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• It was found out that TD management decisions are context-dependent
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Abstract

Technical debt, a metaphor for the long-term consequences of weak software
development, must be managed to keep it under control. The main goal of this
article is to identify and analyze the elements required to manage technical debt.

M

The research method used to identify the elements is a systematic mapping, including a synthesis step to synthesize the elements definitions. Our perspective
differs from previous literature reviews because it focused on the elements re-

ED

quired to manage technical debt and not on the phenomenon of technical debt
or the activities used in performing technical debt management. Additionally,

PT

the rigor and relevance for industry of the current techniques used to manage
technical debt are studied. The elements were classified into three groups (basic
decision-making factors, cost estimation techniques, practices and techniques for

CE

decision-making) and mapped according three stakeholders’ points of view (engineering, engineering management, and business-organizational management).
The definitions, classification, and analysis of the elements provide a framework

AC

that can be deployed to help in the development of models that are adapted
to the specific stakeholders’ interests to assist the decision-making required in
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technical debt management and to assess existing models and methods. The
analysis indicated that technical debt management is context dependent.
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Practices and techniques for decision-making, Stakeholders’ points of view,
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1. Introduction

The term technical debt is a metaphor that refers to the consequences of weak

AN
US

software development. Technical debt can grow because of the development pro-

cess [1], or because of circumstances that are beyond the developers’ control [S1].
Some technical debt is inevitable in a world with finite resources [1]. Several
studies have highlighted the negative effects of uncontrolled technical debt on
software development [S3], [1, 2]. The problem is that the benefits of refactoring software to remove technical debt are largely invisible, sometimes intangible,

M

and usually long term, whereas the costs of refactoring activities are significant
and immediate [S4]. Technical debt management consists, precisely, of identi-

ED

fying the sources of the extra costs of software maintenance and determining
whether it is profitable to invest efforts into improving a software system [1].
If technical debt is not managed, the company might have to be compelled to

PT

invest all its efforts into keeping the system running, rather than increasing the
value of the system by adding new capabilities [1], and, thus, damaging the

CE

company’s profitability and risk the inability to fulfill its strategic goals.
Hence, decision-making is essential in technical debt management. Consid-

erations can include issues such as the acceptable amount of technical debt and

AC

the right moment to reduce technical debt. Convincing arguments are required
regarding when and why to remove technical debt. To identify the extent to
which current technical debt management models and approaches can answer
these and similar questions the literature was examined. It turned out that
current technical debt management approaches usually address ad-hoc cases or
concrete types of technical debt, such as [S4, S5, S6], but few of them analyze
2
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technical debt management from an overall holistic perspective. Using a model
that focused on only one issue is too narrow to support decision-making. Therefore, the objective evolved towards identifying the entire set of elements that
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have been used to manage technical debt. Elements are understood as the concepts used to implement technical debt management, regardless of their nature.

Without a minimum knowledge of these elements it would not be possible to
define the models or techniques required for general technical debt management

decision making. Furthermore, it is also necessary to know about the support of
current methods for the elements. In this way, it could be possible to discover

AN
US

potential gaps in the current methods. Rigor and relevance for industry of the
current methods and techniques used to manage technical debt are also relevant.

A study focused on the identification and classification of the entire set of
elements that have been used to manage technical debt, i.e., Elements, as defined within this paper, has not been addressed before in literature. However,
some of the systematic studies found are related to this one and have also iden-

M

tified technical debt or technical debt management concepts; it is necessary to
clarify how they differ from Elements in objective or scope. Tom et al. [1] de-

ED

scribed concepts related to the technical debt phenomenon: dimensions, which
are the different types of technical debt; attributes, which are characteristics of
technical debt; precedents, which are causes of technical debt; and outcomes,

PT

which are consequences of technical debt. However, they do not describe how to
manage technical debt. Li et al. [3] identified types of technical debt. They also

CE

identified some notions related to technical debt, used to describe or explain
the technical debt phenomenon, and, additionally, technical debt management
activities, that represent the steps that have to be performed to manage tech-

AC

nical debt. The elements, as defined within this paper, conceptually different
from activities, are used during the execution of activities as inputs, outputs,
or mechanisms. Finally, they identified already implemented tools for technical
debt management activities. Some of the types of technical debt were identified
in Alves et al. [4] and Alves et al. [5]. In [5] some technical debt indicators of the
existence of technical debt, and some strategies for technical debt management
3
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are also identified. Finally, Ampatzoglou et al. [6] identified financial terms
related technical debt management, that is, metaphors used in technical debt
management that facilitate the understanding of technical debt and its manage-
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ment. They also identified specific financial approaches used in technical debt
management and software engineering terms used in these approaches, that is,

the software engineering terms (e.g., design or refactoring) used in the financial
approaches for technical debt management.

A final aspect is that decisions are always made according to stakeholders’
best interests. Therefore, it is not enough to identify the entire set of elements,

technical debt management.

AN
US

but it is also necessary to address the different stakeholders’ points of view about

Considering all the above issues, this study takes into account the current
knowledge of the technical debt management community and concern the following: 1) the elements that have to be considered in managing technical debt
when making decisions in a software project; 2) which elements should be con-

M

sidered from the various stakeholders’ points of view; and 3) the current support
in industrial environments for the identified elements in the form of the meth-

ED

ods and techniques used in technical debt management decision-making. The
research method applied by this study is the systematic literature mapping of
the available literature. The findings are then synthesized to define and classify

PT

the elements.

The contributions of this study are as follows:

CE

• The identification, definition, classification, and analysis of the elements
that have been considered in the literature to manage technical debt in

AC

making decisions about software projects. Because of the objective of classification, a taxonomy of the elements according to their use in technical
debt management is provided.

• The elements are classified from the different stakeholders’ points of view.
• The assessment of the current support for the elements in industrial environments by means of methods and techniques.
4

ACCEPTED MANUSCRIPT

The definition and classification of the elements, as well as the results of the
analysis could be deployed to help develop models that are adapted to the
specific stakeholder’s interests. The purpose of these models will be to assist in
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IP
T

the decision-making involved in technical debt management.
The structure of the paper is as follows: Section 2 will discuss previous related studies. Section 3 will present the methodology and the processes used
in this study. Section 4 will describe the identified elements. Section 5 will

present the mapping of the elements according to the stakeholders’ points of
view. Section 6 will present the results of evaluating the rigor and relevance

AN
US

of the analyzed papers. Section 7 will present a retrospective of the findings
presented in this study. Finally, threats to validity, conclusions and recommendations for future work will be presented in Section 8 and Section 9, respectively.
This study is an extension of a previous study that was published in the
Seventh International Workshop on Managing Technical Debt [7]. In the current

study new content suggested by the reviewers of the workshop has been included,

M

whereas previously it was excluded because of space limitations. The analysis
of the elements has been extended by introducing the industrial perspective

ED

and considering rigor and relevance. This perspective has helped identify the
current use in industry. Consequently, new findings and conclusions have been

PT

obtained.

2. Related Work

CE

As mentioned in the introduction, there are several previous reviews of the
literature on technical debt. Tom et al. [1] performed a multivocal literature
review to create a taxonomy of the phenomenon of technical debt. Alves et

AC

al. [4] performed a systematic mapping to create an ontology of technical debt.
Li et al. [3] performed a systematic mapping identifying activities to perform in
technical debt management. Alves et al. [5] performed a systematic mapping to
identify types of technical debt and methods used for technical debt management. Finally, Ampatzoglou et al. [6] performed a systematic literature review

5
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to study the financial aspects of technical debt. In the literature, several studies have addressed the phenomenon of technical debt [1, 4, 5, 6], the methods
used for technical debt management [5], and the activities used in performing in
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technical debt management [3]. Our perspective is different from these previous
studies since we are specifically interested in the elements required to manage
technical debt. Therefore, these other studies have been used as sources for

identifying these elements. Some specific differences between the findings of our
study and what can be found in literature are addressed in Section 7. Addition-

ally, in this work, the rigor and relevance for industry of the current techniques

AN
US

for technical debt management have been studied.

Finally, Falessi et al. [S7] identified the requirements for the tools utilized
to manage technical debt. We have extended their work by incorporating the
ways in which other authors have considered these requirements as well as their
current use in industry.

M

3. Methodology and Research Process

To identify the elements of technical debt management that have been ad-

ED

dressed in the current literature, this study utilized systematic mapping. The
systematic mapping was performed by following Petersen et al.’s guide [8]. Systematic mapping studies are designed to provide a broad overview of a research

PT

area and are consequently appropriate for the goal of this research, which is, to
identify the elements that must be taken into account to manage technical debt

CE

efficiently. All the steps in the process are shown in Figure 1 and described in
the following subsections.

AC

3.1. Research Questions
RQ1: What elements have to be considered when making decisions concern-

ing technical debt management in software projects?
RQ1.1: In the literature, what elements have been suggested to manage

technical debt?

6
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Figure 1: Systematic mapping process (adapted from [8])

RQ1.2: What elements have been used in the methods and techniques proposed to manage technical debt?

RQ2: What elements are considered from the various stakeholders’ points

M

of view?

RQ3: What is the current support in industrial environments for elements

ED

required in decision making in the form of methods and techniques?
To answer these research questions, this study focuses on publications about

PT

technical debt management.
3.2. Conduct Search

The reported study focused on methods, techniques, and suggestions for

CE

technical debt management. After some trials with the strings “debt” and
“technical debt”, the second one was select because it returned all the previously

AC

known papers, and the string “debt” led to too many false positives. However,
to reduce the risk of leaving out relevant papers, the search was complemented
with the snowballing technique (see Section 3.4). Therefore, an automatic search
method using the term “technical debt” was used to search for papers about
technical debt in the following digital repositories: IEEE Xplore, ACM, Scopus,
ScienceDirect, Web of Science, and SpringerLink. Full text search was used

7
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when this option was available (IEEE Xplore and SpringerLink), as well as for
searching in metadata in other cases (ACM, Scopus, ScienceDirect, and Web of
Science). The search included all the papers published until and including 2015.

CR
IP
T

The total number of articles obtained (including duplicates) was 971.
3.3. Screening of Papers

The selection process consisted of two levels. In the first one, papers that
provided enough information in their title and abstract to be excluded were

eliminated. In the second one, the full text of the papers was analyzed. To

AN
US

select the articles, the following inclusion and exclusion criteria were used:

• To be included, the paper had to describe parts, activities, tasks, elements,
or considerations for technical debt management.

• To be included, the paper had to be published in a journal, conference
proceedings, or workshop proceedings. Only book chapters referenced by

M

another included study were included.

• Papers that failed to address technical debt management in detail were

ED

excluded.

• Papers published as abstracts, call for workshops, tutorials, talks, or sem-

PT

inars were excluded.

The selection process was performed separately by two of the authors and
discrepancies were resolved through agreement among all the authors. At the

CE

end of this step, the number of selected relevant papers was 61.

AC

3.4. Snowballing
In order to include all relevant papers, the bibliography of each included

paper was screened by using the snowballing technique. Snowballing refers
to using the reference list of a paper to identify additional papers [9]. This
technique is commonly used in systematic mapping studies [9, 3, 10]. Each
new identified relevant paper starts a new iteration in the snowballing process.
When no more relevant papers are found, the process ends.
8

ACCEPTED MANUSCRIPT

At the end of this step the number of selected relevant papers was 63, that
is, two papers were added. The two papers were identified in the first iteration
of the snowballing process. The second iteration did not lead to more articles,

CR
IP
T

and consequently the snowballing process ended. The list of the selected papers
is included in the bibliography section at the end of this paper.

3.5. Comparison Between the Number of Papers Selected in this and Previous
Studies
Due to the existence of the mentioned previous literature review studies (see

Section 2), it is interesting to highlight and analyze the difference in the number

AN
US

of selected papers that exists between this and the other studies. In the present

study 63 papers have been selected. Tom et al. [1] selected 19 papers and 35 web
blogs and articles. This difference can be explained because Tom et al.’s study
checked publications before 2011 whereas the present study included studies
until the end of 2015. Even when Tom et al. selected all the papers about
any aspect of technical debt, and the present study only selected papers about

M

technical debt management, technical debt management has focused a lot of
attention in the recent years, what helps explain numbers. Li et al. [3] selected

ED

94 papers until the end of 2013, a higher number of papers than in the present
study. This is likely due to the different criteria used to select the papers, and
how the the community is focusing ever more on technical debt and on technical

PT

debt management. In fact, whereas Li et al. selected papers about any aspect
of technical debt, in the present study only papers that explicitly address with

CE

technical debt management (see the first selection criteria in Section 3.3) were
selected. Alves et al. [5] selected 100 papers in a study that checked publications
until the end of 2015 as the present study does. Again, as in Li et al.’s work [3],

AC

the main difference is the selection criteria. Ampatzoglou et al. [6] selected
69 papers. In this case the numbers of selected papers are quite similar. The
main difference is that Ampatzoglou et al.’s work checked until the end of 2013.
Therefore, in relative terms, they selected more studies than the present study.
This is due to some papers that are relevant from a financial point of view, for
example, papers explaining the similarities of technical debt and financial debt
9
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are not focused on technical debt management and hence, they were excluded
in the present study.
3.6. Keywording

CR
IP
T

The process used to identify the elements required for technical debt management was adapted from the “keywording” described by Petersen et al. [8].

Figure 2 shows the steps used in this process. The main difference from [8] is

that in the present study, the process started using the full text of the selected
papers instead of the abstracts. The reason for this decision was that the entire

description of the technical debt management activity was not usually present

AN
US

in the abstracts of the papers. The process was iterative. After the first classi-

fication was obtained, it was refined by contrasting the various elements found.
The classification scheme then was updated by binding similar elements. This
additional step was necessary because it was found that the same concept (or
very similar concepts) was used in different contexts or with different names.

M

The criteria used to extract the elements corresponded to the identification of
requirements, estimations, analysis, and activities (including inputs and out-

papers.
3.7. Synthesis

ED

puts) in technical debt management that were used or suggested in the selected

PT

After the keywording step, a synthesis step was performed to refine the classification scheme previously obtained. In this synthesis, the reasons for and

CE

intentions to use each element were also extracted from the original papers. A
method analogous to the constant comparison used in qualitative data analysis [11] was used to find commonalities in the intentions of using each element.

AC

Following this process, the definitions of the elements were created. Additionally, three types of elements were identified. The types of elements defined are
explained in Section 4.2. As discussed in Section 7, this synthesis provided a
schema that can be considered a framework for the elements for technical debt
decision making in practice.

10
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Figure 2: Keywording process (adapted from [8])

3.8. Rigor and Relevance Assessment

M

The scientific rigor and the industrial relevance of the analyzed papers were
assessed. The goal of this step was to know how the identified elements were
supported in the currently available methods and techniques used in technical

ED

debt management.

The quality assessment of the reviewed papers is not covered by the systematic mapping approach [8]. We used the method proposed by Ivarsson and

PT

Gorschek [12] which was previously used with systematic mapping studies in
the software engineering domain [10]. The model provides a set of rubrics to

CE

measure rigor and relevance for industry. Rigor refers to the precision or exactness of the research method used and how the study is presented. The model
in [12] defines three aspects used to measure rigor: context described, study

AC

design described, and validity discussed. Each aspect is scored by 0, 0.5, or 1.
Consequently, the total rigor score of a paper will be between 0 and 3: 0 is the
worst score, and 3 the best score. A detailed explanation about the criteria used
to assign each score is provided in [12].

11
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Relevance refers to the realism of the environment in which the results are
obtained and the degree to which the research method facilitates the transference of results to practitioners. The model defines four aspects that are scored

CR
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T

by 0 or 1. Therefore, the total relevance score of a paper is between 0 and 4:
0 is the worst score, and 4 is the best score. A detailed explanation about the
criteria used to assing each score is provided in [12].
3.9. Mapping Process

The papers included in the current review were classified using the various
elements found (see Section 4) and the points of view (see Section 5). Also

AN
US

identified were papers showing the use of elements in methods or techniques for

technical debt management or in suggestions for using them. It was found that
each paper included several elements and/or points of view.
4. Elements of Technical Debt Management

M

This section addresses the first research question What elements have to
be considered when making decisions concerning technical debt management in

ED

software projects? Table 1 shows the sources that either used or suggested the
usage of specific elements for technical debt management. The elements were
identified following the steps described in Section 3.6, and they were defined

PT

by following the steps defined in Section 3.7. Section 4.1 includes a detailed
explanation of the identified elements and Section 4.2 shows a categorization of

CE

the elements.

4.1. Elements
In this section the elements are described.

AC

4.1.1. E1 Technical debt items
To manage technical debt properly, it is necessary to know the sources that

originated technical debt in the system. This element is basic because if it is not
known that a problem exists, it is not possible to manage it. In fact, to identify
technical debt items is usually the first step in managing technical debt [S8, S9].

12
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The identification of technical debt items can include establishing a list of
the bad practices that create debt [S5, S10] and identifying the potential kinds
of technical debt from the sources of technical debt [S7], as well as determining
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the part of the system that must be refactored [S4, S11]. Therefore, there are
many potential sources of technical debt at any time in any system [S1].
4.1.2. E2 Principal

In decision-making, it is essential to know the cost that is required to remove
a technical debt item by changing the software. Many authors use the term

principal to refer to this cost. The principal of a technical debt item is the

AN
US

cost to be paid to eliminate the item [1]. Estimating the principal was a basis
of technical debt management according to most authors (see Table 1). It is
possible to estimate the principal as a function of three variables: the “shouldfix” items with violations, the hours needed to fix each violation, and the cost
of labor [S8].

M

An important consideration is that technical debt is context dependent [S12].
Therefore, solving a weakness can cost more or less depending on the project
or even the subsystem within a project [S12]. However, because estimating the

ED

principal in terms of single values is difficult, practitioners seem to think in
ranges of values or best-case, worst-case, and most probable scenarios, rather

PT

than single values [S7, S4].
4.1.3. E3 Interest

In the decision-making process, to have complete information about technical

CE

debt, it is necessary to know not only the principal of the technical debt items
but also the cost of not removing them. This cost is usually termed the interest.

AC

The interest is the cost to be paid over time if a technical debt item is not
eliminated. This cost can include the extra cost of modifying a component that
needs refactoring compared to the cost of modifying it after refactoring [S1].
Similar to the principal, estimating the interest was deemed fundamental by
most authors (see Table 1). The interest can be seen in various ways. It is
possible that depending on the project and its context, the interest could be
13
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non-linear, or it could have limits, maximums, or minimums [S7]. Similar to the
principal, an important consideration is that technical debt is context dependent
[S12]. Hence, the same detected weakness can imply more or fewer future costs
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depending on the project or even the subsystem within the project [S12].
4.1.4. E4 Interest probability

The interest has a probability of being paid [S9, S7, S1]. That is, it is
necessary to know such probability in order to have a real estimation of the

interest. This uncertainty exists because the interest must only be paid under
some scenarios [S13]. The probability of paying the interest will depend on the

AN
US

probability of the occurrence of future events [S7, S14, S15]. For example, if a
technical debt item implies that more effort is required in maintenance activities
but that the item will not be changed over time, the interest does not need to

be paid. Hence, in this example, the probability of changing this item will
parallel the probability of interest. Therefore, the interest is determined by a

M

set of relevant change scenarios [S14], that is, the probable changes that will
occur in the future. These scenarios will include, for example, the addition of
new functionality, changes in the non-functional requirements, the solutions to

ED

problems or bugs in the system.
4.1.5. E5 Technical debt impact

PT

The complete technical debt estimation consists of principal and interest
estimations, including the interest probability. To manage technical debt, it is
necessary to use models in which items are prioritized based on their interests

CE

and principals [S9]. The aim of ranking technical debt items is to identify
which items should be resolved first, depending on the business’s goals and

AC

preferences [S14]. Decisions about technical debt should be made in terms
of cost-benefit analysis [S9, S7]. Thus, cost-benefit estimations are necessary
to make decisions about removing technical debt [S4]. The business value of
conducting any activity lies in the difference between the cash flow stream of
performing the activity and the cash flow stream of not performing it [13]. That
is, a technical debt item must be removed when doing so is profitable. The
14

ACCEPTED MANUSCRIPT

basis of cost-benefit analysis is to identify the items with the highest amount of
technical debt and consider the cost of fixing them [S9]. Cost-benefit analysis
usually includes several variables. The most obvious are the principal (the cost
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paid to remove a technical debt item) and the interest (the cost to be avoided
by removing a technical debt item). Additional costs items could be considered,
such as time-to-market penalizations and quality issues. Benefits, such as quality

improvements and customer satisfaction could also be considered. Additional
information that could be used includes the number of features that a software

release contains, the time required to deliver the release, and the technical debt

AN
US

that is generated because of forced quick development [S16].

The outcome of technical debt management should be reviewed in terms of its
economic consequences [S7] by taking into account business considerations [S2].
That is, technical debt must be quantified [S3]. It is not always easy to express
technical debt using economic data. However, without expressing the economic
consequences, it is difficult to quantify the effects of executing or not executing

M

a decision. Tom et al. [1] classified technical debt costs into four types: morale,
productivity, quality, and risk [1]. However, one problem is that the financial

ED

effects of technical debt are not always direct [1]. For example, technical debt
can cause low morale in the development team resulting in systemic problems,
such as developer turnover [1, 2]. Another issue is that it is necessary to balance

PT

rigor with the usability of the estimation method. A very complex and rigorous
mathematical estimation model could be highly precise in its prediction and

CE

yield highly reliable results, but it could be unusable in practice because it
is overly complex when it is adapted to real, large projects [S7]. Finally, some
special situations must be considered in cost-benefit analysis. For example, when

AC

a system is “retired”, its technical debt is removed [1]. Another issue is that
organizations probably do not have adequate resources to fix all the identified
technical debt items [S5]. In summary, a complete cost-benefit analysis must
take into account all factors. That is, it must consider not only the principal
and interest but also the project constraints, including the deadline, budget, and
effects [S5, S14]. Because of this complexity, techniques that help visualize the
15
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estimated effects of the technical debt (not technical debt itself) could greatly
help decision-making.
4.1.6. E6 Automated means
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Big projects can generate high volumes of data. Therefore, because of fea-

sibility, it is necessary to obtain estimates automatically to manage technical
debt which avoids the negative effect of intrusiveness in the normal develop-

ment process [S3]. However, the collection of measures is an extra step for
developers, who are already overloaded, and might compromise the success of
technical debt management [S12]. Hence, the source code, a project’s revision

AN
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history, a project’s bug history, and other similar data sources can be mined

using automatic tools to obtain the information required to estimate technical
debt automatically [S9, S7] and to propose potential items for refactoring [S4].
4.1.7. E7 Expert opinion

Expert opinions about the system are required to manage technical debt

M

because they provide knowledge that cannot be obtained from available software
information. Together with automated estimates to manage technical debt,

ED

the opinions of the people that know the system deeply are required [S9, S7].
This information can include new contracts to be signed, expected changes to
be made, or new technologies to be adopted [S17], helping the manager to

PT

provide and apply information regarding issues such as uncertainty about the
measures and judgments, the system’s external context, and the knowledge of
experts (project managers, architects, etc.) [S4]. Finally, the goal of technical

CE

debt management methods and tools is to provide the necessary information to
human decision-makers [S12].

AC

4.1.8. E8 Scenario analysis
In decision-making, it is necessary to estimate the consequences of the de-

cisions made about the system. Therefore, managing technical debt includes
defining and analyzing multiple potential scenarios [S7]. By analyzing scenarios, managers can acquire information about the effects of the technical debt if
certain events occur in the future, which is discussed in Section 4.1.4. Various
16
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possible implementations can be analyzed to determine which one is the best.
In technical debt management, the goals of scenario analysis are as follows.

project or organization [S5].
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• To set targets for debt and specify the level that is acceptable for the

• To identify the effects of non-fixed technical debt issues on multiple releases.

This is performed by using change scenarios [S18, S14, S17].

Change scenarios represent the probable future changes that the system
will accommodate, and they are used to determine the amount of interest

AN
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to be paid because of technical debt [S15].

• To identify when it is profitable either to implement new functionality
early (taking more technical debt because of the quick release or when it is
profitable to release functionality slowly but with less technical debt [S16].
The scenarios to be analyzed can include the various paths followed to
deliver features in the release planning [S19], that is, to analyze how much

M

effort to invest in either refactoring, architecture design, or the addition
of new features [S1] by researching various release scenarios [S20].

ED

• With this information, the manager will be able to choose which decisions
to implement with the highest probability, and he or she will know the
other possible alternatives and the system’s technical debt evolutions. The

PT

output of the technical debt management must be in the form of possible
scenarios as well as the probability of their economic consequences [S7].

CE

• It is necessary to sketch and assess potential alternatives to the benefits and costs to support choosing the most appropriate for handling the

AC

technical debt [S2]. This process includes testing various possible scenarios to analyze the effects of removing some technical debt items, that is,
performing a “what-if” analysis [S4, S12].

4.1.9. E9 Time-to-market
One important constraint to consider is the time-to-market [S7]. This element includes the resources and constraints involved in achieving a project goal
17
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on time. The solutions to be implemented could be useless if they cannot be
implemented within a certain time. In some situations, it could be necessary
to release a product by the deadline without all its expected characteristics. In

CR
IP
T

certain environments, being the first to market is vital to obtain customers. In
this situation, long-term software problems are not important because they are

not visible to the product’s customers, and these problems are not very important to the software company. In the long term, the problems will be relevant
only if the product or the sponsors obtain customers in the short term [1]. To

consider fully the costs and benefits of incurring technical debt, it is necessary
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to take into account the release planning of the product under analysis [S19].
In summary, a tradeoff between release characteristics and technical debt must
be made to manage technical debt [S16].

4.1.10. E10 When to implement decisions

Managing technical debt requires making the decision either to pay the prin-

M

cipal of technical debt items or to continue to pay the interest on such items.
This element is greatly influenced by the constraints on and the availability of
the development team’s resources. It is necessary to know when to implement

ED

this decision [S9, S7]. Some decisions may include when to implement a feature
of a product, or when to refactor some part of the system to improve some of its

PT

qualities [S19]. Hence, such decisions affect the release dates and planning [S20].
4.1.11. E11 Technical debt evolution
To know how technical debt affects a system it is not enough to have a

CE

snapshot of the technical debt in the system. In order to contrast the technical
debt of the system with changes in the context, it is necessary to know how the

AC

technical debt evolves in the system. Hence, it is necessary to track technical
debt over time [S3]. This tracking requires methods to determine the level
of technical debt and its evolution [S1]. Monitoring technical debt consists of
keeping track of changes in the costs and benefits of unresolved technical debt
items [S14]. By monitoring technical debt frequently, it is possible to react
quickly [S5]. Thus, monitoring the evolution of the economic consequences of
18
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technical debt [S7] is important. To determine how the system will perform
in the future, it is necessary to consider the time-frame required for such an
analysis [S17]. Because technical debt implies a cost over time, the time-frame

CR
IP
T

will structure the analysis and enable a cost-benefit analysis. One threshold for
the time-frame could be the date estimated for retiring the software [S16]. Other

potential time-frames could be obtained from the project release plan [S21] or
from the project roadmap.
4.1.12. E12 Technical debt visualization

Managing technical debt without the visibility of the technical debt items,
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and the software artifacts (files, modules, packages, etc.) in which the items are

accumulated is not possible. Therefore, having the means to see how technical
debt affects the system or the development process is highly recommended [S22].
Defining a visual language for the entire organization allows for fast and transparent communication between people and entities [S5]. Hence, it is possible

M

to determine the relative effects of technical debt with regard to other activities [S3]. However, the visualization technique must have the ability to summarize the information required for high-level analysis, and it must include the

ED

possibility of analyzing technical debt at lower levels, such as at the subsystem
or component level [S12]. The visualization of technical debt is especially important in architectural technical debt [S23]. This kind of technical debt usually

PT

implies several source code artifacts, such as classes and configuration files. Using mechanisms to determine how these artifacts are grouped helps to clarify

CE

the distribution of technical debt throughout the system.
4.2. Grouping of elements according to their use in technical debt management

AC

Figure 3 shows the grouping of the identified elements according to their

use in technical debt management, which were found in the literature after
applying the synthesis step describe in Section 3.7. In practice, a taxonomy
of the elements has been obtained. The analysis showed that the elements
could be classified into three main groups: basic decision-making factors, cost
estimation techniques, and practices and techniques for decision-making. These
19
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Figure 3: Taxonomy of the identified elements for technical debt management. Elements are
grouped according to its use in technical debt management

are explained in the following paragraphs. T1 basic decision-making factors, are
elements that represent the necessary information about the system technical
debt. That is, these elements are information that it is needed to make decisions

M

about managing technical debt. Therefore, these elements are mainly focused
on the identification and measurement of technical debt. T2 cost estimation

ED

techniques, are elements focused on how a technical debt management model
should be implemented. The main difference from the basic decision-making
factors is based on the degree of human intervention. Therefore, models can be

PT

implemented using automatic tools, manual processes or a mix of both. Finally,
T3 practices and techniques for decision-making, are elements focused on the
considerations that must be taken into account, in addition to the technical

CE

debt estimations, to manage technical debt. Elements of this type indicate
requirements to be taken into account in addition to the basic decision-making

AC

factors. These elements draw attention to the fact that it is not enough to
simply identify and measure technical debt. It is also necessary to integrate
technical debt management into the project management process as one of its
activities.
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Elements

Sources

Count

E1 Technical

S30 S10 S31 S32 S33 S34 S35 S15 S36 S37 S9 S12 S38

debt items

S39 S40 S41 S42 S43 S11 S18 S44 S45 S46 S47 S48
S49 S50 S51 S52 S53 S54 S55

46
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T1 Basic decision-making factors

S1 S4 S5 S7 S24 S8 S25 S21 S26 S27 S13 S28 S14 S29

S1 S4 S7 S56 S24 S8 S17 S57 S25 S21 S26 S27 S14
E2 Principal

S58 S31 S32 S15 S36 S9 S12 S59 S42 S43 S11 S18 S44

35

S45 S46 S47 S49 S50 S51 S52 S53 S54

E3 Interest
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S1 S4 S7 S56 S24 S8 S17 S57 S25 S21 S26 S27 S14

S31 S32 S15 S36 S9 S12 S59 S42 S43 S11 S18 S44 S45

34

S46 S47 S49 S50 S51 S52 S53 S54
E4

Interest

probability

S1 S4 S7 S17 S25 S21 S26 S27 S14 S15 S36 S9 S12
S46 S48 S49 S50 S52
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S1 S2 S3 S4 S5 S6 S7 S60 S56 S24 S8 S17 S57 S25
S21 S26 S27 S28 S14 S30 S10 S61 S31 S19 S32 S16

debt impact

S33 S34 S35 S36 S9 S12 S39 S42 S11 S62 S18 S44 S46

M

E5 Technical

45

niques for decision-making

T3 Practices and tech-
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ED
Auto-

mated means

PT

tion techniques

E6

E7

Expert

opinion

CE

T2 Cost estima-

S47 S49 S50 S51 S52 S53

E8

Scenario

analysis
E9 Time-tomarket
E10

When

to implement
decisions

S3 S4 S5 S7 S8 S28 S10 S58 S33 S35 S9 S12 S38 S39
S40 S11 S62 S44 S45 S46 S48 S50 S51 S53 S54 S55

S4 S7 S17 S26 S35 S36 S9 S12 S11 S18 S45 S48 S49
S50 S51 S52
S1 S2 S4 S5 S7 S56 S17 S20 S27 S28 S14 S19 S16 S33
S15 S36 S12 S62 S18 S50
S7 S21 S61 S31 S19 S16 S15 S36 S41

S4 S7 S56 S63 S25 S26 S20 S13 S19 S33 S9 S18 S44
S47 S50 S51 S52

21

26

16

20

9
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Tech-

nical

debt

evolution
E12

Tech-

nical

debt

visualization

S1 S3 S5 S7 S56 S21 S26 S28 S14 S10 S16 S33 S38
S45 S47 S49 S51 S55

S3 S4 S5 S22 S23 S28 S37 S12 S39 S11 S45 S47 S48
S49 S50 S51 S53 S55

Table 1: Elements of technical debt management identified in the

literature. Every element identified is included in the column Ele-

ments. The references in which it was identified are shown in the
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column Sources. The number of references in which it was identi-

fied is shown in the column Count. The column on the left classifies
the elements according to their use in technical debt management
(see Section 4.2).

M

5. Technical Debt Management Elements from the Stakeholders’ Points
of View

ED

In this section, the second research question is addressed: What elements are
considered from the various stakeholders’ points of view? Although the findings
showed that various stakeholders are involved in technical debt management,

PT

the most appropriate classification system to use was not evident. Clements et
al. proposed, in [14], three stakeholders’ points of view, namely (software) en-

CE

gineering, technical management, and organizational management, which were
used in the first version of the work. Recently, in SWEBOK V3 [15], the terms
engineering management, and business organizational were used. This usage

AC

reflects an evolution in the understanding of how software product development
takes place. Therefore, in this study, the final list of stakeholders’ points of view
was as follows: (software) P1 engineering, P2 engineering management, and P3
business organizational management. P1 engineering includes concerns about
processes such as software design and software construction, as well as, software
architecture for some members of the community. P2 engineering management
22
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Figure 4: Mapping of the elements in the stakeholders’ points of view. All the papers identified in this study are considered in the mapping. Mapping of the elements
to support decision making in managing technical debt versus the engineering, engineering
management, and business organizational management points of view. Each of the selected
papers can include several elements and can be mapped onto more than one point of view.
In each cell, the number in the center is the number of papers that identify an element from
a specific stakeholders’ point of view. The upper left percentage is the percentage of papers
that identify the element (column) as specific to a point of view of (row), and the lower right
percentage is the percentage of papers with the specific point of view (row) that identify the
element (column). The first column shows the summary of the papers per stakeholder point
of view, while in the bottom of the figure, there are summaries of papers per element and per
type of element.
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is focused on process planning and monitoring, including measurement. Finally,
P3 business organizational management is focused on organizational goals, business strategy, time horizons, risk factors, financial constraints, and tax consid-

CR
IP
T

erations. These points of view are aligned with the stakeholders identified by
Yli-Huumo et al. [S47] in technical debt management: development team, soft-

ware architect (P1 engineering); team manager (P2 engineering management);
and business stakeholder (P3 business organizational management).

To analyze the elements of technical debt management from the stakehold-

ers’ points of view mapping was conducted. Figure 4 shows the mapping of
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the identified elements of technical debt management (see Section 4) and the
stakeholders’ points of view, which are described above.

While performing the mapping, the authors noticed that whereas some papers introduced a technical debt management element, and proposed a method
or technique for technical debt management, others simply introduced an ele-

in the following sections.

M

ment. Therefore, two different mappings were performed, which are presented

ED

5.1. Technical Debt Management Elements from the Stakeholders’ Points of
View: Papers that Simply Introduced Elements
In the case of the papers that simply introduced elements, the analysis revealed (see Figure 4) that most were focused on the T1 basic decision-making

PT

factors, that is, on obtaining the necessary information about the system’s technical debt. In this case, the preponderant points of view were P1 engineering

CE

(e.g., the creation of source code, designing, architecting, or testing) and P2
engineering management (e.g., planning, or product quality management).
The papers included in P1 engineering and P2 engineering management

AC

strongly highlighted all the identified technical debt management elements.
Conversely, this was not the case for P3 business organizational management,
apart from E9 time-to-market, E11 Technical debt evolution, and E6 automated
means elements. This finding indicated a business requirement for technical
debt management, which could include the following: to quantify the impact of
technical debt; to estimate technical debt automatically to avoid extra effort in
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the developments process; to know the effects of technical debt in the delivery
capacity of the team putting at risk the ability to meet the projects’ deadlines;
and to control the evolution of technical debt over time. This finding, however,
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should be assessed in future studies.
Concerning the E9 time-to-market element, an interesting finding was that
it is hardly ever taken into account by the current technical debt management

tools and methods as discussed in [16]. This is an interesting paradox and a
serious issue: whereas E9 time-to-market is one of the least referenced, used,
and suggested T3 practices and techniques in decision-making, it is probably
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the most referenced cause of technical debt and according to [1] one of its most
relevant antecedents. Therefore, managing technical debt without considering

E9 time-to-market could lead to wrong decisions that could affect important
deadlines in a project.

Most of the studies analyzed focused on T1 basic decision-making factors.
This finding may indicate that technical debt management is still in an initial

M

phase. It also means that data estimation techniques, and metrics for the technical information normally extracted from source code, repositories, or tracking

ED

systems have not yet been developed, or, at least, they have not yet been made
available to the software engineering community. Whereas T1 basic decisionmaking factors seem to be conceptually close to the project P1 engineering

PT

activities, T3 practices and techniques for decision-making are not far from the
decision making process and are therefore closer to P2 engineering management

CE

and P3 business organizational management than to P1 engineering. Whereas
P1 engineering is focused on finding project’s technical problems, P2 engineering management and P3 business organizational management extract informa-

AC

tion from sources such as strategic decisions about the architecture, product
release dates, new contract signatures, budgets, or technologies provided by
partners, in the areas of management and strategy. It is worthwhile to highlight
that E5 Technical debt impact was the only highly referred element, regardless
of the point of view that was considered. Therefore, E5 Technical debt impact
was found to link the three points of view in addressing technical debt manage25
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ment concerns. This finding suggests that quantifying the effects of technical
debt could form an excellent communication channel among the different stakeholders in a project. Moreover, this finding supports the previous conclusion
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about the importance of the E5 Technical debt impact element (Section 4.1.5).
Finally, the elements of E6 automated means and E7 expert opinion fit the

type T2 cost estimation techniques. These two elements are complementary:

E6 automated means element refers to extracting the required data without

disturbing the normal activity of developers, whereas E7 expert opinion refers to
using experts to provide the information that cannot be automatically extracted

AN
US

and to make decisions based on estimations.

5.2. Technical Debt Management Elements from the Stakeholders’ Points of
View: Papers that Introduce Elements and Propose Methods
The same analysis described in section 5.1 was performed on papers that
introduced one or several elements of technical debt management, and proposed
methods or techniques to manage technical debt. Papers that simply introduced

M

elements of technical debt management were excluded. Figure 5 shows this
second mapping. The comparison of Figure 4 and Figure 5, shows an obvious

ED

difference in the amount of papers on each element and point of view. As long
as the set of papers used in Figure 5 was a subset of the set of papers used
in Figure 4 the obtained difference in the number of papers could be expected.

PT

Nonetheless, the percentage of elements introduced with respect to the three
points of view were proportional to those obtained in the entire selection of

CE

papers (see subsection 5.1).
This finding allowed us to conclude that the identified elements were not

simply suggestions made by the authors but a set of elements used by those au-

AC

thors to define concrete techniques for technical debt management. The second
mapping was also useful to identify the coverage of the elements. It therefore
was possible to determine some gaps in the current methods regarding elements
that were not addressed to manage technical debt. The main shortcoming was
the insufficient support shown for E4 Interest probability, E7 Expert opinion,
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Figure 5: Mapping of the elements in the stakeholders’ points of view. Exclusively
the papers that defined methods for technical debt management were considered
for this mapping. Mapping of elements to support decision making in managing technical
debt versus the engineering, engineering management, and business organizational management points of view. Each selected paper can include several elements and can be mapped
onto more than one point of view. In each cell, the number in the center is the number of
papers that identify an element from a specific stakeholder’s point of view. The upper left
percentage is the percentage of papers that identify the element (column) as specific to a
point of view of (row), and the lower right percentage is the percentage of papers with the
specific point of view (row) that identify the element (column). The first column shows the
summary of the papers per stakeholder point of view, while in the bottom of the figure, there
are summaries of papers per element and per type of element.
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E9 time-to-market, E10 When to implement decisions, E11 Technical debt evolution, and E12 Technical debt visualization. Based on this finding, it can be
concluded that additional methods or improvements to the currently available

CE

methods are required to support these elements.
6. Technical Debt Management in the Industrial Environment
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The method described in Section 3.8 was applied to analyze the extent to

which the current techniques used for technical debt management are relevant
in an industrial environment. This method provides two scores to quantify
the rigor and the relevance of the studies from an industrial perspective. The
method used to score rigor and relevance (see Section 3.8) focused on measuring
27
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Figure 6: Mapping of selected papers with respect to relevance and rigor scores as defined in
Section 3.8.

M

whether the techniques and methods have been validated. Therefore, papers
that did not provide data about the validation of technical debt management

ED

methods obtained low scores.

The results from the first analysis are presented in Figure 6, which shows
the scores of the analyzed papers. Most papers did not provide enough details

PT

about the methods or techniques to be relevant to the industry. That is, they
did not provide enough details to allow an independent company to use the

CE

method proposed. However, as shown in Figure 7, in recent years, the trend
has been that the average rigor and relevance of the research on technical debt
management has increased. Therefore, the technical debt research community

AC

is aware of this lack of rigor and relevance in the industry, and it is working to
improve the situation.
A second analysis was performed. The results are presented in Figure 8,

which shows the mapping of the elements and points of view in which papers
that presented methods or techniques for technical debt management that had
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Figure 7: Temporal evolution of the number of papers with respect to the average relevance
and the average rigor scores.

M

rigor and relevance greater than a threshold were considered. In the present
study, the threshold for rigor is equal to 2, that is, only papers with a rigor

ED

score of 2 or more were considered. This value was chosen so that only papers
with a score at least equal to the half-maximum possible score were included.
Following the same criteria, the threshold for relevance was set at 3. Many of the

PT

elements counted on having only two or three methods with enough rigor and
relevance for industry. The elements E1 Technical debt items and E5 Technical

CE

debt impact were outstanding because they had consistent support that was
independent of the point of view.
Therefore, based on these findings, it can be concluded that more methods,

AC

or more detailed reports of the current methods, are necessary to support their
use by software companies in managing technical debt.
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Figure 8: Mapping of the elements to stakeholders’ points of view to assess industrial rigor and relevance. Only papers that scored rigor equal to or more than 2,
and relevance equal to 3 or more were considered. Mapping of elements to support
decision making in managing technical debt versus the engineering, engineering management,
and business organizational management points of view. Each selected paper can include several elements and can be mapped onto more than one point of view. In each cell, the number
in the center is the number of papers that identify an element from a specific stakeholder’s
point of view. The upper left percentage is the percentage of papers that identify the element (column) as specific to a point of view of (row), and the lower right percentage is the
percentage of papers with the specific point of view (row) that identify the element (column).
The first column shows the summary of the papers per stakeholder point of view, while in the
bottom of the figure, there are summaries of papers per element and per type of element.
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7. Retrospective and Discussion
7.1. Identification and Definition of the Elements
This review study performed a systematic mapping of the current literature
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on technical debt management. Sixty-three papers were analyzed and 12 elements of managing technical debt were identified. The elements were classified
into three types: T1 basic decision-making factors; T2 cost estimation techniques; and T3 practices and techniques for decision-making. This classification
allowed us to use a top-down hierarchical approach. Previous contributions to

the literature addressed topics that were considered necessary to manage tech-

AN
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nical debt, but it was not clear how these contributions could fit an overall view
of the research. The present review study provided a taxonomy of the elements.
As Figure 5 shows, not all the elements were used by the same number of meth-

ods used to manage technical debt; therefore, not all the elements had the same
level of support.

M

The elements and types of elements, even when they were related, differed
from the activities identified by Li et al. [3]. Although the activities mentioned
in [3] represented the steps that have to be performed to manage technical debt,

ED

elements are used during activities as inputs, outputs, or mechanisms.
Alves et al. [5] identified several management strategies. These strategies
referred to concrete methods or techniques used to manage technical debt.

PT

These methods included some the sources in which the elements of the present
study were identified. Therefore, the goals of the studies are different. Alves

CE

et al. identified the current methods for technical debt management, whereas
the present study identified what these methods took into account in order to

AC

manage technical debt.
These relationships are interesting for studying how to integrate technical

debt management into a software product roadmap similar to that described
in [17]. Part of this roadmap is the software development process or the strategic
planning. Therefore, a more detailed study of such relationships should be
addressed in a future work.
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7.2. Stakeholders’ Points of View with Regard to the Elements
The identified elements were mapped to three different stakeholders’ points
of view (see Figure 4). These points of view comprise the activities involved in
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the software product development enterprise: P1 engineering, P2 engineering
management, and P3 business organizational management.

This mapping allowed us to determine how different stakeholders considered
the same elements. Other stakeholders sometimes considered different elements

but in all cases from a different point of view. Two approaches were used

in the mapping. In the first approach, all papers that introduced elements

AN
US

were considered. The second approach considered only studies that introduced
elements and used them in developing methods for managing technical debt.

The first finding showed that the business organizational perspective was
neglected in the literature, which was a serious obstacle from the point of view
of enterprise management. More papers were focused on P1 engineering and
P2 engineering management than on P3 business organizational management.

M

Companies make products either to sell to customers or to consume internally.
In all cases, products must make sense from a business point of view as well as

ED

from a technical point of view.

The second finding was related to an important issue: communication among
stakeholders. As described in Section 5.1, the element of E5 Technical debt im-

PT

pact was the only element that was highly referred to, regardless of the point of
view considered. This finding suggests that quantifying the effects of estimat-

CE

ing technical debt could be an excellent communication channel among different
stakeholders. This opens the issue of how estimating the effects of technical debt
could be represented so that stakeholders with different technical backgrounds

AC

could understand estimation of the effects and could discuss them effectively
with each other.
Another remarkable finding was that E9 time-to-market was hardly ever

taken into account in the methods used to manage technical debt. However,
from the point of view of P3 business organizational management, only E9 timeto-market, E11 Technical debt evolution, and E6 automated means elements were
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highly considered. This finding is consistent with the results reported in previous studies [5] [16], which present an interesting paradox: whereas E9 time-tomarket was one of the least referenced elements of technical debt management,
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it was one of the most relevant antecedents of technical debt [1]. Therefore, the
lack of support for time-to-market in the current technical debt management
literature could lead to wrong decisions.

Some elements also required more support in the methods used for techni-

cal debt management: E4 interest probability, E7 expert opinion, E9 time-to-

E12 Technical debt visualization.
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market, E10 When to implement decisions, E11 Technical debt evolution, and

7.3. Support of Methods for Elements in Industrial Environments
To determine the relevance for industry of the studies with regard to technical debt management each paper was analyzed using the method described in
Section 3.8. The results showed that most papers did not introduce methods

M

or techniques in enough detail to be relevant to the industry. Nevertheless, in
recent years, the relevance and rigor of the papers about technical debt management has increased. By analyzing the mapping of papers with high rigor

ED

and relevance (see Figure 8), it was possible to determine that more methods or
more detailed reports of the current methods, are necessary to support software

PT

companies in using them to manage technical debt. This finding was particularly apparent in E12 Technical debt visualization, which is consistent with the
results in Alves et al. [5].

CE

7.4. Baseline for a Framework
The analysis described in sections 4,5, and 6 provides a baseline for defining

AC

what could be considered a framework for technical debt management. This
framework would consist of a bi-dimensional schema at a high level of granularity. The dimensions would be groups of elements and stakeholders’ points of
view. At a second level of granularity, the schema could be considered to have six
dimensions that corresponded to the three groups of elements (basic decisionmaking factors, cost estimation techniques, and the practices and techniques
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used in decision making) and the three Stakeholders’ points of view (engineering, engineering management, and business organizational management). This
framework would represent technical debt management as an integral job of the
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enterprise.
The application of this framework could be twofold: first, it would be possible to define purpose-oriented models for technical debt management (which
elements are required for managing technical debt according to different objec-

tives), when dimensions and groups were decided according to specific goals.

A second application would be to determine how specific methods (or mod-
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els) that were built outside framework guidelines could be applied according
to their characteristics when they were analyzed according to the framework.

The assessment of the types and elements with regard to their relevance for
the industry and their evaluation for their use in current methods to support
industry (see Section 6) could help to achieve the desired goals. Although the
assessment was produced to obtain a view of the current situation, it could be

M

applied in the future research on methods.

The use of this framework could show that some elements have special rele-

ED

vance whereas not always support of methods can be found in literature. This is
the case of E9 time-to-market (see Section 4.1.9 and Section 5). Scenario analysis is important because technical debt management depends on the context

PT

(see Section 4.1.2 and Section 4.1.3).
7.5. Technical Debt Management Decision Making

CE

In the present review study, the main finding concerning technical debt man-

agement decision making was that it is context dependent (see Section 4.1.2 and
Section 4.1.3, and the considerations below in the current section). The con-

AC

sequence of such context dependence is that without a clear solid definition of
context and precise estimations of technical debt, estimations of effects are of
little use.
From the point of view of decision making in technical debt management,
the findings showed that the elements of type T3 Practices and techniques for
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decision-making were the most relevant. These elements are required to make
informed decisions. It is necessary to identify and analyze different possible
decisions (E8 Scenario analysis) in order to realize the possible consequences
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of such decisions. Therefore, in making decisions about technical debt it is not
enough to have an overall picture of the system’s technical debt. Without data

about the evolution and trend in the amount of technical debt (E11 Technical
debt evolution), decisions will be made without enough information. By analyz-

ing the trend in the amount of technical debt, it would be possible to estimate

when to invest in removing technical debt before the debt becomes too high
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to be managed. Both E8 Scenario analysis and E11 Technical debt evolution
imply that a future time-frame is required to perform the analysis.

In practice, the complete picture is more complex because time is also a
constraint. This was particularly highlighted by E9 Time-to-market, E10 When
to implement decisions, and E11 Technical debt evolution. These elements imply
that based on the constraint of time, more or less effort should be made to

M

remove technical debt. For example, a scenario in which a startup is in a race to
be the first to release a product in a market is different from a scenario in which

ED

a consolidated company has a product that leads the market, and therefore, it is
possible to delay a new release to remove technical debt. Therefore, any decision
made in technical debt management implies a trade-off between software release

PT

characteristics and technical debt removal.
Finally, even with effective tools and practices that identify, measure, and es-

CE

timate the effects of technical debt, without the means to make such debt visible
(E12 Technical debt visualization) it would be difficult for companies to understand the real situation of their software products. Visualization techniques are

AC

a means of providing fast and transparent communication. If decision-makers
do not obtain technical debt information in a format that they understand, they
could make wrong decisions.
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7.6. Implications for Research
The results of the present study have several implications for the research
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on the management of technical debt, including the following:
• Further research is needed to integrate automatic data extraction with
expert knowledge for technical debt management.

• Advancements are required to make trade-offs between new product characteristics and technical debt removal in new releases.
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• Because a time frame is required to perform some analyses (E8 Scenario

analysis and E11 Technical debt evolution, it is necessary to determine the
appropriate time frame that considers all the related issues.
• There is a lack of research on the business perspective of technical debt.
Further studies in this direction would make valuable contributions to the

M

literature.

• There is a need to determine how to define contexts, and to use them in

ED

estimations.

• Visualization techniques are required to estimate technical debt and its
effects. These techniques should be designed and built specially to take

PT

into account the different backgrounds of stakeholder.

• Research is required on the integration of technical debt management into

CE

the roadmap of the software product.

7.7. Implication for Practitioners

AC

The results of the present study have several implications for practitioners,

such as the following:
• A guide to study specific cases of technical debt management in relation
to the identified elements should be produced. This issue pertains to
technology transfer or standardization rather than research.
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• Using the defined framework, organizations could create models of technical debt management by using the elements identified in this study.
• Practitioners could identify factors that have to be taken into account in
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making decisions about technical debt management.

• Organizations could compare their current practices in technical debt man-

agement with the elements of the described framework to identify gaps in
their technical debt management process.

• Practitioners should consider that technical debt management is rele-
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vant to their work whenever they are working within a software product
roadmap.
8. Threats to Validity

This section addresses potential biases and the actions taken to minimize

M

their effects. To analyze potential biases in a more systematic way, in this
study all the potential biases in systematic reviews were analyzed following the
definitions given in [18]. According to these definitions there are three main

ED

groups of biases: bias in identifying articles, bias in choosing studies, and bias
in obtaining accurate data. In the following subsections, the biases in each

PT

group are analyzed.

8.1. Bias in identifying articles

CE

Several factors can affect the identification of articles: the criteria of the
reviewers and editors of journals or conferences, industry-sponsored research in
some areas, place of publication, biased indexing studies in literature databases,

AC

inadequate or incomplete searches, articles that are cited more often than others are, and studies that generate multiple publications. In the present study,
several different literature databases were used to include the maximum number
of sources and to minimize the impact of the above-mentioned biases. Because
of the complications involved in identifying that several publications are in fact
results of the same study, no action was taken to merge publications. This is
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a minor risk because few papers included in this study were authored by the
same researcher.
8.2. Choosing study biases
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The process used to select the papers was conducted following the steps pro-

vided by Petersen et al. [8]. To reduce possible bias, the inclusion and exclusion
step was completed by two of the authors of the present study. Discrepancies

were resolved by agreements brokered among all the authors. The inclusion and
exclusion criteria could also be influenced by the personal biases of the authors.

8.3. Obtaining accurate data bias
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The a priori definition of the criteria helped to minimize this potential bias.

In a literature review, the poor quality of sources can lead to inaccurate
conclusions. To mitigate this potential bias, the selected papers were published
in journals, conference proceedings, or workshop proceedings according to a
peer-review process. To include all relevant studies about technical debt man-

M

agement, some book-chapters were included. Because these were few in number
compared to the other selected papers, the effect on the quality of the results

ED

was low. To mitigate the risk of the personal bias of the researcher who analyzed the papers, every paper was analyzed by two researcher. Discrepancies
were resolved through agreements among all the authors. The authors had

PT

to interpret the papers in order to classify them as being about engineering,
engineering management, or business organizational management. This classi-

CE

fication could be influenced by personal bias or by the information given in the
papers, and this classification should be confirmed in subsequent research, such
as by conducting interviews with practitioners.

AC

9. Conclusions and Future Work
This paper reports the findings, and conclusions of an analysis of the cur-

rent literature on technical debt management. The focus of the research was
to identify the elements of technical debt management and the methods that
support the elements in the industrial environment (rigor and relevance). The
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research method used systematic mapping [8] and some synthesis activities.
This study analyzed how current approaches supported the identified elements.
The study was broad in scope because it considered the perspectives of not only
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engineering and engineering management but also business organization. This
study also showed that the rigor and relevance of the research on technical debt
management have increased in recent years.

Based on the mapping conducted in this review study, one conclusion is that

it was possible to define a framework. This framework could be used to produce
specific decision-making models and methods or to assess existing ones (see
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Section 7.4). In contrast to the majority of the current approaches to technical

debt management, the framework was not constrained by a concrete type of
technical debt.

Another important conclusion is that technical debt is context dependent (see
Section 7.5). This means that the context, which is difficult to define, must be
part of the estimation model, includes issues such as the history of the product

M

development, prospects, or time to market.

Introducing the business organizational perspective allowed us to identify

ED

that most of the previous studies focused on the elements with engineering and
engineering management points of view whereas the business organizational perspective was neglected. Within an industrial or government environment, this

PT

is a serious issue. It is important to highlight that while E9 time-to-market was
one of the least suggested elements, it was probably the most referenced cause

CE

of technical debt. According to [1], it was one of its most relevant antecedents.
This situation could lead to wrong decisions that could affect important dead-

AC

lines in a project.
There were some indications that E5 Technical debt impact could be effective

in allowing communication between the different stakeholders in a project (see
Section 7.2). This would require both quantifying and visualizing the effects of
technical debt.
In future research, the work will be extended to introduce the relationships
among the elements in order to establish how one element is affected by other
39
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elements. Another issue to be addressed in future research is to prioritize the
elements that are more relevant than others are with regard to the context of
the analyzed project.
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The elements identified in the present review study could be used to construct a model for assessing the technical debt of large cyber physical systems,

such as those in the smart cities domain. The elements could be used to define
models for technical debt management for specific systems with two objectives:

to demonstrate how the elements work in practice; to implement specific tech-

nical debt management models based on the integration of the tools that are
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currently available for the management of technical debt.
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