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Abstract
Refactoring is a disciplined technique for restructuring an 
existing body of code, altering its internal structure without 
changing its external behavior. Refactoring are commonly used 
in agile software processes to improve software quality after a 
significant software development or evolution. The purpose of 
these refactoring operations is to transform a program structure 
into a better quality after fixing quality defects such as bad 
smells, anti-patterns, flaws, pitfalls, anomalies, ill-nesses. This 
kind of transformations reduces the cost and effort of software 
maintainability for the long run by keeping software complexity 
within acceptable levels. There is belief that refactoring improves 
quality factors such as understandability, flexibility, productivity 
and reusability. However, there is limited empirical evidence 
to support such assumptions. We study the effect of software 
refactoring on software quality. Results indicate that refactoring 
not only increases aspects of software quality, but also improves 
productivity.
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I. Introduction
A particular refactoring is a sequence of code changes that 
improves the quality of design without changing the behavior 
of software [1]. Software refactoring is commonly used in agile 
software processes to improve software quality [2]; it is used for 
continuous improvement of the structure and the understandability 
of software artifacts during development [3]. The purpose of these 
changes is to transform a program structure into a better quality 
after fixing quality defects such as bad smells, anti-patterns, flaws, 
pitfalls, anomalies, ill-nesses [4]. This kind of transformations 
reduces the cost and effort of software maintainability for the 
long run by keeping software complexity within acceptable levels 
[5]. Refactoring has been used in practice to improve software 
quality for commercial and open-source software systems. For 
example, Microsoft reserves 20% of the development effort on 
code rewriting [6]. Lucent had redesigned systems with design 
patterns and refactored code to match a proposed design [7]. In an 
open-source system example, Mozilla’s code was refactored in the 
beta phase [8]. Software refactoring follows a systematic process 
both in agile and non-agile development processes. Mens and 
Tourwé described refactoring as a process that consists of many 
activities [9]: first, identify refactoring candidates (i.e., where 
the software should be refactored); second, determine which 
refactoring(s) to apply; third, guarantee that refactoring preserve 
behavior; fourth, assess the effect of the refactoring on software 
product quality characteristics (e.g., complexity, understandability, 
and maintainability) or software process (e.g., productivity, cost, 
and effort). Many research studies have been conducted to find the 
classes that are in need of refactoring. Although many software 
development environments include refactoring tools, there are few 
comprehensive studies that assess the effect of a large number of 
refactoring mechanics on software quality. In addition, there are 
few previous works that provide a set of refactoring heuristics that 
can be used to detect refactorings and can work as guidelines for 

developers when refactoring. Software developers have to refactor 
and then validate the effect of their refactoring on software quality 
using other criteria such as collecting metrics data, which is a 
time-consuming activity. In addition, refactoring activities can 
be classified according to quality factors that can be achieved 
through particular refactorings [10]. Such a classification allows 
developers to selectively improve software quality. In most 
literature of software refactoring, it is assumed that refactoring 
improves software quality to some extent. For example, refactoring 
makes software design easier to modify [11], easy to extend and 
maintain [12], and easy to reuse [13]. However, there is limited 
empirical evidence of such assumptions. In this section we 
summarize many empirical studies that were conducted to find 
the impact of refactorings on the quality of software systems. 
Recently, a more comprehensive study was conducted by Alshayeb 
[14]; he conducted his study to find the impact of refactorings 
on quality factors: maintainability, understandability, reusability, 
testability and effectiveness. The results in Alsheyb’s work showed 
more negative relationships between the applied refactorings and 
the software quality factors (maintainability, understandability, 
reusability, testability and effectiveness). These results provide 
more insight to the relationship between refactoring and software 
quality and evidence for developers to use these techniques more 
objectively and conveniently.

II. What is Refactoring?
 Refactoring is the art and science of improving existing code. 
Refactoring, according to Fowler (2000), is the activity of 
reorganizing the design or internal mechanism of software in 
order to make the software easier to understand and modify, 
without affecting its external behavior. Typically when application 
development begins, prototyping is used to see how things work. 
As program requirements grow, the same code is tailored, modified 
and extended to add a new functionality. With the growing need 
for change, the software turns out to be lump of spaghetti code 
that can become a nightmare to manage unless handled with great 
care. Refactoring helps programmers to maintain the functionality 
of the code developed during prototyping and improves its quality 
for the next iteration [14]. 

 
 Fig. 1: Refactoring Concept 

During refactoring there are three disciplines that must be 
followed: 
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A. Testing After Each Refactoring
Testing is a precondition for refactoring. Since refactoring makes 
a change to the internal structures of the software, we need to 
have a way to check that the change does not alter its observable 
behavior. No mater how hard we try to avid introducing bugs, we 
are still human and we have always possibility to make mistakes 
during refactoring. Therefore, we need solid tests to detect such 
bugs. A set of solid tests are essential for refactoring [14].

B. Self-Check Testing as Much as Possible
Testing should be done by self-checking. Self-checking test means 
that it should say “Ok” if the expected output from a testing method 
is a string such as “AbCdd” instead of printing the output literary. 
If the automatic testing is not used, programmers end up spending 
time hand checking the output from the test against an expected 
output. It then slows down their development. A self-checking 
test is a powerful bug detector to save the time it takes to find 
bugs [14]. 

C. Refactoring and Adding Functionality Separately
When refactoring, it is advisable not to add new functionality to a 
code. This sounds easy, but it can become difficult at times. While 
refactoring, the programmer will occasionally find a place where 
a new functionality is called for. The addition of new functionality 
during refactoring may require several-steps of backtracking 
because adding new functionality by itself entails a change in the 
behavior of the system and requires other sets of testing procedures. 
This is not at the best interest of the programmer who presumably 
tries to maintain the very behavior that might change as a result 
of the new functionality being inserted. The obvious consequence 
might waste many hours of developments [14].

III. Impact of Refactoring
Software refactoring is used to restructure the internal structure 
of object-oriented software to improve its quality, especially 
its maintainability, extensibility, and reusability [15-16], while 
preserving its external behavior.Software refactoring is widely 
used to delay the degradation effects of software aging and facilitate 
software maintenance. Because software is repeatedly modified 
according to evolving requirements, source code shifts from its 
original design structure. The source code becomes complex, 
difficult to read or debug, and even harder to extend. Software 
refactoring improves readability and extensibility by cleaning up 
bad smells in the source code. 

A. Bad Smells
Because software is repeatedly modified according to evolving 
requirements, source code shifts from its original design structure. 
The source code becomes complex, difficult to read or debug, and 
even harder to extend. Software refactoring improves readability 
and extensibility by cleaning up bad smells in the source code. 
Some bad smells occurred in software development are as follows 
[17]:

1. Duplicated Code
Number one in the stink parade is duplicated code. If you see the 
same code structure in more than one place, you can be sure that 
your program will be better if you find a way to unify them.The 
simplest duplicated code problem is when you have the same 
expression in two methods of the same class. Then all you have 
to do is Extract Method and invoke the code from both places.
Another common duplication problem is when you have the 

same expression in two sibling subclasses. You can eliminate 
this duplication by using Extract Method in both classes then 
Pull Up Field. If the code is similar but not the same, you need to 
use Extract Method to separate the similar bits from the different 
bits [17].

2. Long Method
The object programs that live best and longest are those with 
short methods. Programmers new to objects often feel that no 
computation ever takes place, that object programs are endless 
sequences of delegation. When you have lived with such a program 
for a few years, however, you learn just how valuable all those 
little methods are. All of the payoffs of indirection—explanation, 
sharing, and choosing—are supported by little methods.Since 
the early days of programming people have realized that the 
longer a procedure is, the more difficult it is to understand. Older 
languages carried an overhead in subroutine calls, which deterred 
people from small methods. Modern OO languages have pretty 
much eliminated that overhead for in-process calls. There is 
still an overhead to the reader of the code because you have to 
switch context to see what the subprocedure does. Development 
environments that allow you to see two methods at once help to 
eliminate this step, but the real key to making it easy to understand 
small methods is good naming. If you have a good name for a 
method you don’t need to look at the body [17].

3. Large Class
When a class is trying to do too much, it often shows up as too 
many instance variables. When a class has too many instance 
variables, duplicated code cannot be far behind.You can Extract 
Class to bundle a number of the variables. Choose variables to 
go together in the component that makes sense for each. For 
example, “depositAmount” and “depositCurrency” are likely to 
belong together in a component. More generally, common prefixes 
or suffixes for some subset of the variables in a class suggest the 
opportunity for a component. If the component makes sense as a 
subclass, you’ll find Extract Subclass often is easier [17].
There are also some bad smells in software developing projects 
which can eb defeats by the operation of software refactoring. 
These other bad smells are- Divergent Change, Feature Envy, 
Data Clumps, Primitive Obsession, Switch Statements, Parallel 
Inheritance Hierarchies, Lazy Class, Speculative Generality, 
Temporary Field, Message Chains, Middle Man ,Inappropriate 
Intimacy ,Alternative Classes with Different Interfaces, Incomplete 
Library Class, Data Class,etc [17].

B. Anti-Patterns
Good software structure is essential for system extension 
and maintenance. Software development is a chaotic activity, 
therefore the implemented structure of systems tends to stray 
from the planned structure as determined by architecture, analysis, 
and design. Software refactoring is an effective approach for 
improving software structure. The resulting structure does not have 
to resemble the original planned structure. The structure changes 
because programmers learn constraints and approaches that alter 
the context of the coded solutions. When used properly, refactoring 
is a natural activity in the programming process. For example, 
the solution for the Spaghetti Code AntiPattern defines a software 
development process that incorporates refactoring. Refactoring 
is strongly recommended prior to performance optimization. 
Optimizations often involve compromises to program structure. 
Ideally, optimizations affect only small portions of a program. 
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Prior refactoring helps partition optimized code from the majority 
of the software [18].

C. Software Bugs
A software bug is an error, flaw, mistake, failure, or fault in a 
computer program or system that produces an incorrect or 
unexpected result, or causes it to behave in unintended ways. 
Most bugs arise from mistakes and errors made by people in either 
a program’s source code or its design, and a few are caused by 
compilers producing incorrect code. A program that contains a 
large number of bugs, and/or bugs that seriously interfere with 
its functionality, is said to be buggy. Reports detailing bugs in 
a program are commonly known as bug reports, fault reports, 
problem reports, trouble reports, change requests, and so forth.
Bugs trigger errors that can in turn have a wide variety of ripple 
effects, with varying levels of inconvenience to the user of the 
program. Some bugs have only a subtle effect on the program’s 
functionality, and may thus lie undetected for a long time. More 
serious bugs may cause the program to crash or freeze. Others 
qualify as security bugs and might for example enable a malicious 
user to bypass access controls in order to obtain unauthorized 
privileges.

IV. The Quality Model for Software Design
To achieve the objectives of this research, we need a quality 
model that can be easily used to evaluate and interpret system 
evolution when refactoring. To find the effect of refactoring 
activities on software quality, the model must also measure 
both the internal and external quality characteristics. Internal 
characteristics are used to measure software properties such as 
information hiding, inheritance, and polymorphism. There are 
many quality models that link between internal software properties 
and external quality factors. McCall and his colleagues defined 
a quality model as a hierarchy of factors, criteria, and measures. 
ISO 91265 [18] is a standard model that defines quality as a set of 
product characteristics at two levels: internal and external. Squid 
a variant of the ISO 9126 model, but it depends on having a past-
experience database to establish a relationship between internal 
and external quality characteristics [19]. Bansiya and Davis [20] 
proposed and validated a hierarchal Quality Model for Object-
Oriented Design (QMOOD) that relates between internal and 
external quality characteristics. All these models are hierarchal 
and can be used to define measures and the relationships between 
the internal and external quality characteristics. However they 
differ at the low level of the hierarchy and the measure definition. 
QMOOD model can be used at both the system and component 
levels and it is easy to assess, because it provides a quantitative 
assessment of external quality factors from the measurements of 
the internal design properties. QMOOD is a hierarchal quality 
model that is used to assess external quality factors using design 
measures and can be applied to early stages (requirements and 
design) to ensure that the product artifacts have favorable internal 
properties. This model gives developers an opportunity to fix 
problems, remove irregularities and nonconformance to standards, 
and eliminate unwanted complexity early in the development cycle 
[21]. QMOOD assesses six external quality factors, eleven internal 
design properties, and OO design components such as attributes, 
methods, classes, composition, and inheritance hierarchies. We 
want to assess the effect of refactoring software components on 
four software quality factors only. The definitions of the four 
quality factors are provided as follows:

1. Reusability
The degree to which a software module or other work product 
can be used in more than one computer program or software 
system. 

2. Flexibility
The ease with which a system or component can be modified for 
use in applications or environments other than those for which it 
was specifically designed. 

3. Extendibility
The ease with which a system or component can be modified to 
increase its storage or functional capacity. 

4. Effectiveness
The degree to which a design is able to achieve the desired 
functionality and behavior using OO design concepts and 
techniques.
We have excluded the understandability factor because it is 
a subjective quality factor and using a model of merely static 
measures to evaluate understandability is inadequate. In addition, 
we have excluded the functionality factor because we assume 
that refactoring does not change the behavior of systems, rather it 
changes the internal characteristics of systems without changing 
functionality. The effect of refactorings on these quality factors 
cannot be assessed directly. QMOOD links these factors to many 
design properties that are quantified by software measures as 
shown in following table. Each quality factor is a function of many 
software properties (measures). Refactoring activities change 
the internal design of a software system; therefore we expect 
refactoring to impact external quality factors consequently. Ex, 
the reusability is an index of four weighted properties: coupling, 
cohesion, messaging, and design size. Consequently, changing 
these properties, because of refactoring, affect reusability as well. 
Increasing class coupling decreases class reusability, whereas 
increasing class cohesion, message passing among objects, 
or number of classes increase the reusability of the system’s 
components [22].
 The general belief is that improving these design properties 
leads to improvements on external quality factors such as 
understandability, reusability, efficiency, testability, adaptability, 
maintainability and functionality. Refactoring makes software 
design easier to modify [23], easy to extend and maintain [24], 
and easy to reuse. Refactoring improved quality by reducing the 
size of code, increasing the number of procedures, reducing the 
density of dependencies, and reducing regression testing. There 
are some quality factors are given in details.

A. Understandability
 The trouble is that when you are trying to get the program to 
work, you are not thinking about that future developer. It takes 
a change of rhythm to make changes that make the code easier 
to understand. Refactoring helps you to make your code more 
readable. When refactoring you have code that works but is not 
ideally structured. A little time spent refactoring can make the 
code better communicate its purpose. Programming in this mode 
is all about saying exactly what you mean [25].

B. Productivity
 In more traditional development processes, refactoring is present 
in ordinary maintenance tasks or extraordinary maintenance 
projects, in order to improve software maintainability. A very 
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simple measure of productivity is the ratio of lines of code (LOC) 
produced and effort in hours spent in producing them [25].
 Productivity = LOC / Effort

C. Reusability
Software reuse can be defined as all activity that has using 
previously written software(in the form of specification, design, 
code, or related texts) as its goal. Reuse is a matching between 
new and old contexts. Whenever matching succeeds partially or 
completely, reuse is possible. Software reuse is not only about 
the re-application of a software component in another context or 
environment, it is also about the reuse of knowledge [25].
Two basic reasons for software reuse are:

1. Increased Productivity
If the emphasis is on production speed and minimizing cost/effort, 
then being able to plug-in a collection of ready-made parts will be 
of great help. There is a reduction in the need for software design, 
implementation,testing, and documentation.

2. Increased Software Quality
If the emphasis is on quality, then it will be advantageous
if one has access to well-designed, well-tested, and well-
documented code that has a proven correct and well-understood 
behaviour.

D. Maintainability
Y. Kataoka, T. Imai, H. Andou T. Fukaya discussed program 
refactoring as a technique to enhance the maintainability of a 
program. They proposed a quantitative evaluation method to 
measure the maintainability enhancement effect of program 
refactoring. They used coupling metrics to evaluate the refactoring 
effect. By comparing the coupling before and after the refactoring, 
they evaluated the degree of maintainability enhancement. Their 
results showed that their method was effective to quantify the 
refactoring effect [25].

E. Refactoring Helps you Program Faster
In the end, all the earlier points come down to this: Refactoring 
helps you develop code more quickly.This sounds counterintuitive. 
Improving design, improving readability, reducing bugs, all 
these improve quality. But doesn’t all this reduce the speed 
of development? [25].

V. Refactoring Impact Analysis on Quality Factors
In this section, we evaluate the effect of refactorings on quality 
factors by utilizing the refactoring heuristics resulting from the 
last section. This evaluation tells us whether a refactoring activity 
improves or deteriorates quality factors. The evaluations that are 
presented in result from using the impact of refactoring on software 
measures to calculate the impact on quality factors. For example, by 
applying the Encapsulate Field, we see three improvements and no 
deteriorations on software quality, therefore, we get a refactoring 
heuristic: Encapsulate Field improves Reusability, Flexibility, 
and Effectiveness. We present these refactoring activities which 
consists of refactoring activities that are considered safe (i.e., these 
refactorings have improvements more than deteriorations) and 
refactoring activities that are not safe to use (i.e., these refactorings 
have more deteriorations than improvements). Five refactorings do 
not have effect on any of the quality factors: Substitute Algorithm, 
Introduce Assertion, Rename Method, Remove Parameter, and 
Preserve Whole Object, because these refactorings do not have any 

effect on object-oriented design measures. Software developers 
can use these refactoring heuristics to make decisions when to 
use refactoring efficiently and to conduct goal-driven refactorings. 
For example, if a developer wants to improve the reusability of 
a system, he or she can consider all refactoring activities that are 
listed to increase reusability and avoid the ones that deteriorate 
reusability. For example, Encapsulate Field is well-known to 
increase information hiding. We also found in our study that 
Encapsulate Field increases three other quality factors and has 
no deteriorations. Hide Delegate is well-known to make design 
changes easier. We found out that it also improves reusability, 
increases flexibility of changing classes, and makes a class easy to 
extend. The Collapse Hierarchy deteriorates four quality factors. 
Three refactorings do not have any improvements (Remove Middle 
Man, Inline Method, and Remove Setting Method). If developers 
want to use these refactorings, they should be precautious. For 
example, Remove Middle Man can be used when the hiding 
of delegations is awkward. In summary, our research findings 
revealed more useful information on refactoring than what was 
proposed by Fowler originally. In addition, the results can be 
reorganized by a particular quality factor and categorized into 
safe or unsafe refactoring [23].

VI. Conclusion & Future Works 
 Although agile processes and practices are gaining more importance 
in the software industry there is limited solid empirical evidence 
of their effectiveness. This research focuses in particular on the 
practice of refactoring, which is one of the key practices of Extreme 
Programming and other Agile Methods. While the majority of 
software developers and researchers agree that refactoring has long-
term benefits on the quality of a software product (in particular on 
program understanding) there is no such consensus regarding the 
development productivity. Available empirical results regarding 
this issue are very limited and not clear [1]. This might refrain 
managers from adopting refactoring, as they might be scared of 
loosing resources. This work contributes to a better understanding 
of the effects of refactoring both on code quality – in particular 
on software maintainability - and development productivity in a 
close-to industrial, agile development environment. It provides 
new empirical, industrially based evidence that refactoring rather 
increases than decreases development productivity and improves 
quality factors, as measured using common internal quality 
attributes – reduces code complexity and coupling; increases 
cohesion. The implications on defects are not discussed, as such 
data are not available. Moreover, we do not contribute in exploring 
the linkage of refactoring to other external quality attributes. 
Clearly, this question has to be addressed in a future study.
There are possible threats to the validity of the results of this 
work. First, the work is limited to the refactoring descriptions 
that appear in Fowler’s work and may not apply to variations of 
these refactorings. Second, the evaluations of the refactorings in 
this work are subjective and informal and that because software 
refactoring is inherently subjective. Third, the assumption in 
this work that evolution of code is caused mostly by refactoring, 
which may not be the case in real environments. In the future, 
it is necessary to conduct more studies on larger systems either 
controlled or in real environments to confirm our findings. 
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