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ABSTRACT
It is a common believe in the software quality community that
software size is positively related to the number of defects (i.e.,
the larger the software gets, the more defects it contains).
However, empirical studies in software engineering are influenced
by many factors including the source of the benchmarks which
makes comparing results relatively hard. In this paper, we present
the result of an empirical study to explore the relationship
between the software project size and defect using ISBSG data
repository. The ISBG repository contains variety of benchmarks
with different characteristics which makes it a well standard
repository. We performed our study on 118 Java projects. We
measured size with the IFPUG4+ function point metric. Our
results show weak correlation between size and defects. However,
for development projects (i.e., projects that are in the
development phase), the correlation is stronger. Moreover, in
mature projects, the correlation becomes very weak. These
findings can be useful guide for more in depth studies to explore
the size-defect relationship in large, object-oriented software.

Keywords
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1. INTRODUCTION
Ensuring software quality is a software process applied on the
system to give measurable values to decide if the system meets
the customer needs and requirements and help developers define
defects in any phase (e.g. in-process, pre-release, and post-release
defect).
Software quality become more important as our
dependent on computers is rapidly increasing. Therefore,
requiring more reliable, dependable, and robust systems that must
be developed fast, and account for future changes.
Empirical studies play a vital rule in software engineering. For
such studies, the availability of benchmarks with quality attributes
is essential. The International Software Benchmarking Standard
(ISBSG) [1] repository contains wide range of projects collected
from different environments using different methodological and
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techniques. The database is becoming a standard for empirical
studies in software engineering.
Size is one of the important measures of software. It is commonly
believed that size is related to the number of defects in software.
That is, large modules are more error prone than small modules.
While the size-defect relationship has been studies extensively, it
is still not clear whether the size is the major factor of deciding
which software module contains more faults. This is because of
the many factors that play a role in error proneness of a module.
Software size is an internal attribute that is measured various
metrics including Lines of Code (LOC), which is widely used
mainly because the simplicity of computing it. LOC can be
computed by counting lines of code in source code, executable
lines with comments, or executable lines with data definition [3].
However, LOC has been criticized for being a rough metric. That
is, LOC method does not give an accurate estimation for
development process [4]. The metric is also dependent on the
programming language, which makes results obtained using LOC
hard to generalize. Moreover, the metric cannot be used during
the analysis and design phases.
Function point was introduced by Albrecht [33] as a measure of
the functional size of software. Function points (FP) measure
software size by the functionality provided to the user based on
logical design and functional specification. Unlike LOC, function
points can be used to estimate software size in analysis and design
phases. In addition, FP’s are independent of the programming
language or tools used for implementing the software.
In this paper, we present the results of an empirical investigation
of the size-defect relationship. The study is performed using 118
Java projects from the ISBSG (R12) repository. In the study, we
used FP’s as a measure of the software size and the number of
defects reported in the ISBSG repository. We used FP’s to
minimize the effect of the programming language used to
implement the software and the effect of using different counting
procedure. Projects used in the study cover variant domains and
are collected from different resources, built by different
developers, and in different times, varying from the 90’s to
current date. The study is the first build stone in a larger and a
comprehensive empirical study that aims at analyzing the size
defect relationship from different aspects. Specifically, the study
reported in this paper aims to answer the following research
questions:
Q1: Is there a relationship between the size of the project and the
number of defects?
Q2: Does the project development cycle have an effect on the
relationship between project size and the number of defects?
Our results show weak correlation between size and defects. This
result confirms with some of the previously reported empirical

results. While some might argue that a module with larger size
can contain more defects, because of many reasons (complexity
of the code, data-flow complexity, etc.), the results do not confirm
that. The complexity of the code, and therefore the chance of
having more defects, is not necessary caused by the size.
To answer the second question, we evaluated two types of
projects in the ISBSG repository, these are: (1) development
projects, these are projects in the development stage, and (2)
enhancement projects, which are projects in the maintenance
phase. Our results show that there is a medium correlation
between size and defects in development projects and a very weak
correlation between size and defects in enhancement projects.
The rest of this paper is organized as follows. Section 2
summarizes related work in evaluating size-defect relationship.
Section 3 gives a brief description of the ISBSG repository.
Section 4 describes how data is collected and prepared for the
empirical study. The results of the empirical study are given in
Section 5. Section 6 describes the threats to validity. Finally,
conclusions and future work are discussed in Section 7.

2. RELATED WORK
The size-defect relationship has been studied by many
researchers. These studies can be classified into two categories:
studies that explore the relationship between size, measured with
various metrics, and defect, and studies that explore the
relationship between size and defect density [24].

3. DATASET DESCRIPTION
The International Software Benchmarking Standards Group
(ISBSG) is an organization that aims to "develop the profession of
software measurement by establishing a common vocabulary and
understanding of terms" [1]. The ISBSG data repository help
researchers to achieve better understanding for the projects
presented from various countries by giving more specific and
details information. The ISBSG data repository (Release 12)
contains 6,006 projects with different attributes give more specific
details and information about project. Projects in ISBSG
repository are collected from 26 different countries divided as :
32% from United States, 13% from Australia, 12% from Japan,
9% from Finland, 7% From France , 6% from Netherlands, 5%
from India, 5% from Canada, and 4% From Spain.
The size of project is measured by function point using IFPUG4+,
IFPUG, COSMIC, FiSMA, and NESMA. In addition, the older
versions of these approach and others such as: Mark II, IFPUG
(IFPUGE 2, IFPUGE 3), Furthermore these versions have
"relative size" as a sizing attribute which divides size into
intervals such as: XXS, XS, S, M, L, XL, XXL, and XXXL.
The ISBSG projects are developed in two types of programming
languages: (1) 4th Generation languages (4GL), such as: Oracle,
.Net, SQL, ABAP, NATURAL, Delphi, Access, ASP, and
PowerBuilder, (2) 3rd Generation languages including projects
developed in Java, and C/C++, and Visual Basic.

Akiyama [12] proposed the first model for size-defect relationship
based on data collected from an assembly-language program for
nine modules. Akiyama built a linear model for the size-defect
relationship. However, the functional form of the relationship was
not explored and the number of data points was small. Funami
and Halstead [13] analyzed data presented by Akiyama and built
Halstead's software science metric [14] measures size-defect
relation and gives very high correlation between them in linear
form.

4. DATA PREPARATION

Furthermore, Ottenstein [15] reported the linear relationship
between size and defect based on a more appropriate model
because it is built by comparing Halstead's software measures for
different model's. In addition, Shen et al. [16] also built linear
regression models by Halstead's software.

In order to select suitable projects for our study, we applied the
following steps, which were described in details in [26] [27]:

Compton and Withrow [17] proposed polynomial regression
model to predict the number of the defect in any software system
using the LOC as a size measure. They proposed the "goldilocks
principle" which suggests that there be an optimal module size for
minimizing defect density. Also, Schneidewind and Hoffman
[18], Khoshgoftaar and Seliya [19], observed the high correlation
between LOC and defects.
A relatively large number of studies evaluated the relationship
between size and defect density (e.g., [6,7,8]). Defect density
measures the percentage of faults in a software module and is
computed by dividing the total number of defects by the size of
the software [20] [23]. Basili and Perricone [21] study show that
defect density was lower in large modules. Similarly, Moller and
Paulish [22] observe that defect density is higher in small
modules. Compton and Withrow [11] suggested that there be an
optimal module size that would minimize the defect density.
Hatton [27] results show that developers need to produce modules
of intermediate size.

Having 6006 projects in the ISBSG, filtering is necessary to select
projects that better fit our study. In the ISBSG repository, each
project has a field called "Total Defects Delivered" that gives the
number of known defects in the project. Project size is reported
using various function points as described earlier. Furthermore,
projects in the ISBSG repository are rated depending on the
quality of the metadata given about a project. Rating varies from
very good (rate A), to Unreliable (rate D).

1-

Select projects which have high data quality rated as
'A' and 'B'.

2-

Select the projects sized according to the same
functional sizing method.

3-

Select the projects have same programming language.

4-

Remove projects have blank fields, zero value and
unspecified value like using, some, many, etc.

Applying step 1, we get 5558 projects with data quality A or B.
The result of applying step 2 is shown in Table 1. In the table,
column one shows the function size method, column two shows
the number of project for which the function size method is used
to measure the size. As shown in the table, metric IFPUG4+ is the
most used functional sizing method (4082 projects).

Table 1. Functional Size Method
Functional size method

No. Projects

COSMIC

393

FISMA

528

IFPUG4+

4082

IFPUG old

210

NESMA

156

LOC

164

Mark II

19

Albrecht

2

Feature points.

2

Fuzzy logic.

2

Total

5558

Table 2. Distribution of programming languages used in
implementing the selected projects
Programming Language

Project Number

.Net

123

C

183

C++

155

COBOL

558

Java

668

Oracle

117

PL/I

194

SQL

125

Visual Basic

310

ABAP

76

C#

60

COOL:Gen

56

Other

1457

Total

4082

Table 3. Distribution of Java projects with zero, unspecified,
and defect value
Project Attribute

No. Projects

Project with zero defect value

194

Projects with unspecified value

356

Project with defect value

118

Total

668

We applied step 3 on the remaining 4082 projects filtered in step
2. The results are shown in Table 2. In the table, the first column
shows the programming language used to implement the project

while the second column shows the number of projects. As shown
in the table, Java is the most used programming language with
668 projects. Therefore, we picked up projects implemented in
Java. Finally, we applied step 4 on the Java projects, removing
projects with zero defect value, and projects with unspecified
values. The result of filtering projects by applying step 4 is shown
in in Table 3. There are 118 projects remaining. These projects
are implemented with the same programming language, measured
with and the same functional size method, and have reported
value for the number of defects.

5. RESULTS
In this section, we report the results of the empirical evaluation
we performed in order to answer the research questions. Our
study is performed on the 118 Java projects from the ISBSG data
repository we collected and statistical analysis is performed using
the SPSS [32] package.
Figure 1 shows the relationship between the size of the project,
taken over all 118 projects, and the number of defects (regardless
of the defect type). The figure shows that there is a weak
relationship having a regression coefficient with a value of 0.077.
This confirms with some of earlier reported studies that were
performed using different metrics for measuring the size and on
different data sets.

Figure 1. Size and defect relationship
In order 2 answer question 2, we studied the relationship between
project size and each type of projects (development,
enhancement). In the 118 Java projects we collected, there are 35
development projects and 83 enhancement projects.
Figure 2 shows the relationship between the project size and
development projects. The results show a medium correlation
between project size and number of defects (regression coefficient
value of 0.145). However, the correlation is not strong and can be
related to other attributes. Further investigation is needed.

The relationship between project type and the number of defects
in enhancement projects is shown in figure 3. The results show a
very weak correlation with a regression coefficient value of 0.006.
Compared with development projects, these results can be
explained by having more tests performed on enhancement
projects, and therefore, many of the defects were revealed.

However, by using projects from the ISBSG repository with two
highest categories of data quality minimizes the effect of this
threat.
Internal validity is concerned with cause and effect relationships,
the extent to which the changes in dependent variables can be
stated to be caused by changes in independent variables. In our
study, we identify one threat to the internal validity. It might be
that the increase in the number of faults is affected by other
factors, other than the size such as the maturity of the project, the
testing approach, and the skills of the developers. However, since
we used a large number of projects from a large database, the
internal validity is endures to be fairly good. Moreover, we
filtered out projects with low data quality, which make the results
based on high quality projects.
External validity refers to how well the study results can be
generalized outside the scope of the study [31]. The external
validity of this study is limited to the use of projects implemented
in one programming language (Java). There is no evidence that
the results can be extended or generalized to other projects (even
for other Java projects). The effect of this factor is limited since
the projects in the studied sample come from different domains,
with varied number of developers and with variant sizes and with
varied attributes. In future work, we plan to study additional
projects, implemented in other languages in order to confirm our
results.

Figure 2. Size and Defect relationship in development projects

7.

CONCLUSIONS AND FUTURE WORK

Understanding the size-defect relationship is important for
software developing and testing. It helps developers “sizing” the
modules in a way that decreases defects. While it is a common
believe that larger modules contain more defects, empirical results
do not confirm that.
There are many factors that can affect the size-defect relationship
due to confounding effect [34]. Therefore, it is important to
explore some of the attributes that might potentially affect the
relationship. In this study, we explored the effect of the project
development cycle. We used projects described in the ISBSG
repository as development, which refers to projects in the
developing phase, or enhancement, which refers to projects in the
maintenance phase. Our results show that the size defect
relationship is clearer in development projects, while the
relationship is very weak in enhancement projects. There are
many explanations for these results. For example, the effect of
testing on revealing faults (i.e., enhancement projects passed more
tests than development projects). However, further investigation
is needed to confirm.

Figure 3. Size and Total Defect relationship in enhancement
projects.

In future work, we plan to study software written in other
programming languages such as C/C++. Also, we plan to identify
the types of faults that are more affected by the size. The study
will also be extended to identify the effect of the domain of the
project om the size-defect relationship.
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