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Abstract- Refactoring is the process of changing the internal structure of the existing code of the software to improve the 
design without affecting its external behavior. In this paper, we empirically examine the impact of Refactoring on Software 
Maintenance using Object Oriented (OO) Metric. To carry out the empirical study, the source code of an open source project 
ORDrumbox hosted by Sourceforge.net is obtained. Five refactoring techniques Extract Class, Use Super Type, Extract 
Method, Extract Super Class and Extract Interface are applied and their effects are observed. OO Metrics of the software are 
collected before and after the application of refactoring and Change in their values are further mapped to maintainability.  This 
helps us in determining how these refactoring techniques affect maintainability.  This paper reflects that refactoring 
techniques improve maintainability with a long term planning by improving the design of the code. This paper will help the 
software professionals in taking the decision regarding which refactoring method should be applied and when it should be 
applied, in order to optimize the cost involved in the software system design. 
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I. INTRODUCTION 
 
Software maintenance starts after delivery of the 
project to correct faults, to improve performance, or to 
adapt the product to a modified environment. Software 
maintainability is defined as the ease with which a 
software system is modified to carry out such 
maintenance task. Refactoring is one of the important 
operation carried out during maintenance phase. 
During Maintenance the quality of underlying design 
diminishes as less consideration is given to the overall 
design structure of the software product. Various 
metrics have been proposed in literature to correlate 
the relationship between design metrics and 
subsequent quality such as Lorenz and Kidd metrics 
suite, Metrics for Object Oriented Design (MOOD’s 
metric) by Abreu & Carapuca, Chidamber & 
Kemerer’s metrics suite (C&K), Software Package 
Metrics etc. Software maintainability, one of the 
important aspect of the software quality, can also be 
measured using OO Metrics. We have selected C&K 
Metric Suite for OO systems to capture the design 
characteristics of the code because they are 
theoretically sound, empirically validated. By 
monitoring these metrics in the maintenance phase, 
we can keep a check on maintenance cost and the 
quality of the product. 
 
Refactoring in the IEEE Standard is defined as the 
process of refining the design of existing code by 
changing its internal structure without disturbing its 
external behavior. It has been stated by various 
authors that refactoring is a procedure to improve 
design of the software, makes it easier to understand, 
combats software decay and improves software 

quality. In this empirical study with the help of OO 
Metrics affected by refactoring process we have tried 
to evaluate whether refactoring can be used as a means 
to improve software maintainability. There are more 
than 70 different refactoring techniques each having 
its own purpose and influence on the software quality 
out of which we have used five techniques in the 
current investigation. A team of developer that 
comprises of one professor and two students is 
constituted to carry out refactoring, observe change in 
OO metrics and tabulate the effects. An open source 
medium sized software ORDrumbox, version 0.9.082, 
downloaded from http://sourceforge.net/ is used in 
this study, which contains total of 218 classes and 50 
KLOC. 
 
II. RELATED WORK 
 
A lot of research work has been done to investigate 
when and how to apply refactoring techniques and 
their influence on various quality attributes. 
Stroggylos and Spinellis have analyzed logs of source 
code version control systems to analyze the impact of 
refactoring on software metrics. 
 
Geppert et al. examined refactoring impacts on 
changeability for a legacy system through the 
empirical calculations. In that research work, three 
factors were considered for changeability i.e. customer 
reported defect rate, scope of changes and effort.  
Whereas Wilking et al. empirically studied how 
refactoring affects maintainability and modifiability. 
They tested maintainability, by implanting defects 
into the code randomly and then computing time 
required to fix those defects. To test modifiability they 
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added new requirements and then measured the time 
required to implement those requirements. Elish et al. 
investigated the effect of refactoring techniques on 
Software testing effort. They accessed testing effort 
from the internal quality metrics. Mens and Tourwe 
have done a survey on refactoring and investigated the 
effect of refactoring on various quality attributes. 
Moser et al. examined the impact of refactoring on 
reusability. They also promoted ad-hoc reuse on 
XP-like development environment. However no such 
adequate work has not been done to assess the impact 
of individual refactoring techniques on 
maintainability. So we have proposed to investigate 
the impact of some important refactoring techniques 
on maintainability using quantitative evaluation of 
measures. We hope that the results of this study can be 
useful to project managers as they can analyze the 
impact of each refactoring technique before applying 
it, thus maintenance becomes cost effective. 
 
                    Table 1:  Metrics Definition 

 
 

 Table 2: Properties of OO Metrics for ORDrumbox 

 

III. RESEARCH METHODOLOGY  
 
This section discusses the research methodology 
adopted to investigate the effect of refactoring. First of 
all in subsection A, we selected the OO Metrics to 
capture the design characteristics. Subsection B 
compiles the refactoring techniques used in the 
current study. Subsection C describes the methodology 
adopted. In Subsection D we map the changes in the 
values of OO Metrics to maintainability. 
 

A. OO Metrics 
Software metrics are the quantitative measures of 
degree to which a system, component or process 
possesses a given attribute. To measure the various 
attributes of OO paradigm as shown in fig. 1, the C&K 
metrics classified into three categories as under are 
used in current study. 

1) Size Metrics 
2) Complexity Metrics 
3) Object Oriented Property Metrics 

 
In our study we have taken at least one metric from all 
the categories. In fig. 2 is given a tree structure which 
shows this classification in further detail. The leaf 
nodes are the metrics that we are using. There are 
various options for each metric but we have picked 
those metrics which are most sited and empirically 
proved. A brief description of all these metrics is given 
in the table 1. However their method of calculation can 
be found in Aggarwal et. al. These metrics constitute 
C&K metric suite. This suite is capable of capturing 
features of the code and predicting maintainability 
with high accuracy. 
 

B. Refactoring 
Fowler has compiled more than 72 code refactoring 
techniques in his refactoring catalog. It contains the 
motivation of applying refactoring and also the 
description of performing these techniques 
step-by-step on the source code. As an initial set of 
investigation, we have applied five different kinds of 
refactoring methods that operates at the class, method 
or field level using Eclipse Tool. The brief description 
of selected refactoring methods is as under: 
 
• Extract Interface: This refactoring method makes 
an interface out of the methods defined in a class and 
converts only valid references to the class to the new 
interface type i.e. if a method of a class is not selected 
to be part of the interface and Eclipse detects that a 
reference to a class uses that method, then that 
reference will not be converted to the new interface 
type. To apply “Extract Interface” refactoring method, 
select a class and then from the Refractor menu, select 
Extract Interface. As shown in fig. 3, in the Extract 
Interface dialog, type a name for the interface and 
select the desired methods for the interface.  
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 • Extract Superclass: This refactoring method allows 
extraction of certain members of a selected class to a 
new superclass and if the class already has a 
superclass then the newly generated superclass 
through refactoring will have that class as its 
superclass and maintains the hierarchy of class. To 
apply this technique, go to the desired class, Select 
Extract Superclass from Refactoring Menu and give 
the desired Superclass name in the Extract Superclass 
dialog box and select the desired members to apply 
Extract action. Superclass is thus generated. It is 
advisable to give some meaningful name to the newly 
created class. 
• Extract Class: It produces a new class and the 
related fields and methods of the source class are 
relocated to the new class. In order to apply this 
technique, go to the class from which new class is to be 
extracted. Select Extract Class from Refactoring menu 
and select the desired fields to for new class in Extract 
Class dialog box. Give some meaningful name to the 

extracted class to complete the action. 
•  Extract Method: This technique reduces the 
amount of work done by single method i.e. if a method 
is used to perform multiple task or if there is any 
redundant code in a method then it is better to extract 
that portion and place it in new method. Extract 
method, therefore, extracts the group of statements 
from an existing method to a new method. This 
technique is quite simple and improves the readability 
of code. To extract a method, select the lines of code to 
extract and select Extract Method from the Refactor 
menu. Now type in the name of the new method in the 
Extract Method dialog. 
•  Use Supertype where Possible: This refactoring 
method replaces the references to a definite object type 
by one of its supertypes. To perform “Use Super Type 
Where Possible” refactoring technique, select the 
desired class and then select User Supertype Where 
Possible from the Refactor menu. Then select the 
supertype to use in the dialog box. 

 

 
Fig. 1: Tree Structure of Object Oriented Software Metrics used in this study. 

 
Table 3: Change Ratio of OO Metrics for each version 
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Table 4: Symbolic Representation of Impact of various Refactoring Techniques on OO Metrics 

 
 

 

 
Fig. 2: Flow Graph describing the Methodology used. 

 

 
Fig. 3: Refactoring in Eclipse: The front most window is the “Extract Interface” dialogue box.  In the background is the Eclipse 

environment itself. 
 
C.  Empirical Data Collection 
In this section we have explained the method of 
applying the selected refactoring techniques and 
collecting data which reflects the effects. As shown 
in fig. 2 the initial jar file of ORDrumbox is obtained 
and its OO Metrics as described in subsection A are 
collected using CKJM tool. This tool computes 
metrics by processing the bytecode of compiled Java 
files. Next after obtaining these metrics, five 
refactoring techniques as described in subsection B 

are applied on the software using Eclipse tool. As 
shown in fig. 3, “Extract Interface” is applied to 
“AudioFloatConverter.java” class of ORDrumbox 
software using Eclipse tool. At a time only one 
technique is applied and its effect is observed. Due to 
application of each refactoring method one pair is 
made e.g. when “Extract Interface” is applied on 
ORDrumbox we get one pair i.e. (ORDrumbox original, 
OR Drumbox Extract Interface). After applying all five 
techniques we have 5 pairs in hand. This helps us in 

Symbol Used 
0.01 to 0.1: ↑/↓, 0.1 to 0.25: ↑↑/↓↓, 0.25 onwards: ↑↑↑/↓↓↓ 
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identifying the change in the value of C&K metrics 
due to the application of a specific refactoring 
method. These changes are further mapped to their 
effect on maintainability. 

 
D. Relationship of OO Metrics with Maintainability 
We have used seven OO Metrics in current study. 
Many empirical studies have proved that all these 
metrics are negatively correlated with the 
maintainability attribute. Less LOC and less CBO 
means less complexity and better maintenance. 
Similarly, the values of WMC, RFC, DIT and NOC 
should be as much less as possible in order to have 
better maintainable software. 
 
IV. RESULTS AND ANALYSIS 
 
Our study provides very interesting results which are 
discussed as follows. After the application of each 
refactoring method, change ratio as per equation (1) is 
calculated with an aim to explore whether the changes 
are significant or not.  
 
Change ratio was calculated as: 
    jjji MMMjiR  ,,  (1) 

where, 
R(i,j) = Change Ratio of jth metric for ith version, 
Mi,j = Value calculated of jth metric for ith version, 
Mj = valueof jth metric for original version. 
 
Change in the C&K metrics, increasing or decreasing, 
are further classified in table 4. We calculated the 
change ratio and represent them for better 
understandability of the impact of the refactoring 
techniques. 
 
Refactoring is one of the most important and 
commonly used technique for improving software 
quality. Although it is expected that the improvement 
will also occur in software metric but in reality this 
does not seems to be the case. We elaborate the effect 
of each method as follows: 
 
• Extract Interface: As per the definition of extract 
interface the new interface is created. As shown in 
table 4 we have observed that this refactoring method 
increases the values of all OO Metrics. Since the new 
interface class is created and inherited further, the 
increase in the values of DIT, CBO and RFC is 
observed. Although the refactoring appears to be 
costly as it does not add new functions to the system 
however in long run the reusability of code improves. 
Hence, the refactoring decreases the cost of 
maintenance in a long run. We suggest that “Extract 
Interface” refactoring method should be used only if 
the software is going to be in operational phase for few 
years so that reusability can be exploited at its best. 

 • Extract Superclass: As per the definition of Extract 
superclass, a new class is extracted from a class and is 
inserted in its class hierarchy as its parent class. We 
observed that due to application of this method, the 
complexity and coupling are increased however, more 
level of abstraction is imparted, and the class becomes 
more clear and crisper. Making any modifications into 
the software whose classes are clearly defined without 
any kind of overlapping would definitely be more 
comfortable. As the comfort level increases hence the 
maintainability increases. 
• Extract Class: As per the definition of Extract 
Class, a new class is extracted from a class with 
related members. We observed that due to application 
of this method, cohesion is decreased and coupling is 
increased. It further enhances the understandability 
and encapsulation of the code. Hence we conclude that 
due to the application of extract class although the 
coupling and complexity deteriorates but it improves 
encapsulation and in long term the class becomes 
more understandable and easy to maintain. 
•  Extract Method: As per the definition of Extract 
Method, some code of the class is packed up in a new 
method. We have observed that this method works on 
the principle of divide and conquer. The whole 
complex class divides its responsibilities among small 
methods. A large method is further divided into small 
methods until the problem becomes so small that it can 
be easily concurred. The use of this method is 
advisable only in those situations where the methods 
of the class are large and complex. 
•  Use Supertype where possible:  
As per the definition, this method converts a data 
types into its parent data type. Although its effect on 
C&K metrics is negligible, however we have observed 
that this method further helps the developer as he need 
not to involve himself into the nitty-gritty of the data 
types. For the developer programming becomes easier 
and hence increases the ease of maintenance. 
 
CONCLUSION 
 
When the software is being made, due to the pressure 
of deadlines, sometimes the developer meets the 
functional requirements but the architecture and 
design is compromised due to shortage of time. That’s 
where refactoring comes in to rescue and helps in the 
improvement of overall software design. Based on the 
results compiled in this study we conclude that 
Refactoring is a long term investment in overall 
quality of our system. Time, effort and cost incurred in 
refactoring maybe more as compared to the return 
benefits if the software is short-lived. However, for 
long term projects incurring some investment for 
refactoring helps to improve maintainability of the 
software thereby ensuring its smooth working. Some 
benefits can be listed as:   
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•  Less Duplicacy 
•  Improved Level of Abstraction 
•  Better Encapsulation 
•  Improved Inheritance Hierarchy 
•  More Understandability 
•  Less Complexity, etc. 
In future we are planning to examine the impact of 
multiple refactoring techniques applied together on 
the software quality because usually developers are 
encouraged to apply multiple refactoring techniques. 
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