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Abstract. The improvement of the software development process through the
development and utilization of high quality and reusable software components
has been advocated for a long time. Agile Methods promote some interesting
practices, in particular the practice of refactoring, which are supposed to im-
prove understandability and maintainability of source code. In this research we
analyze if refactoring promotes ad-hoc reuse of object-oriented classes by im-
proving internal quality metrics. We conduct a case study in a close-to indus-
trial, agile environment in order to analyze the impact of refactoring on internal
quality metrics of source code. Our findings sustain the hypothesis that refactor-
ing enhances quality and reusability of — otherwise hard to reuse - classes in an
agile development environment. Given such promising results, additional ex-
perimentation is required to validate and generalize the results of this work.

1 Introduction

In Extreme Programming (XP) much emphasis is given on an agile, iterative and
customer oriented way of how to develop software. Among the top priorities of XP
are (a) customer satisfaction through continuous delivery of valuable software and (b)
embracing changing requirements (http://agilemanifesto.org). The practices of XP are
tailored to achieve such goals: iterative and informal planning, simple design, con-
tinuous refactoring of the code, pair programming, test first and continuous integra-
tion — just to mention a few [3]. Most of these practices are intended to be used during
development and maintenance and seem to keep at least in part their promises [21].

However, XP does not address explicitly the issue of software reuse as one of its
practices. This may wonder since many believe that software reuse provides “the key
to enormous savings and benefits in software development” [24], [13]. XP per se does
not aim at developing software for possible future reuse in order to avoid overhead
during development. Keep it simple and develop only what the customer really wants
is one of the key principles of XP.

On the other hand we think that XP — compared to more traditional development
methodologies - intrinsically guides software engineers to develop software, which is
of high quality and therefore suited for ad-hoc reuse. In particular the practice of con-
tinuous refactoring may improve internal quality metrics and affect reusability of a
software system in a positive way [7]. Reusability is a rather high-level quality metric
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that consists of several internal and external properties of the software and of the
development process [15]. Poulin [24] introduces a possible taxonomy of reusability
metrics: He differentiates between empirical and qualitative methods and gives an
overview of several models to assess reusability. Dandashi and Rine [11] decompose
reusability into direct and indirect quality attributes, namely: adaptability, complete-
ness, maintainability, and understandability. Refactoring seems to enhance particu-
larly the last two quality attributes [5], [25]: In his book on refactoring [16] Fowler
stresses over and over that one of the key points of refactoring is to make the code
easier to understand and to read. We believe this should affect in a positive way also
ad-hoc reuse of otherwise not reusable pieces of software.

A proven way to measure reusability is to analyze how often parts (classes, meth-
ods, etc.) of a software system are reused in a product. Such reusability frequency and
amount of reuse metrics are proposed and used by several researchers [13], [10], [17].
In this research we do not follow this approach, as we do not have such data. Our idea
is to analyze whether refactoring enhances reusability by analyzing its impact on
some of the internal reusability metrics proposed and validated in the work of Dan-
dashi et al. [11]. Thus, in order to assess reusability we employ only a restricted set of
internal product attributes that are available and monitored during development. We
do not take into account any external and high-level product or process metrics. In
doing so we risk failing in characterizing properly software reusability. However, we
think that our approach is in part justified by the findings of other researchers, in
particular by [8], [2], and [11].

The paper is organized as follows: In Section 2 we present our research methodol-
ogy and define the research question; in Section 3 the results of a case study are pre-
sented and discussed; in Section 4 we refer to some issues regarding the limitations of
our approach and future plans. Finally, conclusions and implications of the investiga-
tion are drawn in Section 5.

2 A Methodology for Evaluating the Impact of Refactoring on
Code Quality

In this section at first we describe the metrics we use for assessing code quality - with
particular focus on reusability. Afterwards, we develop a model for evaluating how
refactoring may affect internal quality metrics, which are used to assess reusability of
the software system during development. Finally we state our research questions.

2.1 Internal Quality Metrics That Affect Reusability

Our research question is to assess whether refactoring facilitates the development of
high-quality code and as a consequence ad-hoc reusability or not. To answer such
question first we have to define carefully what we mean by high-quality and reusabil-
ity and how we measure it. Code quality is a rather vague term for describing certain
quality attributes of a software system and can be decomposed in different ways into
lower-level metrics [15]. In this research we focus on internal properties of the soft-
ware that are considered to be relevant for its reusability. In particular, we follow the
approach proposed by Dandashi and Rine [11] and use two different sets of metrics:
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e  One for micro level measurements (measurements at a method level)

e And one for macro level measurements (measurements at a class level)

For the micro level measurements we employ McCabe’s cyclomatic complexity of
a method [23] and the number of Java statements per method. To arrive at a measure
for the whole class, the highest measure is used as a representative measure of the
corresponding class measure. For the macro level measurements we use the Chidam-
ber and Kemerer (CK) set of object-oriented metrics [8].

The motivation for choosing this set of metrics is twofold: First, some of them such
as the CK metrics are among the best-understood and validated metrics for object-
oriented systems and therefore we can be more confident in their expressiveness [2].
Second, the tool we use for collecting these metrics is able to collect them in an auto-
matic and non-invasive way - a fundamental requirement for data collection in an XP
process [19].

Several empirical studies put the CK metrics into relationship with software qual-
ity, in particular with maintainability, reusability, and reliability. Li and Henry [22]
for example show that the CK metrics are useful to predict maintainability. Basili et
al. [2] investigate the relationship between the CK metrics and code quality: Their
findings suggest that 5 of the 6 CK metrics are useful quality indicators. However,
such studies are rare in XP-like environments and they do not analyze how the evolu-
tion of the CK metrics during development is affected by refactoring. Table 1 summa-
rizes the metrics we use in this research as indicators for reusability.

Table 1. Selected internal product metrics as indicators for reusability

Metric name  Level Definition

MAX_LOC Class Maximum number of Java statements of all methods in a class
MAX _MCC Class Highest McCabe’s cyclomatic complexity of all methods in a

1
CBO Class ccgflspling Between Object classes (CK)
LCOM Class Lack of Cohesion in Methods (CK)
WMC Class Weighted Methods per Class (CK)
RFC Class Response Of a Class (CK)
DIT Class Depth of Inheritance Tree
NOC Class Number Of Children

Dandashi and Rine [11] find in their research a correlation between the CK and
complexity measures and external high-level quality attributes for reusability. In this
work we rely on their findings, as we do not analyze directly the impact of refactoring
on external reusability measures. However, we are well aware that we conduct a study
in a very different environment; the fact that we consider only a restricted set of inter-
nal product metrics for assessing reusability limits to some extent the validity of our
findings and has to be addressed in a future study.
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2.2 An Approach to Assess the Impact of Refactoring on Internal Quality Metrics
During Development

In section 2.1 we choose a set of metrics, which is known to be useful as internal
measures for quality of a software system. However, we do not know a priori the
range of values of these metrics that would indicate good or bad quality. Analyzing
historical data or several similar projects can only — if at all — derive such thresholds
[4]. We follow a different strategy, as we do not seek to associate absolute values of
the metrics in Table 1 to different classes of quality, but rather analyze the changes of
them during development.

Our approach is the following: First, we identify a set of candidate classes that are
likely to be considered for reuse. Afterwards, we monitor the daily changes of our
quality metrics for each class during development. Finally we compare the average of
these daily changes with the change each class gains after it has been refactored. This
allows us to quantify the impact of refactoring on internal quality metrics compared to
their overall evolution during development.

A bit more formally we can define our method as follows.

Let M; € M={MAX_MCC, MAX_LOC, CBO, RFC, WMC, DIT, NOC, LCOM} be one
of the quality metrics listed in Table 1. In a first step we average their daily changes
for each candidate class over the whole development period not including days when
the class has been refactored. We denote this average value for metric M; by AM;. N in
equation (1) is the total number of development days; Af is a time interval of 1 day
and R is the set of all days during which developers have refactored a particular class.

N

D et M (k- Ay =M ((k—1)- Ar)
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By 4R; we denote the average of the daily changes of quality metric M; only for the
days (k € R) in which a class has been refactored. To assess whether refactoring im-
proves quality of a class we compute its AR; and AM; values and compare them with
each other: If AR; is negative and significantly lower than AM; we may conclude that
refactoring improves quality metric M; compared to its standard evolution during
development.

In order to apply our method to a real system we not only need to collect the daily
evolution of source code metrics but also to identify a set of candidate classes and
refactoring activities. Regarding the first issue we proceed as follows: We analyze the
design document and use the description provided by developers and our own experi-
ence to find classes, which are either explicitly developed for reuse or at least are
promising to be reused in the same or similar products. We exclude any classes that
are highly dependent on the specific application such as classes dealing with the user
interface, product specific data representation/processing or classes holding hard
coded data (constants). The identification of candidate classes is a subjective process
and therefore we may not identify all relevant classes. However, in an XP process
development is not targeted specifically to reusability and in principle every class that
is not tightened too much with a particular application feature could be reused in an
ad-hoc manner.
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The second issue we have to address is: How can we identify days in which a class
has been refactored? Currently we are working on a method that extracts such infor-
mation automatically from a CVS repository by using source code change metrics
information (for the basic idea see [12]). This work is still in an early phase and can-
not be used for this research. However, for the case study we present in section 3
developers have created user stories for refactoring activities and by analyzing them
we know which classes have been refactored when.

To summarize our method for assessing the impact of refactoring on quality and
reusability we stress again that it has to be taken with a grain of salt, as we do not
include many important factors such as experience of developers, development tools,
or the stability of the application domain. However, we think that by analyzing the
change of important internal quality metrics induced by refactoring we can indicate
whether refactoring - by delivering easy to reuse and maintain code - supports ad-hoc
reuse or not.

2.3 Research Question

The goal of this research is to determine whether refactoring improves code quality
and as a consequence supports ad-hoc reuse. Our objective is to present evidence that
will allow us to reject the null hypothesis:

e Hy: The changes of quality metric M; induced by refactoring (4R;) are not
different from the average changes during development (4M;) for classes that
are likely to be reused in an ad-hoc manner.

And to accept the alternative hypothesis:

e H;: The changes of quality metrics M; induced by refactoring (4R;) are dif-
ferent (preferably lower) from the average changes during development
(AM,) for classes that are likely to be reused in an ad-hoc manner.

In section 3 we present a case study we run in order to reject or accept the null hy-
pothesis stated above.

3 Case Study

In this section we present a case study we conducted in a close-to industrial environ-
ment in order to analyze quality enhancement and promotion of ad-hoc reuse by
refactoring in a software project developed using an agile, XP-like methodology [1].
The objective of the case study is to answer our research question posed in section 2:
First, we collected in a non-invasive way the metrics listed in Table 1; afterwards, we
analyzed their time evolution and fed them into equation (1) in order to compute their
values for AM;. Then we selected candidate classes for reuse and collected their
change metrics after they have been refactored (4R;). Finally, we used a statistical test
to determine whether or not it is possible to reject our null hypothesis.

3.1 Description of the Project and Data Collection Process

The object under study is a commercial software project developed at VIT in Oulu,
Finland. The programming language in use was Java. The project was a full business
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success in the sense that it delivered on time and on budget the required product, a
production monitoring application for mobile, Java enabled devices. The development
process followed a tailored version of the Extreme Programming practices [1], which
included all the practices of XP but the “System Metaphor” and the “On-site Cus-
tomer”; there was instead a local, on-site manager that met daily with the group and
had daily conversations with the off-site customer. Two pairs of programmers (four
people) have worked for a total of eight weeks. The project was divided into five
iterations, starting with a 1-week iteration, which was followed by three 2-week itera-
tions, with the project concluding in a final 1-week iteration.

The developed software consists of 30 Java classes and a total of 1770 Java source
code statements (denoted as LOC). Throughout the project mentoring was provided
on XP and other programming issues according to the XP approach. Three of the four
developers had an education equivalent to a BSc and limited industrial experience.
The fourth developer was an experienced industrial software engineer. The team
worked in a collocated environment. Since it was exposed for the first time to the XP
process a brief training of the XP practices, in particular of the test-first method was
provided prior to the beginning of the project.

To collect the metrics listed in Table 1 we used our in-house developed tool PROM
[26]. PROM is able to extract from a CVS repository a variety of standard and user
defined source code metrics including the CK metric suite. Not to disrupt developers
we set up the tool in the following way: Every day at midnight automatically a check-
out of the CVS repository was performed, the tool computed the values of the CK and
complexity metrics and stored them in a relational database. In this way we obtained
directly the daily evolution of the CK metrics, LOC and McCabe’s cyclomatic com-
plexity.

3.2 Results

We were able to collect the daily evolution of the metrics in Table 1 for the entire
period of development, which was 8 weeks, apart from 3 days. In these days develop-
ers apparently did not check-in the source code and therefore we had to omit them
from our analysis.

The design of the developed system is based on the MVC pattern [6], the Broker
architectural pattern [6] and several standard design patterns described in [18]. We
think that some basic classes of these patterns — their importance is also emphasized
by the design document — are particularly interesting to be considered for reuse. Out
of them we choose a subset of classes, which have been refactored during develop-
ment. We can infer this information from two user stories that have been implemented
specifically for refactoring tasks and comments added in the respective classes.

We select in total five candidate classes and compute in a first step the daily
changes of the metrics for each of them omitting the days when they have been refac-
tored. We denote the five classes by A, B, C, D, and E. After we compute the average
of these changes for all days in which a class has been refactored (the considered
classes have been refactored at most on two different days during development). Ta-
ble 2 shows the results: For each metric and candidate class we indicate the average
changes during development (without refactoring), AM;, the average changes induced
by refactoring, AR;, and whether or not we can reject our null hypothesis, H,. We
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accept or reject Hy by applying a one-sample Wilcoxon rank sum test [20]: We test
whether a sample of changes for metric M; has a median AR; or not. For the test we
use a significance level of =0.05.

Table 2. Average daily changes of quality metrics in case of refactoring (4R) and development
(4M). A 1 in the column with heading H means that we can reject the null hypothesis for the
particular class and metric, 0 means that we cannot reject the null hypothesis. Values are
rounded to their closest integer.

Class CBO RFC WMC LCOM
AM AR H 4AaM 4R H AM AR H 4AM 4R H
A 0 0 0 0 1 1 1 -1 1 0 -1 1
B 1 -4 1 | 1 0 0 0 0 0 0
C 1 0 0 2 -5 1 4 0 0 1 0 0
D 1 -1 1 1.4 -2 1 2 0 0 1 0 0
E 1 -1 1 35 -2 1 2 3 1 0 0 0
MAX_MCC MAX_LOC DIT NOC
A 0 -1 1 0 0 0 0 0 0 0 0 0
B 0 0 0 2 -2 1 0 0 0 0 0 0
C 3 0 0 6 46 1 0 0 0 0 0 0
D 3 -2 1 0 0 0 0 0 0 0 0 0
E 1 0 0 10 20 1 0 0 0 0 0 0

The interpretation of the numbers in Table 2 is straightforward: For every candi-
date class there are at least two quality metrics that improve significantly after it has
been refactored (compared to the average evolution during development). In particu-
lar classes A and E show a notable enhancement: These two classes provide general
interfaces to the user interface and database and it is likely that they will be reused in
a similar application.

By investigating the different metrics we notice that not all of them are affected in
the same way by refactoring: The metrics related to inheritance and cohesion for ex-
ample are not at all or only in a negligible way changed by the refactorings applied in
the project. This could be explained by the fact that the software under scrutiny is
relatively small: It does not use deep inheritance hierarchies and only in a limited way
inheritance as a mechanism for reuse. Therefore, it is quiet obvious that no refactoring
dealing with inheritance has been applied (it was not necessary to restructure code due
to complexity caused by inheritance). As for LCOM several researchers have ques-
tioned its meaning and the way it is defined by Chidamber and Kemerer [9]; the im-
pact of LCOM on software reusability is little understood by today and therefore we
do not analyze it further in this research.
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The highest benefit of refactoring show the CBO and RFC metrics: They express
the coupling between different classes and the complexity of a class in terms of
method definitions and method invocations. We believe that these two metrics are
strong indicators for how difficult it is to reuse a class: A high value of RFC makes it
difficult to understand what the class is doing and a high value of CBO means that the
class is dependent on many external classes and difficult to reuse in isolation. Both
situations prevent it from being easily reused. For three out of the five candidate
classes refactoring improves significantly both the RFC and CBO values and as such
clearly makes them more suitable for ad-hoc reuse.

Refactoring seems also to lower method complexity: In all the classes either the
method with the maximum lines of code or the one with the highest cyclomatic com-
plexity have gained a notably improvement after refactoring. Again, classes with less
complex methods are easier to reuse.

Summarizing our results we can reject hypothesis Hy for several metrics M; (in par-
ticular for the RFC and CBO metric) but not for all of them (like the inheritance re-
lated metrics) and not for all classes we selected. We can conclude that refactoring
improves for every class we analyze at least two internal metrics that are important
for reusability; moreover, for most of them it lowers significantly coupling and
method invocation complexity — two “code smells” [14] that often prevent classes
from being reused in an ad-hoc manner. Overall the results of this case study give
strong evidence that refactoring supports ad-hoc reuse in an XP-like development
environment.

4 Threats to Validity and Future Work

This research addresses the question whether refactoring supports ad-hoc reuse or not.
We try to answer it by analyzing and comparing the evolution of quality metrics of a
software system during “traditional” development and after phases of refactoring. Our
approach considers only a set of internal product metrics that may be useful and
important as reusability indicators. Of course, this is only half of the story and a com-
plete model should also consider external product and process metrics that character-
ize reusability.

Regarding the internal validity of this research we have to address the following
threats:

e The subjects of the case study are heterogeneous (three junior and one ex-
perienced developers) and use for the first time an XP-like methodology.
This could affect seriously our findings, as for example junior developers
may behave very different than experienced ones. Also the kind and applica-
tion of refactorings depend highly on the experience of a developer and
could lead to different results in other environments. Moreover, a learning ef-
fect could be visible and for example influence the evolution of reusability
metrics during the project.

e We do not validate the approach we propose and use in this case study. L.e.
we do not analyze if refactored classes that show an improvement of internal
quality metrics are reused more often and more easily in the same or similar
projects. Such validation has to be addressed in a future study.
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e Finally, the choice of candidate classes, quality metrics and the time interval
we use to compute their changes is subjective. Although we tried to motivate
our choices we plan to consider variations in metrics and time interval in fu-
ture experiments in order to confirm or reject the conclusions of this research.

Altogether, as with every case study the results we obtain are valid only in the spe-
cific context of the experiment. In this research we analyze a rather small software pro-
ject in a highly volatile domain. A generalization to other application domains and XP
projects is only possible by future replications of the experiment in such environments.

5 Conclusions

Although agile processes and practices are gaining more and more importance in the
software industry much more work has to be done to convince managers to introduce
new and innovative development concepts in their companies. This research focuses
on whether refactoring, a key practice of XP, supports ad-hoc reuse or not. Software
reuse is a key success factor for software development and should be supported as
much as possible by the development process itself. We believe that refactoring sup-
ports and enhances ad-hoc reuse in a software project, which does not address reus-
ability as one of its primary goals.

The contribution of this research is twofold: First, we propose a methodology for
assessing if refactoring improves quality and therefore promotes ad-hoc reuse of ob-
ject-oriented classes during development. Second, we conduct a case study in which
we apply our methodology and which allows us to provide in a quantitative way and
in a close-to industrial environment an answer to our research question.

The main conclusion of this research can be summarized as follows:

Refactoring seems to improve significantly important internal measures for reusability
of object-oriented classes written in Java. Therefore, we can sustain our claim that
refactoring has a positive effect on reusability and for sure promotes ad-hoc reuse in
an XP-like development environment.

Of course refactoring as any other technique is something a developer has to learn
and to train. First, managers have to be convinced that refactoring is very valuable for
their business; this research should help them in doing so as it sustains that refactoring
— if applied properly — intrinsically delivers code, which is easier to reuse than code
which has not been refactored. Afterwards, they have to provide training and support
to change their development process into a new one that includes continuous refactor-
ing. Agile Methods already use refactoring as one of their key practices and could be
a first choice for developing code in a way that supports - among other benefits such
as good maintainability - also reusability.
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