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Abstract— Software maintenance has dramatically evolved in
the last four decades, to cope with the continuously changing
software development models and programming languages
and adopting increasingly advanced prediction models. In this
work, we present the initial results of a Systematic Literature
Review (SLR), highlighting the evolution of the metrics and
models adopted in the last forty years.
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software maintain, software
maintainability, software
maintaining, software maintains
prediction model, estimation,
characterization model, tool
model, approach model

Based on the keywords identified in Table I, we adapted
the following query for each bibliographic source:
("prediction” OR “estimation” OR “characterization” OR
“tool” OR “approach”) AND “model” AND ("mainten*" OR
"maintain*") AND “software”.
We included only papers published in international
journals and conferences in the field of Computer Science.
We excluded papers that were not peer-reviewed and those
not written in English. Moreover, we excluded papers that do
not contain any references to maintainability fields in the
title and abstract. We also excluded pure maintenance papers
in which only a maintenance process was presented without
proposing
models for assessing and/or predicting
maintenance.
We identified 1,044 papers published between 1978 and
2015. We rejected 789 papers after the application of
inclusion and exclusion criteria for both title and abstract,
and 94 (66 papers for Quality Assessment) after the full read,
and we added 10 additional papers from the references,
thanks to the systematic snowballing process. Finally, we
applied the assessment criteria (see Table II) and ended up
with 78 papers that passed the assessment criteria process.

Software maintenance has been under investigation for
more than forty years, with numerous kinds of analysis
performed by numerous authors, including those of this
paper, and dealing with a variety of process and product
aspects [1, 2, 3, 4, 5, 6, 15, 16, 17, 18, 19]. In this work, we
introduce the results of a Systematic Literature Review
(SLR) depicting the evolution software maintenance models
and analyzing the how they have evolved over the past four
decades.
The goal of the SLR were to:
• Analyze a chronological overview of the research
on maintainability models
• Analyze how maintainability models have evolved
• Understand how the metrics used in maintainability
models evolved
We analyzed 1,044 papers written from 1970 to 2015.
Other reviews on software maintenance have been
published in recent years [7, 8, 9, 10, 11, 12, 13]. However,
our work differs from them in terms of the timeframe, as we
consider papers published over 40 years, and
comprehensiveness, as we focus on a broad ranges of
maintenance models.
As for software maintainability, we consider the ISO/IEC
25010:2011 definition and therefore report on models for
analyzability, modifiability, modularity, reusability, and
testability.
Methodology
We conducted a Systematic Literature Review [14]
followed by a Systematic Snowballing, selecting papers
across numerous journals and conferences. Moreover, to
avoid excluding any paper, we ran the queries in seven
source engines (ACM digital Library, IEEEXplore Digital
978-1-5386-1589-8/17 $31.00 © 2017 IEEE
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TABLE II Assessment criteria
Assessment
criterion
Technique
adopted
Goal

Metrics
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Motivations
We aim to characterize the different techniques adopted
to predict different maintenance characteristics.
We aim to understand which maintenance
characteristics are evaluated by each model. In some
cases, the characteristics are related to dependent
variables such as effort prediction or bug prediction.
To identify also the evolution of the metrics, we
considered all metrics or dependent variables in each
model.

II.

RESULTS

Unexpectedly, the selected studies related to ISO/IEC
25010:2011 only focus on applicability, with no study
predicting modifiability, modularity, reusability, or
testability.
Moreover, as a general outcome of the research
performed, we identified the following common aspects:
• Almost no evolution of models: Almost all the
studies built their models from scratch and did not
extend existing ones. Every problem was
considered as a new one and the model building
process only took inspiration from the state of the
art, reusing mathematical approaches used by
others and adapting some aspects but nothing else.
• Limited comparison with the literature: The
performance of the developed models is difficult to
compare due to the specificity of the problems
considered. Therefore, the comparisons are very
limited.
• No third-party validation: No model was
validated independently. All the models were only
validated by the proposers, therefore there is no
further confirmation regarding the effectiveness of
the developed approaches.
• Nearly impossible replicability of the studies:
Almost all papers are based on private data sets
and/or used custom tools that are not available to
other researchers to support the replication of the
studies.
Such limitations greatly affect the evolution of the field,
resulting in continuous development of new and very
specific models that fit just some niches and lack
generalization, which could help in the creation of more
advanced and refined models.
Our study considers different aspects of maintainability,
but all of them present a common set of characteristics:
• Continuous increase in the number of papers:
Maintenance is an increasingly popular research
topic, with an increasing number of models and
approaches being proposed. Moreover, the number
of models proposed is increasing rather than
consolidating, highlighting the fact that more
research effort is needed in the area to identify
really reusable and tunable models that can be
applied in different contexts.
• Continuous increase of the complexity of the
models: The mathematical techniques adopted to
analyze the data and build models have been
increasing continuously, starting from basic
statistical descriptions to advanced data mining and
neural network approaches. However, even if such
advanced techniques are used, the adaptability of
the developed models is very limited.
• Increase in the size of the data analyzed: The
size of the projects analyzed is also increasing due
to the availability of an enormous open source code

•

base that can be easily used to build maintenance
models.
Limited evolution of the metrics adopted:
Despite the increase in the number of papers in this
field, in the amount of analyzed data, and in the
complexity of the models, the metrics used to build
such models are almost always the same as those
developed in the 1970s and 1980s.

Due to all these facts, the industrial applicability of
maintenance models is very limited and requires expertise
that goes beyond the skills of regular software developers.
Therefore, a lot of research is still required to design really
reusable and easy-to-tune models that any software
developer can easily adopt in everyday software projects
affected by a chronic lack of time and budget.
Clearly, the lack of replicability and adaptability of the
developed models to different contexts prevents their usage
by practitioners in everyday projects due to the advanced
skills needed to develop and tune models. However, a deeper
investigation of the usage of such models in practice and an
analysis of the actual barriers to their adoption are needed to
provide input to researchers regarding the development of
novel approaches for the definition of maintenance models.
III.

THREATS TO VALIDITY

We made every attempt to mitigate threats to validity;
here, we highlight the most relevant ones:
Identification of the papers: We searched the selected
keywords only in the titles and in the abstracts of the papers.
We think that it is quite unlikely that this resulted in not
finding papers that deal with the topic but do not include
such keywords in the title or abstract.
Data sources: Even though we considered the most
popular scientific repositories, we are aware that not all
papers might be stored in such repositories; therefore, we
also considered Google Scholar, which is capable of
aggregating papers from many additional data sources.
Paper filtering: The papers to be included in the study
were selected manually, starting with the automatically
retrieved ones. To reduce possible biases, the selection was
performed by two of the authors following all the steps
described in Section II. Inconsistencies were managed via
discussions, which always produced final agreement.
Paper analysis: The detailed analysis of the papers was
also performed manually by reading the full text. Again, two
authors read the papers independently and discussed any
inconsistencies. In all of these cases, agreement was reached
as well.
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