we show on Figure 2.2. Such
refactoring technique calls Extract Class, the use of which implies creation of a new
class and moving the relevant fields and methods from the old class into the new
one [Fow02]. After such refactoring the code has no longer God Class smell but still
has the same functionality.

Person

- name: String
- officeAreaCode: String
- officeNumber: String

+ getTelephoneNumber(): String
...

Figure 2.1: Class Person representing God Class smell

Person

- name: String

+ getTelephoneNumber(): String
...

TelefoneNumber

- areaCode: String
- number: String

+ getTelephoneNumber(): String

Figure 2.2: Class Person after refactoring

This small example was only one of more than 70 refactoring techniques, which
were described in book of Fowler [Fow02]. A large number of refactoring techniques
are common [MT04], therefore their principles are successfully used for different
languages.

A workflow of refactoring could be given by the guidelines of Test Driven Develop-
ment (TDD). In terms of TDD were proposed the approach of Red-Green-Refactor
[Sho05]:

• Think: Figure out what kind of test will best move for code towards comple-
tion.

• Red: Write a small amount of test code. Run the tests and look how it fails:
the test bar should turn red.

• Green: Write a small amount of production code. Do not pay attention about
design or conceptual elegance. Run the tests and watch them pass: the test
bar will turn green.
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• Refactor: Now the changes to the code could be carried out without worrying
about breaking functionality. Take a look at the written code and ask how it
can be improved. Look for duplication and other code smells. After each little
refactoring, run the tests and make sure they still pass.

• Repeat: Do it again.

This approach represents the floss refactoring, by which the implementation of new
functionality is combined with refactoring tasks. There exists another type of refac-
toring - root-canal, where developer has to carry out refactoring without adding new
functionality. In more detail we describe this types later.

Refactoring is quite a difficult task, which also has certain risks. One of the main
risks in the process of refactoring is the probability of creating new bugs [TGA17,
KZN14, Fow02]. Another risk is that although refactoring is intended to improve
the appearance of the code, there is a chance that it will still worsen. Programmers
try not to touch the working code at all, so as not to disturb its functionality.
By performing refactoring, the changes could affect functionality and not for the
better. Moreover, such changes can be seen externally. Also, important fact is that
refactoring is a time-consuming process and if it is not successful it will be a waste
of time and effort [LML+15].

2.1.1 Refactoring Types

Implementation of refactoring could be done it two different ways. One way is sep-
arate stage, e.g. maintenance task. Another is during the ordinary development
process. Developers to some extent (obviously or not explicitly) often can be en-
gaged in refactoring without even noticing this. The fact is that this two types of
refactoring are different and have specific names: floss refactoring and root canal
refactoring. These terms were firstly defined by Murphy-Hill and Black [MHB08b].

Floss refactoring is a refactoring that takes place simultaneously with other pro-
gramming tasks. Such refactoring often remains unnoticed by the developer him-
self, because it is implicit. For example: the developer writes the code and adds new
functionality to the program. He uses existing functions, but in the process of devel-
opment it changes their external and makes them more convenient and clearer. The
result is a new functional and the refactoring of the already existing code. However,
if the refactoring was conducted explicit, but ran together with other programming
tasks, such refactoring also applies to floss refactoring.

A completely different type is root canal refactoring which is a separately isolated
stage in the development of software, in which the developer is only concerned with
refactoring.

The main differences between these types of refactoring were given by Hui Liu et
al. [LLXG14]. So, root canal refactoring has a larger spectrum of review, requires
the use of applications to find the code smells and must be performed on a schedule
algorithm. Because of larger spectrum, especially in large applications, it could
be difficult to find or identify refactoring opportunities. In this case it could be
helpful to use automated detection algorithms to identify code smells and possible
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refactorings. On the another hand, floss refactoring seems to be more effective and
currently more widely used [MHB07]. Moreover, frequent floss refactoring is helpful
in avoiding the need for root canal refactoring later [CXW+16].

2.1.2 Refactoring Possibilities

As already said, one of the main reasons of refactoring are the code smells. Fowler
in his work describes the 22 smells of code that precede refactoring and the corre-
sponding techniques of dealing with them [Fow02]. Because manual search is not
effective activity, a large number of tools have been created that can automatically
detect bad smells [VCN+12]. These tools can very effectively cope with the task and
help developers in refactoring pointing to the place in the program where refactoring
is needed [STV16].

However, knowing about the need for refactoring at some place does not save the
developer from doing it. In most cases refactoring have to be carried out manually.
This is partially confirmed by floss refactoring. But in the case of root canal refac-
toring, by working with large applications, conducting manual refactoring can be a
very long and routine exercise.

To simplify the process of refactoring it would be nice to have a tool that could
run it automatically. Since the semantics of refactoring techniques are clear, the
tools for refactoring can help the developer in this routine work [MH09]. One of the
first who started creating such a tool were D. Roberts et al. [RBJ97], which was
successfully used for Smalltalk refactorings. Later, other tools were developed which
work with different programming languages. A large number of tools were created
for languages such as Java, COBOL or PHP. But, some exotic languages like APL
or Fortran still do not have such tools [SD16].

Basically, these tools can work with the most common techniques of refactoring.
Some sophisticated techniques of refactoring must still be done manually. Also,
such tools do not always apply refactoring correctly. The question of using such tools
is open, and many scientists are engaged in its research [MH09, Ste17, GDMH12,
VCN+12].

2.2 Conducting a Systematic Literature Review

This thesis follows to the guidelines for performing Systematic Literature Reviews
in Software Engineering area written by Barbara Kitchenham and Stuart Charters
[KC07]. Most of the information used in this section taken from this guidelines.
According this guidelines, the Systematic Literature Review (SLR) is a form of sec-
ondary study that uses a well-defined methodology to identify, analyse and interpret
all available evidence related to a specific research question in some research area in
a way that is unbiased and repeatable to some degree.

The SLR has own features, which are differentiate it from a conventional expert
literature review. SLR starts from defining a review protocol, which specifies the
research questions and the methods that will be used to carry out the review. For
SLR will be created search strategy, with aim to find so many relevant literature as
possible. The search strategy will be documented, so readers and other researcher
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can reiterate whole process. The primary studies for review are selected by explicit
inclusion and exclusion criteria and, in additional, each primary study evaluated by
quality assessment. The information to be obtained from each selected study will
be specified.

The SLR involves several discrete activities. The stages of SLR summarized in
three main phases: Planning the Review, Conducting the Review and Reporting
the Review.

Planning the review confirm the need for a review. The one of the most impor-
tant pre-review activities are defining the research questions(s), which address the
systematic review and producing a review protocol, which defines the basic review
procedures. The review protocol is a subject to an independent evaluation process.

The stages associated with planning the review are:

• Identification of the need for a review - arises from the demand to collect all
existing information about some problem in a thorough and unbiased manner.

• Commissioning a review - create commissioning document, which specifies the
work.

• Specifying the research question(s) - the most important part of any systematic
review, because the questions drive the all methodology of review.

• Developing a review protocol - specify the methods that will be used to un-
dertake a review.

• Evaluating the review protocol.

In this thesis, the stage of commissioning a review is incorporated into the review
protocol, which contains and describes deeply all stages according to planning. The
protocol is described in Chapter 3.

As the protocol has been agreed, the researcher can start the review. The stages
associated with conducting the review are:

• Identification of research - generate a strategy and documenting of search and
explore the potential relevant studies.

• Selection of primary studies - identify primary studies that provide evidence
about the research questions.

• Study quality assessment - consider critical to assess the “quality” of primary
studies.

• Data extraction and monitoring - design data extraction forms to record the
information, which is obtained from the primary studies.

• Data synthesis - collate and summarise the results of the included primary
studies.



8 2. Background

The stages of identification, selection of studies, quality assessment and data synthe-
sis are described in Chapter 3. Data extraction and results of SLR could be found
in Chapter 4.

The stages associated with reporting the review are:

• Specifying dissemination mechanisms - how the results of review will be pub-
lished and where.

• Formatting the main report - how the review will look like.

• Evaluating the report.

All this stages listed above may be sequential, but many of them involve iteration.
In particular, activities are initiated during the development stage and refined later
during the review.

SLR has some advantages and disadvantages. To the advantages can be attributed:

• Well defined methodology, which makes the results of literature less biased,
although does not protect from bias in primary studies.

• Providing information about research area across a wide range of requirements
and empirical methods.

• Possibility to merge data using metaanalytic techniques, which increases the
change of detecting real effects that small studies are unable to detect.

The main disadvantage of SLR is fact, that it requires considerably more effort
than traditional review. Another disadvantage could be increased power for meta-
analysis, which makes possible to detect small biases and true effects.



3. Methodology

In this chapter we present the protocol of our SLR that we conduct in this thesis. In
particular, we explain research questions, aspects of our SLR and literature search
strategy. Moreover, we describe how the primary studies were selected, inclusion
and exclusion criteria, backward and forward snowballing, process of data collection
and data synthesis.

3.1 Planning the Review

Despite the long history of refactoring and large number of research and articles,
it is not clear, how many attention developers pay to it, how they use it, which
techniques and possibilities they use and how common refactoring is. As an ex-
treme example, some programmers even try to avoid refactoring for some reasons
[TGA17]. Those, who still use refactoring, do it in some own style based on previ-
ous experience [NCV+13]. Given this great diversity in (not) applying refactoring,
uncertainty how the refactorings are applied and why, we formulate main our goal
of this research: we want to investigate practical usage of refactoring by developers,
reasons why they use or try to avoid refactoring and reasons that may lead them to
their respective decision. Besides, we want to clarify, which refactoring techniques
used more frequently and in which manner, how the developers use them and when
the refactorings occur. One of the reason for this study is also the fact, that this
direction of refactoring research have not yet been considered in a comprehensive
systematic work.

In summary, the objective of this research is to review the current state of using
refactoring, purposes of that use or disuse and the way how it is used by developers.

3.1.1 Research Questions

To better define aspects of the literature review, we used the PICOC method pro-
posed by Petticrew and Roberts [PR06]. PICOC is an abbreviation of the pop-
ulation, intervention, comparison, outcomes and context. This method allows to
describe in detail the target group for the research (Population), to determine the
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aspects of the study (Intervention), to present to what the results are compared
(Comparison), to describe the results of the study (Outcomes) and to set the re-
search area (Context). In Table 3.1 we show the PICOC method for this thesis.

PICOC Description

Population Literature about code refactoring with empirical analysis of its use

Intervention Situations, analysis, experience, which give insights why, where,
when and how was (or wasn’t) refactored i.e. applicability, error
proneness, usability, awareness, time for refactoring, integration in
the development process, etc.

Comparison Data about refactoring usage

Outcomes Identifying gaps/challenges but also opportunities that prevent/al-
low for refactoring

Context Software Maintenance/Evolution and Software Development pro-
cess

Table 3.1: PICOC Criterias

To accomplish our task and determine the scope of the study, we formulated three
research questions that would clearly and entirely describe the above mentioned goal
of this thesis:

RQ1: Why is refactoring used or not used? By which conditions and for what
purpose besides improving the code programmers use the refactoring? What are
the main motivations for using refactoring and what makes to avoid them? Which
factors also affect the decision of programmers to do or not to do refactoring?

RQ2: When is refactoring used? How often developers use refactoring? On which
stage of programming, while writing the source code or independent, with separately
allotted time? Is refactoring part of the development plan, comes spontaneously or
there are other conditions?

RQ3: How is the refactoring used? What kind of refactoring techniques are mainly
used? What type of refactoring is more used and why? Is the manual refactoring
more preferred to automated or vice versa?

3.1.2 Systematic Search Strategy

The search process is a manual look for papers, journal articles and other works
using the widespread electronic libraries. For finding most relevant studies for our
theme, we will determine search string. After conducting a search and collecting the
literature, we check if the papers are relevant for our study. The selection will be
made according to inclusion and exclusion criteria, which are described below. The
resulting step will be complementary search by included literature using snowballing
techniques and also selection founded papers based on inclusion and exclusion cri-
teria. The last step is to choose most relevant literature through verification by
Quality Assessment.



3.2. Conducting the Review 11

3.2 Conducting the Review

First, we have to define the sources in which we search for papers for our review.
This sources are digital libraries, i.e. IEEExplore, ACM Digital library, Google
scholar, Science Direct, CiteSeerX, Web of Science.

For more detailed search in electronic libraries we define a search string, according
to our scope, as follows:

(“refactor” OR “refactoring”) AND/OR (“empirical”) AND (“study” OR “survey” OR
“research” OR “analysis”) AND/OR (“methods” OR “types” OR “use” OR “frequency”
OR “causes” OR “issues”) AND (“software” OR “code”)

3.2.1 Selection Criteria

For our work, we created selection criteria for including and excluding articles. These
criteria are used to guide the initial selection of articles. This criteria are formulated
based on the research questions. Articles will be included if they pass through them.

The Inclusion Criteria are:

IC01 Empirical studies - studies about refactoring, which bring overview to actual
state of art in refactoring, experimental data, data about use or disuse of
refactoring, techniques, methods and other quantitative data;

IC02 Experiments or analyses - papers with controlled experiments or analysis of
refactoring with detailed data, why, when and how refactoring is used, by
which conditions, which also can contain personal comments, observations or
other findings regarding to refactoring;

IC03 Comparison studies - articles which compare different types and possibilities
of refactoring and give a sign, what types and methods are most frequently
used, why and is there some dependencies;

IC04 Articles published between 1th January 2000 and 31th May 2018. The book
of Fowler was firstly written in 1999 [Fow02] and from that moment the active
research into the practical use of refactoring began.

The Exclusion Criteria are:

EC01 Abstract - literature, that are not focused on an application or the empirical
research of refactoring, technical literature;

EC02 Overview - papers about refactoring process, methods, tutorials;

EC03 Tools papers - articles about tools, that support automated refactorings as
well papers about tools, which allow to find refactorings;

EC04 Papers not written in English.

If the study meets at least one exclusion criteria, it will be excluded.
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3.2.2 Quality Assessment

After all searches, for selecting primary studies we will evaluate them by quality
assessment criteria. These criteria will measure the quality of the each article and
allow us to choose only the most suitable for our research. For each criteria the
article will receive a certain number of points (note). The scoring procedure is
Yes=1, No=0 and Partially=0,5. The criteria are questions, which we described
in Table 3.2.

The articles, which passed inclusion criteria and will get note more than 4 by Quality
Assessment will be chosen for data extraction. The grade 4 was chosen because only
articles with this grade and above, according to the quality assessment questions,
will contain enough information for our research.

Number Question Answer

Q01 Was the article referred? Yes/No

Q02 Was the study conducted? Yes/No/Partially

Q03 Was the target(s) clearly formulated? Yes/No/Partially

Q04 Were the study participants or observational units
clearly described?

Yes/No/Partially

Q05 Were the data collections executed well? Yes/No/Partially

Q06 Were the chosen analyses methods compared and
argued?

Yes/No/Partially

Q07 Was the possible inaccuracy taken into account? Yes/No/Partially

Q08 Were the conclusions reliable? Yes/No/Partially

Table 3.2: Quality Assessment

3.2.3 Data Extraction

To collect the relevant information from each article in a structured way, we created
a Data Extraction Form. Each article we selected was analysed and data from it
was collected. This form is divided into three parts. In first part we recorded meta
data of articles, such as ID, authors, title, article type and aspect of study.

The second part is for quantitative data. We contributed data, such as the number
of participants in the study, their experience in programming, the projects reviewed
and the amount of the examined code. In Table 3.3 on the facing page we show
fields, according to quantitative data. The field ”Experience of participants in pro-
gramming” is divided into three subfields, in which we highlight three groups of
people according to their experience.

We also collect the information about which refactoring techniques were used and
corresponding amount of them. This could be data from experiments, where devel-
opers did refactorings and researches recorded this data, or other data, for example
that was achieved with help of tools for searching for refactorings. Later, based on
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this data, we will show the distribution and the most commonly used refactoring
techniques.

Aspects Data Fields

Total number of participants in study

Experience of participants in programming <5 years:
5-10 years:
>10 years:

How many and which projects are considered in study?

Which program language is considered?

How many commits are investigated?

How many versions are investigated?

How many lines of code are considered?

Which refactoring techniques are used and correspond-
ing amount of them?

Table 3.3: Data Extraction Form - Quantitative Data

The third part of Data Extraction Form is qualitative data according to our research
questions. This part is represented in Table 3.4 on the next page. Fields such as
”Reasons for using refactoring”, ”Targets of using refactoring”and ”When refactoring
is used and when not?” will be filled with text data. In the field ”How is refactoring
used?” we entered information about what type of refactoring was considered in the
article (manual or made with the help of refactoring tools). The fields ”Comments
from personal experience of programmers” and ”Other findings” are also text fields
containing real comments from developers and additional information that were
found by the authors of the articles during the research.

3.3 Reporting the Results
As mentioned above, we examined six on-line databases, which contain Software
Engineering papers, using defined search string. The search took place in June 2018
and was two week long. During the search we paid attention on title of article,
abstract and in some cases on conclusion. Decision to include or exclude paper was
took according to inclusion and exclusion criteria.

3.3.1 Data Collection

Generally, we found 372 articles related to theme Refactoring. Out of them 187
articles were excluded, because they are not focused on empirical research or appli-
cation of refactorings, 34 were overview papers, 83 were papers, which describe the
refactoring-tools and their usage and one paper were written in Spanish. 65 papers
passed all inclusion criteria, but four of them were duplicated (already previously
found). Thus, from initial search were selected 61 papers. Overview about numbers
of papers per database and how many of them were included or excluded we show
in Table 3.5 on the following page.
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Aspects Data Fields

Reasons for using refactoring

Targets of using refactoring

When refactoring is used and when not?

What kind of distribution is between root-canal and floss
refactoring?

How is refactoring used?

What kind of distribution is between manual and auto-
mated refactoring?

Comments from personal experience of programmers

Other Findings

To which research question refers the paper?

Table 3.4: Data Extraction Form - Qualitative Data

Data source All IC01-04 EC01 EC02 EC03 EC04 Dupl. Sel.

ACM 129 26 41 12 49 1 0 26

CiteSeerX 99 12 57 16 14 0 17 10

IEEExplore 33 7 23 1 2 0 8 6

Scholar 56 12 35 4 5 0 14 11

Science Direct 39 5 20 1 11 0 2 5

Web of Science 16 3 11 0 2 0 7 3

Total 372 65 187 34 83 1 48 61

Table 3.5: Initial Search

3.3.2 Snowballing

After initial search we started Snowballing procedure to find more related papers,
which could be not found by manual search. Snowballing is a technique, that allows
to find related literature from the list of references (Backward snowballing) or by
articles, which cite the founded literature (Forward snowballing). The Snowballing
were divided into two iterations: on first iteration we took papers from initial search,
on second - papers, which were found on first iteration of snowballing. In each iter-
ation we did backward and forward snowballing. As mentioned above, by backward
snowballing we searched articles, which were in list of references of initial founded
papers. By forward snowballing we searched articles, which cite papers from initial
search. In Table 3.6 on the next page we show the results of backward snowballing
both iterations. Here, column ”References” are number of all cited articles through
all papers from initial search. Other columns shows how many papers were excluded
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according to each exclusion criteria, how many papers were duplicated by citing be-
tween papers and last column shows how many new papers were found among all
references.

References EC01 EC02 EC03 EC04 Duplicated Selected

2415 1790 201 155 2 262 3

Table 3.6: Backward Snowballing

In Table 3.7 we show the forward snowballing both iterations. The difference be-
tween previous table is in first column: here we mention instead number of references
number of articles, which cite papers from initial search.

Cited EC01 EC02 EC03 EC04 Duplicated Selected

1769 1178 89 104 14 139 9

Table 3.7: Forward Snowballing

In Table 3.8 we show the summary of both snowballing techniques. Thus, during
snowballing process we obtained 4184 papers and 12 of them were selected for our
study.

Reference and citing EC01 EC02 EC03 EC04 Dupl. Selected

4184 2968 290 259 16 401 12

Table 3.8: Summary of Snowballing

3.3.3 Primary Studies

After carrying out all searches, we found 73 articles that are suitable for our research.
The next step were to determine the quality of the founded articles and to select
the most suitable ones from them. For this purpose, each article were verified by
the quality assessment, as described in Section 3.2.2. For each question of quality
assessment we use6 for score 0,o for score 0,5 andf for score 1. In Table A.2 on
page 57 we show scores by quality assessment for each selected study and in Table A.3
on page 58 we represent quality assessment and scores for excluded studies.

In the end of quality assessment 51 studies were selected and 22 rejected. Moreover,
out of the 51 that passed the quality assessment, 14 studies were rejected on the
stage of data extraction, because of lack of data for our research. In Table A.4 on
page 59 we show scores for studies, which were excluded during data extraction.
In Table 3.9 on page 18 we show all studies, which remained and used in this thesis.
In Table A.1 on page 55 we represent all studies, which were excluded during data
extraction.
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Study
ID

Name Year Source

P01 A case study on refactoring in Haskell pro-
grams [Lee11]

2011 ACM

P02 A Multidimensional Empirical Study on
Refactoring Activity [TGSH13]

2013 ACM

P03 An Empirical Investigation into the Role of
API-Level Refactorings during Software Evo-
lution programs [KCK11]

2011 ACM

P04 An Exploratory Study on the Relation-
ship between Changes and Refactoring
[PZODL17]

2017 ACM

P05 Does refactoring improve software structural
quality? A longitudinal study of 25 projects
[CSGG16]

2016 ACM

P06 Drivers for Software Refactoring Decisions
[ML06]

2006 ACM

P07 How does refactoring affect internal quality
attributes? [CFF+17]

2017 ACM

P08 How We Refactor, and How We Know It
[MHPB09]

2009 ACM

P09 Issues Arising From Refactoring Studies: An
Experience Report [CS12]

2012 ACM

P10 Multi-Criteria Code Refactoring Using
Search-Based Software Engineering: An
Industrial Case Study [OKS+16]

2016 ACM

P11 Reconciling Manual and Automatic Refac-
toring [GDMH12]

2012 ACM

P12 Reflections on Teaching Refactoring: A Tale
of Two Projects [AABA15]

2015 ACM

P13 Use, Disuse, and Misuse of Automated
Refactorings [VCN+12]

2012 ACM

P14 Why We Refactor? Confessions of GitHub
Contributors [STV16]

2016 ACM

P15 An Empirical Evaluation of Refactoring
[WKK07]

2007 CiteSeerX

P16 Package Evolvability and its Relationship
with Refactoring [MCHH07]

2007 CiteSeerX
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Study
ID

Name Year Source

P17 Refactoring Practice: How it is and How
it Should be Supported – An Eclipse Case
Study [XS06]

2006 CiteSeerX

P18 Why Don’t People Use Refactoring Tools?
[MHB07]

2007 CiteSeerX

P19 An Empirical Study of Refactoring Chal-
lenges and Benefits at Microsoft [KZN14]

2014 IEEExplore

P20 What Motivate Software Engineers to Refac-
tor Source Code? Evidences from Profes-
sional Developers [Wan09]

2009 IEEExplore

P21 A Case Study of Refactoring Large-Scale
Industrial Systems to Efficiently Improve
Source Code Quality [SNFG14]

2014 Google Scholar

P22 An Empirical Study on Refactoring Activity
[HRP+14]

2014 Google Scholar

P23 Barriers to Refactoring [TGA17] 2017 Google Scholar

P24 A Comparative Study of Manual and Auto-
mated Refactorings [NCV+13]

2013 Google Scholar

P25 Improving Refactoring with Alternate Pro-
gram Views [MH06]

2006 Google Scholar

P26 Refactoring—a Shot in the Dark? [LML+15] 2015 Google Scholar

P27 Empirical study on refactoring large-scale in-
dustrial systems and its effects on maintain-
ability [SAN+17]

2017 Science Direct

P28 Evaluating refactorings for spreadsheet mod-
els [CFM+16]

2016 Science Direct

P29 Perspectives on refactoring planning and
practice: an empirical study [CXW+16]

2016 Web Of Science

P30 Understanding the Impact of Refactoring on
Smells: A Longitudinal Study of 23 Software
Projects [CGM+17]

2017 Web Of Science

P31 A Case Study in Refactoring Functional Pro-
grams [TR03]

2003 ACM

P32 How Are Java Software Developers Using the
Eclipse IDE? [MKF06]

2006 ACM

P33 Major motivations for extract method refac-
torings: analysis based on interviews and
change histories [LL16b]

2016 ACM
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Study
ID

Name Year Source

P34 What Kinds of Refactorings are Co-
occurred? An Analysis of Eclipse Usage
Datasets [SCY+14]

2014 ACM

P35 Empirical Analysis of Software Refactoring
Motivation and Effects [Gil15]

2015 IEEExplore

P36 Case study on software refactoring tactics
[LLXG14]

2014 CiteSeerX

P37 Programmer-Friendly Refactoring Tools
[MH09]

2009 CiteSeerX

Table 3.9: Selected Studies

3.3.4 Data Synthesis

All articles will be read and analysed. From each of them we will collect qualitative
and quantitative data, which will be separately retained. Afterwards we will look
for the dependencies between this data and try to discuss and explain them. All
data will be collected according Data Extraction Form. After collecting, we will
summarize and write descriptive and quantitative data in two corresponding tables.

First table will collect qualitative data and based on this table it will be possible to
identify whether results from studies are consistent with each another (i.e. homoge-
neous) or inconsistent (e.g. heterogeneous). Afterwards we will explain all collected
in this table data and based on them will answer our research questions. Besides,
in this table we will also collect personal comments from developers and other notes
or findings from research, which could be useful or important for our research area.

In another table we will collect quantitative data, such as refactoring techniques
used and corresponding amount of them. This data will be used to find most used
techniques. Besides, we will show, which techniques are more often used manual
and which with help of refactoring tools, the percentage distribution of them and
will discuss this results.

Because of big amount and possible heterogeneous of qualitative data, it could be
complicated to find most important conclusions and statements. To achieve better
results by qualitative analyses we will use Open Coding technique, which were pur-
posed by Strauss and Corbin [CS90]. Open Coding is the interpretive process by
which data are broken down analytically.

The principle of the Open Coding technique is to isolate the main idea from text
fragments, understand its main message and “code” it in one or several words. The
researcher reads textual data and makes notes in the margins of words or phrases
that summarize the meaning of text [BGS+08]. Further, from this codes are created
certain categories, which include one or more codes. Subsequently, the categories
themselves are assigned to a specific research question.
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In the process of analysing all written out fragments of the text, these fragments will
be coded and categorized either to already created “codes” or they created a new
previously non-existing “code”. In the end, for each research question we receive a
list of relevant categories, each of which included a set of codes. Each of the codes
has a specific meaning and our task is to explain what a particular code means and
how all collected information answers on research question.
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4. Results and Findings of the
SLR

In this chapter we present the results and findings of our review. We show the
collected meta data of primary studies and quantitative data we extracted within
our SLR, such as kind of studies, the considered programming languages and projects
and total amount of developers. Then, we present the quantitative data according
to refactoring techniques, the qualitative data according to our research questions
and other findings of review. At the end of chapter we discuss the conflicting data
and present limitations of our study.

4.1 Meta Data of Studies

Our data reveal that most of the papers (about 80%) conducted empirical studies
to investigate different aspects of refactoring. Some of them also contained Inter-
views (4) or Surveys (5) and one paper was Qualitative Evaluation. Under Empirical
Evaluation we summarized different types of studies, such as Empirical Studies (10),
Case Studies (7), Longitudinal Studies (2), Quantitative Investigations (1), A multi-
project Studies (1), Experience Reports (1), Industrial Case Studies (1), Formative
Studies (1), Experiments (1), Field studies (1) and Large-scale Studies (1). We
summarized these different types under one term, because all of them constitute a
Quantitative Evaluation, with focus on numbers/numeric values, hat allow to reason
about who, what, where and how did. Also, such type of studies allows measure
of variables, uses statistical data analysis and could be generalized to large samples
of data. For example, Case Study can be described as an intensive, systematic in-
vestigation of some unit of interest in which the researcher examines in-depth data
relating to several variables. Longitudinal study describes and analyses repeated
observations of the same variables or events. Formative studies use qualitative and
quantitative methods to help to identify and to understand characteristics of re-
search area that influence decisions and actions. A Field Study is a general method
for collecting data about users, user needs, and product requirements that involves
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observation and interviewing. One paper from our study refers to Qualitative Evalu-
ation, which data is non-numerical. On Figure 4.1 we show the distribution of types
of studies.

Figure 4.1: Types of studies Figure 4.2: Expirience of participants

Figure 4.3: Distribution of program lan-
guages

Figure 4.4: Amount of investigated code

Figure 4.5: Most considered projects

Among all articles the total amount of participants was 1 072 556. Unfortunately, in
most of the articles the experience of the participants was not indicated or mentioned
in any way. But, from those, were it was indicated, we summarized data about
experience and showed it on Figure 4.2. As shown, the researchers rarely studied
refactoring of developers, which experience lower than 5 years. Most papers show
data about refactorings use related to experienced programmers.

We also summarized the information, about which program language was considered
in articles. This data for refactoring is showed on Figure 4.3. Our data reveal that
most considered language were Java. Only rarely, other languages such as C/C++ or
Python have been considered in the primary studies. Some papers even considered
more than one language. In some articles the language was not specified, which is
indicated as Unknown. The larger amount of articles in Java could be explained
with large popularity of Java language for projects and good refactoring support by
tools and develop environments for Java.
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The total amount of considered projects in our primary studies was 224. Here as
project we define a software system, that was researched as part of the study. Many
papers didn’t point out the names of considered projects. In papers, where the
name of project was defined, we collect the number of times the project has been
considered across all studies. Most of projects according to distribution of program
languages are written in Java. Moreover, between this projects are well-known
projects as jEdit, Ant and Eclipse. On Figure 4.5 on the facing page we show the
most considered projects and how often they were considered.

Among all projects we summarized the information, about how many versions, com-
mits and lines of code (LOC) were investigated. On Figure 4.4 on the preceding page
we show the data of considered code. By versions we mean, that researchers inves-
tigated differences between two releases of software. Amount of commits represent
among of all considered commits across all projects respectively. The last column
on Figure 4.4 on the facing page constitutes the total amount of LOC, that was
investigated across all projects.

4.2 Quantitative Data

At the data extraction stage, we found that many articles considered data about
using refactoring techniques. Out of our 37 primary studies, 13 articles provide
detailed information about the refactoring techniques they investigated, which we
consider for the following analyses.

Generally, researchers manually or automatically analysed code changes and iden-
tified which techniques were used in one or another place. In some articles, these
were controlled experiments [AABA15, GDMH12], in others were repositories mined
[Lee11, TGSH13, CFF+17]. In most cases, researchers used techniques described by
Fowler [Fow02]. This allows us to bring together all the data among all the articles
about which techniques are most frequently used.

The articles dealt with both types of refactoring - manual and automatic. In two of
them was clearly stated that the researchers consider only refactorings made with the
help of tools [MHPB09, VCN+12] and two more - that they consider a combination
of manual and automatic refactorings [STV16, NCV+13]. Unfortunately, many of
them (9 articles) did not say what type of refactoring was considered. Based on the
obtained data and the analysis of the papers, we can assume that in most cases of
articles where the type of refactorings was not indicated, the automatic refactorings
were considered. This is indicated by the distribution of the number of articles with
an explicitly indicated type, in which dominates the reviews of automatic refactor-
ings, as well as the number of used techniques considered.

Most articles used automatic methods for detecting refactorings using special tools.
Such a method makes it easier to reduce the time to search for refactorings. However,
the main disadvantages of this method are that only a small number of techniques
can be identified (10-15 techniques) and researchers point out that the detection
accuracy is relatively low [MH09, NCV+13].

Totally, among all the articles, we managed to allocate 374 633 applied refactoring
operations. As mentioned above, there are obviously manual, explicitly automatic
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and implicit refactorings among them. Because in some papers the amount of used
refactoring techniques were generalized (for example, was given amount of ”Extract”
technique) and since the Fowler refactoring list contains more than 70 separate
techniques, analysis using all of them would be inconspicuous and difficult. We
decided to divide the techniques into two levels - a High-Level and a Low-Level
refactorings. This was done for the same reasons that some specific refactoring
techniques are not automatically supported and can be performed only manually,
while others are rarely used, as well as for the possibility of a more detailed analysis
in cases of clearly specified techniques.

For High-Level refactorings we conducted a generalization of refactoring techniques
into categories. We created seven categories, they are: Extract, Inline, Move, Pull
Up, Push Down, Rename and Other. For example, the category Extract contains
summarized data about using techniques such as Extract Class, Extract Constant,
Extract Interface, Extract Local Variable, Extract Method and Extract Superclass.
Accordingly, the category Inline was summed up by the Inline Constant, Inline
Function, Inline Local Variable and Inline Method techniques. Respectively, the
Move category contains techniques, which deal with moving elements of code into
another part of program. Category Pull Up explains all techniques, which describe
moving elements to a superclass. Category Push Down is also inheritance-related
and contains techniques of moving elements to subclass. Category Rename deals
with techniques according to renaming elements. Other techniques were also subject
to generalization and were recorded in the category Other. The list of techniques
caught in the category Other and their number we present in Table 4.1 on the next
page. The High-Level contains all 374 633 refactoring techniques.

In the Low-Level refactorings we consider non-generalised data from the High-Level
refactorings and without their Other list. It means, that in this case in contrast to
the High-Level refactorings, we look at the concrete techniques and their frequency
of use. This is done in order to be able to analyse separately each technique from the
generalized categories, where such data was provided in papers. Low-Level refactor-
ing list contains 101 620 from 374 633 refactorings. In the Low-Level refactorings we
also have the category Other. This category includes refactorings, the total amount
of which use is less than 0.5% of the total number of Low-Level refactorings. The
list of techniques caught in the category Other for Low-Level refactorings and their
number we show in Table 4.2 on page 29.

4.2.1 High-Level Refactorings

After dividing the refactorings into two levels, we can proceed to the analysis of the
data found. As mentioned above, not all articles indicated which refactoring tech-
niques were performed automatically, and which manually. From the data where it
was indicated, we found that only 1% of all the considered techniques were performed
manually. The ratio of this is shown on the Figure 4.6 on page 26.

The reason for this may be that only two articles considered manual refactoring.
In most cases, researchers resort to the use of tools that automatically detect the
performed refactorings, and it is unknown, how thus refactorings occurred.

On the next stage we analysed the distribution of refactoring categories, in order to
highlight the most used. This distribution is shown on the Figure 4.7 on page 26.
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Refactoring Technique Amount among all papers

Add Parameter 663

Change Method Signature 5119

Class inheritance change 304

Consolidate conditional 273

Convert Anonymous to Nested 407

Convert Local To Field 2128

Data (return) Type Change 1524

Encapsulate Field 2225

Entity Addition 38565

Entity Removal 7910

Generalize Declared Type 180

Hide Method 9

Infer Generic Type Arguments 744

Interface Implementation Change 855

Introduce Assertion 77

Introduce explaining variable 166

Introduce Factory 122

Introduce Indirection 147

Introduce Null Object 15

Introduce Parameter 545

Introduce Parameter Object 208

Remove Assignment to Parameters 61

Remove Control Flag 117

Remove Parameter 443

Repl. magic number w. symbolic 321

Replace Method with Method Object 86

Use Supertype Where Possible 152

Visibility Change 1842

Total 65208

Table 4.1: Refactoring Techniques generalized as ”Other” for High-Lever refactorings
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Figure 4.6: Relation between automated
and manual High-Level refactorings

Figure 4.7: Distribution of High-Level
refactorings

As we can see, the most popular among the analysed articles were the Rename
techniques. That was to be expected, since the Rename is a very common operation
and also that this refactoring is one of the easiest and has no hard side effects.
The second most popular was the group Other, which included different refactorings
techniques displayed in Table 4.1 on the previous page. On the third place of most
popular techniques is the Extract category, which is used common due to simplify
complex elements and our data correlates with data achieved by Silva et al. [STV16].
The Push Down and Pull Up categories were the least used due to complexity of
such refactorings and the relationship of these techniques to the tasks of inheritance.

On the Figure 4.8 on the facing page we identified refactoring categories that were
used only by the tools, and on the Figure 4.9 on the next page techniques, which
were applied manually. The clear leader here is also the Rename category. Again,
this is due to the fact, that the Rename operation is easy and is well supported in
many tools for automatic refactoring and those developers, who know about this
possibility, quite willingly use it. Categories Extract and from the group Other
generally coincide in frequency of manual and automatic use. The biggest difference
in these data is in the Move and Pull Up categories, which are manually used three
times more often than automatically. Also, the Push Down category, despite its rare
use in general, is manually applied almost 8 times more often than automatically.
Such a difference can be explained by the lack of support for these techniques by
the tools, lack of awareness by programmers about the possibilities of automatic
refactoring, or by the preference of developers to carry out these techniques manually
(because of distrust of the tools). In more detail, the use of these techniques will be
discussed in the Low-Level refactoring section.

On Figure 4.11 on page 28 we show the comparative distribution of automatic and
manual uses of refactoring categories. As we can see, because of the small percentage
ratio between the methods under consideration, the manual methods of refactoring
takes up less than 1% of each generalized technique. Only the Push Down category
is used almost 10 times more often manually than automatically, despite the uneven
distribution of manual and automatic techniques.

On Figure 4.10 on the next page we show the distribution of refactoring categories
with no data about how they were used (manual or automatically). Here we can
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Figure 4.8: Distribution of automated
High-Level refactorings

Figure 4.9: Distribution of manual High-
Level refactorings

Figure 4.10: Distribution of High-Level
refactorings without data about usage

see a situation in which almost half of the techniques belong to the category Other.
This is due to the fact, that in the articles, in which it was not indicated how the
refactoring is used, the more specific refactorings from the Table 4.1 on page 25 were
also taken more into account. Also, since it is not clear what the distribution of types
in techniques without data about use is and the refactorings from the category Other
are less common than those, which were collected in other categories, we can assume
that a sufficiently large number of them were applied manually. The reason for this
could be, that techniques from category Other are very specific, most of them do
not have a tool support and some of them are made mostly manually (for example
technique Entity Addition). This is also indicated by the rather large percentage
of Move category on this figure. For the rest, the data coincides with the previous
distributions.

4.2.2 Low-Level Refactorings

As mentioned above, in Low-Level refactorings we attributed non-aggregated data
from High-Level, the list of which is also given above. This is done because for only
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Figure 4.11: Detailed relation between manual and automated High-Level refactor-
ing techniques

one third of all refactorings found we have data about what kind of non-generalised
techniques were observed.

In the distribution of automatic and manual refactorings, we have a slightly differ-
ent situation - 8% of all the techniques were performed manually. We show this
on Figure 4.12. In this case, it can be explained with the fact that with detailed and
not generalized consideration it is easier to find refactorings which were done manu-
ally. Also, this shows, that for searches of non-generalised techniques of refactorings
were less used tools for automatic search. The smaller total number of refactoring
operations considered also affects the sample. However, as mentioned above, due to
the rather rare consideration of manual refactorings in articles, the distribution is
not uniform, which subsequently affects the distribution of methods among all the
techniques.

Figure 4.12: Relation between manual and automated Low-Level refactorings

On the Figure 4.13 on page 30 we show the distribution ratio of the most used Low-
Level refactoring techniques. Our data reveal that the techniques Extract Method,
Rename Method, and Rename Local Variable are used considerably more than the
other techniques. This results show, that this techniques are most commonly used
and main reason for this could be simplicity and need of them for frequent use
during development. This results correlate with data, that was achieved by Applied
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Refactoring Technique Amount among all papers

Inline Constant 38

Move Attribute 134

Move Package 4

Move Static Member 253

Pull Up Attribute 24

Push Down Attribute 16

Push Down Field 169

Push Down Method 260

Rename Enumeration Constant 3

Rename Interface 4

Rename Package 126

Rename Type Parameter 6

Total 1037

Table 4.2: Refactoring Techniques generalized as ”Other” for Low-Lever refactorings

Software Engineering Research Group at the Federal University of Minas Gerais and
Silva et al. [STV16].

On the Figure 4.14 on the next page we identified refactoring techniques that were
applied with the help of tools. The most common technique here is the Extract Local
Variable and immediately following it use the Extract Method. The reason for this
distribution may be that both of these operations are quite common by removing
code smells and are well supported in many refactoring tools.

On the Figure 4.15 on page 31 we show the use of techniques that have been applied
manually. Here the distribution turned out to be smoother than in the case of
automatic techniques. Technique Rename Local Variable is the most commonly
used. Moreover, techniques such as Extract Method, Rename Field and Move Class
are also commonly used. The refactoring techniques from category Other are also
used manually more often than automatically. We assume, that this could happen
because the sampling of these techniques among the articles was small, and these
data may not reflect the real situation.

More visually, the relation of automatic to manual refactoring is displayed on the Fig-
ure 4.16 on page 31. One of the main differences between automatic and manual
Low-Level techniques of refactoring is, that in the reviewed articles there was not a
single use of the technique Extract Local Variable manually, although it is automat-
ically used in more than 35% of all cases. Despite the uneven distribution of the
number of automatic and manual refactorings, the Rename Field and Rename Local
Variable techniques are almost equally used manually and automatically. Based on
this, we can assume that in real cases, these techniques are used more often man-
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Figure 4.13: Distribution of Low-Level refactorings

Figure 4.14: Distribution of automated Low-Level refactorings
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Figure 4.15: Distribution of manual Low-Level refactorings

ually than with the help of tools. We see the same in the case of the Move Class
technique and category Other - in this case, manual use dominates. Techniques
such as Extract Class, Extract Constant, Extract Interface, and Move Member Type
to a new File are almost never used manually. This is explained by the support of
techniques by refactoring tools, since this techniques have dependencies and there
is a high probability of making a mistake by refactoring them manually.

Figure 4.16: Detailed relation between manual and automated Low-Level refactoring
techniques

On the Figure 4.17 on the following page we show those techniques for which it has
not been explicated whether they are used manually or automatically. Comparing
this diagram with others, we can notice a correlation in methods that were more often
used manually. From this we can assume that it is possible, that in articles where the
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type of refactorings was not indicated, manual refactorings had a large share. The
distinctive point is the Move Field technique, which is third in use on this diagram,
but was not noticed at all among the diagrams of manual and automatic refactorings
techniques. This could be explained by the reason, that some researchers have not
encountered such refactorings in their research, and thus, who encountered, used for
refactoring detection automated tools. But, tools for refactoring detection could not
consider Move Field technique, because strategy of moving fields refactoring lead
to contradicting refactoring detections according to the strategy of moving methods
[TC09].

Figure 4.17: Distribution of Low-Level refactorings without data about usage

4.3 Qualitative Data

In each of the 37 articles we found information and observations from researchers
about how, why, and when refactorings are (not) used. We analyse this information
to find answers to our research questions and discuss them. In some articles there
was a lot of such information, in others we found few. In general, in each article we
looked for any notes that would allow us to answer research questions.

During analyse of articles we wrote down observations and conclusions as text frag-
ments. We received a large number of such text fragments and the data from these
fragments needed to be interpreted for our study. As mentioned in Chapter 3, for
the analysis of this data we used the Open Coding technique [CS90].

This technique allowed us to highlight the most important information from the
articles according to each research question. In addition, we wrote out other in-
teresting observations from the articles of researchers who could shed light on the
topic of refactoring and what role refactoring has in the development process and in
software engineering in general.

As mentioned above, the first step was to read all the articles and highlight the
information we are interested in regarding research questions. All this information
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was entered into the data extraction form. After reading and filling out all data
extraction forms we put together all the qualitative data in one table and started
the analysis using open coding. During process of open coding we first analysed
what was written and extracted the “code” from text information. After creating
the code or assigning information to the existing code, we compiled the categories
to which the “codes” created by us belonged. In the process of analysing the text
sometimes we characterized a limited piece of text to other research questions than
to the originally recorded on the date extraction stage. Also, we met fragments
that were very extensive and informative, and which were subsequently assigned to
simultaneously two codes, or even two codes of different questions.

4.3.1 RQ1: Why Refactoring is Not Used?

In the Table 4.3 on the next page we show results of open coding as codes and
categories for the question ”Why refactoring is not used?”. We found eight main
categories, which explain disuse of refactoring by developers, which we explain in
the following.

Resources

Based on [TGA17, CXW+16]

Programmers often complain about the lack of time for refactoring. The workload
and the need to create new functionality leave no time for refactoring. They also
mention that the tight schedule and deadlines allow no refactoring. This is one of the
simplest reasons, but studies show, that this reason mentioned by more that 40% of
programmers. From our point of view it could be interesting to investigate, whether
programmers would actually become involved in refactoring if they had more time,
or, behind the time there are other reasons, as personal unwillingness.

Risk

Based on [TGA17, CSGG16, HRP+14, KZN14]

Programmers are afraid of refactoring because in the process of refactoring there
is a high probability of creating new bugs. These bugs are likely to be missed
and will not be noticed before the testing phase, and as a consequence the result
of refactoring will be negative. This reason is very serious and reasonably repels
programmers. Another fact is, that refactoring does not always improve source code
quality. Although one of the tasks of refactoring is to remove the smells of code
and improve the code itself, often after refactoring the smell-code metrics on the
contrary get worse. At the same time, the deterioration and degradation of the code
occurs, which breaks the concept of refactoring. Some researchers have noticed that
negative refactorings happen as often as positive ones.

Complexity

Based on [TGA17, CXW+16]

Programmers often mention that they are forced to avoid refactoring because of
the complexity of some refactoring techniques. Perhaps this is due to the lack of
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Category Code

Resources Time

Deadlines

Risk Introducing new faults

Causing externally visible changes

Breaking something

Degradation of code quality

Complexity Complexity of some refactorings

Simplicity of refactorings

Return of investments No benefits

No costs for refactoring

Wasting time

Quality issues Impact of changes

Does not improve performance

Lack of support

Familiarity with code

It still works

Management issues No planning

No budged

Tools issues Lack of tools

No tool support

Complexity of tools

Personal reasons Unwillingness

Table 4.3: Open Coding - Why refactoring is NOT used?
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experience of the programmers themselves, in particular in refactoring. Also, we can
assume, that lack of tools support for some techniques can play a side role. Some
techniques are too complicated to be done manually and the tools for refactoring
could not support this technique or could be to complex for use. But in general,
there is a tendency that the more complex the refactoring operation is, the less
often it is tried to be used. For example, we found some comment of developer, who
said, that inheritance is tricky to refactor correctly [TGA17]. On the other hand,
some researchers mention that some refactoring techniques, on the contrary, are too
simple. Because “this is too simple” and such refactorings do not take much time,
programmers postpone or do not consider it necessary to conduct such refactoring.

Return of investments

Based on [TGA17, Wan09]

Developers note that despite the obvious benefits of refactoring, there are cases
in which the benefits of refactoring are less than the cost of its implementation.
Programmers weigh the costs before making a decision on refactoring. If these costs
are high, or the benefits are too low, the developers decide not to refactor at all.

Quality issues

Based on [TGA17, CXW+16]

Although refactoring should not improve product performance, programmers expect
that refactoring would improve performance, and because of this they call it as one
of the reasons for not refactoring. In this case, the role played by the awareness
of the developers what is refactoring and what are its goals, since from the point
of view of refactoring improving performance is not a goal. Another reason is that
refactoring is not a necessity and programmers can skip the refactoring process and
continue developing. Also, here it is possible to attribute the fact that very often
the developers try not to touch the working code at all. Other technical reasons are
the lack of support for the refactoring process and the degree of familiarity with the
code. If the developer receives the task of supporting code that he did not write, for
him the task of refactoring is complex. In this case, even automatic tools could not
help, however using such tools is also reason for not refactor.

Management issues

Based on [TGA17, CXW+16]

Programmers note that from the point of view of management there are cases where
refactoring is never planned. Also, since they do not always manage their time
and are forced to act strictly according to plan, even when they want to refactor
clients often do not pay for refactoring or their boss does not see the need for them.
Separately, we want to mention, that although some developers say, that they do
not refactor separately (the root-canal refactoring), they try to combine refactoring
with other tasks (floss-refactoring).
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Tools issues

Based on [TGA17]

Mentioning a problem with using tools by developers is rare among articles. But
we cannot fail to note that some developers pointed out that the available tools are
difficult to master, there is only small amount of the available tools and often it is
very problematic to refactor automatically together with version control systems.

Personal reasons

Based on [CXW+16, LML+15]

One of the simplest reasons for not doing refactoring is reluctance from the develop-
ers side. Research participants and surveys said, that either no one wants to refactor,
or that the refactoring process is not related to the work of programmers. In this
case, we can again say that developers are not sufficiently aware of what refactoring
is.

4.3.2 RQ1: Why Refactoring is Used?

In Table 4.4 on the facing page we show result of open coding as codes and categories
for the question ”Why refactoring is used?”. We found five main categories, which
explain main motivation for use of refactoring by developers.

Improving understanding of code

Based on [Lee11, TGSH13, PZODL17, ML06, OKS+16, AABA15, STV16, MCHH07,
XS06, MH06, LML+15, CFM+16, TR03]

One of the reasons for using refactoring is the same as idea of refactoring: it im-
proves readability and gives a chance to understand existing code. Refactoring is an
exploratory process. When a programmer do refactoring, he learns more about the
program itself. Programmers say, that when they refactor they need to get to the
core of the written code. Refactoring allows to go deeper into the details of the pro-
gram, notice the implicit things and improve the understanding of the written code.
Besides, the process of refactoring is much more efficient in studying a program than
the simple reading of written code. This allows to create a more accurate model of
the system after refactoring. In the process of refactoring, developers make clearer
the names of variables and methods, decompose and simplify complex and long
methods and reduce the level of code abstraction. Also, refactoring facilitates sub-
sequent documentation, developer support for the code, reusability, flexibility, and
also the effectiveness of the refactored program. Ultimately, the internal attributes
of the quality system will either be improved or remain untouched.

Extension of system

Based on [TGSH13, KZN14, LML+15, STV16, MCHH07, MH06, TR03, PZODL17]

In addition to improving the understanding of code, programmers point out that
refactoring facilitates further development. After refactoring, it is much easier to
add a new feature, new functionality and further expansion of the system is becomes
easier. In some cases, it is possible only after refactoring to use certain functions,
such as recursion or overriding. The refactoring process is used to simplify the
program and make easier future development.
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Category Code

Improving understanding of code Understanding

Readability

Following naming sheme

Documentation

Extension of system Easier future development

Improving extensibility

Adding new features

Future extension

Add flexibility

Easier future change

Software quality Backward compatibility

Improving design

Improving quality attributes

Improving performance

Improving structure

Reuse

Removing code smells

Removing bugs

Reducing duplicates

Tactic

Improving maintenance Improving testability

Improving comprehensibility

Allowing parallel work

Personal reasons Boosting morale and motivation

Personal needs

Assigned Task

Responsibility

Often use

Rewarding for better code

Personal knowledge

Time Reducing time to market

Reducing time to release

Table 4.4: Open Coding - Why refactoring is used?
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Software quality

Based on [XS06, MH06, DAF12, PZODL17, HRP+14, MHPB09, CXW+16, MH09,
KCK11, GDMH12, LLXG14, MHB07, LML+15]

One of the largest categories that programmers refer to. From a technical point
of view, refactoring reorganizes and redistributes information among parts of the
system. Programmers notice, that refactoring facilitates the task of backward com-
patibility, improves system performance, enable quicker enhancement, improves the
structure of the code, removes duplicates, removes code smells and design defects.
Developers often use refactoring as a technique for removing bugs or to enable bug
fixes. Moreover, in programs where refactoring is carried out, fewer bugs in release
are noted. The researchers note that most refactoring operations are applied to code
elements that contain critical attributes. In industrial companies it is noted, that
refactoring is one of the main motivators for optimizing program execution time,
increase reliability and robustness. Also, current reuse is often referred to as the
need for refactoring.

Improving Maintenance

Based on [KZN14, PZODL17, STV16]

As well as improving the readability of the code and reducing the number of bugs,
refactoring improves testability. Some researches have pointed out that refactoring
improves comprehensibility and maintainability of code, which by himself precedes
a bug fixing. Also, the researchers say, that testing code without prior refactoring
becomes much more difficult.

Personal reasons

Based on [Wan09, LML+15]

Unlike reluctance to refactor, the researchers note that high self esteem motivates
to refactor. Developer’ belief, that he is capable of performing in a certain manner
to attain certain goals is one of the important facts why refactoring is performed.
In addition, the responsibility of the developer, his inner desire to create high-
quality code and the authorship of the code play a role in whether to refactor.
Researchers point out that if in a team of developers, organizations and communities,
refactoring is a normal practice, then the desire of developers to follow accepted
standards and not being treated as isolated ones will push them to refactor. Another
fact is that developers often “punished” for their quality issues, and to avoid this,
programmers spend more time on code quality. Researchers have noticed that for
some programmers refactoring is a habit and having a chance to refactor increased
their motivation and satisfaction. Another researchers say, that refactoring activities
driven more by intuition than metrics.

Time

Based on [KZN14, SNFG14]

The important reason, which rather even makes it necessary to refactor. Immediate
concrete, visible needs of changes that they must implement in a short term require
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refactoring. Another factor is the relationship with the return of investment, when
the development should be carried out with the least expenditure of resources, be-
cause refactoring reduce the time, which later needed for testing. Also, researchers
note, that refactoring reduces the product release time.

4.3.3 RQ2: When Refactoring is Used?

According to second research question, in Table 4.5 we show the results of open
coding to selected studies. We mention two main categories.

Planning

Based on [KZN14, LML+15, CXW+16, LLXG14, AABA15, NCV+13]

Developers have different opinions regarding the time for refactoring planning: some
of them plan refactoring, other never plan or do it only as needed. Another inter-
viewed say, that they do not know how to answer on the question. The experience
of programmers shows that refactoring is often not a strictly planned task. The
researchers note that refactoring is planned as a separate task only in half of highly
efficient teams. Totally, less than 25% of teams plan refactoring. Unplanned refac-
torings appear to be necessary in those cases, when either the technical side becomes
very high (code smells, unmaintainability of system), or when it is not particularly
urgent to add new features or fix bugs. In most cases, floss refactoring is not planned
at all and is part of system redesign or regular system changes. Researchers point out
that the need for refactoring often appears as part of maintenance activity. More-
over, small refactorings, such as changing the name of a method or moving a code,
are not perceived by developers as a refactoring activity. Thus, we can once again
note the lack of awareness of programmers in the term refactoring and its principles.

Category Code

Planning Planned activities

Not planned activities

How often Common

Rarely

By request

Table 4.5: Open Coding - When refactoring is used?

How often

Based on [CXW+16, LML+15, MCHH07]

Researchers point out different data on how often refactoring is used. Interview
results reveal that developers spend about one-fifth of the time on refactoring. On
the other hand research of repositories and experiments show, that ratio of refactor-
ings to all activities is 0.1%. It is impossible to say unequivocally how frequent or
rare are the refactoring of activities. Once again we could admit, that this greatly
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depends on the developer’s experience and planning task. So, many developers con-
duct refactorings across all milestones and also during time to fix bugs and clean
up code without the responsibility to add new features. If programmers are not in
a hurry to introduce new features, refactoring is done more often and vice versa.
Some refactorings are carried out only upon request from a manager or customer,
which indirectly indicates a lack of refactoring planning and awareness at all.

4.3.4 RQ3: How Refactoring is Used?

In Table 4.6 on the facing page we present the results of open coding according to
third research question. We mention two main categories.

Methods

Based on [KZN14, NCV+13, CGM+17, PZODL17, HRP+14, MHPB09, CXW+16,
MH09, KCK11, GDMH12, LLXG14, MHB07, LML+15]

Researchers note that in general, programmers use several standard basic refactoring
actions, but interleave those actions in a variety of ways. As mentioned in the second
chapter, there are two methods of refactoring: manual and automatic. Studies
show that despite the existence of automated refactoring tools, more than half of
programmers do refactor manually. Only about 35% of programmers in general try
to use automatic methods. These data are different from those that we obtained at
the stage of analysing quantitative data. We can assume, that this happened due to
the fact that in the articles we used for quantitative analysis automatic refactoring
was considered more frequently. The reasons, why only one third of developers use
refactoring tools, is that in many cases programmers do not trust automatic methods
in the case of complex refactorings, refactoring is often trivial and can be done
manually, for certain IDE there are no suitable tools, and if they are, programmers
are not familiar with them. If an IDE has such tool support, more than half of
programmers in research tend to use them in a certain manner. Although many
developers point out that there is no tool that really helps in refactoring. The use
of tools itself depends on the programmer’s experience. Thus, programmers with
experience more than 10 years used more manual refactorings, and programmers
with experience from 5 to 10 years used automatic possibilities. In general, the
popularity of automatic refactorings does not reflect the popularity of refactoring
in general. In some cases, developers combine manual refactoring with partial use
of tools, thereby performing combined refactoring. Researches show that this type
used by approximately 7% of developers and again depends on the availability of
automated tools.

Refactoring types used

Based on [CFF+17, STV16, MHPB09, GDMH12, MHB07, LML+15, MH09, KZN14,
NCV+13]

Among all the articles we can definitely say that floss refactoring is the dominant
type. According to various sources, the frequency of the root-canal refactoring is
less than 25% of all refactorings activities and the frequency of floss refactoring
in some projects reaches 97%. The reasons for this is that refactoring is much
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Category Code

Methods Manual

Automated

Combined

Refactoring types used Floss refactorings

Root-canal refactorings

Table 4.6: Open Coding - How refactoring is used?

easier to do in conjunction with other tasks, such as creating new features, bug fix,
maintenance or any other developers activity. Here we can also add the lack of
refactoring planning in general and the fact that many programmers do refactoring
unknowingly. Researchers point out that floss refactoring is more efficient, frequently
used and more likely to continue to be used. Floss refactoring is also often an integral
part of agile software projects. Root-canal refactoring is not so common, but in the
future it is expected that it will be used more often.

4.3.5 Other Findings

During our analysis we found also another data, that is strong related to theme
refactoring. In Table 4.7 on the next page we show the results of open coding to
other interesting data according to refactoring.

Problems of refactoring

Based on [KCK11, PZODL17, CSGG16, OKS+16, MCHH07, KZN14, LML+15,
SNFG14, TGA17, CXW+16, Gil15]

One of the first problems of refactoring is creating bugs. Incorrect refactoring,
whether it be a floss refactoring or a root-canal, will certainly create a bug, which
later need to be fixed. Researchers note that after applying refactoring, there is a
short period of time in which the number of bug fixes increases. Also, the number
of refactorings in conjunction with the bug-fixes increases immediately before major
version releases. Moreover, often refactoring is a necessity right in front of bug-fixing
activities.

Some researchers have noticed, that there no correlation between design errors and
the amount of refactoring activities. It means, that programmers do not pay at-
tention to the code smell metrics. Despite this, about 80% of all the refactorings
are applied to elements with a smell and that probably done unknowingly. How-
ever, code smells metrics are not reliable indicators of whether refactoring will be
performed. Neither the role of the programmer nor the background gives a clear
answer whether this or other part of the code will be refactored. The use of refac-
toring creates almost the same amount of smells as removes them. About two thirds
of all refactorings are “neutral” - they do not change the code smell density. At the
same time, one third of all refactorings are ”stinky”, that means, they are negative
refactorings and create new smells. Only about 10% of refactorings really remove



42 4. Results and Findings of the SLR

Category Code

Problems of refactoring Incorrect refactorings

Dependency to bug-fixes and creating new bugs

Dependency to smells and nor removing them

Dependency to releases

Understanding of term ”refactoring”

Dependencies of programming language

Meaning of metrics

Refactoring activities Changing quality of code

Using tools for refactoring

Reuse and maintenance

Difference of refactoring types

Support of refactoring

Smell-elements

Search for refactorings Commit logs as indicator of refactorings

Problems with tools for detection of refactoring

Personal Accepting of refactorings

Dependencies to personal experience

Dependencies to type of a project

Table 4.7: Open Coding - Other findings
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code smells. Moreover, the researchers note that the number of negative refactorings
in the root-canal type is surprisingly high.

The academic definition of the term refactoring among developers is often perceived
as not entirely correct - developers often use refactoring with other activities, which
still change the functionality of the program. About 40% of developers did not
mention preservation of behavior, semantics, or functionality in their refactoring
definition at all. Also, the definition of refactoring from developers does not quite
match with the definition of Fowler - for more than one-third of developers, refac-
toring is part of normal software development.

In our review, Java is the dominant programming language. Researchers who studied
refactoring to several programming languages have noted, that the most dangerous
refactorings are refactoring for basic Java functionalities.

Refactoring activities

Based on [CFF+17, MHPB09, CS12, CXW+16, KZN14, TR03, LLXG14, MH09,
LL16b]

Any type of refactoring improves the internal quality indicators of attributes when
considering at least one metric about attribute. Moreover, floss refactoring improves
these attributes even if the programmer had no specific task to improve one or an-
other attribute. The use of manual and automatic refactoring is different, it is noted
by the programmers themselves. Different types of refactoring use different tech-
niques. This is confirmed by our analysis of the use of different types of refactoring
by High-Level refactorings on Figure 4.11 on page 28 and Low-Level refactorings
on Figure 4.17 on page 32. Moreover, different refactoring techniques are applied
differently in the root-canal and floss refactoring and, accordingly, have a different
number of applications.

The developers of refactoring tools mainly use other refactoring techniques com-
pared to the users of tools. This difference in views may influence development
direction of refactoring tools and users of tool may have not what they actually
want. Programmers also mentioned, that machine support for refactoring is highly
desirable.

An important part of using refactoring is documentation. Researches point out, that
it is extremely important to document in detail the procedures of applied refactoring,
since this facilitates further development and support not only among programmers,
but also other team members.

Despite the fact that code smell metrics are a poor indicator of whether refactoring
will be carried out, programmers note that when they deciding where to start refac-
toring, they try to find the most smelly part of the program. Thus, code smells do
play a role in refactoring.

Search for refactorings

Based on [MHPB09, CS12, NCV+13]

Using tools to search for refactorings makes easy to find refactorings for researchers.
But unfortunately, the messages recorded in the commit log very often do not allow
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either the tools no manual analysis to identify the presence of a refactoring in the
commit. Tools for refactoring searching can find only a High-Level refactorings.
Since about half of all refactorings are not High-Level, a large number of Low-Level
refactorings go unnoticed. Many Low-Level refactorings in addition are “shadowed”
(refer to floss refactoring) and it is also not possible to determine them correct with
help of tools. Based on this, there is a need in tools that could search in more detail
for refactorings and the programmers’ task is to write in more detail in the commit
log what has been done.

Personal

Based on [TGSH13, LML+15, CXW+16]

In some projects, the decision on refactoring is applied by one person. Moreover,
if the programmer needs to inform about the need to refactor, it becomes a real
problem. Since refactoring is something that does not change the functionality of
the program, for the customer there are no direct benefits from refactoring and it
is very difficult to explain to the customer the need for this procedure. There is
also a dependence on the experience of developers. The difference in the experience
of the development teams shows that if for an experienced group refactoring can
be combined with other tasks (they make floss refactorings), then inexperienced
groups are more focused on continuing development without paying attention to
the need for refactoring. Also, the more experienced group’s focus on extensibility
and maintainability and trying to take account of the future changes. This makes
them decide to refactor earlier. Generally, awareness of refactoring should become
a skill, which can be acquired from experience. The researchers point out, that
well-executed refactoring plans are signs of high-quality projects.

4.4 Discussion

In the course of the analysis, we found somewhat contradictory data according to
refactoring process. In this section we discuss them and try to name their causes.

One of the main contradictions regarding refactoring is the time to use it. Some
programmers do not use refactoring, because it takes a lot of time, which they
do not have. Other developers mention that using refactoring can reduce testing
and bug-fix time and speed up development. Regarding this arises the question:
what is actually better in terms of time? We assume that the speed of refactoring
activity directly depends on the experience of the programmer, the development
language, planning and support of refactoring in IDE. The development language
plays an important role how difficult it is to refactor and how well it is supported by
automatic tools. Lack of refactoring planning allows programmers not to consider
refactoring at all as part of development and not to deal with it. The developer’s
experience and how familiar he is with refactoring is one of the main reasons for
whether refactoring will be used or not. As already mentioned, if programmers
would have the opportunity to refactor, many developers will deal with it. For this
reason, it is very important to plan refactoring in the development process.

Another controversial fact is the difficulty of refactoring. Some techniques are very
complex, others, on the contrary, are simple. Both cases are the reason for refusing
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refactoring. If the reason for refusing complex refactorings can be understood, then
it is very strange that the simplicity of refactoring is also the reason for not doing
refactoring. Here, again, plays a role what programming language is considered
and the experience of the programmers. Programmers with less than 5 years of
experience tend to refuse to refactor by naming both reasons. For them, further
development and addition of new functionality is much more important. They also
mention, that the tasks of refactoring are not clear and often look like a waste
of time. In addition, because automatic tools are difficult to learn and in some
cases do not help in conducting refactoring, the propensity of programmers to refuse
refactoring increases. To eliminate this uncertainty, it is necessary that programmers
understand the importance of simple and complex refactoring for the entire system.
It is also very important that programmers understand how to properly refactor, so
that its consequences will be not negative.

From this point of view, the technical side of refactoring also has some contradic-
tions. Using refactoring allows you to improve the system, reduce development time,
bug fixes, testing, and facilitates further support. But not all refactorings have a
positive effect. Many of them, on the contrary, create new bugs, add code smells,
increase time costs and generally worsen the system. This raises the question: why
does refactoring have a negative effect? In most cases, refactoring is a personal
initiative of a programmer, his task and the decision on his venue are often taken
by intuition, and not by the code smell metrics. The programmer and his experi-
ence in development and refactoring affects whether the refactoring will be positive
or negative. While refactoring some programmers expect improvements of system
performance, although this is not the purpose of refactoring. From this we can call
another contradiction in the field of refactoring - its definition. Despite a clear aca-
demic definition, goals and objectives, the definition from developers often does not
coincide with them. For many programmers refactoring is not a separate develop-
ment process, but a part of it. Developers do refactor where they see fit, and not
where it is a necessity on the part of the system. Why among programmers there is
no clear definition of refactoring and not everyone understands unequivocally what
it is and why to conduct it? Again we come to the fact that the personal experience
of the developer affects how refactoring will be carried out.

The use of tools also has some conflicting data. As mentioned above, programmers
with 5-10 years of experience use automatic refactoring more often than the more
experienced ones. We can assume that this is due to the fact that experienced pro-
grammers know exactly how to conduct this or that refactoring and do it manually
based on previous experience. Perhaps due to the fact that the tools appeared rela-
tively recently, many experienced programmers are not so open to new methods and
capabilities. Other programmers are not so conservative, they are interested in the
capabilities of the tool and they are trying to learn and use them. Automatic tools,
which should facilitate the task of refactoring and help programmers to carry out
it faster and more efficiently often fail to cope with their task and remain ignored.
For some programming language there is a lack of such tools.

The most controversial aspect of refactoring is its use by differently experienced
groups of programmers. If in experienced groups of developers refactoring is a stan-
dard practice, it is carried out more often and more successfully and they have
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already developed experience with refactoring and its definition, then by program-
mers with medium and small experience are all rather ambiguous. As has already
been said, many developers do not know a clear definition and goals of refactoring,
do not pay enough attention to it and try to avoid it whenever possible. Program-
mers with less experience most often do negative refactoring. Some developers do
not realize that in the development process they sometimes do floss refactoring. The
task of refactoring some developers is motivating, for others it is completely unpleas-
ant work. Not everyone understands that refactoring is part of development, which
should not be combined with other development processes. Not everyone knows
where it is best to start refactoring, how to conduct it without worsening the sys-
tem. All this suggests that the experience of the programmer determines how, when
and how the refactoring will be carried out. The more experienced a programmer,
the more likely that he will be better understood and do refactor. Therefore, taking
time to refactor even among young developers is a necessity for developing a good
tone of programming and creating good software.

4.5 Study Limitations

The entire review was conducted by one person and the result was reviewed by
another. There was no parallel or collaborative analysis of data or comparison
of intermediate results. Despite, that we tried to be unbiased, this SLR may be
somewhat subjective.

The 37 articles, which were obtained in the review, are not the ideal number. Not
all found articles had open access. Perhaps, some articles were missed, which could
not be found by our search strings or were in other libraries. Relatively few articles
contained interviews or surveys.

Many articles dropped out at the data extraction stage, although they were suitable
for quality assessment. This may mean that for this topic, questions for quality
assessment should be chosen more carefully and the quality of the found articles
should be thoroughly checked.

The dominant language considered in the review is Java. Despite the availability of
articles about other languages, relatively few were submitted. Therefore, this review
applies more to Java language.

Considered refactorings in most cases were found through the automatic search
tools. Since such tools have a certain accuracy and in some cases are not able to
accurately find refactorings, the data on the number of used techniques are not
completely accurate and have a certain error.

Data extraction is in itself a very complex process that requires great concentration
and attention to each article. Despite the availability of the data extraction form
and an attempt to fully cover all aspects of interest to us, it is not excluded that
some data was missing or incorrectly highlighted.

By analysing text data using open coding techniques were made generalizations to
display the essence of the found information. These generalizations can also be
subjective or, to some extent, not quite correctly interpreted.



5. Related Work

In this chapter we present other studies, which are related to our area of research.

Abebe and Yoo have reviewed the different angles of refactoring to understand and
extract the software refactoring knowledge [AY14]. This work has a large sample
of articles, the study was carried out qualitatively and brightly shows the current
directions of the study of refactoring, its trends, opportunities, challenges, gaps, tools
and connection with other areas of software engineering. Also, the paper presents
a qualitative classification of general study directions in area of refactoring. The
main difference of this work to our thesis is that this work is a more generalized
summation of directions and knowledge of refactoring today, although in our case
we concentrate on the practical use of refactoring.

Wang has observed the main motivators of refactoring based on an interview of 20
people [Wan09]. The data from this article are used also by us in our work. Despite
the small sample of respondents, the data still correlate with other articles that were
found for our work. The main difference to this thesis is that this article describes
the data obtained only from the interview and no comparison with other data has
been made.

Tsantalis et al. conduct an empirical study on the use of refactoring based on
three open source projects [TGSH13]. The article describes in detail the difference
between refactorings for a test code and for a production code, when a greater
number of refactoring activity occurs and the reasons for using certain refactoring
techniques. The main purpose and motivators for refactoring are described in detail.
The difference to out work is that their research focuses more on refactoring activities
and the individual contribution of developers on this activities.

Vakilian et al. done a good research on the use of refactoring tools [VCN+12]. The
main goal was to understand why automatic tools are not used. For this purpose
were used tools for actively monitoring the programmer’s activity and logging his
actions regarding both types of refactoring, manual and automated. This data were
analysed and compared. In addition, participants were interviewed, in which specific
data were obtained on certain refactoring activities which were observed. As a result
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of the article, conclusions were drawn about the non-use of automatic refactorings
and the reasons for this. Despite the fact that the main goal was to analyse the use
of automatic tools, the article provides comprehensive and highly accurate data on
the use of refactoring and motivation as a whole. The main distinction to our work
is that in our work we do not concentrate us only on research of the use of tools and
study the refactoring use more generally.

Silva et al. were analysed the main motivators of using certain refactoring techniques
[STV16]. The article explored the Github repositories to search for refactorings and
after each refactoring found, the programmer was asked why he did it. The results
of the article cover the motivations for 12 types of basic refactoring techniques,
comments from programmers, and highlighting the most frequently used techniques.
Also, data on the use of automatic or manual refactorings are given and the main
reasons for this are indicated. This article contains a large number of comprehensive
data and this data is actively used in our work. The difference to out work is that
they empirically investigated the actual motivation of applied refactorings and their
research does not affect the issues of when and how refactoring is conducted.



6. Conclusion

In this thesis we showed the motivation for our research and its main stream. We
have described what refactoring is, its techniques, how it can be used and the main
possibilities for refactor. We also described how a systematic literature review is
conducted and, based on it, described the protocol to our review.

In the protocol to review we described the planning of our review. We used the
PICOC criteria to identify research questions, described the process of searching for
articles and the snowballing technique. We have indicated the sources for the search
and the search queries for finding articles. For selecting primary studies we described
the criteria for including or excluding studies and created the quality assessment.
To obtain necessary data we described procedure of data synthesis and, according
to this, data extraction form and open coding techniques.

Following the protocol, we conducted a search for articles based on the selection
criteria. In addition, snowballing was conducted on the articles found and articles
not previously found were highlighted. After searching and snowballing we achieved
73 articles. All articles were checked according to the quality assessment and 22
studies left our review after this stage. Moreover, on the stage of data extraction
some articles were also excluded. In the end, 37 papers remained for our review.

In the results of our work, we analysed the articles and their meta data, indicated the
types of selected articles, the total number of study participants among all papers,
their experience, the number of projects reviewed, the amount of code analysed and
considered programming languages. We showed the quantitative data regarding
refactoring techniques that were found. This data was divided into High-Level and
Low-Level refactorings. Also we observed the data of manual and automatic use
of refactoring separately. We identified the most used techniques, described the
possible reasons for their widespread use and explained the heterogeneity in the
data of the use of manual and automatic refactorings.

To answer research questions, we collected qualitative data from each article and
analysed them based on the open coding technique. All collected data according to
each research questions was divided into short categories. Each category represents
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some aspect of research question. Every category was described in detail according
to founds of researches and personal opinions and comments of developers. For each
category we tried to explain the possible causes of its occurrence and how to deal
with it. Also, we described other findings obtained by us during our review and
which are interesting to the area of refactoring.

Summing up, refactoring is not used mainly due to lack of resources, high risks,
difficulties with tools and the software itself, poor management, accounting for return
on investment and personal reluctance. Refactoring used for reasons of improving
the understanding of code, its quality, facilitating development and support, as well
as for personal interest and responsibility of programmers. Refactoring is mainly
used not according to plan and in many cases refactoring planning reflects high-
quality projects. The distribution of frequency of refactoring activities depend on
the project management and developer experience. Refactoring is not just a separate
process. Often it is the part of adding new functionality. Also, some programmers
are not limited to manual refactoring, sometimes they refactor with the tools and
even combining automatic and manual refactoring.

The distribution of articles between research questions shows that there are relatively
few studies which answers the question ”Why refactoring is not used?”. In most
articles researches are trying to show positive aspects from refactoring. Also, the
questions ”when refactoring is used” and ”how refactoring is used” are relatively not
often investigated.

At the end of our thesis, we discussed the conflicting data and their causes, the
limitations of our work and described the related work.



7. Future Work

In this chapter we briefly show the directions of future work according to our study.

There are several future research directions to improve the results presented in this
thesis. One of the main ones could be similar to our review, but with a larger sample
of articles and, in particular, aimed at a greater number of different programming
languages. From this appears the need for more empirical researches of refactoring
use that would more fully show motivation, reasons, the use and effect of refactor-
ing. Also, it would be important to conduct interviews or surveys involving a large
number of developers with varying degrees of programming experience who would
answer questions about the use of refactoring.

Parallel to this, to improve the results of work in the field of refactoring is necessary
to further develop automatic tools that could find a greater number of refactorings
with greater accuracy in version control systems.

We can not overlook the need for further development of automatic refactoring tools
that would be highly efficient, easy to learn, to use and would really help developers
in refactoring tasks.

One of the more global directions could be a study in which it will be shown why
there are ambiguous opinions of programmers about the term refactoring and its use
and how this situation could be changed to be better, by popularizing refactoring
among all groups of developers.
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Study
ID

Name Year Source

Ec01 Detection Technology and Application of
Clone Refactoring [YDL18]

2018 ACM Digital Library

Ec02 Gathering refactoring data a comparison of
four methods [MHBDP08]

2008 ACM Digital Library

Ec03 Measuring refactoring benefits a survey of
the evidence [OCYC16]

2016 ACM Digital Library

Ec04 Refactoring Patterns, Practices for Daily
Work [LL16a]

2016 ACM Digital Library

Ec05 Representing Refactoring Opportunities
[PPA+09]

2009 ACM Digital Library

Ec06 The Evolution of Knowledge in the Refactor-
ing Research Field [OPMT15]

2015 ACM Digital Library

Ec07 A Discussion of Refactoring in Research and
Practice [BGA+04]

2004 CiteSeerX

Ec08 Challenges of Refactoring C Programs
[GJ02]

2002 CiteSeerX

Ec09 Towards Concurrency Refactoring for x10
[MFM09]

2009 CiteSeerX

Ec10 A Survey of Software Refactoring [MT04] 2004 IEEExplore

Ec11 Effective software refactoring process
[KCOV18]

2018 IEEExplore

Ec12 An empirical assessment of refactoring im-
pact on software quality using a hierarchical
quality mode [SL11]

2011 Google Scholar
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Study
ID

Name Year Source

Ec13 Extracting Refactoring Trends from Open-
source Software and a Possible Solution
to the ’Related Refactoring’ Conundrum
[AHC06]

2006 Google Scholar

Ec14 Refactoring: Emerging Trends and Open
Problems [MBVD03]

2003 Google Scholar

Ec15 Refactoring in the Presence of Aspects
[Wlo03]

2003 Google Scholar

Ec16 Trends in Java Code Changes: The Key to
Identification of Refactorings? [CHJ+03]

2003 Google Scholar

Ec17 An empirical study of refactoring decisions in
embedded software and systems [DAF12]

2012 Science Direct

Ec18 A Study on Quality Improvements by Refac-
toring [Boi06]

2006 ACM Digital Library

Ec19 Refactoring Myths [HO15] 2015 ACM Digital Library

Ec20 An Information Foraging Theory Perspective
on Tools for Debugging, Refactoring, and
Reuse Tasks [FSP+13]

2013 CiteSeerX

Ec21 Experience-Based Refactoring for Goal-
Oriented Software Quality Improvement
[RR04]

2004 CiteSeerX

Ec22 ”Refactoring” Refactoring [JBY17] 2017 IEEExplore

Ec23 A Field Study of Refactoring Challenges and
Benefits [KZN12]

2012 ACM Digital Library

Ec24 A Manually Validated Code Refactoring
Dataset and Its Assessment Regarding Soft-
ware Maintainability [KHFG16]

2016 ACM Digital Library

Ec25 Analyzing Students’ Software Redesign
Strategies [SPB16]

2016 ACM Digital Library

Ec26 Refactoring Planning and Practice in Agile
Software Development: An Empirical Study
[CXW+14]

2014 ACM Digital Library

Ec27 Seven Habits of a Highly Effective Smell De-
tector [MHB08c]

2008 ACM Digital Library

Ec28 The Need for Richer Refactoring Usage Data
[VCN+11]

2011 ACM Digital Library
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Study
ID

Name Year Source

Ec29 Breaking the Barriers to Successful Refac-
toring: Observations and Tools for Extract
Method [MHB08a]

2008 CiteSeerX

Ec30 Does Refactoring Improve Reusability?
[MSAS06]

2006 CiteSeerX

Ec31 Refactoring: Current Research and Future
Trends [MDB+03]

2003 CiteSeerX

Ec32 An Initial Study on Refactoring Tactics
[LGN12]

2012 IEEExplore

Ec33 Refactoring-Aware Code Review
[GSWMH17]

2017 IEEExplore

Ec34 An Empirical Study on the Impact of Refac-
toring Activities on Evolving Client-Used
APIs [KOGI17]

2017 Google Scholar

Ec35 Comparing Approaches to Analyze Refac-
toring Activity on Software Repositories
[SGMHJ13]

2013 Google Scholar

Ec36 Refactoring Tools and Their Kin [Ste15] 2015 Web Of Science

Table A.1: All Excluded Studies
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Study
ID

Q01 Q02 Q03 Q04 Q05 Q06 Q07 Q08 Score Selected

P01 V V V _ _ & _ & 4,5 Yes

P02 V V V V V & V V 7 Yes

P03 V V V _ V V _ V 6 Yes

P04 V V _ _ _ & _ _ 4,5 Yes

P05 V V V V V _ _ _ 6.5 Yes

P06 V V V V V _ V V 7.5 Yes

P07 V V V V V & V _ 6.5 Yes

P08 V V V V V _ V V 7.5 Yes

P09 V V V & _ & _ _ 4.5 Yes

P10 V V V _ _ _ V _ 6 Yes

P11 V _ V V V _ V V 7 Yes

P12 V _ V V V _ V V 7 Yes

P13 V _ V V _ _ V V 6.5 Yes

P14 V V V V V _ V V 7.5 Yes

P15 V _ _ V _ _ _ _ 5 Yes

P16 V _ V _ V & _ _ 5 Yes

P17 V V V _ V _ & _ 5.5 Yes

P18 V _ V V _ & & _ 4.5 Yes

P19 V V V V V _ V V 7.5 Yes

P20 V V V V V _ V _ 7 Yes

P21 V V V V V _ _ V 7 Yes

P22 V V V _ _ & V V 6 Yes

P23 V _ V V _ & _ _ 5 Yes

P24 V V V V _ & _ _ 5.5 Yes

P25 V _ V V _ _ V V 6.5 Yes

P26 V V V V V _ & V 6.5 Yes

P27 V _ V _ V & V _ 5.5 Yes

P28 & _ _ _ _ _ V V 4.5 Yes

P29 V V V V V V V V 4 Yes
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Study
ID

Q01 Q02 Q03 Q04 Q05 Q06 Q07 Q08 Score Selected

P30 V V V V V _ V _ 7 Yes

P31 V V _ V V _ _ V 6.5 Yes

P32 V _ _ V V & & & 4 Yes

P33 & V V _ V _ V _ 5.5 Yes

P34 V _ V V V _ _ _ 6 Yes

P35 V _ V _ _ & _ _ 4.5 Yes

P36 V V V V _ _ V V 7 Yes

P37 V V V V V _ & V 6.5 Yes

Table A.2: Quality Assessment - Included Studies
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Study
ID

Q01 Q02 Q03 Q04 Q05 Q06 Q07 Q08 Score Selected

Ec01 & & _ V _ V & _ 3.5 No

Ec02 V & _ V & _ & _ 3.5 No

Ec03 & & _ _ & & _ V 2.5 No

Ec04 & _ _ V _ & & _ 3 No

Ec05 V _ _ & _ & _ _ 3.5 No

Ec06 V _ V _ _ & & & 3.5 No

Ec07 V & _ _ _ & & _ 3 No

Ec08 V & _ V & & & _ 3 No

Ec09 V & V _ & & & & 2.5 No

Ec10 V & V _ & & & _ 3 No

Ec11 & _ V _ _ & & _ 3 No

Ec12 V _ _ _ _ & _ & 3.5 No

Ec13 V _ _ _ _ _ & & 3.5 No

Ec14 V & V _ _ & & _ 3.5 No

Ec15 V & _ _ & & & _ 2.5 No

Ec16 V _ _ _ _ & & _ 3.5 No

Ec17 V V & _ _ & & & 3 No

Ec18 V V _ _ _ & & & 3.5 No

Ec19 V & _ & _ & _ _ 3 No

Ec20 V & _ & _ & & _ 2.5 No

Ec21 V & _ & _ & & & 2 No

Ec22 V & _ _ _ & _ _ 3.5 No

Table A.3: Quality Assessment - Excluded Studies
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Study
ID

Q01 Q02 Q03 Q04 Q05 Q06 Q07 Q08 Score Selected

Ec23 V V V V V _ V V 7,5 Yes

Ec24 V _ _ _ V _ _ _ 5 Yes

Ec25 V V V V _ _ & _ 5.5 Yes

Ec26 V V V V _ V V V 7.5 Yes

Ec27 V _ V _ V _ & _ 5 Yes

Ec28 V V V _ _ _ V & 5.5 Yes

Ec29 V _ V V V & V _ 6 Yes

Ec30 V V V _ _ & _ _ 5 Yes

Ec31 V & _ V _ & _ _ 4 Yes

Ec32 V V V V V & & _ 5.5 Yes

Ec33 V V V V V _ V _ 7 Yes

Ec34 V V _ _ _ _ _ _ 5 Yes

Ec35 V & V _ V V V V 6.5 Yes

Ec36 V V V V V & V V 7 Yes

Table A.4: Quality Assessment for Papers excluded by
Data Extraction
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