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Abstract—Attributes and methods are the basic contents of an 

object-oriented class. The connectivity among these class members 
and the relationship between the class and other classes play an 
important role in determining the quality of an object-oriented 
system. Class cohesion evaluates the degree of relatedness of class 
attributes and methods, whereas class coupling refers to the degree to 
which a class is related to other classes. Researchers have proposed 
several class cohesion and class coupling measures. However, the 
correlation between class coupling and class cohesion measures has 
not been thoroughly studied. In this paper, using classes of three 
open-source Java systems, we empirically investigate the correlation 
between several measures of connectivity-based class cohesion and 
coupling. Four connectivity-based cohesion measures and eight 
coupling measures are considered in the empirical study. The 
empirical study results show that class connectivity-based cohesion 
and coupling internal quality attributes are inversely correlated. The 
strength of the correlation depends highly on the cohesion and 
coupling measurement approaches. 
 

Keywords—Object-oriented class, software quality, class 
cohesion measure, class coupling measure.  

I. INTRODUCTION 

N important goal of software engineering is developing 
the techniques and the tools needed to develop high-

quality applications that are more stable and maintainable. 
Developers and managers use several measures to quantify 
and enhance the quality of an application during the 
development process. These measures estimate the quality of 
different software attributes, such as cohesion, coupling, and 
complexity. 

The cohesion of a module refers to the relatedness of the 
module components. A module that has high cohesion 
performs one basic function and cannot be split into separate 
modules easily. Highly cohesive modules are more 
understandable, modifiable, and maintainable [1]. The 
coupling of a module refers to the degree to which a module is 
related to other modules [2]. 

Since the last decade, object-oriented programming 
languages, such as C++ and Java, have become widely used in 
both the software industry and research fields. In an object-
oriented paradigm, classes are the basic modules. The 
members of a class are its attributes and methods. Therefore, 
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class cohesion refers to the relatedness of the class members, 
and class coupling refers to the degree to which a class is 
related to other classes.  

Researchers have introduced several measures to indicate 
class cohesion during high- or low-level design phases. These 
measures follow different cohesion measuring approaches and 
use different formulas. For example, some of the measures are 
based on counting the number of pairs of methods that share 
common attributes (e.g., [3]). Some others are more precise 
and they are based on measuring the similarity between each 
pair of methods in terms of the ratio of the shared common 
attributes (e.g., [4]). Other measures consider the connectivity 
pattern of a graph that represents the cohesive relations 
between methods and attributes in a class. In this case, the 
cohesion is measured as the connectivity degree of the graph. 
In this paper, we consider four connectivity-based class 
cohesion measures: CBMC [5], ICBMC [6], OLn [7], and 
PCCC [16]. The measures are widely theoretically (e.g., [8]-
[11]) and empirically (e.g., [12]-[26]) studied.  

Researchers have proposed several measures to indicate 
class coupling. In this paper, we considered eight coupling 
measures: CBO [3], CBO_U [25], CBO_IUB [25], RFC [3], 
MPC [26], DAC1 [26], DAC2 [26], and OCMEC [27]. The 
selected measures consider different coupling aspects such as 
coupling due to method invocations, method parameters, and 
attribute types. 

Understanding the relation between internal quality 
attributes helps in explaining some practical issues and results 
regarding the relation between internal and external quality 
attributes. In addition, the understanding of this relation helps 
software engineers and practitioners to determine the quality 
factors that have to be considered and focused on during the 
quality assessment process. In this paper, we report a 
correlation study between the two key internal quality 
attributes of cohesion and coupling. The study involves three 
Java open-source systems and 12 class cohesion and coupling 
measures. The results of the study show that the selected 
cohesion measures are negatively correlated to the selected 
coupling measures, which gives an indication that class 
cohesion and coupling are inversely correlated.   

This paper is organized as follows. Section II provides an 
overview of the class cohesion and class coupling measures 
proposed in literature. Section III describes the considered 
systems and the data collection process. Section IV reports the 
correlation study analysis and discusses its results. Finally, 
Section V concludes the paper and discusses future work.  
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II. RELATED WORK 

Software quality attributes are classified into internal and 
external. Internal quality attributes, such as cohesion and 
coupling, are those that can be measured using only the 
knowledge of the software artifacts such as the source code, 
whereas the external quality attributes, such as testability and 
maintainability, are those that require the knowledge of other 
factors, such as the environment, to be measured. Researchers 
have proposed several class cohesion and coupling measures 
in the literature. Class cohesion measures can be applicable 
based on high-level design (HLD) or low-level design (LLD) 
information. HLD class cohesion measures rely on 
information related to class and method interfaces. The more 
numerous LLD class cohesion measures require an analysis of 
the algorithms used in the class methods (or the code itself if 
available) or access to highly precise method postconditions. 

Several class cohesion measures considered the 
connectivity patterns for the graph that represent the 
relationship between the methods and attributes in a class. In 
this paper, we consider the three measures defined in Table I. 
Related work in the area of software cohesion can be found in 
[12]-[26].  

Researchers have considered several coupling measures to 
evaluate class coupling (e.g., [3], [27]-[29]). In this paper, we 
use eight coupling measures as follows. CBO_IUB [27] counts 
the number of classes, excluding the inherited classes that use 
the attributes or methods of a class of interest. CBO_U [27] 
counts the number of classes, excluding the inherited classes 
that are used by the methods of the class of interest. Coupling 
between object classes (CBO) [3] can be calculated as 
CBO_U+CBO_IUB. Response for a class (RFC) [3] is 
measured by counting the number of methods in the class of 
interest and the number of distinct methods of the other 
classes directly invoked by the methods of the class of interest. 
Message passing coupling (MPC) [28] is measured by 
counting the number of method invocations in the class of 
interest. Data abstraction coupling (DAC1) [28] counts the 
number of attributes in a class of interest whose types are of 
other classes, whereas DAC2 [28] counts the number of 
distinct classes used as types of the attributes of the class of 
interest. Finally, OCMEC [29] counts the number of distinct 
classes used as types of the parameters of the methods in the 
class of interest. 

III. SELECTED SYSTEMS 
We chose three Java open-source software systems from 

three different domains: Art of Illusion v.2.4.1 [30], JabRef 
v.1.8 [31], and FreeMind v.0.8.0 [32]. Art of Illusion consists 
of 430 concrete classes (not abstract classes or interfaces) and 
about 72 thousand lines of code (KLOC), and is a 3D 
modeling, rendering, and animation studio system. JabRef 
consists of 306 concrete classes and about 41 KLOC and is a 
graphical application for managing bibliographical databases. 
FreeMind consists of 363 concrete classes and about 64 
KLOC and is a hierarchical editing system. We chose these 
three open-source systems randomly from 

http://sourceforge.net. We developed our own Java tool to 
automate the cohesion and coupling measurement process for 
Java classes using the five selected cohesion measures and the 
eight selected coupling measures. The tool analyzed the Java 
source code, extracted the information required to build the 
models that represent the cohesive and coupling interactions, 
and calculated the cohesion and coupling values using the 13 
measures. Tables II and III show descriptive statistics for each 
of the selected cohesion and coupling measures including the 
minimum, 25% quartile, mean, median, 75% quartile, 
maximum value, and standard deviation. 

 
TABLE I 

DEFINITIONS OF THE THREE CONNECTIVITY-BASED CLASS COHESION 

MEASURES 
Measure Definition 

Cohesion 
Based on 
Member 
Connectivity 
(CBMC) [5] 

CBMC(G)=Fc(G)×Fs(G), where Fc(G)=|M(G)|/|N(G)|, 
M(G)=the number of glue methods in graph G, N(G)=the 
number of non-special methods in graph G, 

,/)]([)(
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n

i

i
s nGCBMCGF n=the number of child nodes 

of G, and glue methods is the minimum set of methods for 
which their removal causes the class-representative graph to 
become disjointed. 

Improved 
Cohesion 
Based on 
Member 
Connectivity 
(ICBMC) [6] 

ICBMC(G)=Fc(G)×Fs(G), where Fc(G)=|M(G)|/|N(G)|, 
M(G)=the number of edges in the cut set of G, N(G)=the 
number of non-special methods represented in graph G 
multiplied by the number of attributes, 

,2/)]([)(
2
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i

i
s GICBMCGF  and cut set is the minimum 

set of edges such that their removal causes the graph to become 
disjointed. 

OLn [7] OLn= The average strength of the attributes, wherein the 
strength of an attribute is the average strength of the methods 
that reference that attribute. The strength of a method is 
initially set to 1 and is computed, in each iteration, as the 
average strength of the attributes that it references, where n is 
the number of iterations that are used to compute OL. 

Path 
Connectivity 
Class Cohesion 
(PCCC) [16] 












otherwise.                   
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where NSP is the number of simple paths in graph Gc, FGc is 
the corresponding fully connected graph, and a simple path is a 
path in which each node occurs once at most. 

 
TABLE II 

DESCRIPTIVE STATISTICS FOR THE COHESION MEASURES 
Measure Min Max 25% Med 75% Mean Std. Dev. 

CBMC 0 1 0 0 1 0.286 0.439 

ICBMC 0 1 0 0 1 0.274 0.438 

OL 0 1 0 0 1 0.286 0.439 

PCCC 0 1 0 0.019 1 0.375 0.463 
 

TABLE III 
DESCRIPTIVE STATISTICS FOR THE COUPLING MEASURES 

Measure Min Max 25% Med 75% Mean Std. Dev.

MPC 0 1739 9.000 22 60 53.651 102.631 

RFC 0 413 7.000 12 31 23.489 29.264 

DAC 0 131 1.000 2 4 3.676 6.855 

DAC2 0 22 1.000 2 3 2.440 2.849 

OCMEC 0 22 2.000 3 5 3.601 3.050 

CBO_U 0 58 1.000 2 5 3.980 4.797 

CBO_IUB 0 287 0.000 1 2 4.446 16.195 

CBO 0 298 2.000 4 8 8.426 17.658 
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IV. CORRELATION STUDY ANALYSIS AND RESULTS 
We calculated the nonparametric Spearman correlation 

coefficient [33] between the considered cohesion and coupling 
measures. Table IV shows the resulting correlations among the 
considered measures accounting for all three systems. All 
results were found statistically significant (p-value < 0.0001). 

The results reported in Table IV lead to the following 
observations: 
1. Coupling is always negatively correlated to cohesion. 

This observation is indicated by the negative signs of the 
results. Therefore, the results indicate that coupling and 
cohesion are negatively correlated. That is, increasing the 
cohesion level causes coupling to decrease and vice versa. 
This observation is expected because a class of high 
cohesion level is more independent and, consequently, 
less coupled on other classes and vice versa.  

2. The correlations between PCCC and most of the 
considered coupling measures are higher than those of 
other considered cohesion measures. This result is 
expected because it matches the results found in [16], 
which show that PCCC quantify cohesion more precisely 
than the other connectivity based cohesion measures. This 
result gives an indication that the more precise is the 
cohesion measure, the more are the values of correlations 
it has with coupling measures. In addition, the results give 
an evidence that the cohesion measuring approach has a 
great impact on the correlation results. 

3. The coupling measures that consider the number of 
methods (MPC) and number of method invocations (RFC) 
were found to feature the highest correlations to 
connectivity-based cohesion measures. On the other side, 
the measures that account for the access of class members 
among different classes (i.e., CBO and its two extensions, 
CBO_IUB and CBO_U) exhibited the weakest 
correlations to connectivity-based cohesion measures.  

V. CONCLUSIONS AND FUTURE WORK 
This paper investigates the correlation between class 

cohesion, measured using four existing connectivity-based 
cohesion measures and class coupling, measured using eight 
exiting coupling measures. The selected measures consider 
different cohesion and coupling measuring approaches and 
factors. Classes of three Java open source systems were 
involved in the study. Generally, the results confirm the 
expectation that cohesion and coupling are inversely 
correlated. In addition, the results indicate that the correlation 
between coupling and cohesion measures depend highly on 
the approach followed and source code artifacts used in 
cohesion and coupling measurement. 

In the future, we plan to extend the study to involve more 
cohesion and coupling measures and more studied systems. In 
addition, we intend to empirically investigate the correlation 
among other internal quality attributes such as inheritance and 
complexity and between cohesion and coupling and the other 
quality attributes. 

 
 

TABLE IV 
CORRELATION ANALYSIS RESULTS 

Measure CBMC ICBMC OL PCCC 

MPC -0.486 -0.485 -0.486 -0.572 

RFC -0.474 -0.474 -0.474 -0.552 

DAC1 -0.401 -0.401 -0.401 -0.372 

DAC2 -0.407 -0.407 -0.407 -0.370 

OCMEC -0.453 -0.452 -0.453 -0.445 

CBO_U -0.329 -0.329 -0.329 -0.353 

CBO_IUB -0.141 -0.141 -0.141 -0.199 

CBO -0.309 -0.309 -0.309 -0.368 
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