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Abstract. Improving the quality of source code is an important aspect of reducing
software development cost in industry. This position paper postulates that developers in
a software team conduct different activities during software development — like closing
the source code editor for compilation as opposed to leaving it open — that either improve
or degrade the quality of resulting source code. We propose to combine mining of
contextualized attention metadata with developers' quality reputations to identify activities
that seem to be inhibitors of quality. By analyzing the behavior of an entire team, adverse
activities can be detected automatically, and can be reported back to developers so that
they can learn to avoid adverse behavior.

Introduction

Internal quality describes those characteristics of a software product that are only
perceivable to the developing organization (hence internal) and not the customer
(external). Improving the internal quality of software is an important way of
reducing development costs (ISO-9126, 2001). A notable artifact in software
projects that is only visible to the developing organization is source code. This is
due to software development being highly collaborative work that involves much
communication and coordination, and source code has become a medium of



communication between humans (Dubochet, 2009). Consequently, there is much
interest in the software industry to improve the quality of software source code.

Researchers and practitioners have attempted different ways of how the quality
of source code could be improved including reviews, pair-programming, static
analysis, or reputation based approaches (e.g. Wray, 2009; Moha et al., 2010;
Prause & Apelt, 2008).

With this paper we want to open up a new view on how source code quality
could be improved. We propose to identify activities in a developer's
programming behavior — i.e. what and how a developer uses his different software
tools like compiler, editor, or browser while programming — that seem to lead to
either better or worse code quality as evidenced by the developer's average code
quality. Once such activities are identified, they can be made available to the rest
of the team to allow collaborative learning from the other developers' behavior.

Technological Background

This section explains the technological foundations of our concept. We want to
mine into developer activities trying to identify successful behaviors. What is
needed for this is a framework that provides activity data and mining capabilities,
and a method for identifying what successful means.

Contextualized attention metadata

The Contextualized Attention Metadata (CAM) schema models a user’s
interaction with digital contents across system boundaries (Schmitz et al., 2011).
CAM records of a user can describe his entire computer usage behavior and not
merely the foci of attention. Due to its event centeredness CAM is suited for
evaluating and analyzing user observations. All user actions are described by an
event — defined by id, name and timestamp — that is connected to information
about the session it takes place in and the entities it involves (e.g. the user,
documents, application, etc.). CAM analyses thus provide an overview about
when and where user actions take place and among others enable the discovery of
popularity, usage bursts and trends of tools.

Computing developer reputations

According to the Oxford Dictionary', reputation is what is generally said or
believed about the abilities or qualities of somebody or something. A reputation
system is software that determines a means of a user’s reputation from his
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observable actions or work results. Reputation systems are often used in Web 2.0
societies to promote well-behaving and trust (Jesang et al., 2005).

The overall idea of reputation is this: A developer who contributes a lot of
high-quality source code to the team's revision control system (e.g. Subversion?)
gets a higher reputation than a developer who contributes less quality code.

A viable definition of source code quality is through code smells, or more
precisely, the absence of code smells. Fowler (2001) coined the term code smells
to describe features in source code that make it more difficult to maintain. Such
code can therefore be considered as being of lesser quality. To a certain degree, it
is possible to identify code smells using static analysis. Static analysis toolkits
examine source code in the absence of input data and without running the code
(Ayewah et al., 2008). One such freely available toolkit for Java is Checkstyle’.
By counting the rule violations within all files of source code, we derive a notion
of quality for each file.

Next, we obtain authorship information for each file by looking at its evolution
history. Subversion, for example, provides the “svn blame” command to identify
the author of each line of source code. We compute a developer's reputation by
averaging the quality of all lines of source code that were contributed by him.

Learning from mining CAM

We have previously analyzed user activities and detected usage patterns in the
context of a programming course at a university (Scheffel et al., 2011). CAM was
used to represent the multiple events occurring in a learning environment. Once
the events had been captured, techniques were applied to first extract key actions
from the collected data, and then to identify usage patterns, specifically after
receiving error messages. The procedure was validated by applying it to an
undergraduate engineering course on introductory programming in C. The
teaching staff identified some errors as most problematic that should be discussed
in more detail in the course.

Taking this idea further, analysis of collected CAM can be used to support
developers during their software production process. Results from a reputation
system can be juxtaposed to those from CAM analyses. For example, the time of
day might play a role in the quality of the code (and thus a developer’s
reputation): all source code written at night could be good while most code
produced around noon or directly after the lunch break is not (or vice versa). A
relation between other tool usage and the code quality can also be examined, i.e.
did a developer really focus on his work or was he distracted by other tasks
(whether they are work related or not). As source code production is often a

2 http://subversion.apache.org/
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collaborative work, CAM from several developers can be taken into account:
Mary and Peter always produce high quality code and looking at their CAM
shows that they often chat with one another while coding. Peter and Paul however
usually produce quite low quality code when collaborating. Looking at their
CAM shows that they never communicate during collaborative coding. A
correlation seems likely. It is also possible to identify general action/working
patterns of those developers with high reputation and offer this information to
those with low reputation so they can learn from them.

Conclusion

In this paper we proposed to combine results of contextualized attention
metadata analyses with those of quality reputation systems for developers to
identify activities that seem to be inhibitors of source code quality. We are
currently planning to put this idea into action. The monitoring tools to collect
CAM events have already been implemented and work is now focused on a self-
reflection tool. First tests will be run with a small group of researchers to evaluate
if the quality of the code and the reputation can be improved.
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