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Abstract—Due to its very obvious and direct connection with
the costs of altering the behavior of a software, maintainability
is probably the most attractive, observed and evaluated quality
characteristic of the software products. There are many coding
practices and techniques that may influence the maintainability
of a system (e.g. design patterns, coding rules, anti-patterns,
refactoring techniques).

However, the empirical evidences of the connection between
coding practices and maintainability are vague due to the
following reasons: i) finding instances of coding primitives
like design patterns, anti-patterns, etc. precisely with reverse
engineering tools is not easy; ii) the lack of mature practical
quality models for objective calculation of maintainability
and handling its ambiguity; iii) few empirical studies directly
evaluating the connection of coding techniques and software
maintainability.

The presented work focuses on solving these major problems
by creating a benchmark for evaluating the performance of
different reverse engineering tools and introducing a novel
probabilistic approach for measuring software maintainability.
By performing case studies based on new analysis methods
we evince that there is a significant correlation between the
design pattern density and the maintainability of a system, e.g.
0.89 Pearson correlation for JHotDraw. Moreover, preliminary
studies show that applying refactoring has indeed a traceable
positive impact on software maintainability as anticipated.
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I. INTRODUCTION

According to the definition of ISO/IEC 9126 [1], main-
tainability is “the capability of the software product to be
modified". Based on this definition it is clear that maintain-
ability is in direct connection with the costs of altering the
behavior of a software. Hence it became a central issue in
modern software industry, and lots of recommendations and
counterproposals exist on how to write programs with high
maintainability (e.g. design patterns [2], anti-patterns [3],
refactoring techniques [4]).

These techniques are widely used well founded concepts,
e.g. the common belief is that applying design patterns re-
sults in a better OO design, therefore they improve software
maintainability as well, or that the existence of anti-patterns
causes the system to be harder to maintain. However, there is
a surprisingly low number of studies examining the relation
of coding practices and maintainability directly. Addition-
ally, there are some controversial findings, e.g. some studies
suggest that the use of design patterns not necessarily result
in good design [2]. Similarly to design patterns there are
controversial opinions about the effects of anti-patterns, e.g.

Abbes et al. found that developers are able to deal with
one type of anti-patterns while the existence of more anti-
pattern types decrease their productivity significantly [3].
Refactoring is a technique to change the internal structure
of a software without changing its external behavior (i.e.
its functionality). The reason behind modifying the software
without changing its functionality is to achieve a system
that is easier to maintain in long terms, therefore concrete
evidences of the positive effect of refactorings on maintain-
ability is also of a great value.

Today, software industry is a giant business driven entirely
by business needs and profit. Thus maintainability of the sys-
tems is often overshadowed by feature developments whose
business value is more evident at least in short terms. As
applying techniques that improve the maintainability of the
code or avoiding structures that deteriorate systems has an
additional cost without having a short term financial benefit,
they are often neglected by the business stakeholders. By
better understanding the relation of different coding practices
and their relationship to the maintainability and the long
term development costs, it would be possible to show the
return on investment of applying these techniques and make
them more appealing to the business stakeholders as well,
reaching higher quality and cheaper software in general.

Section II describes our contributions to the three identi-
fied research problems of empirically analyzing the effect of
coding practices on maintainability. In Section III we list the
currently ongoing research tasks. We summarize the related
work in Section IV and conclude the paper in Section V.

II. CONTRIBUTIONS

A. A benchmark for evaluating reverse engineering tools
Aims: Reverse engineering tools analyze the source code

of a software system and produce various results, which
usually point back to the original source code. Such tools are
e.g. design pattern or anti-pattern miners. Most of the time
these tools present their results in different formats, which
makes them very difficult to compare. Moreover, the valida-
tion of these results is another major issue since it requires
manual effort or a predefined golden standard data set (i.e. a
benchmark). Although some initiatives has been made in the
field of design pattern instance benchmarking [5], [6], these
repositories contain the manually evaluated pattern instances
of few systems only. In addition, this type of repository
would also be needed for other reverse engineering tools
not just for design pattern miners.



Methodology: To achieve our research goal, we implement
a benchmark called BEFRIEND (BEnchmark For Reverse
engInEering tools workiNg on source coDe) with which
the outputs of reverse engineering tools can be easily and
efficiently evaluated and compared. It supports different
kinds of tool families, programming languages and software
systems, and it enables the users to define their own eval-
uation criteria. Furthermore, it is a freely available web-
application open to the community.

Accomplished contributions: We have successfully devel-
oped BEFRIEND [7] from the benchmark for evaluating
design pattern miner tools called DEEBEE. During the
development of BEFRIEND, we were striving for full gen-
eralization: an arbitrary number of reverse engineering tasks
(domains) can be created, the domain evaluation aspects
and the setting of instance siblings can be customized, etc.
For uploading the results of different tools, the benchmark
provides a plug-in mechanism that supports pattern instance
description languages like DPDX [8]. We already applied
BEFRIEND on three reverse engineering domains: design
pattern mining tools, code clone mining tools, and impact
analysis approaches [9]. With the help of the built bench-
mark we were able to evaluate the most effective tools for the
selected tasks and calculate their precision. The benchmark
contains the results of five design pattern miner tools, five
clone detectors and four impact analysis algorithms for 6
different systems (for details see [7] and [9]).
B. A Probabilistic Software Quality Model

Aims: In order to take the right decisions in estimating
the costs and risks of a software change, it is crucial for the
developers and managers to be aware of the quality attributes
of their software. Maintainability is an important character-
istic defined in the ISO/IEC 9126 standard (superseded by
ISO/IEC 25010), owing to its direct impact on development
costs. Although the standard provides definitions for the
quality characteristics, it does not define how they should be
computed. Not being tangible notions, these characteristics
are hardly expected to be representable by a single number.
Existing quality models do not deal with ambiguity com-
ing from subjective interpretations of characteristics, which
depend on experience, knowledge, and intuition of experts.

Besides expressing the source code maintainability in
terms of numerical values, a model is also expected to
provide explicable results, i.e. to give a detailed list of
source code fragments that should be improved in order to
reach higher overall quality. We propose a novel method for
drilling down to the root causes of a quality rating [10].

Methodology: We address the problem of handling the
ambiguity coming from the subjective interpretation of
maintainability in two different ways. As a possible so-
lution, Bakota et al. provide a probabilistic approach [11]
for computing high-level quality characteristics defined by
the ISO/IEC 9126 [1] standard, which integrates expert
knowledge, and deal with ambiguity at the same time.

The method copes with “goodness" functions, which are
continuous generalizations of threshold based approaches.
The computation of the high-level quality characteristics is
based on a directed acyclic graph (see Figure 1) whose
nodes correspond to quality properties that can either be
internal (low-level) or external (high-level). The probabilistic
statistical aggregation algorithm uses a benchmark as the
basis of the qualification, which is a source code metric
repository database with 100 open source and industrial
software systems. My thesis uses this introduced model in
various case studies and extends it in several ways.

As an alternative approach, we collect large number
of subjective opinions about the quality characteristics of
different source code elements from IT experts and students
with various degree of expertise. The quality characteristics
are those defined in the ISO/IEC 9126 standard and the
evaluators rate these characteristics for a large number of
source code elements on a scale from 0 to 10 (0 is the worst,
10 is the best). Using the average votes of the evaluators
we can build prediction models based on machine learning
techniques using source code metrics as predictors to predict
the subjective opinions of humans about the different quality
attributes of a software.

Figure 1. Java maintainability model

Accomplished contributions: Examining two Java systems
with the introduced probabilistic quality model we found
that the changes in the results of the model reflect the
development activities, i.e. during development the quality
decreases, during maintenance the quality increases. We also
found that the goodness values computed by the model show
relatively high correlations with the expert votes.

Figure 2 shows the maintainability values of the jEdit
open source editor program for almost 1000 revisions. It
can be seen that there are peaks in the maintainability values
(caused by feature additions, refactorings, etc.) but the long
term tendency shows a constant decrease according to the
concept of software erosion [12].

Besides the Java language we have also created a main-
tainability model for C# [13] together with our industrial
partners. It achieved a great acceptance from our partners.
We compared the results of our model to the opinions
of developers and although the average human votes were
higher than the estimated values the Pearson correlation
analysis gave 0.923 significant at the 0.05 level, a very high



Figure 2. Maintainability trend of jEdit

correlation between the two data sets. However, in this case
study the benchmark consisted of the company’s own soft-
ware products, thus the model calculated the maintainability
of the systems relative to each other.

We introduced an algorithm to measure also the main-
tainability of individual source code elements [10] (e.g.
classes, methods). This allows the ranking of source code
elements in such a way that the most critical elements can be
listed, which enables the system maintainers to spend their
resources optimally and achieve maximum improvement of
the source code with minimum investment. We validated
the approach by comparing the model-based maintainability
ranking with the manual ranking of 191 Java methods of the
jEdit open source text editor tool. The manual maintainabil-
ity evaluation of the methods performed by more than 200
students showed a 0.68 Spearman’s correlation (p < 0.001)
with the model-based evaluation.

We also performed three large case studies to examine
the fitness of our second approach for creating software
maintainability prediction models [14], [15]. We found that
metrics have the potential to predict high level quality
indicators assessed by humans (the votes of the evaluators
showed a relatively low deviation in general, i.e. between 0.5
and 2 on a scale of 10). The best regression model trained
on our evaluation data predicts maintainability with 0.72
correlation and 0.83 average error.
C. The connection of maintainability and coding practices

Aims: There are different coding practices that are con-
sidered to have either positive or negative impact on the
maintainability of the source code. These practices are e.g.
design patterns, anti-patterns, code clones, or refactoring
techniques. Particularly, the belief of utilizing design pat-
terns to create better quality software is fairly widespread;
however, there is relatively little research objectively indi-
cating that their usage is indeed beneficial. On the contrary,
some studies revealed that using design patterns can be
dangerous [2]. This is true for other coding techniques
as well, e.g. anti-patterns and code clones considered to
have negative effect on maintainability while refactoring
techniques improve it, but unambiguous empirical evidence
could not be found in the literature.

Methodology: For revealing the connection between cod-
ing practices and software maintainability we use our prob-
abilistic maintainability model and data collected in BE-
FRIEND and other public repositories [5], [6]. As a first
step we analyze more than 300 revisions of JHotDraw, a

Java GUI framework whose design relies heavily on some
well-known design patterns. There are also ongoing works to
analyze the source code element level maintainability indices
of elements playing a role in design patterns.

Accomplished contributions: We found that every in-
troduced pattern instance caused an improvement in the
different quality attributes [16] for JHotDraw (see Table I).
Moreover, the average design pattern line density showed a
very high, 0.89 Pearson correlation significant at the 0.05
level with the estimated maintainability.

To further strengthen our first results we repeated the
study on 9 different open source systems using the design
pattern results of 5 different tools available in the DPB [5]
online benchmark. The pattern line densities showed a simi-
larly high Pearson (between 0.59 and 0.78) and Spearman’s
(between 0.68 and 0.82) correlation significant at the 0.05
level. Filtering out false positive instances according to
the available public repositories significantly increased the
correlation values in general (with about 10%).

Table I
DESIGN PATTERN CHANGES OF JHOTDRAW

Revision Pattern Maintain- Test- Analyz- Stab- Change-
ability ability ability ility ability

531 +3 ↗ ↗ ↗ ↗ ↗
574 +1 ↗ ↗ ↗ ↗ ↗
609 –1 — — — — —
716 +1 ↗ ↗ ↗ ↗ ↗
758 +1 ↗ ↗ ↗ ↗ ↗

III. ONGOING RESEARCH WORK

Refactorings: in a preliminary study we are analyzing a
half year long development period of 5 industrial systems
with our probabilistic quality model. During this period a
heavy refactoring phase took place in each company but
some new features were added as well. Each of the refactor-
ing activity related commits have been marked in the commit
logs therefore we are able to distinguish between refactoring
and feature development commits. Our preliminary investi-
gation shows that commits with refactorings indeed have a
traceable positive impact on software maintainability (i.e.
the quality characteristics are improving) while the feature
developments generally cause decrease in maintainability.

Anti-patterns: similarly to the investigation of design pat-
tern density (see Section II-C) we analyze the effect of anti-
patterns on maintainability. Besides anti-pattern frequencies
we also investigate the relationship of the source code
elements taking part in anti-patterns and their relative main-
tainability indices calculated by our drill-down approach (see
Section II-B). We think that source code elements taking part
in anti-patterns have lower maintainability than those of non
anti-pattern elements.

IV. RELATED RESEARCH
Benchmarking reverse engineering tools: Fontana et al.

provides an online repository [5] of design pattern instances
of different pattern miner tools. They focus only on design
patterns and provide an interactive web interface for brows-
ing, evaluating and getting statistics of instances. Guéhéneuc



also provides an online repository for pattern-like micro
architectures, called p-Mart [6].

Software maintainability models: Heitlager et al. [17]
propose an extension of the ISO/IEC 9126 model that uses
source code metrics at low level as a replacement of the
Maintainability Index. The technical debt based models
like SQALE [18] introduce low-level rules to connect the
ISO/IEC 9126 characteristics with metrics. The maintain-
ability is calculated by the total cost which would be
necessary to correct the rule violations in the system. Mordal
et al. deal with different techniques to aggregate source code
element level quality metrics to system level [19].

Relation of coding practices and maintainability: In an
empirical study Prechelt et al. [20] gave groups identical
maintenance tasks to perform on two different versions -
with and without design patterns - of four programs. Here,
the impact on maintainability was measured by completion
time and correctness. Khomh and Guéhéneuc [21] used
questionnaires to collect the opinions of 20 experts on how
each design pattern helps or hinders them during mainte-
nance. They bring evidence that design patterns should be
used with caution during development because they may
actually impede maintenance and evolution.

V. CONCLUSIONS
My thesis aims at providing further empirical evidences

of the long term benefits of applying recommended coding
practices like design patterns or refactorings and avoiding
problematic structures like anti-patterns or code clones. As
following these coding guidelines has an additional cost
without having a short term financial benefit, they are often
neglected by the business stakeholders. This is a common
situation according to our industrial experiences even though
the developers are usually aware of the long term benefits
of following these common coding practices. However, they
have no strong enough arguments for investing extra effort
to improve long term maintainability. With the presented
empirical findings we hope that it becomes easier to present
the return on investment of these practices towards business
stakeholders to get the required support.

On top of that, my work tries to provide additional infor-
mation for practitioners also on how, when, and to which
extent it is worth to apply the different coding practices to
achieve the best balance between long term maintainability
and invested development efforts.
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