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ABSTRACT

Code clone analysis techniques and tools are popular topics
among the software engineering research community. Many
studies draw conclusions solely based on an analytical analysis.
These claims focus primarily on tool performance in terms of
portability, scalability, robustness, precision, and recall. However,
these types of analytical studies cannot adequately evaluate the
behavior of the developers while using the tools. Human-based
empirical studies are complementary to studies based on
analytical data because they provide direct insight into developer
behavior. In this paper we argue for the need for more human-
based empirical studies in the area of code clone analysis
techniques and tools.

Categories and Subject Descriptors
D.2.7 [Software Engineering]: Distribution, Maintenance, and
Enhancement

General Terms
Measurement, Experimentation, Human Factors
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1. INTRODUCTION

A primary goal of code clone research is to provide techniques
and tools to help developers correctly and efficiently maintain
source code that contains clones. Working toward this goal,
researchers have developed techniques and tools through which
they have studied topics such as clone detection and clone
management. For example, Bellon et al. [1] use eight open source
software systems to quantitatively compare and evaluate six clone
detectors, and Roy et al. [11] use a unified conceptual framework
to qualitatively compare and evaluate over 40 clone detectors.
Moreover, Duala-Ekoko and Robillard [6] and Hou et al. [7] each
provide a clone management system for tracking clones
throughout the evolution of a software system.

There are a large number of extensive tool evaluation studies in
the literature, some of which are discussed in Sections 2 and 3.
While these studies can rightfully make claims about properties of
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techniques and tools, they also tend to make claims about the
behavior of the developer using the tool. Inferring developer
behavior or intent solely from results obtained via mining
software repositories is problematic. Software repositories capture
a wealth of data that can be used to infer information about
software process and software evolution. However, studies that
rely solely on such data have a threat to construct validity.
Specifically, the repositories contain only snapshots of data,
across unevenly and inconsistently distributed intervals. A
researcher can only obtain the state of artifacts before and after
that interval. There is no way to confidently determine the
behavior of the developer which transformed the artifact between
the two versions.

In this paper, we argue that to truly understand human behavior
and to validate the claims about it, researchers should add human-
based empirical studies to their validation toolbox. For example,
to truly understand and improve the usefulness of tool output for
completing a development task, humans must be observed while
using the tool. Another example in which human studies could
provide insight is the question of whether clones are helpful or
harmful. While early studies indicated that clones were harmful
from a maintenance perspective, more recent studies have
suggested that clones may actually improve productivity. An in-
depth study of the actual effects of clones on developer behavior
could provide important insight to this question.

2. PRIOR HUMAN-BASED EMPIRICAL
STUDIES

Empirical evidence indicates that developers create, edit, and
remove clones when maintaining source code. An understanding
of developer behavior with regard to these operations is needed to
produce techniques and tools that effectively address the clone-
related issues which developers encounter. Further, the manner in
which developers engage these techniques and tools should
influence their design. However, to our knowledge, there exist
only three studies of code clones in which developers are
observed directly [4, 5, 9]. In only one of these studies [5] are the
developers observed while using a clone-aware tool.

3. CLAIMS NEEDING VALIDATION

Recently, a team including the third author conducted a systematic
literature review on clone evolution [10]. Of the 30 primary
studies in the review, 27 include empirical studies that involve
software repository mining and source code analysis. The authors
of these 27 studies focus primarily on analytical findings
regarding tool efficacy, the characteristics of a subject software
system, or the characteristics of a collection of subject software
systems. However, some papers also include claims about
developer behavior and intent. Two examples follow.



First, Bettenburg et al. [2] report the results of an empirical study
of the effect of inconsistent changes to clones on software quality.
They track clones across the releases of Apache Mina and jEdit,
and use manual inspection to identify inconsistent changes to
clones. Their results indicate that the majority of the long-lived
clones in the two systems are instances of the “replicate and
specialize” pattern, in which code is cloned and then customized
to introduce a new feature. Their results also indicate that of the
clone-related defects exhibiting this pattern, most were not
introduced through inconsistent changes. Based on this finding,
Bettenburg et al. infer that developers of both Mina and jEdit are
aware of those long-lived clones. They conclude that the
developers are able to manage the independent evolution of those
clones effectively. While we have no reason to doubt the veracity
of these claims, we do believe that claims regarding developer
intent should be validated via human-based empirical studies.

Second, Hou et al. [7] describe CnP, a tool for proactive
management of clones. CnP tracks clones from creation and
provides features meant to facilitate clone evolution, including
visualization, consistent renaming, and simultaneous editing.
However, Hou et al. do not present a human-based empirical
study of CnP. The (seemingly reasonable) assumption that the tool
is usable and helpful for developers should be validated with such
a study.

4. HUMAN-BASED EMPIRICAL STUDIES

Claims about human behavior cannot be validated without the use
of human-based empirical studies. Such studies have been
commonly used to understand developer behavior with regards to
other aspects of software engineering. For example, software
inspections have been thoroughly studied by the first author and
others (e.g. [3]). There is an entire discipline of empirical software
engineering, which has a conference (Empirical Software
Engineering and Measurement), a journal (Empirical Sofiware
Engineering) and a number of handbooks (e.g. [8] ).

Many types of human-based empirical studies have proved to be
useful in different settings and for addressing different types of
research questions. These types of studies range from very
controlled laboratory-type studies to case studies which allow for
naturalistic observation of behavior in practice, with many options
and combinations in between.

For example, we take the claim made by Bettenberg et al. [2]
discussed in the previous section. To understand whether
developers are aware of long-lived clones and can actually
manage independent clone evolution, we would need to design a
study in which these claims could be measured and evaluated.
Such a study would likely involve surveys and/or interviews with
developers to determine their awareness of the clones. In addition,
it would require the observation of maintenance tasks to identify
exactly how developers address the evolution of clones. Such a
study would provide insight both to researchers trying to
understand behavior as well as to tool builders who seek to better
facilitate that behavior.

As another example, the practical usefulness of the CnP tool
proposed by Hou et al. [7] needs to be validated with human-
based studies. In this case, we could design a study in which some
developers use only Eclipse and others use CnP (an Eclipse plug-
in) for performing a task. Observation of the developers as
performed in previous studies [4, 9] can provide valuable data
based on the qualities of interest. This data can be gathered and
analyzed to judge whether CnP met its claims. In addition,

qualitative data from surveys and observers’ notes could be
elicited from the study which would be invaluable in helping Hou
et al. improve CnP.

5. CONCLUSION

The code clone literature exhibits a dearth of human-based
empirical studies [9]. There are a number of studies which draw
conclusions based on analytical data. These studies often use the
analytical data to speculate about human behavior. Due to a
number of confounding factors that affect human behavior, such
claims need to be validated more thoroughly. Human-based
empirical studies focused on understanding how developers
create, edit and maintain clones can open new opportunities to
understand the primary needs of clone analysis and ultimately
help the end user, the software developer. We acknowledge that
planning and executing human-based studies require a lot of
effort. However we believe that such efforts will pay high
dividends.
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