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Abstract. Technical debt is created when software engineers knowingly or un-
knowingly introduce shortcuts or unsuitable choices in the development or
maintenance of the software system, that will have a negative impact on the fu-
ture evolution of the system until corrected. Therefore, it is crucial to manage
established debt particular in the public sector. The aim of this study is to intro-
duce Technical debt to the field of Digital Government. We create an overview
of the state of the art of the knowledge on technical debt management, the meth-
ods applied to gain this knowledge, and propose a research agenda to Digital
Government scholars. We conduct a systematic literature review, which focuses
on the concept of technical debt management. Forty-nine papers published within
2017-2020 are selected and analyzed. We identify several gaps in the existing
literature: 1) an absence of theory explaining the relation of events, 2) a shortage
of studies conducted in the public sector, 3) and an absence of specific techniques
such as observation to study actual technical debt management behavior.

Keywords: Technical debt management, managing legacy systems, systematic
literature review, technical debt

1 Introduction

Public and private organizations use information technology (IT) to improve their effi-
ciency and service offerings [1]. During the development of I1T-projects and the subse-
guent operation/maintenance, temporary suboptimal solutions are sometimes intro-
duced to profit from the solutions faster. To capture this reality, Cunningham [2] coined
the term technical debt (TD) to explain the process and pitfalls of programming to the
management in the banking sector in 1992. Rios et al [3, p. 117] describe TD as a con-
ceptualization of “problems faced during software evolution considering the tasks that
are not carried out adequately during software development.”” They conducted a ter-
tiary literature review and found a variation in the application of the term. TD is often
associated with any impediment related to the software product and the development
process [3]. Griffith et al describe technical debt management (TDM) as comprising
“the actions of identification, assessment, and remediation of technical debt throughout
a software system.” [4, p. 1016].



TDM is important because it enables an organization a more optimal use of its re-
sources [5]. For instance: An organization’s IT-system breaks down, which leads to
reduced production. For management, the possible solutions are to 1) accept the re-
duced production, 2) conduct a root cause analysis and fix the actual problem, 3) create
a work-around that increases momentarily production speed, but does not solve the ac-
tual problem and will make the maintenance of the solution harder in the future. Solu-
tion 3 may be a viable course of action under certain circumstances, but it will result in
the creation of technical debt. Moreover, since the consequences are no longer visible
to management, this debt may be forgotten. If proper TDM methods were applied, man-
agement could identify the debt and repay it in a timely fashion.

We will claim, TD is important for the field of Digital Government, because TD can
hinder the public sector in fully reaping the benefits of digitalization. Scholl encourages
the field of Digital Government to engage with other disciplines “which overlap with
Digital Government as a practice area, but which might lack the forward-looking ca-
pabilities that Digital Government Research at least can provide in part.” [7, p. 11].
Moreover, Digital Government scholars can contribute to TD research, because they
have both domain specific knowledge of the public sector's use of IT and methodolog-
ical experience in studying IT and operation in this context [8].

In 2017, The Danish Ministry of Finance published an analysis of Danish public IT-
systems. The report concluded that 157 of 428 society or business-critical IT systems’
technical components (applications and IT-infrastructure) were not fully maintained
[9]. Outdated software or hardware components can increase the risk of breakdowns,
security breaches, and trouble the maintenance and the future development of the IT-
systems maintained [9]. The Swedish National Audit Office conducted a similar anal-
ysis and found 70% of their IT-systems were outdated [10].

TD and the concept of legacy systems “discuss a state of software that is sub-opti-
mal, time constrained, and explain how this state can decrease an organization’s de-
velopment efficiency” [8, p. 80]. A considerable source of TD originates from software
legacy [12], e.g. during continuous development of a system in an outdated environ-
ment. In this review, we focus solely on TDM.

TD studies are primarily published in Software Engineering, especially after Cun-
ningham’s [2] introduction of the metaphor [3, 5, 13, 14]. However, Information Sys-
tems researchers have also published studies on TD [15-16].

We found nine literature reviews and one tertiary review on TD and TDM (Appendix
A). While these reviews offer important contributions, they only cover the literature up
until 2017 and do not focus on examining methodology, use of theory or unit of analy-
sis. In this study we aim to address these gaps.

We identify 49 TDM papers published within 2017-2020. We find the focus of the
TD research fragmented: TD decreases morale, TD is difficult to measure, and numer-
ous tools. The MTD workshops and a tertiary study encourage more research on strat-
egies and management [P13, 3]. The papers primarily present data from open source
projects and the private sector. This leaves a gap for research in the public sector. Fi-
nally, we offer a research agenda for Digital Government scholars on TDM.



1.1 Aim of the study and research questions

This study reviews the latest published TDM papers (2017-2020). To the best of our
knowledge, these papers have not been studied by other secondary studies. The TD
field is rapidly evolving with nine secondary studies being published in the past six
years. Our study indicates that the publishing rate has not decreased. In a four-year
period, TD papers were published in 30 different outlets. This study introduces TD
research and a research agenda to the Digital Government scholars. Therefore, we fol-
low established guidelines for conducting systematic literature reviews within the Dig-
ital Government field [17, 18]. Our research questions are:

e RQ1. How is TDM studied and in which fields? RQ1a: Which authors and fields
have contributed to technical studies debt management since 2017? RQ1b: What are
the methods, context, level of analysis and data level used? RQ1c: Which theories
and theoretical concepts are applied?

e RQ2. What does the TDM literature focus on? RQ2a Which topics are studied?
RQ2b What do the findings show?

e RQ3. What research agenda should the Digital Government scholars investigate in
the context of TDM? RQ3a What suggestions does the literature have for future
studies? RQ3b What are the identified knowledge gaps in the literature?

The following sections are organized as follows: 2) search process, 3) brief mapping of
previous TD literature reviews, 4) analysis, 5) results and suggestions for future study,
6) discussion, limitations, and finally, 7) conclusion. The previous literature reviews,
and the pool of papers are listed in Appendix A and B.

2 Search process

The initial search for papers occurred from January to April 2019, with an updated
search conducted in March 2020. We applied Webster and Watson’s [18] method for
conducting systematic literature reviews. Webster and Watson present a three-step pro-
cess to search for papers [18].

Step 1.
Google Scholar 9 secondary reviews Exploratory
Result: 371 1 tertiary review search
DGRL Web of Science Scopus Step 2.
Result: 52 Result: 29 Result: 132 Structured
T T database search
Database searches and applying criteria Table 1)
Excluding: 185 Result: 28
_____________________________________ |._._.__._._.__._.__._._.__._.__._._.__._.__._._.__._.__._._.__._.
Backward and forward searches using Google Scholar. Step 3.
Adding: 15 Result: 43 Structured for-
| ward and backward
searches
Reading abstracts and excluding | In-depth reading and
peripheral papers. Excluding: 12 analysis of 31 papers

Figure 1 illustrates the initial process.



Webster and Watson recommend, that scholars begin a review by searching for papers
in known key outlets. The second step is a database search, as it enables the researcher
to discover other fields. The third step is a backward-forward search, where papers cit-
ing or cited by the pool of papers are identified. The following sections explain each
search step in detail.

1. Exploratory search: Using the software tool ‘Publish or Perish’ (Google Scholar)
2. Database search: Web of Science, DGRL and Scopus
3. Backwards and forward search (Google Scholar citations)

2.1  Explorative search (Step 1)

Webster and Watson [18] recommend starting a review by searching key outlets. They
assume that the researcher is familiar with the literature and key outlets. However, we
were not familiar with these at the time. Therefore, we chose to deviate from their
method in the first step. In January 2019, we conducted an explorative search through
Google Scholar to become familiar with the topic and academic literature [19]. We used
the software “Publish or Perish” and Google Scholar as an underlying search engine
[20]. This search created a foundation for the second step: the structured literature da-
tabase search. The search informed: the selected search term, the selection criteria, and
the temporal limitation. In this search process, we discovered nine secondary literature
reviews and a tertiary review (Section 3 & Appendix A). The secondary and tertiary
reviews informed our inclusion and exclusions criteria (table 1).

Table 1. Selection criteria (+ included / - excluded)

+/-  Assessment criterion Argument

+ Topic should be TDM Only papers focusing on TDM were included

+ Published within the period The papers posted up until 2017 have been covered
2017-2020 by other literature studies [21, 22]

+ Published conference or journal ~ To ensure high quality, only papers that had under-
papers only gone a peer-reviewed process were included

+ Only papers written in English Due to the authors’ language skill, we included pa-
pers in English only.

- Books, chapters, blog posts, ci-  The scope of this literature review is to analyze the
tations, thesis, presentations, re-  peer-reviewed papers. To avoid research duplicates
ports, editorials & summaries books and books chapters were excluded [17].

- Inaccessible papers Papers, which appeared in the search but could not

be accessed were excluded

- Duplicates Only the newest version of the paper was included

(typically journal paper). Journal papers are gener-
ally more in-depth than conference papers [17].




2.2 Structured database search (step 2)

In February 2019, we searched in the three databases: Digital Government Reference
Library (DGRL), Scopus and Web of Science. DGRL version 15.5 contains references
to approximately 12.500 peer-reviewed papers within the digital government field.

Webster and Watson [18] suggest using keywords when searching in databases,
However, not all papers are presented with keywords in these databases. Therefore, we
searched the databases for papers including the expression ‘Technical Debt Manage-
ment’ anywhere in the text. We identified 213 primary research papers on TD.

Due to a large number of identified papers, and the existence of secondary and ter-
tiary studies, we decided to introduce two additional selection criteria in our study (table
1). This was done to position our review in relation to the previous secondary and ter-
tiary studies. The secondary studies cover all papers on TD published until early 2017
(see Figure 2). Thus, we focused the review on 1) papers studying TDM specifically,
this brought the number of papers to 130, 2) papers published from 2017 and onwards,
which reduced the number to 28 papers.

2.3 Forward/backward search (Step 3)

In April 2019, we conducted backward and forward searches [18]. First, we reviewed
the references in the previously identified papers (backward search) adding two papers.
Second, we used Google Scholar to conduct a forward search for papers citing the iden-
tified papers, adding 13 papers. This brought the pool of papers to 31.

In March 2020 we updated the search and repeated step 2 and 3, we identified 18
new papers, bringing the total pool of papers in this review to 49 (Appendix B).

3 Previous secondary studies on TD
In the explorative search, we found nine secondary and one tertiary study. The nine

studies cover literature published from 1992-2017 (Figure 2). Benldris et al. [22] and
Becker et al. [21] cover the year 2016 completely with a broad view of TD. We position
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Rios et al. (tertiary)

Figure 2 illustrates previous meta-studies research on TD



our literature review to these existing secondary studies in the discussion section. Rios
et al. published a tertiary study in 2018, which explores the state of TD research [3].
They evaluate 13 secondary studies from 2012 to March 2018. They identify three re-
search directions and concepts studied in the secondary studies: TD identification, TD
concepts, and TDM. They develop a taxonomy of 15 TD types and generate a TD land-
scape mapping out the TDM activities, strategies and tools. The period from 2017 does
not appear to be covered and none of the literature reviews examine the context of the
data.

4  Method for analysis

The total pool of papers in our review includes 49 papers. Next, we explain the overall
coding process, then we go more into detail in the following section.

The coding process was conducted iteratively. We developed a coding sheet (a tem-
plate) containing: origin of data, theory and method, and unit of analysis [23]. We ap-
plied the template on 10 papers and discussed and adjusted the categories. The first
author conducted the coding, while coding issues were discussed among all authors.

4.1  Detailed description of coding elements

This section describes additional categories besides author and journal. We explain the
reason for our coding, and the coding process in detail.

The origin of the data. We coded for country and sector (private or public) to un-
cover where the data originates from. We expanded the categorization to include open
source projects. Open source projects allow for anyone, anywhere to contribute to the
code without stating who they are or where they are from. In the papers, the authors
describe where they extracted the data, e.g. by state the type of organization, from
which we could interpret the sector.

Theory and technique. We made an open coding for the technique; thus, we in-
cluded a description of how the data was extracted. We coded for theory, focusing on
explanations of the relation between concepts, observed phenomenon and why these
relationships exist [24—-26].

Findings and future studies. We coded the papers’ main findings, typically from
the results, discussion, and conclusion sections to identify the latest findings within
TDM studies. Additionally, we coded for the authors’ suggestions for future studies.

Unit of analysis and concepts. Webster and Watson [18] suggest creating a concept
matrix and adding another dimension: the level of analysis. This dimension analyzes
the abstraction level of the paper. This allows for more accurate identification of the
existing literature. They suggest three levels of analysis: individual, group and organi-
zation. We discovered several papers that analyzed at the IT-system level and added
this to the existing three levels of analysis. We coded for the overall concept within the
paper, besides TDM. We began with a careful read-through of the first 10 papers. Here,
a pattern emerged, and we identified four concepts. They were confirmed after going
through the remainder of the pool of papers.



5 Results

Next, we present the findings of our study according to our research questions.

5.1 RQ1 How is TDM studied and in which fields?

RQ1a: Which authors and disciplines have contributed to TDM research since
2017? Papers concerning TDM have been published in 30 different journals and con-
ferences since 2017. The eight outlets containing more than one paper are listed in table
2, the remaining 23 papers are published in 26 different outlets.

The International Conference on TD contains the most papers regarding TDM fol-
lowed by the Journal of Systems and software. The mapping shows that TDM appears
in a variety of outlets within the field of Software Engineering. The 65% of the papers
do not specify the countries where the study was conducted. The papers which do spec-
ify this, primarily come from the Nordic countries - particularly Sweden [P2, P4, P11,
P18, P21, P45]. The papers not specifying the country mainly use open source projects.

Table 2. The most frequent publishing outlets for TDM research

Outlet No. of papers

International Conference on Technical Debt
Journal of Systems and Software

ACM SIGSOFT Software Engineering Notes
ACM SIGSOFT Software Engineering

IEEE Transactions on Software Engineering
International Conference on Software Engineering

Euromicro Conference on Software Engineering and Advanced Applications

N DD DD DN NN BN

International Conference on Software Maintenance and Evolution

124 different authors have contributed to the literature of TDM, 15 of them contributed
to two papers. Figure 3 presents the top contributors, note that many papers have several
authors.
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Fig. 3. The most active authors Fig. 4. The most frequently used techniques



RQ1b: What are the methods, context, level of analysis and data level used? Only
half of the papers specify the organizational context, which the data originates from.
One paper use data from the public sector, 12 papers present open source data, and 12
papers present data from the private sector. The papers use different techniques during
their research. The most frequently used techniques are survey, interviews and literature
studies (figure 4). Note that some studies use more than one technique.

RQ1c: Which theories and theoretical concepts are applied? The authors intro-
duced different concepts and frameworks to explain TD and the underlying interrela-
tions. This was done from different perspectives; assessment, working environment or
awareness. The papers seldomly use theory and the word ‘theory’ rarely occurs in the
text of the papers. Two papers are presented as foundation for future theory [P39, P45].
The papers offer indicators and methods on how to reduce TD.

5.2 RQ2: What does the TDM literature focus on?

RQ2a: Which topics are studied? Inspired by Webster and Watson [18], we have
identified four main concepts and mapped the papers’ level of analysis into a concept
matrix table 3). This gives an overview of how the concepts have been studied and
which levels or concepts have not received attention in recent studies.

The concept TD Assessment entails research which assesses the effect of TD or as it
is called, interest rate. This concept is the most analyzed and it has been analyzed at
four different levels. Ten of the papers use the concept Self-admitted technical debt,
which covers TD that is consciously admitted and is visible in code comments. This
has been analyzed at the IT-System and Project level. The third concept of TD aware-
ness covers the research creating awareness of TD. This can be achieved by visualizing
the assessed TD; it is analyzed at the 1T-system and the project level. The last concept
Working environment focuses on morale and organizational culture. This is analyzed at
both an individual and an organizational level.

Table 3. Concept matrix illustrating the studied topics

Level of analysis Individual employee  IT-System Project Organization

Self-admitted TD P28, P19, P31, P12, P23,
P17, P30, P27 P8, P41

TD assessment P4, P10, P33, P44 P20, P26, P5, P16, P22,  P5, P15, P9,
P14, P31, P27, P6, P14, P21, P35,

P37 P34, P38 P39
TD awareness P45, P46, P49 P24, P26, P19, P16, P22,
P28, P17, P42, P6, P47
P43, P48, P37
Working environ-  P1, P2, P3, P11 P1, P18, P46

ment

A third of the papers analyze TD at the IT-System level, the most frequent analyzed
level. The primary focus is TD assessment, which is explored in 21 papers. The organi-



zational level is the least used level of analysis; one explanation is that organizational
data is more challenging to access than surveys and on open source projects.

RQ2b: What do the findings show? Almost a third of the papers propose a tool,
method, model or technique to aid TDM [P8, P16-20, P29-31, P34, P35, P41, P42, P47,
P48]. Their findings focus on the results of evaluating their presented tools. The tools
generally aid in TDM e.g. through TD identification or visualization. Increased TD
visibility can benefit communication between stakeholders [P37].

The papers vary in approach and focus; thus, the findings of the papers are frag-
mented. We list seven general findings from the pool of papers: 1) TD harms software
development work [P2-4, P11]. 2) All roles related to the system are affected [P4], and
community-related factors contribute to TD’s intensity [P46], however, 3) the devel-
oper morale can be increased by proper management [P11]. 4) Organizational factors
can influence TD [P1], the number of collaborators and the size of the project correlate
significant with the amount of TD [P14], and the breadth of the developers’ experience
lower the amount of TD [P1, P33]. 5) TD is time consuming: practitioners estimate
36% of development time is wasted due to TD [P4], and TD increases the need to per-
form additional time-consuming activities [P3]. However, TD is not visible in the back-
log [P45] and lack of development processes increase TD [P1] 6) Architectural debt
should be managed early in the process because the early introduction of architectural
debt shows it persists during the whole software lifecycle [P2]. 7) The estimation diffi-
culties are proposed to be solved by a workflow, which “provide more actual infor-
mation including TD concepts to the stakeholders” [P7, p. 600-601].

5.3 RQ3: What research agenda should the Digital Government scholars
investigate in the context of TDM?

RQ3a What suggestions does the literature have for future studies? The papers
proposing a model, tool, method, approach or technique for TD aim to continue ex-
panding and validating their model against new datasets [P1, P5, P8, P12, P14-15, P18-
19, P23, P27, P29-31, P34-35, P41-42, P47-48]. Suggestions for future research for
other researchers are scarce. However, both MTD workshops encourage a slight change
in direction and provide several suggestions for future studies [P10, P13].

Quantifying the value of TD. The report of MTD workshop of 2016 [P13] suggests
the research agenda is on defining, understanding and operationalizing the value of TD.
They urge researchers to understand the value that falls outside the core definition of
TD, which is essential to how TD plays out in practice. Digital Government scholars
can contribute to this with their experience. The 2017 report of MTD workshop [P10]
recommends elevating the quantification of TD from low-level code to architectural
opportunities. They identify a need to educate stakeholders to raise awareness level.

A better understanding of the metrics. Three papers contain the following sugges-
tions for future work: 1) to research more important metrics in the future [P16], 2) to
understand the factors leading to TD [P14], 3) to study more change features that can
introduce TD [P31]. Other research should be undertaken to investigate if other types
of TD (besides Architectural Debt) have a significant correlation to the estimated
wasted time. Thus, it creates a better understanding of the negative impact different TD
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has on wasted software development time [P2-3]. Lastly, the organization’s maneuver-
ability can be increased by determining the types of debt incurred [P18].

Strategies. Specific suggestions are to investigate concrete architecture problems:
how they contribute to file bug-proneness, and possible ways of refactoring [P6]. Vadja
et al. encourage future studies to develop methods to assist the stakeholders to estimate
their TD [P22] or increase the breadth of the experience [P33]. Additionally, Dong et
al suggest exploration of TD recovery strategies due to a lack of discussed actual cases
— particularly in the cross-disciplinary environment [P9]. Further research should focus
on providing an in-depth understanding of the relationship between TD and developers’
morale [P11]. Two papers aim to build a TD theory [P39, P45].

RQ3b What are the identified knowledge gaps in the literature? We identify five gaps
which are presented in Table 4. 1) The papers suffer from a lack of theory and therefore
cannot explain the relationship between events and concepts [26]. The debt metaphor
contains some explanatory power; however, a metaphor cannot substitute for a theory
[27]. Two papers present research as possible foundation for theory [P39, P45]. 2) The
level of analysis is primarily focused on a project or system level, which leaves a gap
in researching the organizational and individual levels. 3) Half of the papers have not
specified the organizational context of the data, and the other half investigate open
source projects or private companies. Only one paper use data from the public sector,
this leaves a gap in research in this sector [P41]. 4) TD is explored through 16 different
approaches and techniques - both quantitative and qualitative. Eight papers use more
than one technique and combine both quantitative and qualitative methods. However,
observation is not used actively as a data gathering technique.

Table 4. Identified gaps, their importance, and suggestions to how they can be ad-
dressed

Gap Why is this a problem Suggestion to how the

gaps can be addressed

1. Lack of re-  The public sector has other restrictions than Study TD in the public
search from  open source and the private sector. The TD sector.
the public challenges and management might differ.
sector

2. Lack of Understand the connection of events and why Develop a new theory
Theory they occur will help in determining how to pre-  or import theory from

vent them from happening [29]. other fields.

3. Lack of TD is relevant to other fields. Different disci- Introduce TD to other
venue diver-  plines may offer different perspectives and ap-  fields than Software
sity proaches to TD. Engineering

4. Limited ab-  Examining TD from different levels generates Examine TD from an
straction a fuller picture. TD’s impact goes beyond the organizational or indi-
level of IT-system. vidual level.
analysis

5. Lack of Observations may inform us about people’sac-  Use observation to ad-
technique tual behaviour, rather than how people claim dress people’s behav-

diversity they act [3]. iour.
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This may be a problem, because what people say during interviews, may differ from
what they do [28]. 5) All the papers are published within the field of software engineer-
ing leaving a gap for venue diversity. Table 4 summarizes the identified gaps in the
papers and suggests why and how these gaps could be addressed.

When we compare the TD literature’s suggested research RQ3a and the gaps we
identify, we find that they can easily be combined. Our gaps contain a high abstraction
level, whereas the suggested future research provides very specific suggestions.

6 Discussion

First, we compare the findings of this review to comparable secondary studies. Second,
we identify and discuss five findings further, 1) lack of research in the public sector, 2)
empirical confirmation of negative effects of TD, 3) a tendency of reinventing the
wheel, 4) gaps in diversity of approaches, and 5) the absence of theory.

Comparison to related work. Becker et al. [21] focus on decision-making and crit-
icize the method and objective of the research. They find that the actual decision mak-
ing was not studied. Ampatzoglou et al. [13] explore how financial aspects are defined
and applied when studying TD. They encourage a balance between economic theories
and software engineering. Li et al [14] find that code-related TD and its management
gain the most attention and encourage future studies to explore the whole TDM process.
This corresponds to our findings in the concept matrix, as research on the organizational
level or the working environment is limited. The tertiary review by Rios et al. [3] un-
derline several gaps, which are in line with the MTD reports [P13, 3]: more research on
strategies and management.

This literature review includes management of all types of TD, in line with several
of the secondary studies [5, 13, 14, 21, 30]. However, none of the secondary studies
analyze theory nor the organization type the data was extracted from. Furthermore, this
review offers insights into the recent literature and present the concept and a research
agenda to Digital Government scholars.

Lack of research in the public sector. Half of the papers do not state the organiza-
tional context where data was collected. Only one paper appears to have conducted its
data collection within the public sector [P41]. This is important, because the public
sector is different from open source projects and the private sector. While some chal-
lenges may be similar, public organizations are subjected to specific requirements [32].
We suggest future Digital Government studies focus on studying TDM, both in terms
of strategies, management and indicators.

A tendency to reinvent the wheel. About a third of the papers propose a tool to
support technical debt management [P8, P16-20, P29-31, P34, P35, P41, P42, P47,
P48]. They evaluate their presented tool and plan to apply it within a different context.
They rarely apply other researchers’ tools or methods, instead, they develop their own.
This is problematic as it does not advance the field through joint effort; instead of
providing and testing a few select tools for practitioners, the number of tools becomes
overwhelming.

Empirical confirmations of the negative effects of TD. Technical debt harms soft-
ware development work, both in terms of morale and wasted time [P2, P3, P4, P11].
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However, community factors can also intensify TD [P46]. The size of the project cor-
relates with the amount of TD [P14]. TD can be minimized by following some simple
guidelines. However, if TD is addressed early it is less time consuming and the morale
can be increased [P2, P3, P4, P11]. Thus, we need future studies to explore indicators
of TD.

Gaps in the diversity of approaches. TDM is primarily studied from a quantitative
approach, 30% of the papers used a qualitative approach. Six of the 31 papers use more
than one method. This leaves a gap which can be addressed with the mixed method
approach. Mixed methods may provide more comprehensive evidence [24]. None of
the papers apply observation, this leaves people’s actual behavior concerning TDM un-
studied.

Absence of theory. Concerning results, we see an absence of the use of theory, a
few papers import theory and approaches from other fields, e.g. portfolio finance and
games. We need theories to explain the relationship between the concepts and why
these exist [24—-26]. The absence of native theory is natural for a young field, where
researchers are prone to import theory from a different field instead [33, 34].

7 Conclusion, limitations and future studies

We have introduced TDM to the field of Digital Government and proposed a research
agenda for Digital Government scholars. We conducted a systematic literature review
to explore: 1) how and where technical debt management is studied, 2) what we know
about technical debt and its management and lastly 3) a research agenda for scholars
within Digital Government. Our findings are based on papers published from 2017-
2020. We have discovered that 1) researchers focus on a specific type of technical debt
and how it can be reduced. 2) TDM is still strongly rooted within the field of Software
Engineering and 3) is primarily examined in open software projects or the private sec-
tor. 4) TDM is studied using primarily quantitative methods, finally, 5) there is a lack
of theory to guide the studies and explain findings.

Limitations. We decided to only use the term “Technical debt management” in our
literature search which can decrease the external validity, however the backward/for-
ward searches strengthen the external validity. The papers were coded by the first au-
thor only which decrease the internal validity, in order to strengthen the internal valid-
ity, issues were discussed among all authors.

Research agenda. We suggest Digital Government scholars research technical debt
management, TD strategies and TD indicators, so the field is advanced further.
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Authors Title Year | No. of Period
papers covered
Alves, Mendes, De Identification and management of technical debt: A | 2016 100 2010-
Mendonca, Spinola, systematic mapping study 2014
Shull, Seaman
Ampatzoglou, Am- The financial aspect of managing technical debt: A | 2015 69 2009-
patzoglou, Chatzigeor- | systematic literature review 2014
giou, Avgeriou
Behutiye, Rodriguez, Analyzing the concept of technical debt in the context | 2017 38 1992-
Oivo, Tosun of agile software development: A systematic literature 2014
review
Ribeiro, de F. Farias, Decision Criteria for the Payment of Technical Debt | 2016 38 2010-
Mendonga, Spinola in Software Projects: A Systematic Mapping Study. 2014
Becker, Chitchyan, Trade-off decisions across time in Technical Debt | 2018 240 2012-
Betz, McCord Management: a systematic literature review 2016
Li, Avgeriou, Liang A systematic mapping study on technical debt and its | 2015 94 1992-
management 2013
Fernandez-Séanchez, A framework to aid in decision making for Technical | 2015 51 2011-
Garbajosa, Yagiie Debt Management 2015
Besker, Martini, Managing architectural technical debt: A unified | 2018 42 2005-
Bosch model and systematic literature review 2016
Benldris, Ammar, Investigate, identify and estimate the technical debt: A | 2018 43 2014-
Dzielski systematic mapping study 2017
Appendix B: The pool of papers analyzed in the literature review
ID Author Title Year
P1 Besker & Martini Embracing Technical Debt, from a Startup Company Perspec- | 2018
tive
P2 Besker, Martini & Bosch Impact of Architectural Technical Debt on Daily Software De- | 2017
velopment Work — A Survey of Software Practitioners
P3 Besker, Martini & Bosch Technical debt cripples software developer productivity: a lon- | 2018
gitudinal study on developers' daily software development
work
P4 Besker, Martini &Bosch The Pricey Bill of Technical Debt: When and by Whom will it | 2017
be Paid?
P5 Bowlds, Fossaceca & lam- Software obsolescence risk assessment approach using mul- 2018
martino ticriteria decision-making
P6 Cai, Xiao, Kazman, Mo, Design Rule Spaces: A New Model for Representing and Ana- | 2018
Feng, lyzing Software Architecture
P7 Cha, Dong & Vogel-Heuser Preventing Technical Debt For Automated Production System | 2018
Maintenance Using Systematic Change Effort Estimation With
Considering Contingent Cost
P8 Chicote Startups and Technical Debt: managing technical debt with 2017
visual thinking
P9 Dong, Ocker & Vogel-Heu- | Technical Debt as indicator for weaknesses in engineering of 2019
ser automated production systems
P10 | Fontana, Chatzigeorgiou, Technical Debt in Agile Development: Report on the Ninth 2017
Trumler, lzurieta, Avgeriou Workshop on Managing Technical Debt (MTD 2017)
& Nord
P11 | Ghanbari, Besker, Martini, Looking for peace of mind?: manage your (technical) debt: an | 2017
& Bosch exploratory field study
P12 | Huang, Shihab, Xia, Lo & Identifying self-admitted technical debt in open source pro- 2018
Li jects using text mining
P13 | lzurieta, Ozkaya, Seaman & | Technical Debt: A Research Roadmap Report on the Eighth 2017
Snipes Workshop on Managing Technical Debt (MTD 2016)
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hanani, Chatzigeorgiou

practitioners discount the future?

P14 | Jesus & Melo Technical Debt and the Software Project Characteristics. A 2017
Repository-Based Exploratory Analysis
P15 | Klotins, Unterkalmsteiner, Exploration of technical debt in start-ups 2018
Chatzipetrou, Gorschek, Pri-
kladnicki & Tripathi
P16 | Kosti, Ampatzoglou, Chat- Technical Debt Principal Assessment Through Structural Met- | 2017
zigeorgiou, Pallas, Stamelos | rics
& Angelis
P17 | Liu, Huang, Xia, Shibab, Lo | SATD detector: a text-mining-based self-admitted technical 2018
&Li debt detection tool
P18 | Magnusson, Juiz, Gbmez & Governing technology debt: beyond technical debt 2018
Bermejo
P19 | Maldonado, Shibab & Using Natural Language Processing to Automatically Detect 2017
Tsantalis Self-Admitted Technical Debt
P20 | Martini Anacondebt: a tool to assess and track technical debt 2018
P21 | Martini, Fontana, Biaggi & Identifying and Prioritizing Architectural Debt Through Archi- | 2018
Roveda tectural Smells: A Case Study in a Large Software Company
P22 | Martini, Vajda, Vasa, Jones, | Technical debt interest assessment: from issues to project 2017
Abdelrazek & Grundy
P23 | Mensah, Keung, Svajlenko, On the value of a prioritization scheme for resolving Self-ad- 2018
Bennin & Mi mitted technical debt
P24 | Mera-Gémez, Ramirez, Bah- | A Debt-Aware Learning Approach for Resource Adaptations 2017
soon & Buyya in Cloud Elasticity Management
P25 | Mera-Gémez, Ramirez, Bah- | A Multi-Agent Elasticity Management Based on Multi-Tenant | 2018
soon & Buyya Debt Exchanges
P26 | Rojas, lzurieta & Griffith Toward Technical Debt Aware Software Modeling 2017
P27 | Sierra Is Self-Admitted Technical Debt a Good Indicator of Architec- | 2019
tural Divergences?
P28 | Sierra, Shihab, Yasutake & A survey of self-admitted technical debt 2019
Kamei
P29 | Skourletopoulos, A game theoretic formulation of the technical debt manage- 2017
Mavromoustakis, ment problem in cloud systems
Mastorakis, Sahalos, Batalla
& Dobre
P30 | Wattanakriengkrai, Maipra- Identifying Design and Requirement Self-Admitted Technical 2018
dit, Hata, Choetkiertikul, Debt Using N-gram IDF
Sunetnanta & Matsumoto
P31 | Yan, Xia, Shihab, Lo, Yin & | Automating Change-level Self-admitted Technical Debt De- 2018
Yang termination
P32 | Hacks, Hofert, Salentin, Towards the definition of enterprise architecture debts 2019
Yeong, Lichter.
P33 | Fagerholm, Becker, Chatzi- Temporal Discounting in Software Engineering: A Replication | 2019
georgiou, Betz, Duboc, Pen- | Study
zenstadler, Mohanani Ven-
ters
P34 | Reboucas De Almeida, Tracy: A Business-Driven Technical Debt Prioritization 2019
Treude, Kulesza Framework
P35 | Reboucas De Almeida Business-Driven Technical Debt Prioritization 2019
P36 | Njima, Demeyer Value-based technical debt management: An exploratory case | 2019
study in start-ups and scale-ups
P37 | Rindell, Bernsmed, Jaatun Managing security in software or: How I learned to stop wor- 2019
rying and manage the security technical debt
P38 | Rindell, Holvitie Security risk assessment and management as technical debt 2019
P39 | Becker, Fagerholm, Mo- Temporal discounting in technical debt: How do software 2019
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P40 | Brenner R. Balancing resources and load: Eleven nontechnical phenom- 2019
ena that contribute to formation or persistence of technical
debt
P41 | Perez, Correal, Astudillo A proposed model-driven approach to manage architectural 2019
technical debt life cycle
P42 | Pavli¢, HIi§ The technical debt management tools comparison 2019
P43 | Aragdo, Andrade, Santos, TestDCat: Catalog of Test Debt Subtypes and Management 2019
Castro, Lelli, Darin Activities
P44 | Amanatidis, Mittas, Chat- The Developer’s Dilemma: 2018
zigeorgiou, Ampatzoglou, Factors affecting the Decision to Repay Code Debt
Angelis
P45 | Besker, Martini, Bosch Technical Debt Triage in Backlog Management 2019
P46 | Palomba, Tamburri, Beyond Technical Aspects: How Do Community Smells Influ- | 2018
Fontana, Oliveto, Zaidman, ence the Intensity of Code Smells?
Serebrenik,
P47 | Li, Liang, Avgeriou Architectural Technical Debt Identification Based on Archi- 2018
tecture Decisions and Change Scenarios
P48 | Dai, Kruchten Detecting Technical Debt through Issue Trackers 2017
P49 | Rios, Spinola, Mendonga Supporting Analysis of Technical Debt Causes and Effects 2019
Seaman with Cross-Company Probabilistic Cause-Effect Diagrams
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