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Context: Technical debt (TD) describes the effects of immature artifacts on software development that
can bring benefits in the short term but may have to be paid with interest in the long term. TD
management balances short-term and long-term goals, supporting development teams to decide on the
need and the best time to eliminate the debt. TD management activities include prevention, monitoring,
and payment. Through prevention, it is possible to prevent teams from incurring TD, while monitoring
helps them follow the evolution of TD items concerning the cost-benefit of eliminating them or not, that
is, paying the debt items. Knowing the practices used to prevent, monitor, and pay TD items can help
development teams to choose the best practice to be used in their projects. Identifying the practice
avoidance reasons (PARs) that lead to non-prevention, non-monitoring, and non-payment of TD can help
teams understand which aspects need to be improved to enable TD management. Although the technical
literature has investigated the prevention, monitoring, and payment of TD, current results only reflect the
viewpoint of a small number of professionals and organizations. To achieve the benefits of TD
management, it is necessary to investigate more deeply the practices and PARs associated with these TD
activities. Aims: This Ph.D. dissertation aims to investigate, through the continuous and independent
replication of a family of surveys conducted globally, the state of practice on the prevention, monitoring,
and payment of TD items in software projects. Method: Initially, we conducted a literature review on the
current state of research on TD and its prevention, monitoring, and payment. Then, we analyzed data
collected by six replication teams from the InsighTD project, which is a family of globally distributed
surveys on the causes, effects, and management of TD. From the body of knowledge resulted from the
analysis of InsighTD data, we defined three artifacts: an updated version of the conceptual model for TD, a
set of conceptual maps, and IDEA (Impediments, Decision factors, Enabling practices, and Actions)
diagrams. Finally, we assessed these artifacts through empirical studies in academic and industrial
settings. Results: This Ph.D. dissertation presents the leading practices used to prevent, monitor, and pay
off TD items and the PARs that justify the non-application of these practices. Regarding the prevention of
TD, well-defined requirements, adopting good programming practices, and better project management
are among the five most cited practices related to prevention, while short deadlines, ineffective
management, and lack of predictability in the software development are among the five most cited PARs
to justify the non-prevention of debt. About TD monitoring, TD item backlog, use of tools, and team
meetings are among the five most cited practices related to monitoring, while lack of interest, focus on
short-term goals, and lack of time are among the five PARs used to explain the non-monitoring of TD
items. Regarding TD payment, code refactoring, investing effort in TD payment activities, and design
refactoring are among the top five payment-related practices, while focusing on short-term goals, lack of
organizational interest, and lack of time are among the five most cited PARs to explain the non-payment
of TD. We update the conceptual model for TD by including the knowledge we learn from the state of
practice and organize all practices and PARs along with their types, natures, and categories into maps and
IDEA diagrams. From the conceptual model and TD payment map assessment, we found that they are well
organized and provide valuable information to define strategies for TD management. The IDEA diagrams
assessment provided positive evidence that the diagrams are easy to read and follow and can influence
decisions on how to manage TD items. Conclusion: Using the InsighTD data, this Ph.D. dissertation
explores the state of practice on TD prevention, monitoring, and payment, revealing the primary practices
used to perform these activities and the PARs that avoid their execution. All body of knowledge was
organized into three artifacts that can drive new investigations on TD and support software practitioners
inincreasing their capabilities and reducing their issues in managing debt items.
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RESUMO

Contexto: Divida Técnica (DT) descreve os efeitos de artefatos imaturos no desenvolvi-
mento de software que podem trazer beneficios a curto prazo, mas que poderao ter que
ser pagos com juros a longo prazo. O gerenciamento da DT equilibra os objetivos de curto
e longo prazo, auxiliando as equipes de desenvolvimento a decidir sobre a necessidade e o
melhor momento para eliminar a divida. Dentre as atividades de gerenciamento da DT,
tém-se a prevencao, o monitoramento e o pagamento. Por meio da prevencao, ¢ possivel
evitar que equipes incorram em DT, enquanto o monitoramento as auxilia a acompan-
har a evolucao dos itens da DT em relagao ao custo-beneficio de elimina-los ou nao, ou
seja, pagar os itens da divida. Conhecer as praticas utilizadas para prevenir, monitorar
e pagar os itens da DT pode auxiliar equipes de desenvolvimento na escolha da melhor
pratica a ser utilizada nos seus projetos. Identificar as razoes que levam a nao prevengao,
ao nao monitoramento e ao nao pagamento da DT pode ajudar equipes a entenderem
quais aspectos precisam ser melhorados para possibilitar o gerenciamento da DT. Embora
a literatura técnica tenha investigado a prevenc¢ao, o monitoramento e o pagamento da
DT, os resultados atuais refletem apenas o ponto de vista de um pequeno ntmero de
profissionais e organizagoes. Para alcancar os beneficios da gestao da DT, é necessario
investigar mais profundamente as praticas e as razoes associados a essas atividades da
DT.

Objetivo: Esta tese tem como objetivo investigar, por meio da replicagao continua
e independente de uma familia de surveys conduzidos globalmente, o estado da pratica
sobre a prevencao, o monitoramento e o pagamento de itens da DT em projetos de
software.

Método: Inicialmente, foi realizada uma revisao da literatura sobre o estado atual
da pesquisa sobre DT e sua prevencao, monitoramento e pagamento. Em seguida, foram
analisados os dados coletados por seis equipes de replicagdo do projeto InsighTD, uma
familia de surveys globalmente distribuida sobre causas, efeitos e gerenciamento da DT.
A partir do corpo de conhecimento resultante das analises dos dados de InsighTD, foram
definidos trés artefatos: uma versao atualizada do modelo conceitual de DT, um conjunto
de mapas conceituais e os diagramas IDEA (Impediments, Decision factors, Enabling
practices, and Actions). Por fim, os trés artefatos foram avaliados por meio de estudos
experimentais na academia e na industria.

Resultados: Esta tese apresenta as principais praticas utilizadas para prevenir, mon-
itorar e pagar itens da DT e as razoes que justificam a nao aplicacao dessas praticas. Em
relacao a prevencao da DT, requisitos bem definidos, adogdo de boas praticas de progra-
magao e melhor gerenciamento do projeto estdo entre as cinco praticas relacionadas a
prevencao mais citadas, enquanto prazo curto, gerenciamento ineficiente e falta de pre-
visibilidade no desenvolvimento de software estao entre as cinco razoes mais citadas para
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xii RESUMO

justificar a nao prevencao da divida. Sobre o monitoramento da DT, backlog composto por
itens da DT, utilizacao de ferramentas e reunioes da equipe estdao entre as cinco praticas
relacionadas ao monitoramento mais citadas, enquanto falta de interesse, foco em metas
de curto prazo e falta de tempo estao entre as cinco razoes utilizadas para explicar o nao
monitoramento de itens da DT. Em relacao ao pagamento da DT, refatoracdio de codigo,
investindo esforco nas atividades de pagamento da DT e refatoragdo de design estao en-
tre as cinco praticas relacionadas ao pagamento mais citadas, enquanto foco em metas
de curto prazo, falta de interesse organizacional e falta de tempo estao entre as cinco
razoes mais citadas para explicar o nao pagamento da DT. O modelo conceitual da DT
foi atualizado por meio da inclusdo do conhecimento oriundo do estado da pratica e todas
as praticas e razoes, juntamente com seus tipos, natureza e categorias, foram organizadas
em mapas conceituais e diagramas IDEA. Por meio da avaliacdo do modelo conceitual e
do mapa de pagamento da DT, foi encontrado que eles sao bem-organizados e fornecem
informacgoes valiosas para definir estratégias de gerenciamento da DT. A avaliagdo dos
diagramas IDEA forneceu evidéncias positivas de que eles sao faceis de ler e seguir e
podem influenciar as decisoes sobre como gerenciar itens de TD.

Conclusao: Utilizando dados de InsighTD, esta tese explora o estado da pratica da
prevencao, monitoramento e pagamento da DT, revelando as principais praticas utilizadas
para realizar essas atividades e as razoes que evitam sua execucao. Todo o corpo de
conhecimento foi organizado em trés artefatos que podem guiar novas investigagoes sobre
a DT e apoiar os profissionais de software a aumentar suas capacidades e reduzir seus
problemas no gerenciamento de itens de divida.

Palavras-chave: divida técnica, gerenciamento da divida técnica, prevencao da divida
técnica, monitoramento da divida técnica, pagamento da divida técnica, familia de sur-
veys, diagramas IDEA.



ABSTRACT

Context: Technical debt (TD) describes the effects of immature artifacts on software
development that can bring benefits in the short term but may have to be paid with
interest in the long term. TD management balances short-term and long-term goals,
supporting development teams to decide on the need and the best time to eliminate the
debt. TD management activities include prevention, monitoring, and payment. Through
prevention, it is possible to prevent teams from incurring TD, while monitoring helps
them follow the evolution of TD items concerning the cost-benefit of eliminating them
or not, that is, paying the debt items. Knowing the practices used to prevent, monitor,
and pay TD items can help development teams to choose the best practice to be used
in their projects. Identifying the practice avoidance reasons (PARs) that lead to non-
prevention, non-monitoring, and non-payment of TD can help teams understand which
aspects need to be improved to enable TD management. Although the technical literature
has investigated the prevention, monitoring, and payment of TD, current results only
reflect the viewpoint of a small number of professionals and organizations. To achieve
the benefits of TD management, it is necessary to investigate more deeply the practices
and PARs associated with these TD activities.

Aims: This Ph.D. dissertation aims to investigate, through the continuous and in-
dependent replication of a family of surveys conducted globally, the state of practice on
the prevention, monitoring, and payment of TD items in software projects.

Method: Initially, we conducted a literature review on the current state of research
on TD and its prevention, monitoring, and payment. Then, we analyzed data collected by
six replication teams from the InsighTD project, which is a family of globally distributed
surveys on the causes, effects, and management of TD. From the body of knowledge re-
sulted from the analysis of InsighTD data, we defined three artifacts: an updated version
of the conceptual model for TD, a set of conceptual maps, and IDEA (Impediments,
Decision factors, Enabling practices, and Actions) diagrams. Finally, we assessed these
artifacts through empirical studies in academic and industrial settings.

Results: This Ph.D. dissertation presents the leading practices used to prevent,
monitor, and pay off TD items and the PARs that justify the non-application of these
practices. Regarding the prevention of TD, well-defined requirements, adopting good
programming practices, and better project management are among the five most cited
practices related to prevention, while short deadlines, ineffective management, and lack
of predictability in the software development are among the five most cited PARs to justify
the non-prevention of debt. About TD monitoring, TD item backlog, use of tools, and
team meetings are among the five most cited practices related to monitoring, while lack
of interest, focus on short-term goals, and lack of time are among the five PARs used
to explain the non-monitoring of TD items. Regarding TD payment, code refactoring,
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investing effort in TD payment activities, and design refactoring are among the top
five payment-related practices, while focusing on short-term goals, lack of organizational
interest, and lack of time are among the five most cited PARs to explain the non-payment
of TD. We update the conceptual model for TD by including the knowledge we learn from
the state of practice and organize all practices and PARs along with their types, natures,
and categories into maps and IDEA diagrams. From the conceptual model and TD
payment map assessment, we found that they are well organized and provide valuable
information to define strategies for TD management. The IDEA diagrams assessment
provided positive evidence that the diagrams are easy to read and follow and can influence
decisions on how to manage TD items.

Conclusion: Using the InsighTD data, this Ph.D. dissertation explores the state of
practice on TD prevention, monitoring, and payment, revealing the primary practices
used to perform these activities and the PARs that avoid their execution. All body of
knowledge was organized into three artifacts that can drive new investigations on TD and
support software practitioners in increasing their capabilities and reducing their issues in
managing debt items.

Keywords: technical debt, technical debt management, technical debt prevention,
technical debt monitoring, technical debt payment, family of surveys, IDEA diagrams.
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Chapter

This chapter presents the context of this dissertation, its motivation, goals, and research questions. It

also discusses the methodology, the main contributions, and the out-of-scope items of this work.

INTRODUCTION

Software development teams usually perform their activities under time and resource
constraints, affecting the quality of systems and impacting software maintenance and
evolution activities (LIENTZ; SWANSON; TOMPKINS, 1978). In these cases, long-term
productivity impacts can be observed, as modifying low-quality software often requires
more effort from a development team than maintaining high-quality software (LEHMAN;
BELADY, 1985).

In the software industry, the term Technical debt (TD) contextualizes these technical
compromises that can bring short-term benefits, such as higher productivity and lower
costs, but may negatively impact the long-term health of software projects (IZURIETA
et al., 2012; SPINOLA et al., 2019). The negative impacts yield risks associated with
unexpected delays in system evolution and difficulty in achieving quality criteria defined
for the project (IZURIETA et al., 2012; SPINOLA et al., 2019).

The term Technical debt (TD) was first used by Cunningham (1992) when he in-
troduced the metaphor “going into debt,” indicating that a small debt could speed up
software development in the short term. However, every extra minute spent on poorly
built code would count as interest on that debt (CUNNINGHAM, 1992). Over the last
decade, the term has aroused increasing interest in the scientific community that seeks
to understand how this phenomenon occurs and how to use TD management in practice
during software development, maintenance, and evolution processes (LI; AVGERIOU;
LIANG, 2015; AMPATZOGLOU et al., 2015; ALVES et al., 2016; RIBEIRO et al., 2016;
BEHUTIYE et al., 2017; RIOS; MENDONCA; SPINOLA, 2018).

1.1 PROBLEM STATEMENT

As mentioned before, TD describes the effect of immature artifacts on the software
development process, bringing benefits to projects in the short term but which can be
adjusted with interest later. The benefits can be seen as higher productivity and lower

1
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cost. At the same time, the “interest” is associated with unexpected delays in system
evolution activities and the difficulty in achieving the quality criteria defined for the
project (SPINOLA et al., 2013; ZAZWORKA et al., 2013).

Several studies (LI; AVGERIOU; LIANG, 2015; AMPATZOGLOU et al., 2015; ALVES
et al., 2016; RIBEIRO et al., 2016; BEHUTIYE et al., 2017; RIOS; MENDONCA;
SPINOLA, 2018) have addressed the identification of TD items and strategies for their
management. However, not all TD items identified in the project necessarily need to be
eliminated, as, in some cases, these items may not influence the evolution of the soft-
ware (BROWN et al., 2010). Through TD management activities, a project team can
balance short-term and long-term goals, supporting decision-making on the need and the
best time to eliminate a debt item (GUO; SPINOLA; SEAMAN, 2016).

TD management comprises a set of activities that include the identification, mea-
surement, prioritization, prevention, monitoring, documentation, communication, visu-
alization, time-to-market analysis, scenario analysis, and payment of debt items (LI;
AVGERIOU; LIANG, 2015; RIOS; MENDONCA; SPINOLA, 2018). Among those, TD
prevention, TD Monitoring, and TD payment are critical. The TD prevention ac-
tivity enables software development teams to prevent TD items from occurring in the
project (LI; AVGERIOU; LIANG, 2015; RIOS; MENDONCA; SPINOLA, 2018). The
TD monitoring activity seeks to support software teams in observing changes in the
cost and benefit of debt items that have not yet been eliminated during the project evo-
lution (LI; AVGERIOU; LIANG, 2015; RIOS; MENDONCA; SPINOLA, 2018). Lastly,
the TD payment activity supports decision-making about the most appropriate time to
pay debt items and the choice and application of practices that should be used to pay TD
items (LI; AVGERIOU; LIANG, 2015; RIOS; MENDONCA; SPINOLA, 2018).

Many authors have holistically researched the practices used by software professionals
to prevent, monitor, and pay TD items (ERNST et al., 2015; LI; AVGERIOU; LIANG,
2015; YLI-HUUMO; MAGLYAS; SMOLANDER, 2016; BEHUTIYE et al., 2017; MAR-
TINI; BESKER; BOSCH, 2018; TOLEDO et al., 2019; APA et al., 2020b; RIOS et al.,
2020; ARAGAO et al., 2022; ALBUQUERQUE et al., 2022; BONFIM; BENITTI, 2022).
However, the results are limited as most studies address only one type of debt and focus
on specific case studies. Only Ernst et al. (2015), Martini, Besker and Bosch (2018),
and Apa et al. (2020b) considered a sizable number of study participants but they have
a limited variety of software development contexts.

Our work stems from the fact that a broader investigation of the practices used
to prevent, monitor, and pay off TD items is required. Moreover, it also proposes to
investigate the reasons used to justify the non-prevention, non-monitoring, and non-
payment of TD items. Herein, these reasons are called Practice avoidance reasons (PARs).

Identifying the practices used by software practitioners to manage the debt and
the PARs that lead them not to manage debt is fundamental to guiding new research re-
lated to TD. Knowing the management practices can help software practitioners identify
new practices they have not yet used. Knowing the PARs can aid development teams
in understating which aspects need to be improved to prevent, monitor, and pay off TD
items.

Our work proposes to holistically address TD management practices and PARs by
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considering the perspectives of software engineering practitioners on TD prevention, mon-
itoring, and payment activities.

The following sections present the goals and research questions defined for this inves-
tigation.

1.2 MAIN GOAL AND RESEARCH QUESTIONS

This work aims to investigate, through continuous and independent replica-
tion of a globally distributed family of surveys, the state of practice on TD
prevention, monitoring, and payment in software projects. To this end, we split
our main goal into a set of Research questions (RQs), as shown in Table 1.1.

Table 1.1 High-level research questions

ID Research question (RQ)
RQl1 How could software development teams avoid Technical debt items on their
projects?

This question aims to identify the preventive practices that could prevent poten-
tial TD items and the PARs that could explain TD non-prevention.

RQ2 How have software development teams monitored Technical debt items on their
projects?

Through this question, we seek to identify the practices used for monitoring the
debt and the PARs to explain the non-monitoring of TD items.

RQ3 How have software development teams paid off Technical debt items on their
projects?

This question aims to identify the practices used by teams to eliminate TD items
from their projects and the PARs that explain the non-elimination of these items.

RQ4 How to organize the body of knowledge composed of prevention, monitoring,
and payment practices - and PARs for TD non-prevention, non-monitoring,
and non-payment - to support TD management?

This question investigates how the set of practices and PARs can be organized to
support the management of TD items.

To achieve our goal and answer the research questions, we have defined the follow-
ing Specific goals (SGs):

SG1. To investigate the current state of TD research by identifying studies
that addressed TD prevention, monitoring, and payment. We conducted a
literature review on TD management, considering TD prevention, monitoring, and
payment activities.

SG2. To investigate the state of the practice on TD prevention, monitoring,
and payment. We analyzed data collected by the replication teams of the In-
sighTD project, a globally distributed family of surveys on the causes, effects, and
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management practices of TD (RIOS et al., 2018; RIOS et al., 2020). Our study
compiled responses from more than six hundred software practitioners from six
different countries around the world.

SG3. To organize the body of knowledge composed of practices and PARs
identified in SG2. We extended the conceptual model for TD initially proposed
by Avgeriou et al. (2016) and Izurieta et al. (2016) and evolved by Rios, Mendonga
and Spinola (2018), including the concepts found from the state of practice. We also
build conceptual maps that organize the body of knowledge on practices and PARs
associated with TD prevention, monitoring, and payment. We then structured the
set of practices and PARs into Impediments, decision factors, enabling practices,
and actions (IDEA) Diagrams. Lastly, we provided guidelines on how to use the
maps and the IDEA Diagrams in practice.

SG4. To assess the body of knowledge organized in SG3. We planned and exe-
cuted three empirical studies to assess the body of knowledge derived from SG3.
Firstly, we conducted a follow-up survey to partially assess the extended conceptual
model and the TD payment map with software practitioners. Lastly, we applied
the Technology acceptance model (TAM) (DAVIS, 1989) with undergraduate stu-
dents in academic contexts and interviewed experienced software practitioners to
collect their perceptions of the IDEA Diagrams.

1.3 METHODOLOGY

The activities defined and performed in this dissertation are based on the Experi-
mental Software Engineering paradigm (BASILI, 1993), which aims to assist in better
evaluating, predicting, understanding, controlling, and improving software engineering
practices (BASILI; SELBY; HUTCHENS, 1986).

Figure 1.1 presents the methodological steps we followed to achieve the work’s goal.
Each step comprises four elements: goal, activity performed, the result obtained, and re-
sult dissemination. We used different shapes and colors to identify each of these elements.
The goals are represented by white rectangles and their activities by blue pentagons. The
obtained results are represented by rounded green rectangles. Finally, we used an icon
to describe the disseminated results, that is, articles that have been published (red icon)
or that are in the review process (orange icon) in the literature. We also identified if
an article is a conference (C) or a journal (J) paper. For example, the paper “C1” is a
published conference paper, while “J1” is a journal paper in the review process. The last
chapter presents more detail on disseminated, including some secondary contributions of
our research.

We detail our work methodology activities below:

1. Initial literature review: we conducted a literature review on TD, aiming to
understand its concept and state of the art on the subject. Chapter 2 presents the
results of this activity.
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Goal

To understand the
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[ETETIH

Conceptual model and
conceptual map partially
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IDEA diagrams assessed

Work methodology

Results
Dissemination
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. Analysis and consolidation of data collected by InsighTD replications: we
contributed to the InsighTD Project by conducting data analysis on the survey’s
questions about TD management. Furthermore, we consolidated the data collected
in Brazil with others collected by InsighTD replications conducted in Chile, Colom-
bia, Costa Rica, Serbia, and the United States. In total, our data set comprises
653 responses from software professionals from these six countries.

. Analysis of the state of the practice of TD prevention: we analyzed the
data from the InsighTD survey’s questions on TD prevention to identify practices
and PARs. Initially, we analyzed a data set composed of answers collected by
the Brazilian and North American InsighTD replication teams. Afterward, we
consolidated the analysis with the results of Chilean, Colombian, Costa Rican, and
Serbian InsighTD replication teams.

. Analysis of the state of the practice of TD monitoring: To recognize prac-
tices and PARs associated with TD monitoring, we analyzed the InsighTD survey’s
questions on TD monitoring, considering only the data collected in Brazil and the
United States. Afterward, we consolidated the analysis by including the results of
Chilean, Colombian, Costa Rican, and Serbian InsighTD replication teams.

. Analysis of the state of the practice of TD payment: in this activity, we
analyzed the answers collected by the Brazilian and North American InsighTD
replication teams, considering the InsighTD survey’s questions on TD payment.
Then, we consolidated the analysis by adding the findings from Chilean, Colombian,
Costa Rican, and Serbian InsighTD replication teams.

. Extension of the TD conceptual model: we extended the conceptual model
initially proposed by Avgeriou et al. (2016) and Izurieta et al. (2016) and evolved
by Rios, Mendonga and Spinola (2018), including the knowledge of TD prevention,
monitoring, and payment we learned from the state of practice.

. Definition of conceptual maps: we defined three conceptual maps that summa-
rizes the practices and PARs we found in the state of practice. Each map corre-
sponds to one TD management activity (prevention, monitoring, and payment).

. Definition of the IDEA Diagrams: we defined the IDEA diagrams, explaining
their structure and how to use them for supporting TD management activities. We
also specialized the diagrams by a process model and types of debt.

. Execution of studies in academia and industry: we planned and conducted
three studies to assess the conceptual model, conceptual maps, and IDEA diagrams.
By conducting a follow-up survey with InsighTD participants, we partially evalu-
ated the conceptual model and the TD payment map. By completing a TAM study
with undergraduate students, we characterized the IDEA diagrams concerning ease
of use, usefulness, and potential future use. By conducting an interview-based study
with experienced software practitioners, we characterized the experts’ perceptions
of the diagrams concerning their support for TD management activities.
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1.4

MAIN CONTRIBUTIONS

This dissertation investigates the state of practice on TD management using the
data collected by the InsighTD replications conducted in Brazil, Chile, Colombia, Costa
Rica, the United States, and Serbia. The InsighTD project is the first large-scale study
of TD, its causes, effects, and management®. As previously mentioned, we focus on using
InsighTD data to learn from software practitioners about TD prevention, monitoring,
and payment activities in the Software Engineering field. Our main contributions are:

A review of the current state of research on TD management, allowing for identify-
ing key research findings that addressed TD prevention, monitoring, and payment.

The organization of an open and generalizable set of empirical evidence on TD
prevention, monitoring, and payment collected from the InsighTD project.

The analysis and synthesis of results from six InsighTD replications about TD
prevention, monitoring, and payment.

A comprehensive list of TD prevention, monitoring, and payment practices used by
software practitioners to manage TD in their software projects.

A comprehensive list of PARs that justify the non-application of prevention, mon-
itoring, and payment practices in software development projects.

An analysis of prevention, monitoring, and payment practices and PARs that reveal
their types, nature, categories, and relationships with types of debt.

An updated version of the TD conceptual model, including the concepts from the
state of practice. The model can guide new research efforts aligned with the de-
mands and current context of TD management as experienced by practitioners.

The empirical evidence about the accuracy and completeness of the updated version
of TD conceptual model in relation to the software practitioners perception about
its representation of TD payment concepts.

A set of conceptual maps that organize the body of knowledge on practices and PARs
associated with TD prevention, monitoring, and payment. These maps aim to guide
software practitioners on what to employ (practices) or curb (PARs) based on ex-
perience from other development teams.

The empirical evidence about the accuracy and completeness of the TD payment
map in software practitioners point of view.

A set of IDEA diagrams that organize the body of knowledge on practices and PARs
associated with TD prevention, monitoring, and payment. These diagrams also sup-
port software practitioners in recognizing their capability and impediments related

L<https://www.td-survey.com/>
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to TD prevention, monitoring, and payment and help define strategies for boosting
the capabilities and reducing the impediments.

e The empirical evidence about the diagrams’ support to TD management activities
derived from two complementary empirical studies, one performed in an academic
setting and another in the software industry.

1.5 WHAT IS OUTSIDE THE SCOPE OF THIS WORK

The out-of-scope items of this dissertation are:

o Although the practices and PARs can be investigated considering any TD manage-
ment activity, this dissertation only investigates TD prevention, monitoring, and
payment activities.

e The InsighTD project allows for continuous and independent replication of the
survey in different countries. Up to now, twelve replication teams have joined
the project. However, we only considered data from six replications of InsighTD
(Brazil, Colombia, Chile, Costa Rica, Serbia, and the United States), which are the
replications performed so far.

o We use the knowledge obtained from the analysis of InsighTD data to build the IDEA
diagrams and then evaluate them through studies in academic and industry settings.
However, it is out of the scope of this dissertation to define new TD management
strategies using the produced diagrams.

1.6 OUTLINE OF THIS DISSERTATION

We divide this document as follows:

o Chapter 2. Technical Debt and its Management provides an overview of TD
and its management, focusing on TD prevention, monitoring, and payment activi-
ties.

o Chapter 3. Research Method introduces the InsighTD Project and how we
collected and analyzed its data set. This chapter also discusses the threats to
validity that affect the results obtained from the project.

o Chapter 4. Technical Debt Prevention’s State of Practice presents our
results on TD prevention from the InsighTD project.

o Chapter 5. Technical Debt Monitoring’s State of Practice presents our
results on TD monitoring from the InsighTD project.

o Chapter 6. Technical Debt Payment’s State of Practice presents our results
on TD payment from the InsighTD project.
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Chapter 7. TD Conceptual Model and TD Management Conceptual
Maps presents the updated TD conceptual model and TD prevention, monitoring,
and payment conceptual maps. Also, this chapter presents the follow-up survey we
performed to assess these artifacts.

Chapter 8. IDEA Diagrams presents the IDEA (Impediments, Decision factors,
Enabling practices, and Actions) diagrams - their structure and ways to use - and
presents the studies we performed to assess them.

Chapter 9. Concluding Remarks presents the work history and its limita-
tions, summarizes its main findings, and points out perspectives on future research
directions.

This dissertation also has the following appendices:

APPENDIX A - InsighTD Questionnaire presents the complete questionnaire used
for all InsighTD replications teams.

APPENDIX B - Technical Debt Prevention - Complementary Material presents the
detailed analyses we performed on the InsighTD data described in Chapter 4.

APPENDIX C - Technical Debt Monitoring - Complementary Material presents
the detailed analyses we performed on the InsighTD data described in Chapter 5.

APPENDIX D - Technical Debt Payment - Complementary Material presents the
detailed analyses we performed on the InsighTD data described in Chapter 6.

APPENDIX E - Follow-up Survey presents the questionnaire we used to assess the
updated model for TD and TD payment map as described in Chapter 7.

APPENDIX F - Specializations of IDEA Diagrams presents the IDEA diagrams
specialized per process models and types of debt described in Chapter 8.

APPENDIX G - Evaluation Form presents the set of questions used in the assess-
ment of IDEA diagrams described in Chapter 8.






Chapter

This chapter introduces technical debt and its management, focusing on technical debt prevention, mon-

itoring, and payment activities. It also presents related work on these activities.

TECHNICAL DEBT AND ITS MANAGEMENT

Technical debt (TD) emerges from shortcuts or even mistakes software practitioners make
during software projects’ development (AVGERIOU et al., 2016; FALESSI; KAZMAN,
2021). TD can bring short-term benefits, such as increased development speed, but may
have to be paid for with extra effort when the debt needs to be eliminated (IZURIETA et
al., 2012). Although TD can be a good investment, it can become a critical problem that
brings, for example, unexpected quality loss and significant cost overruns (SEAMAN et
al., 2012). Software teams need to be aware of the presence of TD items in their projects
and apply practices and strategies to manage them (KRUCHTEN; NORD; OZKAYA,
2012).

Current technical literature has proposed strategies for TD management to support
software development teams in deciding whether, when and how to eliminate an exist-
ing TD item in the project (AMPATZOGLOU et al., 2015; LI; AVGERIOU; LIANG,
2015; BEHUTIYE et al., 2017; RIOS; MENDONCA; SPINOLA, 2018). This chapter
presents an overview of TD and its management. Section 2.1 explains the TD concept.
Section 2.2 discusses TD management, providing details about TD prevention, monitor-
ing, and payment activities that are within the scope of this dissertation. Section 2.3 also
presents some related work on these activities. Lastly, Section 2.4 presents the concluding
remarks of this chapter.

2.1 TECHNICAL DEBT

TD is related to the effects of immature artifacts in software development. These
effects can be positive, as they benefit projects in the short term, but they may have to
be adjusted with interest later (SPINOLA et al., 2013; ZAZWORKA et al., 2013). On
the one hand, these benefits enable greater productivity and lower costs. On the other
hand, interest can be seen as unexpected delays in system evolution activities, making it
difficult to reach the defined quality criteria.

11
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Cunningham (1992) coined the TD term when he introduced the metaphor “going into
debt,” indicating that a small debt could speed up software development in the short term.
Still, every extra minute spent on poorly built code counts as interest on that debt. Al-
though the term is recent, its concept is related to the notion of systems decay (LEHMAN;
BELADY, 1985) and software aging (PARNAS, 1994). Furthermore, TD is associated
with software quality, software effort estimation, and risk management (SEAMAN; GUO,
2011).

The technical literature has reported the following types of debt (ALVES et al., 2016):

o Architectural debt: refers to problems found in the software architecture, for ex-
ample, modularity violation, which can affect the architectural requirements (e.g.,
performance and robustness, among others) of the project. Typically, this type of
debt cannot be repaid with simple code interventions, implying broader develop-
ment activities.

o Build debt: refers to issues that make the build task more difficult and unnecessar-
ily time-consuming. The build process may contain code that has no added value
for the customer. Also, if the build process needs to run with poorly defined depen-
dencies, the process becomes unnecessarily slow. When this occurs, it is possible
to identify build debt items.

o Code debt: refers to problems found in the source code that can negatively affect the
readability of the code, making it challenging to maintain. This debt can usually be
identified by examining the source code for issues related to bad coding practices.

o Defect debt: refers to defects that are known but, due to competing priorities
and limited resources, have their adjustments postponed. Decisions to defer defect
handling can accumulate a significant amount of TD in a product, making it more
difficult to fix later.

o Design debt: refers to debt that can be discovered by analyzing the source code and
identifying violations of sound programming principles (e.g., very large or tightly
coupled classes in object-oriented systems).

e Documentation debt: refers to problems found in the documentation of software
projects and can be identified by looking for non-existent, inadequate, or incomplete
documentation.

o Infrastructure debt: refers to infrastructure issues that may delay or impede some
development activities. Examples of this type of debt are delays in adjusting or
upgrading infrastructure.

e People debt: refers to issues related to people who may delay or prevent the perfor-
mance of some development activities. An example of this type of debt is knowledge
concentrated in a few people because of training and/or late hiring.
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2.2

Process debt: refers to inefficient processes. For example, the defined process may
no longer be the most appropriate for the organization’s current activities.

Requirements debt: refers to decisions made regarding which requirements the de-
velopment team needs to implement or how to implement them. Some examples of
this type of debt are requirements that are only partially implemented, requirements
that are implemented but only some cases, and requirements that are implemented
but in a way that only partially satisfies all non-functional requirements.

Service debt: refers to the inappropriate selection and replacement of web ser-
vices that lead to incompatibility between service characteristics and application
requirements. This type of debt is relevant for systems based on service-oriented
architectures.

Test automation debt: refers to the work that has yet to be performed in automating
tests of previously developed features to support continuous integration and faster
development cycles. This debt can be considered a subtype of the test debt.

Test debt: Refers to issues found in testing activities that can affect the quality of
those activities. Examples of this type of debt are anticipated tests that were not
performed or known deficiencies in the test suite (e.g., low test coverage).

Usability debt: refers to inappropriate usability decisions that must be adjusted
later. Examples of this debt are the lack of usability standards and inconsistency
between the navigation aspects of the software.

Versioning debt: refers to source code versioning problems, such as the unnecessary
use of forks.

TECHNICAL DEBT MANAGEMENT

TD management balances short-term and long-term goals, supporting software teams
in deciding the need to eliminate a debt item and the most appropriate time to do
it (GUO; SPINOLA; SEAMAN, 2016). If well-managed, the cost of TD is kept visible
and under control, helping the project achieve its goals sooner or more cheaply. If unman-
aged, TD items can cause financial and technical problems, compromising the projects
future (RIOS et al., 2020).

A set of activities composes TD management (LI; AVGERIOU; LIANG, 2015; RIOS;
MENDONCA; SPINOLA, 2018). These activities are described below:

Communication: it makes the TD items visible to stakeholders, supporting the
discussion of these items and their further management.

Documentation: it provides a way to represent the identified TD items.

Identification: it detects TD items in a software project by performing a specific
technique, such as static code analysis.
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o Measurement: it quantifies the cost and benefit of TD items through estimation
techniques or estimates the level of all TD items existing in a system.

e Monitoring: through this activity, software teams can observe changes in the cost
and benefit of debt items that still need to be eliminated during the evolution of
the project.

o Payment: it refers to activities carried out to support decision-making on the most
appropriate time to pay debt items.

e Prevention: it enables software development teams to prevent TD items from oc-
curring in the project.

o Prioritization: it ranks the TD items according to an ordering criterion to define
which items should be paid off first.

e Scenario analysis: it refers to a scenario analysis with TD results to clarify the
different possible decisions to be made.

o Time-to-market analysis: it considers the time needed to implement the decisions
when managing technical debt.

» Visualization: it provides mechanisms to present and visualize how TD items impact
the system.

Figure 2.1 summarizes the tools and strategies reported in the literature for TD
management activities (RIOS; MENDONCA; SPINOLA, 2018). By analyzing the figure,
we notice that prevention, payment, visualization, time-to-market analysis, and scenario
analysis activities have few or no strategies or tools to support these activities. On the
other hand, identification, monitoring, and measurement activities have several initiatives
to help software teams to execute these activities.

Rios, Mendonga and Spinola (2018) also reported that tools and strategies existing
in the technical literature have been proposed independently of each other and focused
on dealing with just one TD management activity. Then, using these tools and practices
can make their practical application difficult.

Our work will focus on TD prevention, monitoring and payment, because they are
key, complementary, activities.

TD prevention allows software teams to avoid TD items. It is fair to expect that TD
prevention can many times be “cheaper” than its payment. Moreover, prevention may
also help other TD management activities. For example, setting up prevention practices
helps catch inexperienced developers’ 'not-so-good’ solutions (YLI-HUUMO; MAGLYAS;
SMOLANDER, 2016). A preventive action is an intentional activity, aligned with the
project management plan that ensures the future performance of the project work (PMI,
2017). When applied to TD, preventive actions can support the development team in
using good practices that minimize the occurrence of debt. The following practices are
instances of TD preventive actions: use of guidelines, use of coding standards, code revi-
sions, retrospective meetings, and use of definition of done lists (APA et al., 2020b).
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Figure 2.1 Activities, strategies, and tools for TD management (RIOS; MENDONCA;
SPINOLA, 2018)

TD monitoring is a central activity that allows software teams to track unresolved
debt items, identifying changes in their cost and benefit during the project life cy-
cle (RIOS; MENDONCA; SPINOLA, 2018). Cost/benefit analysis, real options analysis,
and portfolio management are the most popular approaches for monitoring the debt (AM-
PATZOGLOU et al., 2015). Through cost/benefit analysis, software teams can analyze
their TD items evolution, comparing cost and benefit to decide on their repayment (AM-
PATZOGLOU et al., 2015). Performing real options analysis, practitioners can quantify
the long-term value associated with a TD item, track it during the project, and decide
how to deal with it (ALZAGHOUL; BAHSOON, 2014). Lastly, portfolio management
allows, in an iterative way, TD items to be assessed and tracked to decide if one of them
should be repaid (AMPATZOGLOU et al., 2015).

TD payment refers to the activity of expending maintenance effort and resources
to make up for the effects of previous decisions to incur technical debt (RIOS; MEN-
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DONCA; SPINOLA, 2018). For example, a TD item that was incurred because short-
cuts were taken during testing can be paid by carrying out the testing that was previ-
ously skipped. TD payment also refers to the strategies for supporting decision-making
about the most appropriate time to pay debt items off and the practices to pay off debt
items (RIOS; MENDONCA; SPINOLA, 2018). For example, by using the portfolio man-
agement strategy (GUO; SEAMAN;, 2011; SEAMAN et al., 2012), TD items are organized
as assets and populate the portfolio of the software development organization. Each item
is analyzed in an iterative way to decide whether this item will or will not be paid. The
decision is based on risk assessment. Once a decision is taken, a payment practice (e.g.,
code refactoring, design refactoring, testing) can be employed to pay off the debt item.

The following section revises the technical literature on TD prevention, monitoring,
and payment in relation to their practices and Practice avoidance reasons (PARs).

2.3 RELATED WORK ON TD PREVENTION, MONITORING, AND PAYMENT

Codabux, Williams and Niu (2014) proposed a set of practices for avoiding TD items
in agile software development, such as education and training, pair programming, refac-
toring, continuous integration, conformance to process and standards, tools, and customer
feedback. The authors indicated the following practices that contribute to TD prevention
in agile development: bugs bashes, having dedicated teams whose primary focus is on re-
ducing TD, having each development team dedicating one iteration during a set release
period towards debt reduction, allowing slack, and reflective improvement. The authors
also proposed a set of practices for eliminating TD items in agile software development,
such as code reviews, automating unit tests, and customer feedback.

Yli-Huumo, Maglyas and Smolander (2014) conducted a case study in one middle-size
Finnish software company to identify the sources of TD and the practices and strategies
for TD management. By answering the research question “What management and re-
duction strategies/practices are being used for technical debt?” the authors found that
refactoring, bug fixing days, code reviews, coding standards and guides, and communica-
tion structure between business management and development team were used to prevent
and repay the debt.

Ampatzoglou et al. (2015) conducted a systematic literature review to identify ex-
isting financial aspects in the TD context. In answering the research question: “Which
financial approaches have been applied for identifying, prioritizing, repaying, and moni-
toring technical debt?” the authors found TD monitoring (accounting, cost/benefit, real
options, marketing, and portfolio management) and payment (real options, cost/benefit,
portfolio management, value-based, and ROI or net present value) approaches.

Ernst et al. (2015) performed a two-part study comprising a case study in three large
companies and semi-structured interviews to learn the use of tools and techniques to
manage the debt. By answering the research question: “Are there practices and tools for
managing TD?” the authors identified that practitioners had applied TD monitoring as
part of risk process or backlog grooming.

Li, Avgeriou and Liang (2015) performed a systematic mapping study to answer,
among others, the research question: “What approaches are used in each technical debt
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management activity?”. The authors identified the following categories of TD prevention
practices, but the practices composing each category were not discussed:

Development process improvement category: it improves the development process
to prevent TD.

Architecture decision making support category: it evaluates the architecture designs
to each one with less potential TD.

Lifecycle cost planning category: it develops cost-effective plans to analyze the
system to reduce potential TD items.

Human factors analysis category: it cultivates a culture to minimize TD causes by
human factors.

Also, the authors found the following TD monitoring practice categories:

Threshold-based approach category: it defines thresholds for TD-related quality
metrics and issue warnings if the thresholds are not met.

TD propagation tracking category: it tracks the influences of TD through dependen-
cies between other parts of a system and the parts of the system that contains TD.

Planned check category: it regularly measures identified TD and tracks the change
of the TD.

TD monitoring with quality attribute focus category: it monitors the change of
quality attributes detrimental to TD, such as stability.

TD plot category: it plots various aggregated measures of TD over time and looks
at the shape of the curve to observe the trends.

Lastly, they identified the following TD payment categories:

Refactoring: it changes the code, design, or architecture of a software system with-
out changing the external behaviors of the software system to improve its internal
quality.

Rewriting: it rewrites the code affected by the debt.

Automation: it automates work performed manually, such as manual tests, builds
and deployment.

Reengineering: it evolves existing software to provide new behaviors, features, and
operational quality.

Repackaging: it simplifies the code by grouping cohesive modules with manageable
dependencies.

Bug fixing: it resolves bugs identified in the software.
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o Fault tolerance: it includes strategically placing runtime exceptions where the TD
is.

Oliveira, Goldman and Santos (2015) performed action research on two companies
using Scrum to evaluate the application of the TD management framework proposed
by Seaman and Guo (2011). This framework encompasses the following steps: (i) to
identify the list of TD items, (ii) to measure the effort for eliminating the items, and (iii)
to monitor the items to decide the most appropriate time to deal with them. The authors
identified defining a responsible person for monitoring each identified and measured TD
item were TD monitoring practices used by both companies.

In another work, Abad et al. (2016) conducted in-depth interviews with stakeholders
about development, testing, and product management teams and a quantitative survey
on effort estimation, quality management processes, and understanding of the risks and
benefits of TD. By answering the research question: “What suggestions do testers and
developers have for reducing TD in their projects?” the authors found the following TD
payment practices: allocating more resources (time, budget, and infrastructure), technical
solutions (e.g., refactoring, using design patterns, and improving design and architecture),
prioritizing TD, having more flexible schedules, and quantifying TD.

Gupta et al. (2016) conducted a case study on managing TD in a legacy system. The
authors evidenced the following prevention practices: following boy scout rule, continu-
ous improvement, technical debt awareness, improved definition of done, and continuous
improvement in functional test automation; and the following practices used to pay off
the debt: continuous identification, prioritization, and resolving identified technical debt,
visualizing debt with information radiators, continuous collaboration with product owner,
internal debt stories, and common product backlog.

Yli-Huumo, Maglyas and Smolander (2016) identified the main TD management ac-
tivities performed in a large software company. When answering the research question:
“What methods, models, practices, or tools do the studied development teams use for
each TD management activity?” the authors identified that TD prevention practices
were associated with coding standards, code reviews, reviews of the used tools, definition
of done to ensure code quality, and definition of the done standard. The authors found
the following TD prevention practices: coding reviews, education and training, pair pro-
gramming, test-driven development, refactoring, continuous integration, conformance to
process and standards, tools, and customer feedback. The authors also found that TD
monitoring was conducted rarely and used data collected from (management or TD mea-
suring) tools. Lastly, the authors identified that software practitioners used refactoring,
rewriting, or redesigning to pay off TD items. Also, the authors recognized that TD
payment was performed in normal development by including TD items in the actual
development backlog.

In another work, Behutiye et al. (2017) ran a systematic literature review to investi-
gate the state of the art of TD, its causes, consequences, and management strategies in
the context of agile software development. By answering the research question “What are
the strategies proposed in the literature to manage TD in agile software development?”
the authors identified the following TD monitoring practices: collective dashboards, vi-
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sualization techniques, continuous integration tools, setting a commonly agreed definition
of done, improving estimation techniques of sprints, planning (in advance) for TD, and
implementing pair programming or test-driven development. Moreover, the authors identi-
fied the following TD payment categories: refactoring, code analysis, and test automation.

By interviewing six agile teams from four software companies, Bomfim and Santos
(2017) sought to identify strategies and practices for eliminating the debt. The authors
identified that using coding standards was used to prevent TD items. The authors also
identified that including TD tasks in product backlog was the strategy for monitoring TD
items by interviewing six agile teams from four software companies. They also reported
the following TD payment practices: splitting methods to make them more reusable, using
design patterns, refactoring older code, and using palliative solutions. Regarding the PARs
for TD non-payment, the authors investigated the factors that influence TD payment in
agile software projects, reporting that concern of impacting some module because the
team does not know all parts of the code to carry out a deeper impact analysis, lack of test
coverage or excessive manual testing, low impact for business, and high effort discourage
the application of payment practices.

In the same year, Samarthyam, Muralidharan and Anna (2017) provided an overview
of test debt, discussing the causes of incurring test debt items, strategies for managing
them, and two case studies on managing them in real-world projects. The authors in-
dicated the following prevention practices: increasing awareness in the development and
test teams on test debt and introducing relevant processes can also help stop accumulation
of debt. Furthermore, the authors indicated the payment practices: pair programming,
clean coding, and refactoring.

Charalampidou et al. (2018) defined a tool to support the prevention of requirements
documentation debt items. The tool makes it possible to integrate requirements specifi-
cations into a development Integrated development environment (IDE). Through a case
study, the authors evaluated the tool, finding that its main benefit was to motivate de-
velopers to define, maintain, and use requirements specifications and track them as part
of their daily routine.

Martini (2018) proposed a management tool, AnaConDebt, to support tracking and
evaluating TD items. The tool allows the creation of TD items in a backlog for monitoring
them. Among its features, AnaConDebt makes it possible to track TD items in a dedicated
repository.

Martini, Besker and Bosch (2018) performed a multi-method research comprising a
survey and case study of three companies to understand practitioners’ efforts to man-
age TD. By answering the research questions: “What tools are used to track TD?,”
“How do software organizations introduce a TD tracking process?,” and “What are the
initial benefits and challenges when large organizations start tracking TD?,” the authors
recognized that surveyed practitioners had used tools for supporting the following TD
monitoring practices: using comments in the code or other artifacts, documenting issues
in text or spreadsheets, using a system for bug fixing, reporting TD items in the backlog,
statically analyzing the code for finding TD items or potential bugs, or security issues,
and measuring test coverage.

Rios, Mendonga and Spinola (2018) conducted a tertiary study to investigate the



20 TECHNICAL DEBT AND ITS MANAGEMENT

current state of the art on TD and its management. Through the research question
“What are the activities, strategies and tools that have been proposed to support the
management of TD?” the authors identified the following practices for TD monitoring:
accounting, cost-benefit analysis, options, Software quality assessment based on lifecy-
cle expectations (SQALE) method, debt symptoms index, metrics for managing architec-
tural TD, RE-KOMBINE model, measuring symptom severity on a smell thermometer,
making of dependencies and code problems, supply chain management, formal approach
to TD decision making, portfolio approach, and marketing. Moreover, the authors iden-
tified the following strategies for TD payment: managing TD in database schemas and
partial refactoring for architectural TD.

From existing literature, Lenarduzzi and Fucci (2019) presented a holistic definition of
requirements debt. The authors then proposed the following TD payment strategies for
requirements debt items: once the neglected users’ need is identified, it is formalized and
included in the software requirements specification document, as for code smells, refac-
toring is needs to be applied to pay back requirements smells, and the implementation of
the best new solution matching the updated software requirements specification document.

In another related work, Lenarduzzi et al. (2019) performed a focus group with five
practitioners to identify the most common types of TD faced in the past, their causes, and
the ways to prevent them. By answering the research question “How to mitigate TD?”
the authors identified the following prevention practices: learning from customers, careful
estimation, and continuous improvement.

Mendes et al. (2019) developed and assessed a tool, VisminerTD, to support TD
identification and monitoring activities. The tool presents the set of TD items distributed
in panels and uses a Kanban-based approach to monitor them.

Toledo et al. (2019) conducted an exploratory case study in a real-life project to
investigate the relationship between architecture TD and microservices. The authors
identified the following TD payment practices by answering the research question “What
is a solution for the identified architecture TD in microservices and its associated refac-
toring cost (principal)?”: rewrite the communication layer, migrate the services to use
the new architecture, remove the business logic inside the communication layer, move the
business logic to the services, define a canonical model per domain, update the services to
use the newly defined canonical models, centralize the source code and documentation for
all services in a common management system, provide a common middleware that can
be used by all services, rewrite services to use the same middleware, define and execute
a governance plan to handle the migration, maintain the system working with different
solutions during the migration period, new requirements should be down prioritized, and
service developers must learn new technologies.

Silva, Junior and Travassos (2019) ran a survey to understand the perception of TD
and its management in the Brazilian software industry. Based on 40 complete answers,
the authors characterized TD awareness and perception and the strategies used in TD
management. By answering the research question: “Which technologies and strategies are
adopted for each TD managament activity?” the authors identified that guidelines, coding
standards, code revisions, retrospective meetings, and Definition of Done were the TD
prevention practices used. The authors did not find any practice used to monitor the debt.



2.3 RELATED WORK ON TD PREVENTION, MONITORING, AND PAYMENT 21

And, the practices refactoring, redesign, code rewriting, and meetings/workshops/training
were used to pay off the debt.

Two replications of the Silva, Junior and Travassos (2019) survey were performed in
the Uruguayan industry, obtaining 259 answers on TD in general (APA et al., 2020b) and
33 answers from practitioners working in software startups (APA et al., 2020a). These
replications identified the same preventive practices as Silva, Junior and Travassos (2019).
Regarding TD monitoring, Apa et al. (2020b) identified that using tools (SonarQube)
supported TD monitoring, and Apa et al. (2020a) found that manual monitoring and
tools (Jira and Wiki) were also used to monitor TD items. Regarding TD payment,
Apa et al. (2020a) and Apa et al. (2020b) recognized the same TD payment practices:
refactoring, rewriting code, and redesign.

Rios et al. (2020) conducted two complementary studies on the causes, effects, and
preventive and payment actions associated with documentation debt. Through the re-
search question “How can development teams react to the presence of documentation
debt?” the authors identified the following prevention practices: comment the code, cre-
ate tutorials on how to fill in the documentation, define process and good practices for
documentation, define roles concerning the documentation process, document the project
since its begin, have a documentation repository, improve commitment of the team con-
cerning documentation, involve several roles in documenting the project, penalties if not
follow the documentation process, training on the problems by do not document, use of peer
review, and use of Unified modeling language (UML) to document and share information.
Moreover, the authors identified that to adopt T'D payment prioritization criteria, keep
the documentation updated, and review outdated documentation were the TD payment
practices used by the participants studies.

Aragao et al. (2022) defined a catalog to support the management of test debt items.
As preventive practices, the authors included present already identified debts and review
elaborated test cases. As monitoring practices, the catalog has monitor changes in the
cost/benefit ratio of the identified debt, monitor triggers and changes in the test process
(if the team has an existing test process). Lastly, elaborate and perform tests for releases
that were not tested and change test cases by analyzing defects were the practices included
in the catalog to pay off test debt items.

Bogner, Verdecchia and Gerostathopoulos (2021) performed a systematic mapping
study to investigate TD in the context of artificial intelligence-based systems. By an-
swering the research question: “Which solutions have been reported to address technical
debt and antipatterns in Al-based systems?” the authors identified 46 payment prac-
tices: to manage model configuration, to use clear component and code APls, to remove
unnecessary features, refactor the code, and to monitor deployed models.

In a systematic mapping study on architecture and code debt, Das et al. (2022)
defined the following research question “What are the common ways to manage technical
debt.” By answering it, the authors identified the following payment practices: strategic
management, getting a better understanding of technical debt, and using automated tools.

Ernst, Delange and Kazman (2021) discussed technical debt in practice per types of
debt and reported insights collected from case studies. The authors suggested a set of
prevention practices for each type of debt. For requirements debt, do a good job of re-
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quirements elicitation, and leverage crowd-sourcing techniques for gathering requirements.
For design debt, employ a design method such as attribute-driven design. For code debt:
choose your language and libraries wisely, efficient code reviews, and gather and analyze
metrics on the code base. For test debt, adopt test-driven development, maintain and
analyze test runs, automate testing activities, and avoid manual testing. For deployment
debt !, automated gradual deployments, integrate deployment with your continuous inte-
gration pipeline, define a deployment process, and implement kill switches on new features.
For documentation debt, traceability, check quality of the documentation as part of the
release process, and documenting design and technical debt. For machine learning debt 2,
focus on how to properly design machine learning systems and evaluate the differences
in performance and accuracy between the model being used and state-of-the-art models
for which benchmarks are available. The authors also identified payment practices for
architecture (refactoring), design (fizing the antipatterns), and social 3 debt, such as: to
improve coordination of decisions, living documents, and coaching. In total, they reported
42 practices.

de Toledo, Martini and Sjgberg (2021) performed an exploratory multiple-case study
by interviewing 22 employees from seven companies. The authors identified 31 payment
practices for eliminating architecture debt items, for example: to add services owner-
ship metadata to the messages, allowing identification of their source, implementation of
a Canonical Data Model that ensure compliance, removal of the dead letter queue and
to mowve the responsibility of the message deliveries to the endpoints, add metadata to
identify the source of the messages, splitting the dead letter queue into smaller queues,
managed by different teams, use some time to design generic and independent services,
internal training about API development, use of an API-first approach while designing
services, considering slot for continuous API improvement during development, and en-
sure standardization with a Canonical Data Model.

Wiese, Riebisch and Schwarze (2021) evaluated a framework that enables the aware-
ness of the team that is incurring TD and the integration of TD management with project
management. The framework allows debt-related activities to be recorded as tickets and
included in the project backlog. Through the research question “Can TD be prevented by
the adoption of the framework?” the authors find that the use of the framework allowed
the project team to have more rational discussions and decisions about the TD items,
thus enabling the prevention of these items.

Albuquerque et al. (2022) performed a survey to analyze the broader concept of TD
and its management. By considering 120 answers collected from the Brazilian, Canadian,
Indian, North American, and Swiss software industries, the authors responded to the
research question, “What solutions are adopted for each technical debt management

I'Deployment debt refers to “all the shortcuts, errors, or mistakes that happen when deploying and
operating a system” (ERNST; DELANGE; KAZMAN, 2021).

2Machine learning debt is “an issue in these systems as well, and there are some forms of debt that
are specific to machine learning systems” (ERNST; DELANGE; KAZMAN, 2021).

3Social debt is “the mismatch between system structure and organizational structure. Furthermore,
it stands to reason that some mappings of organizational designs onto system designs will also be sub-
optimal” (ERNST; DELANGE; KAZMAN, 2021).
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activity?”. As a result, the authors found the following prevention practices: code reviews,
coding standards, automated tests, guidelines, and meetings. The authors also identified
the following monitoring practices: manually, static analysis, issue tracker, test tool, and
Wiki. The payment practices reported by the survey’s participants were refactoring, code
rewriting, architectural redesign, meetings, and artifact change.

Bonfim and Benitti (2022) performed an interviewed-case study with 19 agile software
practitioners from 13 organizations in Brazil, France, Portugal, United Arab Emirates,
and Belgium. By answering the research question “What practices do agile organizations
employ that can minimize requirements debt?” the authors identified the following TD
prevention categories: meeting requirements elicitation, helping requirements analysis,
supporting the implementation of requirements specification, implementing requirements
validation, and assisting in requirements management. The authors also identified 15 TD
prevention practices. For example, recording all requirements, demands, and stories in the
backlog, defining and validating what will be prioritized, and managing the requirements,
deliveries, backlog delays in progress. Lastly, the authors identified the TD payment
category called reducing requirements debts with the following TD payment practices:
assessing impact of TD and usually pays debt in the next sprint.

Lastly, Fu et al. (2022) conducted an exploratory study considering 2,030 review com-
ments from the Nova project of OpenStack and the Qt Base project of Qt to investigate
which potential technical debt is identified in code reviews. By answering the research
question “What practices are used by developers to resolve potential technical debt that
has been identified in code reviews?” the authors identified that code refactoring, docu-
mentation improvement, testing improvement, bug fixing, and code change abandonment
as TD payment practices.

2.3.1 Discussion

Our work aims to holistically investigate the practices for TD prevention, monitoring,
and payment and PARs for TD non-prevention, non-monitoring, and non-payment from
the perspective of software practitioners.

Through the analysis of the technical literature, we found evidence of the practices
used to prevent, monitor, and pay off debt items. Table 2.1 summarizes relevant infor-
mation about related work, reporting whether practices or categories of these practices
were found, the types of debts considered, the representativeness of each study (sample
size and number of organizations), and the research method used. We can see that most
studies have a quite small sample size, except the studies conducted by Ernst et al. (2015),
Martini, Besker and Bosch (2018), and Apa et al. (2020b). However, these studies have
a limited variety of software development contexts. Having a larger and broader data set
helps to unfold decisions made by practitioners in different roles, following different devel-
opment models, and in different countries. Our approach is more likely to generalize the
results to broader real-world scenarios. This increases ecological validity (ANDRADE,
2018), as well as confidence in the validity of results (WOHLIN et al., 2012).

A third of the related works focused on only one type of debt (architecture, design,
defect, documentation, requirements, and test debt) (OLIVEIRA; GOLDMAN; SAN-
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TOS, 2015; SAMARTHYAM; MURALIDHARAN; ANNA, 2017; CHARALAMPIDOU
et al., 2018; LENARDUZZI; FUCCI, 2019; TOLEDO et al., 2019; RIOS et al., 2020;
ARAGAOQ et al., 2022; DAS et al., 2022; de Toledo; MARTINI; SJ¢BERG, 2021; BON-
FIM; BENITTI, 2022), while the technical literature (RIOS; MENDONCA; SPINOLA,
2018) reported 15 different types of TD. Although having practices for specific types of
debt can aid software practitioners in defining specific support to certain TD management
challenges, analyzing only one type of debt can reduce the findings on TD management.
Moreover, knowing the practices from the perspective of a wide variety of software practi-
tioners is critical to guide research directions and, also, to serve as a benchmark to better
position the TD management actions in software organizations.

Only the studies conducted by Yli-Huumo, Maglyas and Smolander (2014), Bom-
fim and Santos (2017), Silva, Junior and Travassos (2019), Apa et al. (2020a), Apa et
al. (2020b), Aragao et al. (2022), Albuquerque et al. (2022) focused on TD prevention,
monitoring, and payment activities simultaneously. And, only Aragdo et al. (2022) orga-
nized the practices into a catalog to make their findings more feasible to use in practice.
However, their catalog only addresses test debt. Moreover, by using the results from
the other studies, development teams rely on textual information spread through several
tables, thus hindering the use of current knowledge on TD management.

Regarding the PARs for TD non-prevention, non-monitoring, and non-payment, to
the best of our knowledge, only PARs for TD non-payment have been investigated in the
technical literature (BOMFIM; SANTOS, 2017). These PARs for TD non-prevention,
non-monitoring, and non-payment merit further study, as the potential impediments
to prevention, monitoring, and payment strategies (or to prevention, monitoring, and
payment in general) are essential factors for a team to understand when designing their
own TD prevention, monitoring, and payment strategy. Choosing prevention, monitoring,
and payment practices without understanding and planning for the inherent risks to TD
prevention, monitoring, and payment is likely to result in failure to execute the plan.

Overall, the findings presented in the related work reveal the point of view of a small
number of practitioners and organizations. Chapters 4, 5, and 6 will triangulate their
findings with our results and discuss how they complement each other.



Table 2.1: Overview of the limitations of related work on TD prevention, monitoring, and payment

TD prevention TD monitorin; TD payment Representativeness Research
Related work Practiln)ce Category Practice Categfry Practicz yCategory Type of debt Sarrll)ple # method
size zations
(CODABUX; WILLIAMS; Yes No No No Yes No General - - Overview
NIU, 2014)
(YLI-HUUMO; MAGLYAS; Yes No No No Yes No General 11 1 Case study
SMOLANDER, 2014)
(AMPATZOGLOU et al, No No Yes No Yes No General - - Systematic
2015) review
(ERNST et al., 2015) No No Yes No No No General 536 3 Case study
(LI; AVGERIOU; LIANG, No Yes No Yes No Yes General - - Systematic
2015) review
(OLIVEIRA; GOLDMAN; No No Yes No No No Design or defect 16 2 Action re-
SANTOS, 2015) search
(ABAD et al., 2016) No No No No Yes No General 48 1 Case study
(GUPTA et al., 2016) Yes No No No Yes No General - 1 Case study
(YLI-HUUMO; MAGLYAS;  Yes No Yes No Yes No General 25 1 Case study
SMOLANDER, 2016)
(BEHUTIYE et al., 2017) No No Yes No No Yes General - - Systematic
review
(BOMFIM; SANTOS, 2017) Yes No Yes No Yes No General 6 4 Case study
(SAMARTHYAM; MU-  Yes No No No Yes No Test - - Overview
RALIDHARAN; ANNA,
2017)
(CHARALAMPIDOU et al., Yes No No No No No Requirement doc- - - Tool develop-
2018) umentation ment
(MARTINTI, 2018) No No Yes No No No General - - Tool develop-
ment
(MARTINT; BESKER; No No Yes No No No General 226 3 Case study
BOSCH, 2018)
(RIOS; MENDONCA; No No Yes No Yes No General - - Systematic
SPINOLA, 2018) review
(LENARDUZZI, FUCCI, No No No No Yes No Requirement - - Literature re-
2019) view
(LENARDUZZI et al., 2019)  Yes No No No No No General 5 - Focus group
(MENDES et al., 2019) No No Yes No No No General 28 - Case study
(TOLEDO et al., 2019) No No No No Yes No Architecture 1 1 Case study
(SILVA; JUNIOR; TRAVAS-  Yes No No No Yes No General 40 - Survey
SOS, 2019)
(APA et al., 2020b) Yes No Yes No Yes No General 259 - Survey
(APA et al., 2020a) Yes No Yes No Yes No General 33 - Survey
(RIOS et al., 2020) Yes No No No Yes No Documentation 4 1 Case study

(table continues)
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Table 2.1: Overview of the limitations of related work on TD prevention, monitoring, and payment (continued)

TD prevention TD monitoring TD payment Representativeness Research
Related work Practice Category Practice Category Practice Category Type of debt Sample  # method
size zations
(ARAGAO et al., 2022) Yes No Yes No Yes No Test 5 1 Case study
(BOGNER; VERDECCHIA; No No No No Yes No General - - Systematic
GEROSTATHOPOULOS, review
2021)
(DAS et al., 2022) No No No No Yes No Architecture - - Systematic
review
(ERNST; DELANGE; KAZ-  Yes No No No Yes No Requirements, 5 4 Case study
MAN, 2021) design, archi-
tecture, code,
test, deployment,
documentation,
machine learning,
social
(de  Toledo; MARTINI; No No No No Yes No Architecture 22 7 Case study
SJ¢BERG, 2021)
(WIESE; RIEBISCH;  Yes No No No No No General 22 1 Case study
SCHWARZE, 2021)
(ALBUQUERQUE et al, Yes No Yes No Yes No General 120 - Survey
2022)
(BONFIM; BENITTI, 2022) Yes Yes No No Yes Yes Requirements 19 13 Case study
(FU et al., 2022) No No No No Yes No General 2,030 - Exploratory
study
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2.4 FINAL REMARKS

This chapter introduces the definitions and activities of TD that are part of the dis-
sertation background. These concepts are the basis for understanding the other chapters
of this dissertation.

Although many studies have addressed the practices used to prevent, monitor, and
pay off TD items in software projects, the discussion about these practices is limited, as
they usually represent the point of view of a small number of software practitioners and
organizations. Therefore, a deeper investigation into practices related to TD prevention,
monitoring, and payment is necessary to understand how software practitioners have dealt
with TD items in a more comprehensive way. In addition, only one study has investigated
the PARs associated with TD non-payment, while PARs for TD non-prevention and
non-monitoring have yet to be investigated. This indicates the need for a more in-depth
investigation to identify these PARs, and to understand better how to help software teams
to implement TD management practices in their projects.

The next chapter presents the InsighTD project (RIOS et al., 2018; RIOS et al., 2020)
and the research method we applied to analyze the InsighTD data on TD prevention,
monitoring, and payment, focusing on the practices used in these activities and the PARs
that justify the non-application of these practices.






Chapter

This chapter presents the research method we followed to achieve the dissertations goal. Initially, it shows
the research questions and the InsighTD Project, giving details on the project and the data collection and
analysis. Next, the chapter discusses the threats to project validity and presents the InsighTD data set.

Lastly, it presents the concluding remarks.

RESEARCH METHOD

Surveys are conducted to take a snapshot of a determinate situation using sample ques-
tioning to understand a population (WOHLIN et al., 2012). A survey can be either
descriptive, explanatory, or explorative. A descriptive survey can be carried out to make
claims about some characteristics or traits of a population. An explanatory survey seeks
to make claims about phenomena or behaviors associated with a population. And an
explorative survey is a pre-study to an in-depth investigation of a specific issue. Surveys
shall also be accessible for replication, allowing the study to be repeated under similar
conditions to increase confidence in the results (WOHLIN et al., 2012).

A survey is a convenient research instrument for collecting responses from large sam-
ples and can help to provide broad overviews of large populations. Surveys have, however,
some drawbacks. In a survey, data about a phenomenon is always collected after the fact
and based on the respondents recall of it. This recollection may not be as accurate as
direct measurement or observation. Also, broad surveys make it tedious for respondents
to fill out their questions. Moreover, survey researchers have to frequently deal with the
challenges of low response rates, resulting in lower representativeness of the population.

Families of surveys have been used to deal with some of those problems. In software
engineering, families of surveys have been used to investigate phenomena such as software
requirement issues (FERNANDEZ et al., 2017) and technical debt (RIOS et al., 2018;
RIOS et al., 2020).

Our work is based on a family of surveys named the InsighTD Project. This family of
surveys aims to examine the state of software engineering Technical debt (TD) practice,
revealing its causes, effects, and management practices.The InsighTD survey was designed
to allow its replication in different countries. It was defined in the context of a Ph.D.
dissertation (ALVES, 2020) aiming at investigating the causes and effects of TD. The
project also addresses TD management (prevention, monitoring, and payment) by asking
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the participants whether these activities have been performed and giving details about
how these activities were performed or why they were not. Our dissertation uses the
data collected from the InsighTD Project to investigate the state of the practice of TD
prevention, monitoring, and payment.

The rest of the chapter is organized as follows. Section 3.1 presents the research
questions posed in this dissertation. Section 3.2 gives an overview of the InsighTD project.
Section 3.3 discusses the data collection strategy conducted by the project. Section 3.4
presents the data analyses we followed to identify the TD management practices (and
reasons to avoid them), supporting us in answering the research questions. Section 3.5
discusses the threats to the validity of our work. Section 3.6 presents the InsighTD data
set. Finally, Section 3.7 offers the concluding remarks of this chapter.

3.1 RESEARCH QUESTIONS

This dissertation seeks to investigate, through continuous and independent
replication of a globally distributed family of surveys, the state of practice
on TD prevention, monitoring, and payment in software projects. For this, we
defined four research questions and their sub-questions, as shown in Table 3.1.

Table 3.1 Research questions

ID Research question (RQ)
RQ1 How could software development teams avoid technical debt items on their
projects?

RQ1.1 What are the leading prevention practices that can be used to avoid TD?

RQ1.2 What are the practice avoidance reasons (PARs) considered by software practitioners
for TD non-prevention?

RQ2 How have software development teams monitored technical debt items on their
projects?

RQ2.1 What are the leading practices for monitoring TD items in software projects?

RQ2.2 What are the leading practice avoidance reasons (PARs) to explain the non-monitoring
of TD items?

RQ3 How have software development teams paid off technical debt items on their
projects?

RQ3.1 What are the practices used by software practitioners to deal with technical debt items in
their projects?

RQ3.2 What are the practice avoidance reasons (PARs) considered by software practitioners for
not paying off TD?

RQ4 How to organize the body of knowledge composed of prevention, monitoring,
and payment practices - and Practice avoidance reasons (PARs) for TD non-
prevention, non-monitoring, and non-payment - to support TD management?

RQ4.1 How are the proposed artifacts characterized in terms of its support for TD management
activities?

In RQ1, RQ2, and RQ3, we intend to investigate the state of the practice of TD
prevention, monitoring, and payment, respectively. By exploring it, we aim to identify
the practices used by software practitioners to prevent (RQ1.1), monitor (RQ2.1), and
pay off (RQ3.1) the debt, and the PARs used by software practitioners to justify the non-
prevention (RQ1.2), non-monitoring (RQ2.2), and non-payment (RQ3.2) of debt items.
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For answering RQ1 to RQ3 and their sub-questions, we used data collected from the
InsighTD project. We address RQ1 to RQ3 and their sub-questions in Chapters 4, 5, and
6, respectively.

Lastly, RQ4 seeks to define a structure of the set of practices and PARs in an artifact
to support software practitioners in their TD prevention, monitoring, and payment initia-
tives. This structure also allows for the organization of the body of knowledge learn from
the state of practice. To answer this RQ, we updated the conceptual for TD (AVGERIOU
et al., 2016; IZURIETA et al., 2016; RIOS; MENDONCA; SPINOLA, 2018), proposed
conceptual maps, and defined the Impediments, decision factors, enabling practices, and
actions (IDEA) diagrams. We build these artifacts using the set of practices and PARs
identified from RQ1-RQ3 (and their sub-questions). To evidence the artifacts support
for TD management (RQ4.1), we conducted a follow-up survey considering the conceptual
model and maps and performed two complementary empirical studies in academic and
industrial settings considering the IDEA diagrams. We address RQ4 and its sub-question
in Chapters 7 and 8.

The following subsection introduces the InsighTD project and the data collection and
analyses we performed to answer RQ1, RQ2, and RQ3 and their sub-questions.

3.2 THE INSIGHTD PROJECT

The InsighTD project is a family of globally distributed surveys on the causes, ef-
fects, and management of TD (RIOS et al., 2018; RIOS et al., 2020). InsighTD was
designed to allow the survey to be continuously replicated in different countries, seeking
generalizable results on the state of practice in the TD area. In addition, the project
intends to organize data on the practical problems of TD considering the different con-
texts of software development, that is, different development cultures, organization sizes,
development methodologies, and among others.

At each replication, discoveries can be made for the area, and through the combina-
tion of data collected by different replications, possible differences or similarities can be
elucidated concerning perceptions about the concept of TD, its causes and effects, and the
way to manage TD items. Thus, the project provides a shared infrastructure to support
replications and dissemination of results. This infrastructure consists of the same version
of the questionnaire, a set of instruments to guide data analysis, and a communication
plan that indicates how the results should be communicated among the project team. So
far, researchers from twelve countries have participated in the project: Argentina, Brazil,
Chile, Colombia, Costa Rica, Finland, India, Italy, Norway, Saudi Arabia, Serbia, and
the United States. More information about the project, its replications, and the achieved
results can be found at <www.td-survey.com>.

3.2.1 Aims and Planning

The purpose of the InsighTD project is to investigate the state of practice and in-
dustry trends in the field of TD, including the status quo, the causes that lead to the
occurrence of TD, the effects of its existence, how these problems manifest themselves
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in the development process, and how software development teams react when they are
aware of the presence of debt items in their projects (RIOS et al., 2018; RIOS et al.,
2020). The following RQs were defined for the InsighTD Project (herein called InsighTD
project research question (iTDp-RQ)') to achieve these goals:

iTDp-RQ1: Are software professionals familiar with the concept of TD?
o iTDp-RQ2: What causes lead software development teams to incur TD?
o iTDp-RQ3: What effects does TD have on software projects?

o iTDp-RQ4: How do software development teams react when they are aware of
the presence of debt items in their projects?

Through iTDp-RQ1, the project seeks to identify how the concept of TD is dis-
seminated among software development professionals and whether the concept varies
according to practitioners role in the software development process. In iTDp-RQ2 and
iTDp-RQ3, the project aims to recognize the causes and effects of TD identified by
software development professionals. Finally, in iTDp-RQ4, the project aims to verify
whether software professionals have prevented, monitored, or paid off the existing TD
items in their projects. It also seeks to identify how professionals have prevented, moni-
tored, and paid off the debt and why they have not carried out these activities.

InsighTD was planned in cooperation with several researchers in the TD field, compos-
ing the core or replication teams. The first is responsible for leading the project activities
and conducting the survey in Brazil. The latter is responsible for using the same infras-
tructure shared by the core team to conduct the survey replications. InsighTDs design
comprises the following steps (RIOS et al., 2020):

o Conception: at this stage, the InsighTD core team defined the experimental pack-
age, containing the RQs, the planning of the survey family, the research instruments,
the target audience, and the initial discussion on data analysis. Also, the team de-
fined the set of researchers composing each replication team.

e Validation: this step consisted of validating the experimental package generated
in the conception stage. Each validation was performed individually and incre-
mentally, ensuring that the next researcher would only start their review of the
experimental package when the reviewing researcher had finished their task. Ini-
tially, the experimental package underwent four internal reviews and one external
review, to ensure that the survey questions were easy to interpret and complete to
respond to the RQs defined for the project. The internal reviewers were members
of the InsighTD project who did not participate in the design stage, while the ex-
ternal reviewer was not a project member. Finally, a pilot study was conducted to
observe whether the survey was well understood by a small number of profession-
als who represented the target population of the study, that is, professionals who

!The InsighTD project RQs are not to be confused with the dissertation RQs discussed in Section 3.1.
For this reason, we use the acronym iTDp-RQ to refer to them.
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played different roles in software development. The core team analyzed and applied
adjustments to the project’s artifacts at each validation.

o Initiation: at this stage, the survey was carried out in Brazil and replicated in
the United States. Initially, the channels for inviting participants were defined.
These channels were LinkedIn, industry-affiliated member groups, mailing lists,
and industry partners. Then, participants from the Brazilian industry were invited.
Upon receipt of the responses, they were analyzed, resulting in a baseline report
containing the initial findings associated with the project’s RQs. Then, the survey
was replicated in the North American software industry, making it possible to
synthesize the results obtained in the application of the survey in the Brazilian and
American software industries.

o International replication: comprises the survey replication in other countries
independently and using the same experimental package. With this, the project
seeks more generalizable data on the state of TD practice, synthesizing data from
different replications.

The following section presents the InsighTD survey, explaining its questions and their
relationship to the project’s RQs.

3.2.2 Questionnaire

The InsighTD questionnaire comprises 28 questions that aim to help answer the
project’s RQs and characterize the participants and their work environments (RIOS et al.,
2020). Table 3.2 presents a simplified version of the questionnaire, with the Question (Q)
description, its related iTDp-RQs, its identifier, its description, and its type (closed or
open). Appendix A presents the questionnaire in more detail.

Questions Q1-Q8 capture the characterization of participants and their working en-
vironment concerning the companys size they work, the country they work, the systems
size (in lines of code - LOC), the systems age, the teams size, the role they play, the
experience in that role, and the development process used in the project (agile, hybrid,
or traditional).

Questions Q9-Q15 seek evidence to answer RQ1. Initially, participants indicate how
familiar they are with the concept of TD (Q9), choosing one of the following options:
“Never heard of it,” “I have read about it in books/articles,” “I have been on projects
where I recognized TD, but the project did not explicitly manage it,” and “I have been
on projects where we attempted to actively manage TD.” Then, the participants give
their definition of TD in Q10. Then, the definition? of TD adapted from McConnell
(2007) is presented, and the participant indicates how close it is to their understanding

2The TD definition used in the InsighTD survey was adapted from McConnell (2007): “Technical
debt contextualizes the problem of outstanding software development tasks (for example, tests planned
but not executed, pending code refactoring, pending documentation update, use of bad design practices,
code that does not exhibit good coding practices) as a kind of debt that brings a short-term benefit to
the project (normally in terms of higher productivity or shorter release time of software versions), that
may have to be paid later in the development process with interest (for example, a poorly designed class
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Table 3.2 The InsighTD survey questions (adapted from Rios et al. (2020)). The questions in
bold are used in this dissertation.

RQID Question (Q) Type
Q1 What is the size of your company? Closed
Q2 In which country you are currently working? Closed
Q3 What is the size of the system being developed in that project? (LoC) Closed
Q4 What is the total number of people of this project? Closed
Q5 What is the age of this system up to now or to when your involvement Closed
ended?
Q6 To which project role are you assigned in this project? Closed
Q7 How do you rate your experience in this role (at the time)? Closed

Q8 Which of the following most closely describes the development pro- Closed
cess model you follow on this project?

Q9 How familiar you are with the concept of TD? Closed
—. Q10 In your words, how would you define TD? Open
g Q11 How close to the above TD definition is your understanding about TD? Closed
&, Q12 Are there any parts of the definition above from McConnell that you disagree Open
E with?
~ Q13 Please give an example of TD that had a significant impact on the Open
project that you have chosen to tell us about:
Q14 Why did you select this example? Open
Q15 About this example, how representative it is? Closed
Q16 What was the immediate, or precipitating, cause of the example of TD you just Open
described?
8, Q17 What other cause or factor contributed to the immediate cause you described Open
~ above?
QQ Q18 What other motives or reasons or causes contributed either directly or indirectly ~Open
= to the occurrence of the TD example?
Q19 Considering all the cases of TD youve encountered in different projects, and the Open
causes of those TD cases, which causes would you say are the most likely to
lead to TD (ordered by likelihood of causing TD)? Please list up to 5 causes.
Q20 Considering the TD item you described in question 13, what were the impacts Open
8, felt in the project?
~ Q21 Considering all the cases of TD youve encountered in different projects and the Open
5“ effects of that TD that you have personally experienced, which 5 effects would
= you classify as the effects that have a bigger impact (ordered by their level of

impact)
Q22 Do you think it would be possible to prevent the type of debt you Closed
described in question 137

- Q23 If yes, how? If not, why? Open
<& Q24 Once identified, was the debt item monitored? Closed
A Q25 If yes, how? If not, why? Open
& Q26 Has the debt item been paid off (eliminated) from the project? Closed
= Q27 If yes, how? If not, why? Open

Q28 Considering your personal experience with TD management, what actions have Open
you performed to prevent its occurrence?
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of TD (Q11), choosing one of the following options: “Very close,” “Close,” “Far,” “Very
Far,” and “Had no prior knowledge of TD.” In Q12, the participant indicates whether
they agree with McConnell’s concept and specifies the points they do not agree with, if
applicable. In Q13, the participant provides an example of a TD item that occurred in
its project. About the example, the participant justifies why they were chosen (Q14) and
indicates how representative it is (Q15), choosing one of the following options “It was a
unique instance,” “It is the type of thing that happens from time to time in the project,”
and “It is the type of thing that happens very often in the project.”

Questions Q16-Q19 seek to identify the causes that lead software development teams
to incur TD items in their projects (RQ2). Using the TD example provided by the
participant in Q13 as context, they indicate the causes in Q16-Q18. Then, in Q19, the
participant lists up to five causes that can cause TD items, considering all TD cases they
have already experienced.

Questions Q20-Q21 intend to identify the effects of the presence of TD items in
software projects (RQ3). Using the TD example provided by the participant in Q13 as
context, they indicate the effects in Q19. Then, in Q20, the participant lists up to five
effects that have the greatest impact on the project, considering all the TD cases they
have experienced.

Lastly, questions Q22-Q28 aim to identify how TD has been managed in practice
concerning its prevention, monitoring, and payment. In questions Q22-Q23 and Q28,
participants discuss TD prevention. Using the TD example provided by the participant
in Q13, they indicate whether this TD item could have been prevented (Q22). If so,
it describes how (Q23). Otherwise, explain the reason for not preventing (Q23). In
Q28, the participant indicates which actions to avoid TD have already been taken by
the participant to prevent TD, but the participant uses all their professional experience
as context (that is, it is not related to the TD example provided by the participant in
Q13). To answer about monitoring and payment, participants use the example provided
in Q13. They indicate whether this TD item was monitored or not (Q24) and whether
it was paid off or not (QQ26). If monitored or paid, they describe how this happened in
questions Q25 and Q27, respectively. Otherwise, they justify the non-monitoring (Q25)
or non-payment (Q27).

In this dissertation, we only use a subset of questions (marked in bold in Table 3.2)
related to participants characterization (Q1 thru Q8), participants point of view on TD
(Q10, Q13, and Q15), and TD management (Q22 thru Q27).

The following sections (3.3 and 3.4) will explain the data collection and analyses
performed in the InsighTD context.

3.3 DATA COLLECTION

At the time of this writing, the project has concluded data collection for the InsighTD
replications in Brazil, Chile, Colombia, Costa Rica, Serbia, and the United States. The
data collection strategy was to send e-mail invitations for the survey to software practi-

tends to be more difficult and costly to maintain than if it had been implemented good object-oriented
practices).”
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tioners from those countries. The project followed the same strategy in all cases, using
LinkedIn, industry-affiliated member groups, mailing lists, and industry partners as in-
vitation channels. The data-gathering stage was done in 2018 in Brazil and the United
States and 2019-2020 in Chile, Colombia, Costa Rica, and Serbia.

At least three researchers validated all collected answers in each of the six replications.
Two researchers separately validated the answers to Q10, Q13, Q23, Q25, and Q27, and a
third researcher resolved possible disagreements. The determination of a “valid answer”
was based on the following acceptance criteria:

3.4

The participants should consider a TD perspective to answer the questions. In-
sighTD replication teams analyzed the definition of TD described by the partici-
pants in Q10. If the definition was in conformance with the definition of TD used in
the InsighTD project (RIOS et al., 2020), then we moved to the second acceptance
criterion.

The participants should provide a valid example of a TD item. InsighTD replica-
tion teams analyzed the example of TD described by the participants in Q13. If
the example was in conformance with the definition of TD used in the InsighTD
project (RIOS et al., 2020), then InsighTD replication teams concluded that the
participant answered the other surveys questions considering the TD perspective.
For example, answers like “I dont know what TD means” and “Errors that arise
while fixing other issues” were discarded because they do not represent valid TD ex-
amples. On the contrary, answers from participants who provided examples of TD
items like “Tests planned but not executed” and “Hard maintenance and future
change due to poor documentation from the development team” passed to the next
validation step.

The participants should provide valid answers to TD prevention, monitoring, and
payment questions. We analyzed all answers given for Q23, Q25, and Q27 to verify
whether we can identify prevention, monitoring, or payment practices, respectively,
or PARs for TD non-prevention, non-monitoring, or non-payment, respectively. As
we did not find any invalid answers, we concluded that the participants did not
misunderstand this question. For example, we considered the answers given by
a participant who reported that “conduct ongoing code reviews to ensure project
growth is consistent with established quality,” “keep a list of all TD and regularly
determine how to eliminate it,” and “the identified tech debt has been resolved
through updated designs and refactors...” are TD prevention, monitoring, and
payment practices, respectively.

DATA ANALYSES

As shown in Table 3.2, the questionnaire is composed of open and closed questions,
requiring the application of different data analysis strategies.
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3.4.1 Analyzing Answers from Closed Questions

For closed questions, we used descriptive statistics and calculated the share of partic-
ipants choosing each option. These procedures are used in Q1 thru Q8 (characterization
questions), Q15 (the frequency that the TD item occurs in the project), Q22 (whether
the TD item could be avoided or not), Q24 (whether the TD item was monitored or not),
and Q26 (whether the TD item was paid off or not).

3.4.2 Analyzing Answers from Open-ended Questions

To analyze the open-ended questions, we applied qualitative data analysis techniques
(STRAUSS; CORBIN, 1998; SEAMAN, 1999). More specifically, we performed open
coding because we did not provide respondents with a predetermined list of practices
and PARs. As Strauss and Corbin (1998) explained, open coding is the “analytic process
through which concepts are identified, and their properties and dimensions are discovered
in data.” Thus, we identify the concepts, i.e., the central ideas in the data and their
categories and characteristics that are present in the data. The categories are composed

of properties that define the categorys meaning and dimensions, which are variations in
the category (STRAUSS; CORBIN, 1998).

Figure 3.1 summarizes how our analysis process evolved to reveal the dimensions
described above and other complexities of our central concepts. It shows that for TD
prevention, monitoring, and payment practices, and PARs for TD non-prevention, non-
monitoring, and non-payment, we used open coding (STRAUSS; CORBIN, 1998) to
identify the types, natures, and categories of practices and PARs by grouping them
into different properties and dimensions. This allowed us to understand the central
concepts more deeply. Afterward, we discovered the relationships between TD prevention,
monitoring, and payment practices and types of debt and between PARs for TD non-
prevention, non-monitoring, and non-payment and types of debt. The following sections
describe how we analyzed the data, resulting in this set of dimensions and relationships.

Open coding
Identifying categories with different Identifying categories from different
properties and dimensions properties and dimensions
Identifying concepts from the InsighTD Survey
; RQLL, RO2.1, RQL2, RQ22, .
Zf type and RQ3.1 and RQ3.2 S

is of n} TD prevention, monitoring, and PARs for TD non-prevention, non- 4f nature @

- ‘oe\uy payment practices monitoring, and non-payment J\%ng JLUE

e | - B )
Category M N T
5 %o
Identifying relations between / \ Identifying relations between
r

practices and types of debt easons and types of debt
Type of debt Type of debt

Figure 3.1 Schema of research questions and their corresponding findings
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3.4.2.1 Identifying Practices and PARs. In answers given to Q23, Q25, and Q27,
we initially identified the concepts related to TD prevention, monitoring, and payment,
i.e., the practices and PARs for these TD activities, resulting in a set of codes. We divided
those codes into two subsets for each activity based on the answers to Q22, Q24, and Q26
(a yes/no question). If the answer was positive, the code was related to TD prevention,
monitoring, or payment practices, respectively. This set of codes supports responses to
RQ1, RQ1.1, RQ2, RQ2.1, RQ3, and RQ3.1. If the answer was negative, the code was
related to PARs for TD non-prevention, non-monitoring, and non-payment, supporting
responses to RQ1, RQ1.2, RQ2, RQ2.2, RQ3, and RQ3.2. The process was performed
iteratively, revising and unifying codes at each analysis cycle until reaching a state of
saturation, i.e., no new codes were identified. At the end of the analysis, we obtained a
stable list of codes and their citation frequency.

At least three researchers conducted the coding in each of the six InsighTD replica-
tions. Each researcher could assume one of the following roles: (i) code identifier -
the person responsible for extracting the codes from the answers; (ii) code reviewer -
responsible for reviewing all extracted codes; and (iii) referee - responsible for resolving
disagreements in codes identified by the code identifier and code reviewer. We had six
code identifiers, six code reviewers, and six referees. The Brazilian replication team cre-
ated the first codified list of TD prevention, monitoring, and payment practices and PARs
for TD non-prevention, non-monitoring, and non-payment, which was distributed to the
other replication teams to standardize the used nomenclature. The Brazilian replication
team verified the consistency.

Code unification required some effort. To exemplify the process, let us consider the
following answers given by three practitioners in Q23 when Q22 had a positive answer:
“more structured requirements...” and “better product functional needs forecasting...” As
these answers are associated with improvements in requirements, they were unified under
the preventive practice well-defined requirements. Other participants cited the following
explanation for TD non-monitoring in Q25 (when 24 received a negative answer): “due
to tight deadlines,” “lack of time,” and “the project timeline didn’t allow it.” The initially
extracted PARs were tight deadlines, lack of time, and insufficient timeline, respectively.
Then, as these PARs had different nomenclature but shared a common meaning, we
unified them as lack of time. Regarding TD payment, participants cited the following TD
practices in Q27 (when Q26 had a negative answer): “to make it solid and defect-free
system” and “(...) corrective maintenance of artifacts.” The initially extracted codes were
to make defect-free system and corrective maintenance of artifacts, respectively. Then, as
these codes had different nomenclature but shared a common meaning, we unified them
as bug fixing.

3.4.2.2 Delving into the Practice Concepts. After identifying the TD prevention,
monitoring, and payment practices, we analyzed them to better understand the concepts
complexities. The data revealed several dimensions related to the concept of TD preven-
tion, monitoring, and payment practices, resulting in the following groupings:

o Types of practices. The data showed that several fundamentally different groups
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of responses differed in their role in the software development process. For instance,
some practices can manage TD items directly (action) while others (enabling prac-
tices) can support these activities by creating a favorable scenario for future TD
management or being practices from other TD management activities, such as TD
identification and prioritization. For example, well-defined requirements, tracking
the cost, and code refactoring are prevention, monitoring, and payment actions, re-
spectively, while training, team restructuring, and negotiating a deadline extension
are enabling practices for TD prevention, monitoring, and payment, respectively.
Thus, we followed open coding, grouping the practices into types. The dissertations
author assigned a type for each practice, and an experienced researcher reviewed
this assignment.

Nature of practices. All the practices we discovered are related to either technical
or managerial activities of software development. The difference between these
groups is related to the nature of the practice. The dissertations author identified
each practices nature (technical or managerial), and an experienced author reviewed
this identification.

Categories of practices. We found that many of the codes for practices were
related to each other, so we followed a grouping process to organize them into
categories reflecting the primary concern of each subset. This process also followed
open coding. The dissertations author analyzed each code, comparing its meaning
with that of the other codes. When he identified a relation between them, he
grouped them into a category. To name the categories, we used the list proposed
by Rios et al. (2019), which is presented in Table 3.3. For consistency, once again,
the entire process was reviewed by an experienced researcher.

Table 3.3 Categories adapted from Rios et al. (2019)

Name

Definition

Development issues

Refers to TD elements issues that occur during project development.

External factors

Encompasses TD elements that are external to the development team
and organization.

Infrastructure

Groups TD elements related to tools, technologies, and development
environments.

Internal quality issues

Encompasses TD items related to internal quality issues.

Lack of knowledge

Refers to TD elements related to the teams lack of knowledge to
develop the project.

Methodology Refers to TD elements related to processes and methodologies used
in the development of the project.

Organizational Groups TD elements associated with organizational level.

People Encompasses TD elements directly related to members of software

development teams.

Planning and management

Groups TD elements related to project planning and management.
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3.4.2.3 Delving into PAR Concepts. We also analyzed the dimensions of the PAR
concept, resulting in the following groupings:

o« Types of PARs. The data showed that a PAR can be a decision factor or an
impediment. The former refers to the teams decision not to manage the debt, and
the latter represents situations in which the practitioners could have the intention
of managing the debt, but they would not be able to due to issues that are out
of their control. For example, focusing on short-term goals is a decision factor
for TD non-payment, while lack of time is an impediment. Thus, we followed open
coding, grouping the PARs into types. The dissertations author assigned a type for
each PAR, and an experienced researcher reviewed this assignment.

« Nature of PARs. All the PARs we discovered are related to either technical
or managerial activities of software development. The dissertations author identi-
fied the nature (technical or managerial) of each PAR, and an experienced author
reviewed this identification.

o Categories of PARs. We found that many of the codes for PARs were related
to each other, so we followed a grouping process to organize them into categories
reflecting the primary concern of each subset. This process also followed open
coding. The dissertations author analyzed each code, comparing its meaning with
that of the other codes. When he identified a relation between them, he grouped
them into a category. To name the categories, we used the list proposed by Rios et
al. (2019), which is presented in Table 3.3. For consistency, once again, the entire
process was reviewed by an experienced researcher.

3.4.2.4 Relationships with Types of Debt. We followed the same process per-
formed by Rios et al. (2020) to identify a TD type presented in the TD example given
to Q13. This process uses the definitions of TD types reported by Rios, Mendonga and
Spinola (2018) and the list of TD indicators given by Alves et al. (2016). To illustrate this
process, let us consider the following answer given for Q13: “using an external framework
that took more time and resources where a native framework would have worked better.”
By analyzing this text, we see that the answer describes issues in the architecture, rep-
resenting a scenario of architecture debt. This determination was performed by at least
three researchers in each InsighTD replication. As the respondents used the TD example
provided by them in Q13 as context to answer the questions on TD prevention, monitor-
ing, and payment, we used the TD type identified in Q13 to associate this type with TD
prevention, monitoring, and payment practices and PARs for TD non-prevention, non-
monitoring, and non-payment.

3.5 THREATS TO VALIDITY

There are threats to validity that could affect our work. We used the following catego-
rization of Wohlin et al. (2012) to identify and analyze the threats: (i) construct validity
(threats from this category are related to the design of the experiment or social factors),
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(ii) conclusion validity (this is associated with threats that affect the ability to draw
correct conclusions from the results), (iii) internal validity (threats from this category
are associated with other factors that could affect the results without the researchers
knowledge), and (iv) external validity (this is related to the possibility of generalizing the
results). We tried to remove them when possible or mitigate their effects when removal
was not possible.

e Construct validity. We identified a threat arising from the validity of participants
responses. Participants could answer the survey questions without considering the
context of TD or TD prevention, monitoring, or payment. And as the survey was
performed remotely, it can maximize the effect of this threat. To mitigate it, we
included two acceptance criteria: (i) the example of TD provided by participants in
Q13 must describe an actual TD item, and (ii) the answer given to Q23, Q25, and
Q27 must be associated with practices or PARs for TD prevention, monitoring, and
payment, respectively. Then, a participants answer was considered in our analysis
if the answer fit into these acceptance criteria.

o Conclusion validity. We identified two threats affecting the conclusion validity.
First, a threat is related to the identification of TD type, the coding of practices
and PARs, and the grouping processes used in this study. As the identification
of TD types and the coding process are subjective and subject to inconsistencies,
both processes were performed by three researchers of each replication team play-
ing different roles: identifier, reviewer, and referee. For the grouping process, a
researcher grouped the practices or reasons into types, natures, and categories, and
an experienced researcher reviewed the grouping. Lastly, some of the data may
seem old, but practices and PARs are related to the what and not about how.
For example, the TD payment practice code refactoring (the what) can be done by
several means (the how), such as using external tools to automating refactoring,
or by doing some small changes in the code. Therefore, the practice could remain
updated no matter how it was performed. Similarly, a PAR for TD non-payment,
such as customer decision (the what) can come from multiple sources (the how).

o Internal validity. As the survey questions were answered remotely, the partici-
pants could misunderstand these questions, arising an internal threat which affects
our study. To minimize it, the survey passed through three internal reviews con-
ducted by experienced researchers from the InsighTD project and one external
review conducted by a senior researcher. Afterward, a pilot study was run to assess
the survey questions, structure, and duration. More details on this process are
described in Rios et al. (2020).

o External validity. We reduced this threat by targeting industry practitioners
and seeking to achieve respondent diversity from several countries. Although this
diversity brings a good view of TD prevention, monitoring, and payment and their
practices and PARs, we cannot say how generalizable the results are because we are
not able to estimate the representativeness of our sample given the lack of empirical
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data characterizing the population. However, an argument can be made that the
ecological validity (ANDRADE, 2018) of the work, i.e., the extent to which these
findings approximate other real-world scenarios, is likely to hold in other settings.

3.6 THE INSIGHTD DATA SET

Although researchers from 12 countries participated in the InsighTD project, to date,
the data collection and analysis process has been completed by replication teams from
Brazil, Chile, Colombia, Costa Rica, the United States, and Serbia. In total, we obtained
653 valid (according to the criteria presented in Subsection 3.3) answers, including data
from Brazil (107 answers), Chile (89), Colombia (134), Costa Rica (145), Serbia (79), and
the United States (99). This data helps us understand the state of the practice of TD
prevention (Chapter 4), monitoring (Chapter 5), and payment (Chapter 6).

Figure 3.2 summarizes the participants characterization by country, company and
team size, system size and age, role, level of experience, and process model. Overall, the
collected data includes a wide variety of projects from the software development industry
in Brazil, Chile, Colombia, Costa Rica, Serbia, and the United States, including projects
of different ages, sizes, team sizes, process models, and composed of several participant
roles and levels of experience from organizations of different sizes.

Company size Small (up to 50 employees); 32% Medium-sized (51 to 1000 employees); 39% Large (more than 1000 employess); 29%
21-30 people; 8%
Team size 0-20 peopl
10+ MLOC; 7%
NEEUEIT N ess than 10KLOC; 14% 10-100KLOC; 35% 100KLOC-1MLOC; 30% 1-10MLOC; 14%

More than 10 years; 11%

System age Less than 1 year; 17% 1-2 years; 23% 2-5 years; 34% 5-10 years; 15%
Software architect; 13% Project leader/project manager; 17%
Role
Novice; 2%
Level of experience Beginner; 12% Competent; 34% Proficient; 31% Expert; 21%

Process model Agile; 42% Hybrid; 45% Traditional; 13%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 3.2 Summary of participants characterization

Figure 3.3 shows how participant characteristics are spread among countries. In
each diagram, the possible values for each participant characteristic are shown in the
left, while the countries are presented in the right side. For instance, by considering
the “company size,” we can see that most of the participants worked in medium-sized
companies (40%) and that most of them were from the Costa Rican software industry
(23%). The distribution of each characterization variable is similar from country to
country.
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Figure 3.3 Demographics per country
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3.7 CONCLUDING REMARKS

This chapter presents the research method we followed to investigate the state of the
practice of TD prevention, monitoring, and payment. It also introduces the InsighTD
project, which aims to establish a set of empirical data on the state of TD practice. The
project is the first large-scale study in the TD field, encompassing the causes and effects
of TD in software projects and investigating how software practitioners have managed
the debt in their projects.

Our method allows us to identify the practices used to prevent, monitor, and pay
off debt items and the PARs used to explain the TD non-prevention, non-monitoring,
and non-payment. Besides, the method recognizes that software practitioners have used
distinct types of practices from different natures and categories in their TD prevention,
monitoring, and payment initiatives. The same occurred to PARs. Lastly, the method
can relate the practices and PARs to types of debt, revealing specific practices used to
deal with a specific type of debt or specific PARs used to justify the non-management of
a specific type of debt.

The following chapter presents the results from the InsighTD project on TD preven-
tion.



Chapter

This chapter presents the state of the practice of TD prevention obtained from analyses of the InsighTD

data set.

TECHNICAL DEBT PREVENTION'’S STATE OF
PRACTICE

Technical debt (TD) prevention is one of the critical TD management activities. It
aims to avoid potential TD items (LI; AVGERIOU; LIANG, 2015; RIOS; MENDONCA;
SPINOLA, 2018). For example, software teams can improve their current development
processes to curb the occurrence of specific types of debt (DAVIS, 2013).

Although the technical literature provides evidence on TD prevention (see Chapter 2
for more details), the subject deserves a more comprehensive investigation. After all,
it is fair to expect that TD prevention can sometimes be cheaper than its repayment.
Moreover, prevention may also help other TD management activities. For example,
setting up prevention practices helps catch inexperienced developers not-so-good solu-
tions (YLI-HUUMO; MAGLYAS; SMOLANDER, 2016). Further, having information on
TD prevention practices can guide software practitioners in choosing practices that could
be used in their projects, learning from the experience of practitioners who have applied
these practices.

However, TD prevention initiatives require more than awareness about TD prevention
practices. In general, software teams need the support of their organization to spend effort
on preventive activities in their projects. Without managerial and organizational support,
a TD prevention initiative may fail to enact its practices, even when the development
team is aware of them. It is crucial to recognize the factors that can hinder the execution
of TD prevention activities and define strategies to minimize their effects.

This chapter aims to investigate, from the point of view of software development prac-
titioners, which practices can be used to prevent TD items and what Practice avoidance
reasons (PARs) would justify the non-prevention of these items. To achieve this goal,
we define RQ1: How could software development teams avoid technical debt
items on their projects? And its sub-questions: RQ1.1: What are the leading preven-
tion practices that can be used to prevent TD? and RQ1.2: What are the leading practice

45
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avoidance reasons (PARs) considered by software practitioners for TD non-prevention?
To answer these RQs, we use and analyze the InsighTD data set, as described in Chap-
ter 3.

This chapter is based on the following papers: (i) Actions and Impediments for Tech-
nical Debt Prevention: Results from a Global Family of Industrial Surveys (FREIRE et
al., 2020c) and (ii) A Comprehensive View on TD Prevention Practices and Reasons for
not Prevent It (FREIRE et al., 2023b).

The main contributions of this chapter are:

o An up-to-date, comprehensive list of practices related to TD prevention ranked by
the number of their citation by software practitioners.

o An up-to-date, comprehensive list of PARs ranked by the number of their citation
by software practitioners.

o A categorization of TD practices and PARs with respect to their relationship to
software planning, development, management, and methodology issues.

o A definition of types of practices and types of PARs in TD prevention initiatives.

o A definition of the nature of practices and nature of PARs with respect to technical
and managerial activities.

o The relationships between types of debt and practices, and types of debt and PARs.

e A comparison of practices and PARs found in this study to those reported in the
technical literature.

Next, Section 4.1 presents the perception of software practitioners on TD prevention.
Section 4.2 discusses the results and compares them with those reported by related work.
And Section 4.3 offers the concluding remarks of this chapter.

4.1 PERCEPTION OF INSIGHTD’S PRACTITIONERS ON TD PREVENTION

This section presents our findings from the InsighTD data set analyses concerning
TD prevention (answers given to questions Q22 and Q23 of the InsighTD questionnaire).
We organize these findings per RQ.

4.1.1 RQ1l.1: What are the Leading Prevention Practices that can be used to
prevent TD?

In Q22, ~91% of the participants indicated that the TD item described by them in
Q13 could be prevented, and ~92% of those described in Q23 how TD could be prevented.
For answering RQ1 and its sub-questions, we used this subset of responses, comprised of
546 answers.

We found 89 prevention-related practices that could be used to curb the presence
of TD. Table 4.1 presents the 10 most commonly cited. Appendix Table B.1 presents



4.1 PERCEPTION OF INSIGHTD’S PRACTITIONERS ON TD PREVENTION 47

the identified prevention-related practices and quotes from participants. Table 4.1 re-
ports the prevention-related practice name and the total number (i.e., count) of
citations (#CP), i.e., the number of projects in which the practice could be used (since
each response corresponded to one particular project). The column %PP presents the
percentage of #CP in relation to the total of projects (546) that cited at least one preven-
tive practice. It reveals how frequently each preventive practice could be used in software
projects. Well-defined requirements is the most cited prevention-related practice, followed
by the adoption of good programming practices, better project management, and training.

Table 4.1 Top 10 TD prevention-related practices

NO Prevention-related Practice #CP %PP
1st Well-defined requirements 57 10%
2nd Adoption of good programming practices 49 9%
3rd Better project management 43 8%
4th Training 36 ™%
5th Following the project planning 34 6%
6th Improving software development process 33 6%
Tth Improve documentation 26 5%
8th Using good design practices 26 5%
9th Well planned deadlines 26 5%
10th Better project planning 24 5%
Caption:

#CP - Count of prevention practices.
%PP - Percentage of CP in relation to the total of all projects (546).

In the context of this work, well-defined requirements is related to a good definition
of the project requirements, ensuring a better understanding of the functionalities that
will be developed, as described in the quote extracted from the participants answers:
“more structured requirements...” and “better product functional needs forecasting.”
The adoption of good programming practices practice means the use of practices that
guarantee code with higher quality, as described as follows: “don’t let a developer write
one thing in a different language than the rest of your project” and “better code quality
following design principles and patterns.”

Better project management practice is related to the activities the management team
performs, for example, “better project management” and “better organization by manage-
ment team.” The training practice indicates that the development team could be trained
in the technologies used in the project, or training could be offered to level the team,
as indicated in the following answers: “keeping the team updated on good development
practices” and “considering the study of the technologies used in the project.”

Following the project planning practice indicates that the planning of project activities
can prevent the occurrence of TD items, as we can observe in “following the plan that has
been defined...” The improving software development process practice means that software
teams can apply improvements on their development process to prevent TD items, as we
can see in “better collaborative processes that also incrementally address quality...” and
“use a shorter and iterative development cycle where milestones are clearly laid out and
are achievable in a viable time frame.”
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The practices improve documentation, using good design practices, well planned dead-
lines, and better project planning were cited by 5% of the participants. The improve
documentation practice indicates that the debt can be prevented when the software team
makes the documentation available and updated, as described as follows: “keeping thor-
ough documentation and making it readily available to everyone” and “spend more time
on documenting.”

The using good design practices practice is related to using practices to guarantee
design quality, for example, “by spending more time on design and creating specification”
and “good analysis and design must be carried out.” The well planned deadlines practice
means that the team needs to understand the activities that will be done to estimate the
time required by the team, as we can observe in: “adequate time given to developers to
READ and UNDERSTAND said requirements” and “more time to complete task proper
way.” Lastly, the better project planning practice indicates improving the planning of
the project considering the estimation of each activity, for example, “planning instead of
imagining...” and “better planning and estimates.”

By analyzing the top ten preventive practices, we realized that practices were used to
prevent TD items (e.g., well-defined requirements practice) or support the TD prevention
activity (e.g., training practice). Thus, we identified one dimension for TD prevention
practices, named type, having two values:

o Preventive action: refers to practices that directly allow the prevention of TD
items. For example, well-defined requirements, adoption of good programming prac-
tices, and better project management.

« Enabling TD prevention: refers to practices that increase the ability of the team
to prevent TD items, such as training, technical support, and being committed.

Table 4.2 presents the identified types of prevention practices, reporting the types
name, the number of unique prevention practices (#P), and the total number (i.e.,
count) of prevention practices (#CP) cited in each type. #CP also indicates the num-
ber of projects that could use that preventive practice in each prevention practice type.
Column %PP corresponds to the percentage of #CP about the total of all projects, in-
dicating how frequently each prevention practice type could be used in software projects.
Appendix Table B.2 presents, for each type, the prevention-related practices ranked by
number of citations.

Table 4.2 Types of TD prevention-related practices

Type of prevention-related practice #P #CP %PP
Preventive action 46 517 95%
Enabling TD prevention 44 303 55%
Caption:

#P - Count of unique cited prevention-related practices.
#CP - Count of prevention-related practices.
%PP - Percentage of CP in relation to the total of all projects (546).
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Although we have identified almost the same quantity of preventive practices in each
type, the number of citations (#CP) and frequency of use (%PP) are quite different.
While preventive actions were more cited and could be used in almost all projects, en-
abling TD prevention could be used in just over half of the projects.

Regarding the dimension nature (technical or managerial), among the top 10 cited
TD prevention-related practices, the technical subset comprises well-defined require-
ments, adoption of good programming practices, training, improve documentation, and
using good design practices, representing 36% of all projects (column %PP at Table
4.1). The managerial subset is composed of better project management, following the
project planning, improving software development process, well planned deadlines, and
better project planning, representing 29% of all projects (column %PP at Table 4.1). Ap-
pendix Table B.3 presents the TD prevention-related practices of each nature ranked by
number of citations.

Table 4.3 presents the relation between the types and natures of all TD prevention-
related practices. Most prevention actions are technical, while most enabling TD preven-
tion practices are managerial.

Table 4.3 Relation between type and nature of prevention-related practices

Nature of prevention-related practice

Type of prevention-related practice

Technical Managerial
Prevention action 33 (39%)* 10 (24%)
Enabling TD prevention 12 (9%) 34 (28%)
Total 15 (43%) 14 (52%)

*The number in parentheses represents the percentage of the total number (i.e., count) of prevention-
related practices cited in each nature in relation to the total of all cited practices (820).

Another dimension, named category, is used to divide the practices into groups
representing software development concerns. As a result, this dimension has the following
values:

« Development issues: groups nine practices associated with software development
activities, such as adoption of good programming practices, appropriate reusing of
code, and considering technical constraints.

o Infrastructure: encompasses two practices (organizing code repository and use
the most appropriate version of the technology) associated with tools, technologies,
and development infrastructure.

o Internal quality issues: brings together six practices that can be employed to
address limitations that compromise the internal quality of the software. For exam-
ple, improving the maintainability of the project, refactoring, and using good design
practices.

o« Methodology: refers to practices related to the process followed by the team.
This category has 28 practices, such as improving software development process,
improve documentation, and creating tests.
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e Organizational: groups ten practices associated with organizational decisions.
For example, better understanding of development process by businesses, contracting
a domain expert to architect the project, and technical support.

o People: includes nine practices related to team characteristics. Technical knowl-
edge, organized team, and discipline are examples of practices composing this cat-

egory.

« Planning and management: encompasses 25 practices related to managerial
activities. For example, better project management, following the project planning,
and allocation of qualified professionals.

Table 4.4 presents the categories of prevention practices, reporting the categorys
name, the number of unique practices cited (#P), and the total number (i.e., count)
of practices (#CP) cited in each category. #CP also indicates the number of projects
that could use a practice in each category. Lastly, the column %PP corresponds to the
percentage of #CP in relation to the total of all projects. Appendix Table B.4 presents,
for each category, the TD prevention-related practices ranked by number of citations.

Table 4.4 Categories of prevention-related practices

Category of prevention-related practices #P #CP %PP
Planning and management 25 287 53%
Methodology 28 214 39%
Internal quality issues 6 122 22%
Development issues 9 87 16%
Organizational 10 56 10%
People 9 46 8%
Infrastructure 2 8 1%
Caption:

#P - Count of unique cited prevention practices.
#CP - Count of prevention practices.
%PP - Percentage of CP in relation to the total of all projects (546).

The planning and management category has the greatest number of practices, followed
by methodology. This result indicates that managerial and methodological practices are
crucial for TD prevention. Other categories that catch our eye are internal quality issues
and development issues. Their practices could be used by 22% and 16% of the projects.
This result indicates that practices related to the quality of the system and the code
implemented by the team also matter for TD prevention.

4.1.1.1 TD Prevention Practice per Type of Debt. Figure 4.1 presents the
relationship among the types of debt and the top ten TD prevention-related practices
in percentages, while Figure 4.2 shows the absolute values of these relationships, i.e., the
quantity of times that each relationship was found. All practices from the top ten could
be applied to avoid code, design, requirements, and test debt items. For architecture
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and documentation debt items, only the practices better project planning and improving
software development process could not be applied, respectively. The practices better
project planning, improve documentation, using good design practices, and well-defined
requirements could not be applied to preventing defect debt items. We only found five
practices that could be applied to prevent infrastructure and people debt items, while
people and service debt items could be prevented by applying four practices. Lastly,
automation test, usability, and versioning debt items could be prevented using three
practices.

TD PREVENTION-RELATED PRACTICE

ARCHITECTURE
AUTOMATION TEST 33% 33%
CODE
DEFECT
DESIGN
= DOCUMENTATION 10% 10% 12% 27% 10% 5% 7% 10%
§ INFRASTRUCTURE
g PEOPLE
F PROCESS 20% 13% 7% 20% 40%
REQUIREMENTS 7% 9% 5% 2% 5% 5% 5% 7% 42%
SERVICE 25% 25% 25% 25%
TEST 12% 21% 7% 6% 15% 10% 9% 7% 3%
USABILITY EEY 33% 33%
VERSIONING EEY 33% 33%
m Adoption of good programming practices M Better project management W Better project planning
Following the project planning W Improve documentation M Improving software development process
W Training W Using good design practices ® Well planned deadlines

m Well-defined requirement

Figure 4.1 Relationship among types of debt and the top 10 TD prevention-related practices
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By analyzing Figure 4.3, we can see that practitioners could use practices to prevent
all but build debt items. At the same time, practices to enable TD prevention could be
used to prevent all but usability debt items. The number of times that each relationship
occurred is shown in Figure 4.4.

TYPE OF PREVENTION-RELATED PRACTICE
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Figure 4.3 Relationship among types of debt and the types of TD prevention-related practices
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Lastly, we investigated the relationship between types of TD and the categories of
TD prevention-related practices. Figure 4.5 shows this relationship, indicating planning
and management category encompasses practices that could be used to avoid all types
of debt. Practices from the category methodology could be used to avoid all but build
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debt items. Automation test, build, and versioning debt items could not be prevented by
practices from the internal quality issues category. And practices from the organizational
category could not be applied to prevent infrastructure, people, and usability debt items.
Figure 4.6 shows the number of times of each relationships was found.

CATEGORY OF PREVENTION-RELATED PRACTICE

ARCHITECTURE 11% 5% 18% 7% 5% %
AUTOMATION TEST
BUILD 50% 50%
CODE
DEFECT 23% 9% 0%
DESIGN PES 5% 1% 37%
& DOCUMENTATION 26% 6% 8% 40%
© INFRASTRUCTURE 15% 10% 45%
S PEOPLE 20% 0%
= PROCESS 19% 8% 11%
REQUIREMENTS 22% 4% 10% %
SERVICE
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Figure 4.5 Relationship among types of debt and categories of TD prevention-related practices
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4.1.2 RQ1.2: What are the Leading Practice Avoidance Reasons (PARs) consid-
ered by Software Practitioners for TD Non-prevention?

In total, 9% of the participants indicated that the TD item described in Q13 could not
be prevented and ~80% of those explained in Q23 why the TD could not be prevented.
For answering RQ2 and its sub-questions, we used this subset of responses, composed of
49 answers.
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We found 23 PARs that software practitioners could use to explain the TD non-
prevention. Table 4.5 presents the ten most commonly cited. All the identified PARs
and quotes from participants are available in Appendix Table B.5. Table 4.5 reports the
PAR name and the total number (i.e., count) of citations (#CPAR), i.e., the number of
projects in which the PAR could be considered (since each response corresponded to one
particular project). The column %PARP presents the percentage of #CPAR in relation
to the total of projects (49) that cited at least one PAR. It reveals how frequently each
PAR could be considered in software projects. Short deadline was the most cited PAR,
followed by ineffective management, lack of predictability in the software development,
and requirements change.

The short deadline PAR refers to software teams that do not have time to prevent TD
items, as described in the quote extracted from the participants answers: “because we
always need to make trade-offs due to time pressure” and “a lot of the TD Ive encountered
will not be solved because it’s a symptom of market forces. There will always be a rush to
get a product out.” The ineffective management PAR is related to a lack of managerial
activities that can support the TD preventive initiatives that could be performed by
software teams, as described as follows: “management and process were not mature
enough to prevent TD” and “there are demands that arise and must be resolved promptly.”

Table 4.5 Top 10 practice avoidance reasons (PARs) for TD non-prevention

NO Practice avoidance reason (PAR) #CPAR %PARP
1st Short deadline 14 29%
2nd Ineffective management 7 14%
3rd Lack of predictability in the software development 5 10%
4th Requirements change 5 10%
5th Pressure for results 4 8%
6th Lack of technical knowledge 3 6%
7th Documentation issues (lack of or non-updated) 2 4%
8th Lack of concern about maintainability 2 4%
9th Lack of good technical solutions 2 4%
10th Lack of process maturity 2 4%
Caption:

#CPAR - Count of practice avoidance reasons for TD non-prevention.
J%PARP - Percentage of CPAR in relation to the total of all projects (49).

The lack of predictability in the software development PAR refers to the difficulty
in knowing if the software under development will support the functionalities requested
by the stakeholders, for example, “no large project ever has the foresight to account
for every scenario” and “it’s difficult to see into the future to know what it will take
to develop software. Sometimes newly added requirements or specs can change what is
expected out of a class which outdates its ability to function properly.” The requirements
change PAR indicates that changing in requirements can result in refactoring in the code
or reducing its maintainability, as we can observe in “requirements are always going to
change during development...” and “because when the client asks for features abruptly,
no matter how generalized the architecture is towards the problem, with an outlier there
may be, that can mean a refactor of the code, and that could dirty the code, reducing its
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maintainability.”

The pressure for results PAR means that software teams cannot prevent TD items be-
cause it does not have an appropriate scenario due to pressure for results, as indicated in
“no, because the pressure of business and priorities simply disrupts the rigorous technical
work” and “the pressure for results and compliance schedules (which are always required
in terms of monetary benefit), mean that there is technical debt practically from day one
of the project.” The lack of technical knowledge PAR refers to the need to increase the
technical knowledge of the software team to avoid the debt, as described in “the solu-
tion adopted was one of the best considering the restrictions of available infrastructure,
deadline and technical knowledge” and “I believe that it would not be possible to avoid
this TD, as the main cause is the lack of knowledge of ReactJS. Also, the type of knowl-
edge needed is awfully specific and not something you can get through documentation
or courses. It is necessary to use ReactJS in practice to solve real problems to under-
stand what the limitations/difficulties of native state control are, and only then look for
alternatives.”

The documentation issues (lack of or non-updated) PAR is related to insufficient or
outdated software documentation limiting the performance of software teams activities,
for example, “when youre building on a platform that does not have sufficient documen-
tation, you may not know how your code will work with the limits until a prototype is
tested” and “documentation for the customer must always be up to date.” The lack of
concern about maintainability PAR refers to the lack of concern for software maintenance,
as we can observe in “maintainability is seldom a developer’s concern.” The lack of good
technical solutions PAR is related to the lack of good solutions that could be chosen by
the software team, for example, “at the time the decision was made, we investigated all
possible solutions and came up with the least bad solution.” The lack of process matu-
rity PAR means that process followed by the team is not enough to curb TD items, as
indicated in “management and process were not mature enough to prevent TD.”

Analyzing the top ten PARs, we noticed that the PARs have distinct types. For
example, the PARs short deadline, pressure for results, lack of technical knowledge, and
lack of good technical solutions are PARs out of the teams control (an impediment). On
the other side, ineffective management, lack of predictability in the software development,
requirements change, documentation issues (lack of or non-updated), lack of concern about
maintainability, and lack of process maturity are decision factors considered by the team
for TD non-prevention. Therefore, the type dimension for PARs groups reasons for TD
non-prevention that are a teams decision or are out of the teams control and has the
following values: impediment and decision factor.

Table 4.6 presents the identified types of PARs, reporting the types name, the
number of unique PARs for TD non-prevention cited (#PAR), and the total number
(i.e., count) of PARs (#CPAR) cited in each type. #CPAR also indicates the number of
projects that considered that PAR for justifying the non-prevention of TD items in each
PAR type. Column %PARP corresponds to the percentage of #CPAR in relation to the
total of all projects, indicating how frequently each PAR type was considered in software
projects. Appendix Table B.6 presents, for each type, the PARs for TD non-prevention
ranked by number of citations.
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Table 4.6 Types of PAR for TD non-prevention

Type of PAR for TD non-prevention #PAR #CPAR %PARP

Decision factor 10 27 55%
Impediment 13 34 69%
Caption:

#PAR - Count of unique cited PAR for TD non-prevention.
#CPAR - Count of practice avoidance reasons for TD non-prevention.
%PARP - Percentage of CPAR in relation to the total of all projects (49).

We found almost the same quantity of PAR in each type, but the quantity of citations
differs among them. Impediments are the most common PAR type for explaining TD
non-prevention and can be considered in 69% of the projects. Decision factors, in turn,
can be considered in 55% of the projects.

Regarding the dimension nature (technical or managerial), considering only the top
10 cited PARs, the managerial subset is composed of short deadline, ineffective manage-
ment, lack of predictability in the software development, pressure for results, lack of con-
cern about maintainability, and lack of process maturity, representing 69% of all projects
(column %PARP at Table 4.5). The technical subset is composed of requirements
change, lack of technical knowledge, documentation issues (lack of or non-updated), and
lack of good technical solutions, representing 24% of all projects (column %PARP at Ta-
ble 4.5). Appendix Table B.7 presents, for each nature, the PARs for TD non-prevention
ranked by number of citations.

Table 4.7 presents the relation between the types and natures of all PARs for TD
non-prevention. We have 13 managerial PARs, representing 69% of the total number
of citations, and 10 technical PARs, corresponding to 31% of the total number of cita-
tions. This result clearly indicates that managerial issues are decisive in improving TD
prevention initiatives.

Table 4.7 Relation between type and nature of PARs for TD non-prevention

Type of PARs for TD non-prevention Nature of PAR for TD non-prevention

Technical Managerial
Decision factor 4 (15%)* 6 (30%)
Impediment 6 (16%) 7 (39%)
Total 10 (31%) 13 (69%)

*The number in parentheses represents the percentage of the total number (i.e., count) of PARs cited in
each nature in relation to the total of all cited PARs.

Regarding the category dimension, we divided the PARs into the following categories:

o Development issues: groups PARs related to software development activities.
This category is composed of five PARs, like lack of good technical solutions, legacy
system difficult to heal, and requirements change.

« External factors: encompasses three PARs associated with factors that software
teams cannot control. Differences among stakeholders, not sure if client will accept
it, and pressure for results are the PARs in this category.
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o Lack of knowledge: includes PARs related to the need for technical knowledge.
This category is composed of two PARs (lack of information and lack of technical
knowledge).

o« Methodology: refers to PARs associated with the process followed by the team.
Development teams interdependency, documentation issues (lack of or non-updated),
lack of predictability in the software development, and lack of process maturity are
the PARs in this category.

e Organizational: groups PARs related to organizational decisions. This category
has three PARs: lack of financial resources, lack of qualified professionals, and
restrictions on available infrastructure.

o People: includes PARs associated with team characteristics. Lack of experience
and people issues are the PARs in this category.

o Planning and management: has PARs associated with managerial activities.
This category includes four PARs: debt close to the project end, ineffective man-
agement, lack of concern about maintainability, and short deadline.

Table 4.8 presents the categories of PARs for TD non-prevention, reporting the cat-
egorys name, the number of unique PARs cited (#PAR), and the total number (i.e.,
count) of PARs (#CPAR) cited in each category. #CPAR also indicates the number
of projects that considered a PAR for explaining the non-prevention of TD items in each
category. Lastly, the column %PARP corresponds to the percentage of #CPAR in re-
lation to the total of all projects. Appendix Table B.8 presents, for each category, the
PARs for TD non-prevention ranked by number of citations.

Table 4.8 Categories of PARs for TD non-prevention

Category of PARs for TD non-prevention #PAR #CPAR %PARP
Planning and management 4 24 49%
Development issues 5 11 22%
Methodology 4 10 20%
External factors 3 6 12%
Lack of knowledge 2 4 8%
Organizational 3 4 8%
People 2 2 4%
Caption:

#PAR - Count of unique cited PAR for TD non-prevention.
#CPAR - Count of PARs for TD non-prevention.
%PARP - Percentage of CPAR in relation to the total of all projects (49).

The planning and management category has the greatest number of PARs, followed
by development issues and methodology. One can expect that development issues are
decisive for TD non-prevention, this category impacted 22% of the projects. However,
the categories planning and management and methodology impacted 49% and 20% of
the projects, respectively. The data indicates that software teams should pay close at-
tention to planning, management, and methodology issues when concerned about TD
non-prevention.
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4.1.2.1 PAR for TD Non-prevention per Type of Debt. Figure 4.7 presents
the relationship among the types of debt and the top ten PARs, while Figure 4.8 shows
the number of times that each relationship occurred. The PAR short deadline could be
considered to explain the non-prevention of all types of debt, revealing that software
teams can facilitate their prevention activities by improving their planning. We can
observe that the PARs ineffective management, requirements change, and pressure for
results could be considered to justify the non-prevention of code and design debt items.
As code and design debt items share almost the same PARs, software practitioners can
define integrated strategies to prevent these TD types.

PRACTICE AVOIDANCE REASON FOR TD NON-PREVENTION

ARCHITECTURE 25% 13% 13% 25% 13% 13%

BUILD 67% 33%
CODE 29% 14% 14% 14% 14%
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Figure 4.7 Relationship among types of debt and the top 10 PARs for TD non-prevention -
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Figure 4.9 shows the relationship between types of debt and types of PARs. We can
see that architecture, design, infrastructure, and process debt items are not prevented
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due to impediments, while documentation, requirements, and test debt items are not
avoided due to decision factors. This indicates that all stakeholders (team, organization,
and customer) need to change their mindset regarding the importance of preventing TD.
Figure 4.10 shows the number of times that each relationship occurred.
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Figure 4.11 shows the relationship among the types of debt and categories of PARs,
indicating how frequently PARs from these categories are considered to explain the non-
prevention of each type of debt. Planning and management category encompasses the
PARs of all but process debt items. PARs from the development issues category is most
commonly considered to justify the non-prevention of requirements and infrastructure
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debt items, while process debt items are not avoided due to PARs from the external
factors and organizational categories. Lastly, people debt items are not prevented due to
PARs from the methodology category. Figure 4.12 shows the number of times that each
relationship was found.

CATEGORY OF PRACTICE AVOIDANCE REASON FOR TD NON-PREVENTION
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Figure 4.11 Relationship among types of debt and categories of PARs for TD non-prevention
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4.2 DISCUSSION

In this section, we answer RQ1 and compare the findings with those reported in the
related work.
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4.2.1 Answering Research Question 1

We identified 89 prevention-related practices reported by practitioners (RQ1.1). The
practices well-defined requirements, adoption of good programming practices, and better
project management were the most cited, indicating that improvements applied to soft-
ware requirements, code, and management are necessary to increase the teams ability to
avoid debt items. Also, we found that the practices can directly prevent debt items (pre-
vention actions) or support TD prevention initiatives (enabling practices). We categorized
all practices into seven categories related to software development concerns. The cate-
gories planning and management and methodology stand out, encompassing the greatest
number of prevention-related practices. Lastly, practices from planning and management
category can be used to prevent all analyzed types, indicating that investing effort in per-
forming its practices can be a good starting point to improve TD prevention initiatives.

Regarding PARs for TD non-prevention (RQ1.2), we found 23 of them. Short dead-
line, ineffective management, lack of predictability in the software development, and re-
quirements change were the most cited. We realize that PARs can be either an external
factor outside the control of the team (an impediment) or a decision of the team itself (a
decision factor), revealing that the non-prevention of TD can be a decision of the team
or some external factor affecting the project, such as the organization or the customer,
among others.

All PARs were grouped into seven categories. The categories planning and manage-
ment, development issues, and methodology have the largest number of PARs. It reveals
that decisions taken in software development and methodology and at the managerial
level are decisive for TD prevention. Lastly, we found that the planning and manage-
ment category encompasses the PARs that can explain the non-prevention of almost all
investigated types of debt.

4.2.2 Comparison to Related Work

This section presents a comparison between our findings with the ones reported in
related work. The comparison was performed on two levels: practices and categories of
practices.

The practices for enabling TD prevention were found both in our work and in
at least some other past studies are adequate technical management, appropriate tasks
allocation, good communication between stakeholders, implementation of a TD identifi-
cation strategy, implementation of a TD management strategy, implementation of a TD
payment strategy, improve schedule to include tests and bug fizing, prioritization of TD
payment, training, using agile practices, well-defined effort estimation methods, and well-
defined metrics. The TD prevention actions reported in our study and past work
are adoption of good programming practices, code review, continuous integration, creating
tests, following well-defined project process, improve documentation, improve requirements
elicitation, improving software development process, improving tests, prioritization of test
and documentation, refactoring, requirement validation, requirements changes tracking,
use the most appropriate version of the technology, using good design practices, and well-
defined requirements.
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Regarding the distinctions, we identified that related work mainly found practices
used to improve the definition of done and guarantee the continuous improvement, i.e.,
practices more related to process followed by the team. On the other hand, we found
more practices associated with managerial and technical aspects.

Figure 4.13 shows the distinctions and overlaps between our works unique TD prevention-
related practices and the related work. The complete comparison is available in Appendix

Table B.9.

Related work  Our work

12 [ 28 61

Figure 4.13 Number of unique TD prevention-related practices found in our work and the
related work

Table 4.9 presents the comparison between the categories we identified in our work
and the categories reported by Li, Avgeriou and Liang (2015) and Bonfim and Benitti
(2022). The comparison result is marked as none, partial (indicating that our work has
practices that are not considered in the related work and vice-versa), or total (meaning
that all practices from a category identified in our work are considered in the related
work). We can notice that we confirmed the categories development issues, methodology,
people, and planning and management. The other categories (infrastructure, internal
quality issues, and organizational) were only identified in our work.

Table 4.9 Comparison of related work on categories of TD prevention-related practices

Categories from Overlapping
Our study (LI; AVGERIOU; LIANG, 2015) (BONFIM; BENITTI, 2022) degree
Development issues Architecture decision making - Partial
support
Infrastructure - - None
Internal quality issues - - None
Development process Supporting the implementation Partial
Methodology improvement of rcquiron.lonts spc.ciﬁcation . .
Implementing requirements vali- Partial
dation
- Meeting requirements elicitation Partial
- Helping requirements analysis Partial
Organizational - - None
People Human factors analysis - Total
Planning and manage- Lifecycle cost planning Assisting in requirements man- Partial
ment agement

In summary, our findings on TD prevention-related practices and their categories
complement and extend the set of information already reported in the technical literature.



4.3 CONCLUDING REMARKS 63

4.3 CONCLUDING REMARKS

This chapter reported the software practitioners perceptions of TD prevention, dis-
cussing the practices cited for avoiding TD items and the PARs mentioned for explaining
TD non-prevention. It identified distinct types of practices and PARs, revealing how the
practices can be used in TD prevention initiatives and the source of PARs that can sup-
port software practitioners in improving these initiatives. Relationships between practices
and TD types, and PARs and TD types were also investigated, helping to know specified
practices or PARs to specific types of debt. Threats to validity were previously discussed
in Chapter 3.

The following chapter presents the state of TD monitoring practice based on the
analyses of the InsighTD data set.
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This chapter presents the state of the practice of TD monitoring obtained from analyses of the InsighTD

data set.

TECHNICAL DEBT MONITORING’S STATE OF
PRACTICE

Technical debt (TD) monitoring is a central activity that allows software teams to track
unresolved debt items, identifying changes in their cost and benefit during the project life
cycle (RIOS; MENDONCA; SPINOLA, 2018). For example, practitioners can continu-
ously compare the actual costs of a debt item with the current benefits of its presence by
using a cost/benefit analysis (AMPATZOGLOU et al., 2015).

Despite current research efforts on the topic, the discussion around TD monitoring
deserves a more comprehensive investigation. The main reason is that TD monitoring
is crucial in preventing TD from spreading through the project, leading to increased
development costs or, in some extreme cases, project termination (RIOS et al., 2020).
This is because the software development process is a chain of related activities and
decisions, where one activity relies on the artifacts produced by others. If the artifact
produced has TD, it is passed on to all activities that depend on it (MANDIC et al.,
2021). Thus, it is essential to continuously evaluate whether the costs of TD overcome
its benefits and to act accordingly.

Furthermore, we know that many factors lead to situations favorable for injecting
TD during the software development and maintenance process, e.g., factors like time
pressure, lack of knowledge, etc. (MANDIC et al., 2021; RAMAC et al., 2022a). Factors
can be associated with distinct aspects of an organization, as well as factors that are
external to the organization. Therefore, to gain insights into TD monitoring practices
and monitoring avoidance reasons, we also need to look at the associated contexts of
the practices. For example, infrastructure, people, processes, or external factors can be
context.

This chapter aims to investigate, from the point of view of software development prac-
tittoners, which practices can be used to monitor TD items and what Practice avoidance
reasons (PARs) would justify the non-monitoring of these items. To achieve this goal,

65
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we define the RQ2: How have software development teams monitored technical
debt items on their projects? And its sub-questions: RQ2.1: What are the lead-
ing practices for monitoring TD items in software projects? And RQ2.2: What are the
leading practice avoidance reasons (PARs) to explain the non-monitoring of TD items?
To answer these RQs, we use and analyze the InsighTD data set (as described in Chap-
ter 3). This chapter is based on the paper: Hearing the Voice of Software Practitioners
on Technical Debt Monitoring: Understanding Monitoring Practices and the Practices
Avoidance Reasons (FREIRE et al., 2022).
The main contributions of this Chapter are:

o An up-to-date, comprehensive list of practices related to TD monitoring ranked by
the number of citations by software practitioners.

e An up-to-date, comprehensive list of PARs ranked by the number of their citation
by software practitioners.

o A categorization of TD monitoring and PARs concerning their relationship to soft-
ware planning, development, management, and methodology issues.

o A definition of types of practices and PARs about these contributions in TD mon-
itoring initiatives.

o A definition of the nature of practices and PARs concerning technical and manage-
rial activities.

o The relationships between types of debt and practices, and types of debt and PARs.

o A comparison of practices and PARs found in this study to those reported in the
technical literature.

Section 5.1 presents the perception of software practitioners on TD monitoring. Sec-
tion 5.2 discusses the results and compares them with those reported by related work.
Lastly, Section 5.3 offers the concluding remarks.

5.1 PERCEPTION OF INSIGHTD’S PRACTITIONERS ON TD MONITORING

This section presents our findings from the InsighTD data set analyses concerning
TD monitoring (answers given to Q24 and Q25). We organize these findings per RQ.

5.1.1 RQ2.1: What are the leading practices for monitoring TD items in software
projects?

In Q24, 53% of the participants indicated that the TD item described in Q13 was
monitored, and 75% of those described how TD was monitored in Q25. For answering
RQ2.1, we used this subset of responses, comprised of 259 answers.

We identified 46 TD monitoring-related practices. Table 5.1 summarizes the ten most
commonly cited ones. Appendix Table C.1 presents the identified monitoring-related
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practices and quotes from participants. Table 5.1 reports the monitoring-related prac-
tice name and the total number (i.e., count) of citations (#CMRP). #CMRP also
indicates the number of projects that used that practice. Column %MRPP presents the
percentage of #CMRP concerning the total of projects, revealing how frequently each
practice was used in software projects. We notice that the T'D item backlog is the most
cited practice and has been used in 13% of the projects, followed by wuse of tools, team
meetings, and improving software development process that has been used in 12%, 9%,
and 8% of the projects, respectively.

Table 5.1 Top 10 cited TD monitoring-related practices

NO TD Monitoring-related practice #CMRP %MRPP
1st TD item backlog 34 13%
2nd Use of tools 31 12%
3rd Team meetings 23 9%
4th Improving software development process 20 8%
5th Refactoring 18 ™%
6th Improving tests 17 ™%
Tth Code review 16 6%
8th Communicating the stakeholders of TD items 16 6%
9th Tracking TD items 12 5%
10th TD management plan 11 4%
Caption:

#CMRP - Count of monitoring-related practices.
%MRPP - Percentage of CMRP in relation to the total of all projects (259).

In the context of this study, T'D item backlog means that software teams have included
TD items in their task list to prioritize those items and define the most appropriate time
for paying them off, as described in the quotes extracted from the answers: “keep a list
of all TD and regularly determine how to eliminate it” and “identified as a task and
placed in the backlog for later prioritization.” The practice use of tools indicates that TD
monitoring activities can be supported by tools to extract metrics from the system, as
indicated in the following answers: “we have to use tool to monitor it, this is an ongoing
process” and “use of tools like SonarQube.” Team meetings means that software teams
have used meetings to track the evolution of the cost and the benefit of TD items over
the project, as can be observed in the following answers from the participants: “regular
meeting, usually weekly held that would track the progress” and “(...) the use of meetings
every day to align the understanding of the development team about the solution that
was being developed (...).” The practice improving software development process refers
to the improvements applied to the process adopted in the project, as we can observe
in “started with a training process, application of agility and the adoption of the best
development practices” and “get started with programming best practices.”

The practices refactoring and improving tests have been used in 7% of the projects,
while code review and communicating the stakeholders of TD items in 6%. Refactoring
means changes in the software to improve its internal quality, as we can notice in “refac-
toring took place before the development of other services took place” and “refactoring
when appropriate and time allowed.” Improving tests refers to applying more tests in the
system or adding other testing activities, as we can observe in “a test plan was made in
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conjunction with the user and they were run again” and “(...) we began to incorporate
more end-to-end tests to gate delivery.” Code review means the checking of source code
for identifying mistakes or improvement points, “every pull request changing the login
page must be looked at by least two architects” and “(...) code reviews done during the
sprint.” Communicating the stakeholders of TD items means that stakeholders are aware
of the TD items existing in the project, as we can observe in “the client is perfectly aware
of it” and “it was monitored in the sense that the team had a shared awareness and
discussed its ongoing impact.”

Lastly, the practices tracking TD items and TD management plan have been used
in 5% and 4% of the projects, respectively. Tracking TD items refer to providing a
view of all TD items existing in the project, as we can notice in “work considered part
of the technical debt was tracked” and “through the task/issue tracking system.” TD
management plan aims to define a plan to deal with TD items, as we can observe in “a
schedule was developed specifically to address the case” and “we were aware of what we
are doing and planned to "pay the debt" later on in maintenance stage of the project.”

Looking at the top ten monitoring practices, we noticed that T'D item backlog, team
meetings, communicating the stakeholders of TD items, and tracking TD items are prac-
tices that allow the direct monitoring of TD items. In contrast, others provide distinct
types of support to TD monitoring initiatives. Thus, we identify one dimension of TD
monitoring practices, type, having the following values:

e Monitoring action: refers to practices directly related to TD monitoring, such
as TD item backlog, communicating the stakeholders of TD items, and tracking TD
items.

o Enabling TD monitoring: includes practices that improve the capacity of devel-
opment teams to monitor debt items. Among them, we have use of tools, improving
software development process, and assign team for TD monitoring.

« TD prevention: refers to practices intended to avoid potential TD items from
being incurred. Some examples are improving tests, code review, and qualified pro-
fessionals.

o TD identification: groups practices that support the identification of TD items
in the project. Only identifying TD items and use metrics for TD identification
have this type.

« TD payment: includes practices for repaying TD items. We found only the
practices focusing on TD payment, improve documentation, and refactoring within
this type.

Table 5.2 shows the identified types, reporting the types name, the number of
unique monitoring-related practices cited (#MRP), and the total number (i.e., count) of
monitoring-related practices (#CMRP) cited in each type. #CMRP also indicates the
number of projects that used that practice. Column %MRPP corresponds to the per-
centage of #CMRP over the total of all projects, showing how frequently each type was
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used in software projects. Appendix Table C.2 presents, for each type, the monitoring-
related practices ranked by number of citations.

Table 5.2 Types of TD monitoring-related practices

Type of monitoring-related practice #MRP #CMRP %MRPP
Monitoring action 17 127 49%
Enabling TD monitoring 15 97 38%

TD prevention 9 47 18%

TD payment 3 29 11%

TD identification 2 12 5%
Caption:

#MRP - Count of unique cited monitoring-related practices.
#CMRP - Count of monitoring-related practices.
%MRPP - Percentage of CMRP in relation to the total of all projects (259).

Monitoring action is the most cited type by the participants, being used in 49%
of the projects. The type enabling TD monitoring was also commonly cited by the
respondents and was used in 38% of the projects. The types TD prevention, TD payment,
and TD identification were used in 18%, 11%, and 5% of the projects. This result
indicates that, besides using monitoring actions, software practitioners have applied other
types of practices for supporting TD monitoring initiatives. TD monitoring is part of a
bigger process that encompasses TD prevention, payment, identification, and enabling
TD monitoring.

Regarding the dimension nature (technical and managerial), among the top 10
cited TD monitoring-related practices, the technical subset comprises use of tools,
refactoring, improving tests, and code review, representing ~32% (column %MRPP at
Table 5.1). The managerial subset is composed of TD item backlog, team meetings,
improving software development process, communicating the stakeholders of TD items,
tracking TD items, and TD management plan, representing ~45% of all projects (column
%MRPP at Table 5.1). We can see managerial practices are more commonly used in TD
monitoring initiatives. Appendix Table C.3 presents the TD monitoring-related practices
of each nature ranked by number of citations.

Table 5.3 presents the relation between types and natures of all TD monitoring-related
practices. Most monitoring actions are managerial, while most others are technical.

Table 5.3 Relation between type and nature of monitoring-related practices

Type of monitoring-related practice Nature of monitoring-related practice

Technical Managerial
Monitoring action 2 (1%)* 15 (39%)
Enabling TD monitoring 7 (15%) 8 (16%)
TD prevention 7 (13%) 2 (2%)
TD payment 2 (8%) 1 (2%)
TD identification 2 (4%) 0 (0%)
Total 20 (41%) 26 (59%)

*The number in parentheses represents the percentage of the total number (i.e., count) of monitoring
-related practices cited in each nature in relation to the total of all cited practices (312).

We also grouped the set of monitoring-related practices into seven categories:

o Development issues: groups practices that are applied during the implementation
of the software. Only the practice improve documentation composes this category.
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Infrastructure: includes two practices related to tools, technologies, and devel-
opment infrastructure. In this category, we have infrastructure monitoring and use
of tools.

Internal quality issues: encompasses four practices that can be employed to
address limitations that compromise the internal quality of the software, such as
identify the worst debt areas, identifying TD items, refactoring, and understanding
the cause of TD item.

Methodology: refers to 16 practices related to processes a software team follows.
Examples of practices in this category are improving software development process
and improving tests.

Organizational: includes four practices related to organizational decisions. The
practices knowledge sharing, qualified professionals, team restructuring, and training
compose this category.

People: groups two practices (communicating the stakeholders of TD items and
team meetings) related to the members of software development teams.

Planning and management: refer to 17 practices associated with management
activities. Among them, we highlight T'D item backlog, tracking TD items, and TD
management plan.

Table 5.4 presents the categories, reporting the categorys name, the number of

unique monitoring-related practices cited (#MRP), and the total number (i.e., count)
of monitoring-related practices (#CMRP) cited in each category. We counted repeated
practices in a participants response as a single count. Column #CMRP also indicates the
number of projects that used a practice for monitoring TD items in each category. Lastly,
the column %MRPP corresponds to the percentage of #CMRP over to the total of all
projects. Appendix Table C.4 presents, for each category, the TD monitoring-related
practices ranked by number of citations.

Table 5.4 Categories of monitoring-related practices

Category of monitoring-related practices #MRP #CMRP %YMRPP
Planning and management 17 115 44%
Methodology 16 84 32%
People 2 39 15%
Infrastructure 2 32 12%
Internal quality issues 4 27 10%
Organizational 4 9 3%
Development issues 1 6 2%
Caption:

#MRP - Count of unique cited monitoring-related practices.
#CMRP - Count of monitoring-related practices.
%MRPP - Percentage of CMRP in relation to the total of all projects (259).
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By analyzing the table, we notice that the categories planning and management and
methodology concentrate the most significant number of practices. Their practices have
been used in 44% and 32% of the projects, respectively.

5.1.1.1 TD Monitoring Practice per Type of Debt. Figure 5.1 presents the
relationship among the types of debt and the top 10 TD monitoring-related practices,
while Figure 5.2 shows the absolute values of these relationships, i.e., the quantity of times
that each relationship was found. All practices from the top 10 were applied to monitor
code and design debt items. For architecture and test debt, only the practices code review
and improving software development process were not applied, respectively. The practices
improving tests, communicating the stakeholders of TD items, and TD management plan
were not applied for supporting the monitoring of requirements debt. Documentation
debt items were monitored using five practices, while software practitioners have used
four practices for people, defect, and process debt. Infrastructure debt was monitored
by using three practices. Lastly, build, service, usability, and versioning debt items were
only monitored using two practices.

The practice TD item backlog is the most used practice for monitoring architecture,
build, defect, service, usability, and versioning debt items. Further, the use of tools is
the most used for enabling the monitoring of architecture, code, and design debt items.
Requirements and process debt items are commonly monitored by team meetings, while
improving software development process and tracking TD items are used for monitor-
ing documentation and infrastructure debt items, respectively. Lastly, people and test
debt items are commonly monitored by communicating the stakeholders of TD items and
improving tests.

TD MONITORING-RELATED PRACTICE
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BUILD
CODE 16% 27% 5% % % % % 3% 3%
DEFECT
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VERSIONING
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W TD management plan

Figure 5.1 Relationship among types of debt and the top 10 TD monitoring-related practices
- percentage values
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From Table 5.5, we can observe that only some types of debt were directly monitored.
For example, usability and versioning debt have few types of monitoring-related prac-
tices. At the same time, monitoring actions (marked in gray) were commonly cited for
paying off code, design, requirements, test, and architecture debt items, evidencing that
software practitioners have interested in following TD items affecting technical activities.
Practitioners have used practices to enable TD monitoring (marked in orange) and to
prevent (marked in blue) and pay off (marked in green) for TD items in code-related,
requirements, and test activities.

Table 5.5 Relationship among the types of technical debt monitoring-related practices and
types of debt

Type of TD monitoring-related practice

Type of debt Monitoring Enabling TD TD TD TD
action monitoring prevention payment identification
Architecture debt 13 14 3 8 2
Build debt 1 2 0 0 1
Code debt 22 20 6 3 1
Defect debt 1 3 1 1 2
Design debt 20 36 12 5 2
Documentation debt 9 8 4 4 0
Infrastructure debt 1 7 1 0 0
People debt 2 2 1 2 0
Process debt 3 3 1 1 0
Requirements debt 15 16 3 3 2
Service debt 1 4 1 0 0
Test debt 13 21 15 3 2
Usability debt 0 0 0 0
Versioning debt 0 1 4 0 0

We also investigated the relationship between types of TD and the categories of TD
monitoring-related practices. Figure 5.3 shows this relationship, indicating that the cat-
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egory planning and management encompasses practices used for monitoring almost all
types of debt, except people and process debt items. Practices from the category method-
ology are used for monitoring all but build, infrastructure, and usability debt items. At
the same time, practices from internal quality issues are used for monitoring all but while
documentation, service, usability, and versioning debt items. The number of times that
each relationship occurred is shown in Figure 5.4.

CATEGORY OF MONITORING-RELATED PRACTICE
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5.1.2 RQ2.2 What are the leading practice avoidance reasons (PARs) to explain
the non-monitoring of TD items?

In total, 47% of the participants did not monitor the TD item described in Q13. Of
them, 64% explained in Q25 why the TD was not monitored. We used this set of 197
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responses to answer RQ2.2.

We identified 35 PARs for TD non-monitoring. Table 5.6 presents the ten most
commonly cited ones. All the identified PARs and quotes from participants are available
in Appendix Table C.5. Table 5.6 reports the PAR name and the total number (i.e.,
count) of citations (#CPAR). #CPAR also indicates the number of projects that used
a PAR for justifying the TD non-monitoring. Column %PARP presents the percentage
of #CPAR to the total of all projects, revealing how frequently each PAR was considered
in software projects.

Table 5.6 Top 10 practice avoidance reasons (PARs) for TD non-monitoring

NO Practice avoidance reason (PAR) #CPAR %PARP
1st Lack of interest 44 22%
2nd Focusing on short term goals 33 17%
3rd Lack of time 29 15%
4th Lack of knowledge on TD 23 12%
5th Lack of understanding about the impact of the debt 12 6%
6th Lack of organizational culture 8 4%
7th Lack of resources 8 4%
8th Lack of TD monitoring process 7 4%
9th Lack of specific team 6 3%
10th React when becoming a problem 5 2%
Caption:

#CPAR - Count of practice avoidance reason for TD non-monitoring.
%PARP - Percentage of CPAR in relation to the total of all projects (197)

Lack of interest is the most cited PAR, being considered in 22% of the projects.
The other most mentioned PARs are focusing on short-term goals, lack of time, and
lack of knowledge on TD, which were considered in 17%, 15%, and 12% of the projects,
respectively. Lack of interest refers to organizations or project managers that do not
purse monitoring TD items, as indicated in the following answers: “little interest of the
company to correct this type of situation” and “management did not care.” The PAR
focusing on short-term goals means that software teams have other priorities in their
projects, as informed in “not in the priority pipeline” and “it was not critical for the
success of the project.” Lack of time refers to software projects that do not have time
for TD monitoring, as we can notice in “because deadlines are tight” and “the project
timeline didn’t allow it.” The PAR lack of knowledge on TD means that software teams
do not monitor debt items because they did not have knowledge on TD, such as we can
observe in the answers “because the concept of technical debt was not yet applied in the
company” and “there is no knowledge about TD.”

The PAR lack of understanding about the impact of the debt was considered in 6%
of the projects, while lack of organizational culture, lack of resources, and lack of TD
monitoring process were considered, each one, in 4% of the projects. Lack of understand-
ing about the impact of the debt indicates that although software teams have identified
TD items in their projects, they did not become aware of how much those items can
impact those projects: “lack of knowledge of the impact of the TD item in question” and
“technical debt was not identified as a problem at the time.” The PAR lack of organi-
zational culture refers to organizations that do not consider TD management as part of
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their development activities: “this is very dependent on the organization. In this case, it
was not identified, monitored, or managed” and “because there is no permanent initiative
to generate changes in the organizational culture.” Lack of resources makes monitoring
of TD items unfeasible, as we can notice in “even knowing the problem, there are no
resources for immediate solution” and “the time and resources of the project were very
limited.” The PAR lack of TD monitoring process means that a process to monitor TD is
missing in the organization, as evidenced in “there was no process for it” and “we weren’t
tracking it.”

Lastly, the PARs lack of specific team and react when becoming a problem were con-
sidered in 3% and 2% of the projects, respectively. Lack of specific team refers to software
projects that do not have a team responsible for monitoring TD: “it was known about for
years, but we didn’t have the headcount to refactor” and “not enough people or time too.”
React when becoming a problem indicates the existence of bad practices when managing
with TD, as we can observe in “it is neglected until it becomes a problem” and “in the
absence of planning, the methodology was reactionary to the problems.”

As with monitoring practices, the data revealed distinct types of PARs. After an-
alyzing the top ten PARs, we noticed that items like lack of interest, focusing on short
term goals, and react when becoming a problem represent a decision factor considered
by the team for not monitoring TD items. Differently, lack of time and lack of knowledge
on TD represent situations in which the practitioners could have the intention of mon-
itoring the debt. Still, they would not be able to due to issues out of their control (an
impediment).

Table 5.7 presents the identified types of PARs, reporting the types name, the
number of unique PARs for TD non-monitoring cited (#PAR), and the total number
(i.e., count) of PARs (#CPAR) cited in each type. #CPAR also indicates the number of
projects that used that PAR for justifying the non-monitoring of TD items in each type.
Column %PARP corresponds to the percentage of #CPAR in relation to the total of all
projects, indicating how frequently each type was used in software projects. Appendix
Table C.6 presents, for each type, the PARs for TD non-monitoring ranked by number of
citations. Impediments are the most common reason for explaining the non-monitoring of
TD, being present in 64% of the software projects, while decision factors were considered
in 50% of the projects.

Table 5.7 Types of PAR for TD non-monitoring

Type of PAR for TD non-monitoring #PAR #CPAR %PARP

Decision factor 10 98 50%
Impediment 25 125 64%
Caption:

#PAR - Count of unique cited PAR for TD non-monitoring.
#CPAR - Count of PAR for TD non-monitoring.
%PARP - Percentage of CPAR in relation to the total of all projects (197).

Regarding the dimension nature, considering only the top 10 cited PARs, the man-
agerial subset is composed of lack of interest, focusing on short term goals, lack of
time, lack of organizational culture, lack of resources, lack of TD monitoring process, lack
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of a specific team, and react when become a problem, representing ~71% of all projects
(column %PARP at Table 5.6). The technical subset is composed of lack of knowledge
and lack of understanding about the impact of the debt, representing ~18% of all projects
(column %PARP at Table5.6). Appendix Table C.7 presents, for each nature, the PARs
for TD non-prevention ranked by number of citations.

Table 5.8 presents the relation between types and natures of all PARs for TD non-
monitoring. We have 27 managerial PARs, representing 78% of the total number of
citations, and only eight technical PARs, corresponding to 22% of the total number of
citations. This result clearly indicates that managerial issues are decisive in improving
monitoring initiatives.

Table 5.8 Relation between type and nature of PARs for TD non-monitoring

Type of PARs for TD non-monitoring Nature of PAR for TD non-monitoring

Technical Managerial
Decision factor 3 (4%)* 7 (40%)
Impediment 5 (18%) 20 (38%)
Total 8 (22%) 27 (78%)

*The number in parentheses represents the percentage of the total number (i.e., count) of PARs cited in
each nature in relation to the total of all cited PARs.

We also grouped the PARs into eight categories:

e Development issues: encompasses PARs associated with software development
activities. The two PARs grouped in this category are: changing in the requirements
and legacy system.

o External factors: refers to PARs associated with factors that software teams
cannot control. The three identified PARs in this category are business pressure,
project discontinued, and TD item payment do not generate revenue.

o Internal quality issues: groups PARs associated with limitations compromising
the softwares internal quality. The PARs complexity of TD items, lack of effort to
know the cause of TD, and too many TD items compose this category.

» Lack of knowledge: includes only one PAR (lack of knowledge on TD) associated
with the need for technical knowledge.

o Methodology: encompasses PARs related to processes followed by a software
team. Examples of PARs in this category are lack of TD monitoring process, react
when becoming a problem, and TD item eliminated as soon as identified.

o Organizational: includes PARs related to organizational decisions. Among them,
we highlight lack of interest, lack of organizational culture, and lack of resources.

o People: refers to PARs associated with team characteristics, such as emotional
issues of the team, lack of experience, and team overload.
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e Planning and management: groups PARs related to management activities.
Examples are focusing on short term goals, lack of time, and ineffective planning
and management.

Table 5.9 presents the categories of PARs for TD non-monitoring, reporting the cat-
egorys name, the number of unique PARs cited (#PAR), and the total number (i.e.,
count) of PARs (#CPAR) cited in each category. #CPAR also indicates the number
of projects considered a PAR for explaining the non-monitoring of TD items in each
category. Lastly, the column %PARP corresponds to the percentage of #CPAR to the
total of all projects. Appendix Table C.8 presents, for each category, the PARs for TD
non-prevention ranked by number of citations.

Table 5.9 Categories of PARs for TD non-monitoring

Category of PARs for TD non-monitoring #PAR #CPAR %PARP
Planning and management 10 90 46%
Organizational 6 70 36%
Lack of knowledge 1 23 12%
Methodology 6 20 10%
People 4 7 4%
External factors 3 5 3%
Development issues 2 4 2%
Internal quality issues 3 4 2%

Caption:

#PAR - Count of unique cited practice avoidance reasons (PARs) for TD non-monitoring.
#CPAR - Count of PARs for TD non-monitoring.

%PARP - Percentage of CPAR in relation to the total of all projects (197).

The categories planning and management and organizational have the greatest num-
ber of PARs, impacting 46% and 36% of the projects, respectively. One could assume
that technical (development and internal quality) issues would have a decisive role when
opting for not monitoring debt items. However, our results show the opposite. Manage-
rial aspects are crucial to understanding why practitioners do not consider monitoring
debt items in their projects.

5.1.2.1 PAR for TD Non-monitoring per Type of Debt. Figure 5.5 presents
the relationship among the types of debt and the top 10 PARs, while Figure 5.6 shows
the absolute values of these relationships, i.e., the quantity of times that each relationship
was found. The PARs lack of time and lack of knowledge on TD are considered to explain
the non-monitoring of most TD types. This shows that software teams can facilitate TD
monitoring by improving their planning and spending time training on TD. We can also
observe that the explanation of the non-monitoring of service, usability, and versioning
debt items are only associated with the PARs lack of knowledge on TD, focusing on short
term goals, and lack of interest, respectively. This reveals that besides promoting their
knowledge on TD, software teams need to change their and their organizations mindset.
Lastly, as test and documentation debt items share almost the same PARs, teams wanting
to monitor these items can apply some strategies for facilitating it.
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PRACTICE AVOIDANCE REASON FOR TD NON-MONITORING
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Figure 5.5 Relationship among types of debt and the top 10 PARs for TD non-monitoring -
percentage values
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Figure 5.6 Relationship among types of debt and the top 10 PARs for TD non-monitoring -
absolute values

Figure 5.7 shows the relationship between types of debt and types of PARs. We can
see that except for usability and versioning, most types of debt are not monitored due
to impediments, indicating that software practitioners need to change the mindset of
their organizations and managers on TD monitoring. The number of times that each
relationship occurred is shown in Figure 5.8.
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Figure 5.7 Relationship among types of debt and types of PARs for TD non-monitoring -

percentage values
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Figure 5.8 Relationship among types of debt and types of PARs for TD non-monitoring -
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Figure 5.9 shows the relationship among the types of debt and categories of PARs,
indicating how frequently PARs from these categories are used to explain the non-
monitoring of each type of debt. The categories planning and management and orga-
nizational concentrate the PARs of almost all types of debt, indicating that software
teams can improve their capacity for TD monitoring investing efforts to promote their
managerial activities and organizational decisions. Although PARs from those categories
are mainly used for explaining the non-monitoring of architecture, code, defect, design,
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documentation, infrastructure, people, process, requirements, test, usability, and version-
ing debt items, we noticed that the non-monitoring of automation test and service debt
items are commonly justified by PARs from the category lack of knowledge. It means that
software teams can improve their technical expertise to enable TD monitoring initiatives.
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The number of times that each relationship occurred is shown in Figure 5.10.
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5.2 DISCUSSION
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5.2.1 Answering Research Question 2

We identified 46 monitoring-related practices for monitoring TD items (RQ2.1). Of
these practices, T'D item backlog, use of tools, team meetings, and improving software
development process are the most used. Practitioners have used the identified practices to
monitor, prevent, identify, and pay off TD items, and enable TD monitoring initiatives. It
reveals that efforts to monitor TD items should consider the integration among these TD
management activities. Also, we grouped the practices into seven categories. Planning
and management and methodology encompass many of the practices, playing a leading
role in TD monitoring. Lastly, the ten most cited practices are performed for monitoring
the analyzed 14 types of debt. Practices from planning and management are used for
monitoring almost all analyzed types, indicating that it would be a viable choice to start
TD monitoring initiatives by them.

Concerning the PARs for explaining the non-monitoring of TD items (RQ2.2), we
identified 35 of them. Lack of interest, focusing on short term goals, lack of time, and lack
of knowledge on TD were the most commonly cited PARs. They are classified into two
types: decision factors and impediments. In general, impediments are more commonly
considered for justifying the non-monitoring of TD items than decision factors. Thus,
monitoring TD is not just a matter of will but of mitigating the restrictions that curb
the adoption of monitoring practices.

We grouped the PARs into eight categories. Planning and management and orga-
nizational concentrate the greatest number of PARs, revealing that decisions taken at
organizational or managerial levels are decisive for monitoring TD items. Finally, we
investigated the relation between PARs and types of debt. Overall, the ten most cited
PARs have been considered to justify the non-monitoring of all types of debt. Particu-
larly, PARs from planning and management and organizational have been supposed to
explain most of the analyzed types.

5.2.2 Comparison to Related Work

This section presents a comparison between our findings with the ones reported in
related work. As previously said, we did not find studies that investigated the PARs,
thus, the comparison only takes into consideration the practices used for monitoring TD
items. The comparison was performed on two levels: practices and categories of practices.

The practices for enabling TD monitoring were found both in our work and in
at least some other past studies are adoption of agile methodology, assign team for TD
monitoring, continuous integration, improving the requirement management, T'D manage-
ment plan, and use of tools. TD monitoring actions that appear both in our work and
related work are cost/benefit analysis, dashboard, identify the worst debt areas, measuring
the effort, risk analysis, TD estimation, T'D item backlog, TD status progress report, track-
ing TD items, and using informal practices. The TD prevention practices reported
in our study and past work are code review and improving tests. All TD identification
practices reported in previous studies are found in our work (identifying TD items and
use of metrics for TD identification). None of the TD payment practices in our work
are in previous work. However, our study did not identify six practices recognized in
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related work, they are setting a commonly agreed definition of done, using comments in
the code or other artifacts, documenting issues in text or spreadsheets, making of depen-
dencies and code problems, supply chain management, and monitor triggers. Figure 5.11
shows the distinctions and overlaps between our work’s TD monitoring-related practices
and the related work. The complete comparison is available in Appendix Table C.9.

Related work  Our work

6 (20 26

Figure 5.11 Number of unique TD monitoring-related practices found in our work and the
related work

Regarding the distinctions, related work mainly found practices used to detail the
definition of done, report issues using comments, spreadsheets, or text, monitor triggers,
and apply supply chain management. On the other hand, we found more practices
associated with other aspects of software development activities.

Table 5.10 presents the comparison considering the categories of practices. This com-
parison was only made with Li, Avgeriou and Liang (2015) because they reported cat-
egories of practices for monitoring TD items. The result of a comparison can be total
(indicating that all practices from a category identified in our work are considered in the
related work and vice-versa) or partial (indicating that our work has practices that are
not considered in the related work). We notice that the categories methodology, internal
quality issues, and planning and management were confirmed partially in the literature,
while the categories development issues, infrastructure, organizational, and people were
found only in our study.

Table 5.10 Comparison of related work on categories of TD monitoring-related practices

Our Categories Categories from Li, Avgeriou and Llang‘ §2015) Overlapping
Category Name Definition degree
TD propagation tracking Track the influences of TD through Partial
Methodology dependencies between other parts

of a system and the parts of the sys-
tem that contains TD.
TD monitoring with quality at- Monitor the change of quality at- Partial

tribute focus tributes that detrimental to TD,
such as stability.
Planned check Regularly measure identified TD Partial
and track the change of the TD.
Internal quality issues Threshold-based approach Define thresholds for TD related Partial

quality metrics, and issue warnings

if the thresholds are not met.
Planning and manage- TD plot Plot various aggregated measures of ~ Partial
ment issues TD over time and look at the shape

of the curve to observe the trends.
Development issues - - -
Infrastructure - - -
Organizational - - -
People - - -
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In summary, our findings on TD monitoring-related practices and their categories
complement and extend the set of information already reported in the technical literature.

5.3 CONCLUDING REMARKS

This capter reports software practitioners points of view on TD monitoring, revealing
the practices used for monitoring TD and the PARs considered for explaining TD non-
monitoring. We group practices and PARs into categories, indicating the crucial issues
associated with TD monitoring. We also identify relationships between practices and
types of debt and PARs and types of debt. These relations can support software prac-
titioners in addressing specified practices or PARs to a type of debt commonly affecting
their project. Threats to validity were previously discussed in Chapter 3.

The following chapter presents the state of technical debt payment practice from the
analyses of the InsighTD data set.






Chapter

This chapter presents the state of the practice of TD payment obtained from analyses of the InsighTD

data set.

TECHNICAL DEBT PAYMENT'’S STATE OF
PRACTICE

Technical debt (TD) payment refers to the activity of expending maintenance effort and
resources to make up for the effects of previous technical compromises (RIOS; MEN-
DONCA; SPINOLA, 2018). Related work has sought to identify strategies, practices,
and tools for TD payment (see Chapter 2). However, the findings are limited to the point
of view of a few software practitioners.

Knowing the set of TD payment practices can help development teams choose the most
appropriate practices (YLI-HUUMO; MAGLYAS; SMOLANDER, 2016), supporting the
implementation of TD payment strategies or driving the development of new approaches
for TD payment. In addition, having information about the Practice avoidance reasons
(PARs) can help them understand the reasons that make it challenging to eliminate TD
items, allowing the development of strategies to mitigate these impediments.

This chapter aims to investigate, from the point of view of software development prac-
titioners, which practices can be used to pay off TD items and what PARs would justify
the non-payment of these items. To achieve this goal, we define RQ3: How have soft-
ware development teams paid off technical debt items on their projects? And
its sub-questions: RQ3.1: What are the practices used by software practitioners to deal
with technical debt items in their projects? And RQ3.2: What are the practice avoidance
reasons (PARs) considered by software practitioners for not paying off TD? To answer
these RQs, we use and analyze the InsighTD data set (as described in Chapter 3). This
chapter is based on the following papers: (i) Surveying Software Practitioners on Tech-
nical Debt Payment Practices and Reasons for not Paying off Debt Items (FREIRE et
al., 2020b), (ii) How do Technical Debt Payment Practices Relate to the Effects of the
Presence of Debt Items in Software Projects? (FREIRE et al., 2021a) and (iii) Software
Practitioners Point of View on Technical Debt Payment (FREIRE et al., 2023).

The main contributions of this Chapter are:

85
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e An up-to-date, comprehensive list of practices related to TD payment ranked by
the number of their citations by software practitioners.

e An up-to-date, comprehensive list of PARs ranked by the number of their citations
by software practitioners.

o A categorization of TD payment and PARs concerning their relationship to software
planning, development, management, and methodology issues.

o A definition of types of practices and types of PARs about these contributions in
TD payment initiatives.

o A definition of the nature of practices and nature of PARs concerning technical and
managerial activities.

o The relationships between types of debt and practices, and types of debt and PARs.

e A comparison of practices and PARs found in this study to those reported in the
technical literature.

Next, Section 6.1 presents the perception of software practitioners on TD payment.
Section 6.2 discusses the results and compares them with those reported by related work.
Lastly, Section 6.3 offers the concluding remarks of this Chapter.

6.1 PERCEPTION OF INSIGHTD’S PRACTITIONERS ON TD PAYMENT

This section presents our findings from the InsighTD data set analyses concerning
TD payment (answers given to Q26 and 27). We organize these findings per RQ.

6.1.1 RQ3.1: What are the practices used by software practitioners to deal with
technical debt items in their projects?

In total, 259 (~40%) participants indicated in Q26 that the TD item mentioned was
paid off, and 218 (~84%) of them described how TD was paid off in Q27. Thus, we used
this set of 218 responses for answering RQ3.1.

We identified 32 payment-related practices for the payment of TD items. Table 6.1
summarizes the ten most cited ones. Appendix Table D.1 presents the identified payment-
related practices and quotes from participants. Table 6.1 reports the payment-related
practice name and the total number (i.e., count) of the 218 responses that mentioned
that practice for paying off TD items (#CPRP). The column %PRPP presents the
percentage of #CPRP in relation to the total of all responses (i.e., 218), revealing how
frequently each practice was used in software projects. The most cited payment-related
practice code refactoring impacts ~37% of the projects. This result was expected, as
code refactoring has been widely used for paying TD items off (LI; AVGERIOU; LIANG,
2015; BEHUTIYE et al., 2017).
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Table 6.1 Top 10 cited TD payment-related practices

NO TD Payment-related practice #CPRP %PRPP
1st Code refactoring 81 37%
2nd Investing effort on TD payment activities 33 15%
3rd Design refactoring 25 12%
4th Investing effort on testing activities 22 10%
5th Prioritizing TD items 15 ™%
6th Negotiating deadline extension 14 6%
7th Adjusting code to follow good programming practices 10 5%
8th Monitoring and controlling project activities 10 5%
9th Improving the development process 9 4%
10th Increasing the project budget 9 4%
Caption:

#CPRP - Count of payment-related practices.
%PRPP - Percentage of #CPRP in relation to the total of all projects (218).

In the context of this study, code refactoring practice means the changes made to the
system code without changing its external behavior, as described in the quotes extracted
from the responses of the participants: “we rewrote the offending code” and “refactoring
the class and its dependents.” The investing effort in TD payment activities practice
indicates the effort expended by the project team to eliminate TD items, as described
below: “taking sprints to pay the debt” and “internal developments were generated to
improve these problems.” The design refactoring practice concerns changes made to the
design of the system, for example, “refactoring and changing the architecture” and “the
identified technical debt was resolved through the design update and refactorings.” The
investing effort in testing activities practice indicates the project team’s effort to carry
out software testing activities, as seen in “additional development hours and code testing”
and “adoption of automated unit tests and programming in pair...”

The practices prioritizing TD items and negotiating deadline extension were used,
respectively, in 7% and 6% of the projects, while adjusting code to follow good program-
ming practices and monitoring and controlling project activities were used in 5% of the
projects. The prioritizing TD items practice indicates that the project team intends to
prioritize the debt items to be paid, as can be seen in the following response from the
participants: “due to the project deadline, as soon as the TD is detected, we already plan
its development for the next sprints of the project.” The negotiating deadline extension
practice indicates that the project team has negotiated a deadline with the customer to
be able to eliminate TD items, as seen in “it was possible to negotiate time with the
user to make improvements.” The adjusting code to follow good programming practices
practice is related to applying good programming practices, for example, “benefits of
shared library cutting down on dev. time duplicating or maintaining extra code.” The
monitoring and controlling project activities practice indicates that the project team used
mechanisms to monitor the project, as can be seen in “With the measurement bulletins,
there was the metric of progress.”

Finally, the practices improving the development process and increasing the project
budget were used in 4% of the projects. The improving the development process practice



88 TECHNICAL DEBT PAYMENT’S STATE OF PRACTICE

is related to the adequacy of the development process to decrease the amount of TD items
in the project, for example, “improvement in the development and changes process.” The
increasing the project budget practice relates to negotiating with the client to increase the
project budget to enable the payment of TD items, as indicated in the following response
from the participants: “with cost overruns in money and time, updating the solution to
the latest changes in technology.”

Looking at the top 10 cited payment-related practices, presented in Table 6.1, only
the practices code refactoring, design refactoring, and adjusting code to follow good pro-
gramming practices allow the direct payment of TD items. The other most cited practices
only support TD payment initiatives. For example, the practice investing effort on TD
payment activities can create a favorable setting for TD payment. Still, TD items are
only sometimes paid off when this practice is applied. Thus, we identify one dimension
of TD payment-related practices, type, having the following values:

« Payment action: includes practices directly resulting in TD item removals, such
as code refactoring, design refactoring, and update system documentation.

e Enabling TD payment: includes practices that improve the capacity of devel-
opment teams to pay off debt items. Some examples are investing effort on TD
payment activities, negotiating deadline extension, and increasing the project budget.

« TD prevention: refers to practices intended to curb potential TD from being
incurred. Among them, we have monitoring and controlling project activities, in-
vesting effort on testing activities, and using short feedback iterations.

e TD prioritization: is related to practices that support ranking TD items ac-
cording to classification criteria. Only prioritization of TD items composes this
category.

Indeed, the type dimension shows the inherent and unavoidable connection between
TD management activities. Table 6.2 shows the number of unique TD payment practices
(#PRP) in each type, and the total number of responses citing a practice (#CPRP)
in each type. Column %PRPP corresponds to the percentage of all projects that cited a
payment practice of that type, revealing how prevalent each type is in software projects.
Appendix Table D.2 presents, for each type, the payment-related practices ranked by
number of citations.

The most cited type, payment action, was applied in 67% of the projects but consisted
of only eight unique actions, ranging from code refactoring to update system documen-
tation. Turning attention to another dimension, the nature of the payment practices,
two of them (restarting the project from scratch and system retirement) are related to
managerial decisions, while the others are technical practices. Most of the technical
practices can be applied during software implementation, but some, such as bug fixing and
code refactoring, are applicable during maintenance to improve the external or internal
quality of the system.
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Table 6.2 Types of TD payment-related practices

Type of payment-related practice #PRP #CPRP %PRPP
Payment action 8 146 67%
Enabling TD payment 11 93 43%

TD prevention 12 64 30%

TD prioritization 1 15 7%
Caption:

#PRP - Count of unique cited payment-related practices.
#CPRP - Count of payment-related practices.
%PRPP - Percentage of CPRP in relation to the total of all projects (218).

Among the top 10 cited TD payment-related practices, the subset that is technical in
nature is composed of code refactoring, design refactoring, and adjusting code to follow
good programming practices, representing 53% of all projects (column %PRPP at Table
6.1). The managerial subset is composed of investing effort on TD payment activities,
investing effort on testing activities, prioritizing T'D items, negotiating deadline extension,
monitoring and controlling project activities, improving the development process, and
increasing the project budget, representing 51% of all projects (column %PRPP at Table
6.1). In other words, technical and managerial practices are chosen almost equally in TD
payment decisions, although there is a wider variety of managerial payment practices.
Appendix Table D.3 presents the TD payment-related practices of each nature ranked by
number of citations.

Table 6.3 presents the relation between types and natures of all TD payment-related
practices. Most of TD payment and prevention practices are technical, while most prac-
tices for enabling TD payment are managerial.

Table 6.3 Relation between type and nature of payment-related practices

Type of payment-related practice Nature of payment-related practice

Technical Managerial
Payment action 6 (44%)* 2 (2%)
TD prevention 8 (7%) 4 (13%)
Enabling TD payment 1 (1%) 10 (28%)
TD prioritization 0 (0%) 1 (5%)
Total 15 (52%) 17 (48%)

*The number in parentheses represents the percentage of the total number (i.e., count) of payment
-related practices cited in each nature in relation to the total of all cited practices (318).

Next, we organized the set of practices related to the payment of TD items into the
following categories:

« Development issues: encompasses six practices that are applied during the im-
plementation of software, such as update system documentation, adjusting code to
follow good programming practices, and solving technical issues.

« External quality issues: groups practices related to software quality aspects that
users can perceive. Only bug fixing practice is part of this category.
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Infrastructure: groups two practices related to tools, technologies, and develop-
ment environment, external tools and organizing the project repository.

Internal quality issues: includes two practices that can be employed to address
limitations that compromise the internal quality of the software, code refactoring,
and design refactoring.

Methodology: encompasses 12 practices associated with processes followed by a
software team. Among them, we highlight investing effort on TD payment activi-
ties, investing effort on testing activities, and using short feedback iterations.

Organizational: refers to two practices associated with organizational decisions,
hiring specialized professionals and changing the project management.

People: includes two practices directly related to the members of software de-
velopment teams, improving the team collaboration and communicating with the
customer about TD items.

Planning and management: groups five practices associated with management
activities. Examples of practices in this category are monitoring and controlling
project activities, prioritizing TD items, and negotiating deadline extension.

Table 6.4 presents the categories of payment-related practices, reporting the cate-

gorys name, the number of unique payment-related practices cited (#PRP), and the
total number (i.e., count) of responses (or projects) that cite practices in each category
(#CPRP). The column %PRPP corresponds to the percentage of #CPRP in relation
to the total of all projects. Appendix Table D.4 presents, for each category, the TD
payment-related practices ranked by number of citations.

Table 6.4 Categories of payment-related practices

Category of payment-related practices #PRP #CPRP %PRPP
Internal quality issues 2 106 49%
Methodology 12 96 44%
Planning and management 5 50 23%
Development issues 6 39 18%
Organizational 2 10 5%
People 2 7 3%
External quality issues 1 6 3%
Infrastructure 2 4 2%
Caption:

#PRP - Count of unique cited payment-related practices.
#CPRP - Count of payment-related practices.
%PRPP - Percentage of CPRP in relation to the total of all projects (218).

We can see that practices in the internal quality issues category were cited in almost

half of the projects, highlighting the central role of internal quality in the payment of TD
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items. This is consistent with the view that TD primarily affects internal quality issues
in software products (AVGERIOU et al., 2016). The categories methodology, planning
and management, and development issues were also commonly mentioned, appearing in
44%, 23%, and 18% of the responses, respectively (see column %PRPP at Table 6.4).

Table 6.4 also shows that only some participants use improvement of the organiza-
tional environment (organizational category) or technical knowledge of the team (people
category) as part of their TD payment initiatives. Finally, practices from the categories
external quality issues and infrastructure were very seldom mentioned.

6.1.1.1 TD Payment Practice per Type of Debt. Figure 6.1, Table 6.5, and
Figure 6.3 all present the relationships among TD payment practices and types of TD.
Figure 6.1 focuses on the top 10 TD payment-related practices, while Table 6.5 and Figure
6.3 break down the relationship with TD types according to the types and categories,
respectively, of TD payment practices. Figures 6.2 and 6.4 show the absolute values of
these relationships, i.e., the quantity of times that each relationship was found.

We notice in Figure 6.1 that all practices composing the top 10 were applied to design
debt items, and most were also applied to code and test debt items. Code refactoring was
cited as a TD payment practice for every type of TD, and investing effort on TD payment
activities (the second most mentioned) was cited for nearly all types except defect debt.
The number of times that each relationship occurred is shown in Figure 6.2.

H Code refactoring ® Investing effort on TD payment activities m Design refactoring
Investing effort on testing activities M Prioritizing TD items W Negotiating deadline extension
W Adjusting code to follow good programming practices B Monitoring and controlling project activities B Improving the development process
m Increasing the project budget
TECHNICAL DEBT PAYMENT-RELATED PRACTICE

ARCHITECTURE 38% 23% 15% 8% 8% 4%

AUTOMATION TEST 50%
BUILD

CODE

DEFECT

DESIGN
DOCUMENTATION
INFRASTRUCTURE

PEOPLE

TYPE OF DEBT

PROCESS

REQUIREMENTS

SERVICE

TEST

USABILITY 100%

VERSIONING

Figure 6.1 Relationship among types of debt and the top 10 TD payment-related practices -
percentage values
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From Table 6.5, we can observe that not all types of debt were directly paid off (e.g.,
automation test, process, usability, and versioning debt). At the same time, payment
actions (marked in gray) were commonly cited for paying off design, code, and architecture
debt items. Perhaps software practitioners focused on these items because they impact
technical activities and thus can impact the softwares internal and external quality.

Table 6.5 Relationship among the types of technical debt payment-related practices and types

of debt
Type of TD payment-related practice
Type of debt Payment Enabling TD TD
action TD payment prevention prioritization
Architecture debt 21 8 5 2
Automation test debt 0 1 1 0
Build debt 1 1 0 0
Code debt 29 9 12 5
Defect debt 4 2 0 2
Design debt 41 22 18 2
Documentation debt 8 7 1 0
Infrastructure debt 12 3 2 1
People debt 2 3 0 0
Process debt 0 5 2 0
Requirements debt 13 12 5 2
Service debt 4 1 0 0
Test debt 14 19 17 1
Usability debt 0 1 0 0
Versioning debt 0 0 1 0
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Practitioners have also taken steps to enable TD payment (marked in orange), as
well as to prevent TD (marked in blue), for types of TD closely related to the code (i.e.,
design, test, code, architecture, and requirements). One might conclude that software
practitioners have spent effort improving the artifacts produced in technical, code-related
activities as these artifacts are strongly related to or can directly impact the code. There-
fore, improving those activities facilitates the application of practices for paying off TD
items and potentially prevents TD items from being incurred.

Figure 6.3 presents the relationship between the categories of TD payment-related
practices and types of debt. We notice that nearly all categories of TD payment practices
have been applied to code, design, and requirements debt. In general, the categories
development, internal quality, methodology, and planning and management issues are
widespread for most types of TD, indicating that practitioners can invest in these practices
and leverage them for multiple types of debt. The number of times that each relationship
occurred is shown in Figure 6.4.

m Development issues M External quality issues ™ Infrastructure Internal quality issues ™ Methodology ® Organiza! tional mPeople M Plannin, g and management
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Figure 6.3 Relationship among types of debt and categories of TD payment-related practices
- percentage values

6.1.2 RQ3.2 What are the practice avoidance reasons (PARs) considered by soft-
ware practitioners for not paying off TD?

In total, 394 (~60%) of the participants indicated that the TD item mentioned was
not paid off and 261 (~66%) of those explained why. This set of 261 responses was used
for answering RQ3.2.

Table 6.6 shows the ten most cited PARs for TD non-payment (out of a total of 27)
identified in Q27. All the identified PARs and quotes from participants are available
in Appendix Table D.5. Table 6.6 reports the PAR name and the total number (i.e.,
count) of responses citing each PAR (#CPAR). Column %PARP shows the percentage
of #CPAR in relation to the total of all projects. Focusing on short-term goals was the
most cited PAR. It impacts 26% of the projects. One can expect that because software
teams can deliver faster by focusing on short-term goals, which is a primary cause of
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TD (SPINOLA et al., 2013; RIOS et al., 2020). These results show that it is also the
most common cause of perpetuating TD by not paying it off. The lack of organizational
interest, lack of time, and cost impacted 18%, 16%, and 13% of the projects, respectively.
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Table 6.6 Top 10 practice avoidance reasons (PARs) for TD non-payment

NO Practice avoidance reason (PAR) #CPAR %PARP
1st Focusing on short term goals 69 26%
2nd Lack of organizational interest 48 18%
3rd Lack of time 41 16%
4th Cost 34 13%
5th Lack of resources 19 ™%
6th Customer decision 13 5%
Tth Complexity of the TD item 12 5%
8th Effort 11 4%
9th Complexity of the project 10 4%
10th Insufficient management view about TD payment 10 4%
Caption:

#CPAR - Count of practice avoidance reason for TD non-payment.
%PARP - Percentage of CPAR in relation to the total of all projects (261)

Int

he context of this study, focusing on short term goals means that the project team

did not prioritize the payment of the TD items, postponing it to a future moment, as
indicated in the following responses from the participants: “focus on next release” and
“other backlog items were considered higher priority.” The lack of organizational interest
PAR indicates that the payment of TD items is not encouraged by the organization, as
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can be seen in: “we learned enough to move forward, but no one wanted to spend the
time” and “this is how the company works.” The lack of time PAR means that there
was no time available on the project to pay the TD items, as can be seen in the answers:
“no time dedicated to significant redesign and rework” and “due to tight deadlines.” The
cost PAR is associated with the financial cost required to eliminate the TD item from
the project, for example, “it is too expensive to fix. Too big to succeed.”

The lack of resources PAR impacted 7% of the projects, while the customer decision
and complezity of the TD item each impacted 5% of the projects. The lack of resources
indicates that the project team did not have enough resources to make payment for the
TD items possible, as observed in: “we did not have the technical resources, or the time
required to carry out the activity” The customer decision PAR means that the TD
non-payment was a decision made by the project customer, according to the following
answers: “because of the clients decision” and “the customer did not want the technical
debt to be resolved, as it involved more costs.” The complexity of the TD item PAR
indicates that the TD item present in the project is very complex, making its elimination
unfeasible, for example, “it is something that cannot be eliminated, the errors generated
must be supported.”

Lastly, the PARs effort, complexity of the project, and insufficient management vision
about TD payment impacted 4% of the projects. The effort PAR concerns the amount
of work required to eliminate the TD item, as can be seen in: “would take a lot of
time to migrate to a new back-end database and change the application code.” The
complexity of the project PAR indicates that the payment of the TD item was unfeasible
due to the complexity of the entire project, as evidenced in the following answer: “It is
a very large project and the interconnectedness of the data layer throughout the project
makes completely rewriting it very difficult.” The insufficient management view about
TD payment PAR is related to project manager resistance and lack of vision on the
importance of TD payment, for example, “resistance from the project manager.”

We organized the PARs for TD non-payment into the following types:

e Decision factor: refers to PARs for deciding not to pay off the TD. Among
them, we have focusing on short-term goals, lack of organizational interest, and
insufficient management view about TD payment.

o Impediment: points to situations in which the development team wanted to pay
off the TD, but they could not pay it off for some reason. Examples are lack of
time, cost, and lack of resources.

Table 6.7 presents the types of PARs, reporting the types name, the number of
unique PARs cited (#PAR), and the total number of projects citing PARs (#CPAR)
in each type. The column %PARP corresponds to the percentage of #CPAR in relation
to the total of projects. Appendix Table D.6 presents, for each type, the PARs for TD
non-payment ranked by number of citations.
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Table 6.7 Types of PAR for TD non-payment

Type of PAR for TD non-payment #PAR #CPAR %PARP
Decision factor 12 149 57%
Impediment 15 170 65%
Caption:

#PAR - Count of unique cited PAR for TD non-payment.
#CPAR - Count of PAR for TD non-payment.
%PARP - Percentage of CPAR in relation to the total of all projects (261).

We can see that decision factors are common, but impediments often prevent payment
of TD items. About 8% of the participants indicated a combination of an impediment
and a team decision factor. This suggests that team decisions can sometimes align with
other factors influencing TD non-payment in software projects.

As with the payment-related practices, the PARs for TD non-payment can also be re-
lated to managerial or technical activities, as in focusing on short term goals and complex-
ity of the TD item, respectively. Thus, the PARs for TD non-payment can be categorized
according to their nature:

o Technical PARs: are related to PARs for TD non-payment involved in the tech-
nical activities of a software project, such as requirement analysis, design, coding,
and testing.

o Managerial PARs: are related to PARs for TD non-payment involved in man-
agement activities of the development of a software project, such as hiring, project
management, and cost estimation.

Considering only the top 10 cited PARs, the managerial subset is composed of
focusing on short term goals, lack of organizational interest, lack of time, cost, lack of re-
sources, customer decision, effort, complexity of the project, and insufficient management
view about TD payment, representing 98% of all projects (column %PARP at Table 6.6).
The technical subset is composed of the complexity of the TD item PAR, representing
only 5% of all projects (column %PARP at Table 6.6). Appendix Table D.7 presents, for
each nature, the PARs for TD non-monitoring ranked by number of citations.

Table 6.8 presents the relation between types and natures of all PARs for TD non-
payment. We have 21 managerial PARs, representing 93% of the total number of citations,
and only six technical PARs, corresponding to 7% of the total number of citations. This
result clearly suggests that dealing with managerial issues is quite decisive if we are
interested in improving the use of TD payment practices.

Table 6.8 Relation between type and nature of PARs for TD non-payment

Type of PARs for TD non-payment Nature of PAR for TD non-payment

Technical Managerial
Decision factor 2 (1%)* 10 (46%)
Impediment 4 (6%) 11 (47%)
Total 6 (7%) 21 (93%)

*The number in parentheses represents the percentage of the total number (i.e., count) of PARs cited in
each nature in relation to the total of all cited PARs.
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We also classified the identified PARs for TD non-payment into eight categories:

Development issues: groups two PARs related to software development activities,
complexity of the project, and decision to not change the framework.

External factors: organizes four PARs related to factors that are out of the control
of the development team, such as customer decision, the project was discontinued,
and TD items do not affect the user.

Internal quality issues: encompasses two PARs related to system code and struc-
ture characteristics. Those PARs are complexity of the TD item and number of T'D
items.

Lack of knowledge: groups two PARs associated with the need for technical
knowledge. We have lack of technical knowledge and lack of knowledge about TD.

Methodology: includes five PARs associated with process activities. Among
them, we highlight lack of adoption of lessons learned, lack of testing, and non-
application of mitigation actions on TD causes.

Organizational: encompasses three PARs associated with organizational deci-
sions. Those PARs are lack of organizational interest, lack of resources, and high
team turnowver.

People: includes three PARs related to team characteristics, insufficient manage-
ment view about TD payment, team overload, and lack of committed team.

Planning and management: organizes six PARs related to management activi-
ties, such as focusing on short term goals, lack of time, and cost.

Table 6.9 presents the categories of PARs, reporting the categorys name, the number
of unique PARs cited (#PAR), and the total number (i.e., count) of projects citing
PARs (#CPAR) in each category. The column %PARP corresponds to the percentage
of #CPAR in relation to the total of all projects. Appendix Table D.8 presents, for each
category, the PARs for TD non-payment ranked by number of citations.

The most cited category, planning and management, affects 63% of software projects.
The organizational category was also commonly found, affecting 26% of the projects.
Although one may expect that development issues are crucial for determining the non-
payment of TD items, planning and management, and organizational issues seem to be
more decisive.
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Table 6.9 Categories of PARs for TD non-payment

Category of PARs for TD non-payment #PAR #CPAR %PARP
Planning and management 6 164 63%
Organizational 3 69 26%
External factors 4 22 8%
People 3 20 8%
Internal quality issues 2 15 6%
Development issues 2 11 4%

Lack of knowledge 2 9 3%
Methodology 5 9 3%
Caption:

#PAR - Count of unique cited practice avoidance reasons (PARs) for TD non-payment.
#CPAR - Count of PARs for TD non-payment.
%PARP - Percentage of CPAR in relation to the total of all projects (261).

6.1.2.1 PAR for TD Non-payment per Type of Debt. Figures 6.5, 6.7, and 6.8
all present the relationships among PARs for non-payment of TD and types of TD. Figure
6.5 focuses on the top 10 PARs, while Figures 6.7 and 6.8 break down the relationship
with TD types according to the types and categories, respectively, of PARs. Figures 6.6
and 6.9 show the absolute values of these relationships, i.e., the quantity of times that
each relationship was found.

We notice in Figure 6.5 that all the PARs composing the top 10 were used for justifying
the non-payment of architecture, design, and test debt items. For documentation and
requirements items, all PARs except complexity of the project and complexity of the TD
item were considered. We can also observe that focusing on short term goals, lack of
organizational interest, and lack of time are commonly related to almost all types of
debt, indicating that dealing with them could positively impact on initiatives to pay debt
items off.

m Complexity of the project = Complexity of the TD item = Cost
Customer decision u Effort m Focusing on short term goals
mInsufficient management view about TD payment m Lack of organizational interest m Lack of resources

m Lack of time

PRACTICE AVOIDANCE REASONS FOR TECHNICAL DEBT NON-PAYMENT

ARCHITECTURE 7% 10% 10%

o o o % % % %
INFRASTRUCTURE 14% 43% 29% 14%

PROCESS

TYPE OF DEBT

REQUIREMENTs [T 7%
SERVICE 100%
TesT 3 % «

AUTOMATION TEST

19% 11%

BUILD

Figure 6.5 Relationship among types of debt and the top 10 PARs for TD non-payment -
percentage values
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In Figure 6.7, we can observe that decision factors are responsible for failing to pay
almost all debt types, except build, people, service, and usability debt. Impediments are

cited as PARs, particularly for the non-payment of design, test, and code debt items.
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Figure 6.8 presents the relationship among categories of PARs for not paying off TD
and types of debt We notice that design and test debt are related to all categories of PARs
for TD non-payment. Architecture, documentation, and requirements debt are associated
with seven of eight categories. The planning and management category is related to all

TECHNICAL DEBT PAYMENT’S STATE OF PRACTICE

types of debt and the categories organizational and people are also very common.
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6.2 DISCUSSION

In this section, we answer the RQ3 and compare the findings with those reported in
the related work.

6.2.1 Answering Research Question 3

Although the respondents (~60%) have not commonly paid off TD items in their
projects, we could find a set of 32 practices related to the payment of TD, which fall into
four broad types: practices that directly result in debt item payment, practices that help
create a favorable scenario for future debt payment, TD prevention practices, and TD
prioritization practices. Code refactoring, investing effort on TD payment activities, and
design refactoring are the most cited practices.

We found eight practices for directly paying off TD items: code refactoring, design
refactoring, adjusting code to follow good programming practices, update system documen-
tation, solving technical issues, restarting the project from scratch, system retirement, and
bug firing. These practices have been used in combination with others, for example, we
found that when software practitioners pay debt items off, they are also concerned with
the prevention and prioritization of debt items. Moreover, they have changed their work
to enable practices related to TD payment in the future. These changes are related to
the practices that define a favorable scenario for debt payment.

We identified that TD payment practices are roughly balanced between technical
and managerial practices, indicating that TD payment involves different types of roles in
software projects. However, most of the payment actions and TD prevention practices are
technical. In contrast, most practices for enabling TD payment and for TD prioritization
are managerial. This implies that technical practitioners spend effort in activities for
paying off and curbing TD items. Still, the execution of these activities needs the support
of managers who must spend effort in making changes in the work environment to create
conditions for TD payment.

We also found that the identified practices are more commonly concentrated in method-
ological issues of software development, and practitioners have used them for paying off
several types of debt: architecture, build, code, defect, design, documentation, infras-
tructure, people, requirements, service, and test. This is an indication that the process
followed by software practitioners plays a central role for TD payment. Process improve-
ments seem to be a good starting point for TD payment initiatives.

The study identified 27 PARs for TD non-payment. Among them, focusing on short
term goals, lack of organizational interest, and lack of time are the most cited PARs,
revealing that managerial decisions are quite decisive.

We identified that these PARs can be either a decision taken by the team to in-
tentionally not pay off debt or an impediment that hinders the payment of debt items
regardless of the practitioners intentions. Impediments are slightly more commonly faced
(~65%) than decision factors. The PARs are more used for justifying the non-payment
of design, test, code, architecture, documentation, and requirements debt items. Also, we
found more managerial PARs for TD non-payment than technical ones, indicating that
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the management view is decisive for the non-payment of TD.

6.2.2 Comparison to Related Work

This section compares related work on TD payment practices and the PARs for TD
non-payment.

6.2.2.1 TD Payment Practices. We compared the TD payment-related practices
found in this work and the ones reported in the technical literature. During the com-
parison, we realized that some practices were at different abstraction levels in different
studies. For instance, the practices remove the business logic inside the communication
layer and move the business logic to the services were reported by Toledo et al. (2019).
On the other hand, we have adjusting code to follow good programming practices practice,
which is at a higher abstraction level than those from Toledo et al. (2019) but is similar.
Then, we grouped similar practices considering their different level of abstraction.

The practices for enabling TD payment that were found both in our work and in
at least some other past studies are: changing the project management, communicating
the customer of TD items, conducting risk analysis, improving the development process,
improving the team collaboration, increasing the project budget, investing effort on TD
payment activities, and negotiating deadline extension. TD payment actions that ap-
pear both in our work and related work are adjusting code to follow good programming
practices, bug firing, code refactoring, design refactoring, solving technical issues, and up-
date system documentation. The TD prevention practices reported both in our study
and past work are code reviewing, improving requirement elicitation process, investing ef-
fort on testing activities, monitoring and controlling project activities, and using external
tools. Prioritizing TD items practice was confirmed in two related works in addition to
ours. However, our study did not identify sixteen practices recognized in related work.
These practices include quantifying TD, using palliative solutions, and service develop-
ers must learn new technologies. The distinctions and overlaps between the unique TD
payment-related practices found in our work and the related work are shown in Figure
6.10. The complete comparison is available in Appendix Table D.9.

Related work  Our work

16 (27 12

Figure 6.10 Number of unique TD payment-related practices found in our work and the related
work

Regarding the distinctions, the related works mainly found practices to improve com-
munication between stakeholders, reduce technical problems and increase the technical
capacity of the team. On the other hand, we found practices associated with both tech-
nical and managerial aspects of software teams.
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Table 6.10 presents the comparison between the categories we identified in this work
and the categories reported by Li, Avgeriou and Liang (2015), Behutiye et al. (2017), and
Bonfim and Benitti (2022). We confirmed the categories internal quality issues, method-
ology, development issues, and external quality issues. The other categories (planning and
management, people, organizational, and infrastructure) were only identified in our work.

Table 6.10 Comparison of related work on categories of TD payment-related practices

Categories from Overlapping
Our study Li, Avgeriou and Liang (2015) Behutiye et al. (2017) Bonfim and Benitti (2022) degree
Internal quality issues ;i:s;tgllllgng _Rcfactonng = %2;3}
Methodology Automation Test automation - Partial
- Repackaging - - Partial
. Reengineering Code analysis Reducing requirements debts Partial
Development issues -
Fault tolerance - - Partial
External quality issues Bug fixing - - Total
Planning and management -
People

Organizational
Infrastructure

In summary, our findings on TD payment-related practices and their categories com-
plement and extend the set of information already reported in the technical literature.

6.2.2.2 PARs for TD Non-payment. Table 6.11 compares the PARs for TD non-
payment found in this work with those reported by Bomfim Jr and Santos (2017). Only
the PARs lack of testing, complexity of the project, and effort have been reported pre-
viously. Thus, our results confirm and extend the current knowledge on PARs for TD
non-payment.

6.3 CONCLUDING REMARKS

This chapter reveals the practitioners point of view on TD payment, reporting the
practices used by software practitioners to pay off TD items and the PARs that justify
the TD non-payment. Also, we identify several dimensions of these practices and PARs,
by grouping them into distinct types, nature, and categories, and recognize relationships
between practices and types of them, and PARs and types of debt. Lastly, we compare the
set of practices and PARs with ones reported in related work to verify how our results
expand the TD payment knowledge. Threats to validity were previously discussed in
Chapter 3.
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Table 6.11 Comparison of related work on PARs for TD non-payment

Type Our Study

Bomfim Jr and Santos (2017)

Decision to do not change the frame-
work

Focusing on short term goals

Insufficient management view about
TD payment

Lack of adoption of lessons learned

Lack of committed team

Lack of external auditing

Decision Factor

Lack of organizational interest

Lack of testing

Lack of test coverage or excessive manual testing

Non-application of mitigation actions
on TD causes

Number of TD items

TD items do not affect the user

TD items do not have “interest”

Complexity of the project

Concern of impacting some module because the
team does not know all parts of the code to carry
out a deeper impact analysis

Complexity of the TD item

Cost

Customer decision

Effort

Low impact for business and high effort

High team turnover

Lack of access on component code

Impediment

Lack of knowledge on TD

Lack of monitoring of TD items

Lack of resources

Lack of technical knowledge

Lack of time

Risk for the project

Team overload

The project was discontinued

The next chapter presents the updated conceptual model for TD and TD management
maps we proposed to organize the set of practices and PARs we found for TD prevention,
monitoring, and payment. Also, it presents the follow-up survey we conducted to assess
the model and map in terms of supporting TD management activities.



Chapter

This chapter introduces the updated version of the TD conceptual model we extended using the concepts
of TD prevention, monitoring, and payment learned from the state of the practice. It also presents the
conceptual map that organize the set of practices and PARs for TD prevention, monitoring, and payment.
Lastly, it provides and discusses the assessment of the model and maps we performed by conducting a

follow-up survey with InsighTD participants.

TD CONCEPTUAL MODEL AND TD MANAGEMENT
CONCEPTUAL MAPS

In the previous chapters, we presented the state of practice of Technical debt (TD)
prevention, monitoring, and payment activities, revealing and discussing the practices
used to carry out these activities and the Practice avoidance reasons (PARs) used to
explain the non-implementation of these practices. However, organizing this body of
knowledge is essential to make it more usable by researchers and software practitioners
in their activities.

This chapter aims to answer RQ4: How to organize the body of knowledge
composed of prevention, monitoring, and payment practices - and Practice
avoidance reasons (PARs) for TD non-prevention, non-monitoring, and non-
payment - to support TD management? For this, we organize the body of knowledge
using different views to consolidate the set of information on TD management.

Initially, Section 7.1 extends the conceptual model for TD proposed by Avgeriou et
al. (2016) and Izurieta et al. (2016) and evolved by Rios, Mendonga and Spinola (2018),
including the concepts of TD prevention, monitoring, and payment from the state of
practice. Conceptual models are descriptions of a phenomenon in a domain at some level
of abstraction. These descriptions can be expressed in a semi-formal or formal visual
language (KROGSTIE, 2017). The original version of the conceptual model was defined
as a Unified modeling language (UML) class diagram by consolidating the key concepts of
TD in the Dagstuhl Seminar 16162 ((AVGERIOU et al., 2016; IZURIETA et al., 2016).
By including the concepts of TD management identified from a tertiary study, Rios,
Mendonga and Spinola (2018) evolved the conceptual model.

Next, Section 7.2 organizes the set of practices and PARs in conceptual maps. For
this, we were inspired by evidence briefings used to disseminate research findings to

105
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practitioners (CARTAXO et al., 2016). Instead of using a one-page document to transfer
knowledge acquired from empirical studies, we evolved the structure previously defined
by Rios et al. (2020), resulting in maps composed of categories and their practices and
PARs, along with their types and nature. We depict a map for each TD management
activity (prevention, monitoring, and payment).

To close this chapter, Section 7.3 presents the follow-up survey we conducted to assess
the TD payment conceptual model and the TD payment conceptual map, allowing us
to answer RQ4.1: How are the proposed artifacts characterized in terms of its support
for TD management activities?. Section 7.4 discusses the results of the studies. Finally,
Section 7.5 presents the concluding remarks of Chapter 7.

The main contributions of this chapter are:

o An extension of the conceptual model for TD initially proposed by Avgeriou et
al. (2016) and Izurieta et al. (2016) and evolved by Rios, Mendonga and Spinola
(2018), including the concepts of PARs and practices and their types, nature, and
categories.

o A set of conceptual maps that organize the set of practices and PARs, supporting
the practical use of the results by software practitioners.

e An assessment of the TD payment conceptual map and the TD payment map by
considering the perception of software practitioners.

The material included in this chapter is based on the following papers: (i) Surveying
Software Practitioners on Technical Debt Payment Practices and Reasons for not Paying
off Debt Items (FREIRE et al., 2020b), (ii) Software Practitioners Point of View on
Technical Debt Payment (FREIRE et al., 2023), (iii) Hearing the Voice of Software
Practitioners on Technical Debt Monitoring: Understanding Monitoring Practices and
the Practices’ Avoidance Reasons (FREIRE et al., 2022), and (iv) A Comprehensive View
on TD Prevention Practices and Reasons for not Prevent It (FREIRE et al., 2023b).

7.1 A CONCEPTUAL MODEL FOR TD MANAGEMENT

Figure 7.1 presents our extended conceptual model for TD. It shows in blue our
contribution to the original conceptual model for TD. The classes in white were defined
by Avgeriou et al. (2016), Izurieta et al. (2016), and Rios, Mendonga and Spinola (2018).
These classes represent TD items properties, artifacts, and elements.
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According to the conceptual model, a system has many concerns, where TD is one of
them. TD can be specialized into 15 TD types (e.g., architecture, code, design, and test
debt) and is composed of TD items. Different factors, like a decision, schedule pressure,
inappropriate processes, and others, can cause a TD item. These factors are specializa-
tions of the Cause class. Also, TD items can bring consequences to the projects, affecting
their business goals. These consequences can impact a features cost, value, schedule, or
quality or the project continuance. A TD item is associated with one or more artifacts
of the software development process (e.g., code, test, and documentation) represented as
specializations of the DevelopmentArtifact class. Finally, a TD item can be related to TD
management, which is defined as an aggregation of management strategies, support tools,
and activities. The latter can be specialized into 11 types, such as prevention, payment,
monitoring, and measurement.

Our extension to the conceptual model includes all the organized empirical evidence
in this work related to the concept of TD prevention, monitoring, and payment (classes
in green). These classes are associated with two lists. One is formed by the PARs
(PracticeAvoidanceReason class), and the other represents the related practices (Preven-
tionRelatedPractice, MonitoringRelatedPractice, and PaymentRelatedPractice classes).

The PracticeAvoidanceReason class can assume two different roles: an impediment or
a decision factor. Also, a PAR has a nature that can be technical or managerial. The
PARs that lead to the non-prevention, non-monitoring, or non-payment of TD items are
from different categories (e.g., ExternalFactors, LackOfKnowledge, and Developmentls-
sues).

Through a relationship with NatureCategoryPractice class, the PreventionRelated-
Practice, MonitoringRelatedPractice, and PaymentRelatedPractice classes also have a na-
ture (technical or managerial), and the practices are organized into categories (e.g., Ez-
ternalQualitylssues, InternalQualitylssues, and PlanningAndManagement). These classes
are specialized by the Action and EnablingPractice classes. The first allows the direct
execution of the TD management activity, while the latter supports the execution of
them. Lastly, a monitoring-related practice can be identification, prevention, or payment
activities, and a payment-related practice can be prioritization or prevention activities.

By generalizing the MonitoringRelatedPractice class into the classes Identification,
Prevention, and Repayment and the PaymentRelatedPractice class into the classes Pre-
vention and Prioritization, we found a relationship among the identification, payment,
prevention, and prioritization activities. This relationship indicates an integration of such
kinds of TD management activities. The importance of such relationships was previously
discussed by Rios, Mendonga and Spinola (2018) when the authors reported that current
tools and strategies for TD management are limited in the sense that they only cover iso-
lated TD management activities. These tools and strategies can be updated considering
the different types of practices we described in the MonitoringRelatedPractice and Pay-
mentRelatedPractice classes and their specializations. For example, suppose a strategy
only focuses on supporting TD prevention practices. In that case, other practices for TD
payment and prioritization can be included in the strategy to support the application
of combined practices from these three TD management activities (prevention, payment,
and prioritization). Also, the practices from the three TD management activities could
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be combined in a tool, and the user can choose one or more practices to apply together
in their project. This approach would not guarantee the use of practices from different
activities but would present the opportunity to do so.

7.2 TD PREVENTION, MONITORING, AND PAYMENT MAPS

As evidence briefings have been used to disseminate research findings with practition-
ers (CARTAXO et al., 2016), we use the same approach to summarize the set of practices
and PARs, along with their categories, types, and nature. Figures 7.2, 7.3, and 7.4 show
the maps supporting development teams in TD prevention, monitoring, and payment
activities, respectively. The structure and composition of those maps will be discussed in
Section 7.2.1.

7.2.1 About the Conceptual Maps

The maps organize practices and PARs grouped by category. The rectangles with
rounded edges group the entire set of practices and PARs. Rectangles with dashed
lines represent the categories of practices and PARs. In each category, the map shows
the percentage associated with the category and its practices or PARs. To compute
the percentages associated with each practice and PARs, we summed up the number of
occurrences for each of them. Then, we divided this value by the number of projects
for which any practice or reason was cited. For example, better project management
prevention practice (Figure 7.2) was cited by 43 participants. As we had 546 participants
indicating that a TD item could be prevented in their projects, better project management
was cited in 8% (43/546*100) of them. We performed the same process for computing
the percentage of each category.

Looking at the percentages in the map, we see that TD prevention-related practices
from the categories planning and management and methodology are more commonly cited
in 53% and 39% of the projects, respectively. In the planning and management category,
the better project management prevention action stands out, as it was cited by 8% of the
projects. On the right side of the map, we can notice that the PARs from the categories
planning and management and development issues are more cited for explaining the
TD non-prevention in 49% and 22% of the projects, respectively. In the planning and
management category, the short deadline impediment stands out, cited in 29% of the
projects.

Small rectangles indicate the nature of a practice or PAR, with black rectangles indi-
cating a technical nature, while white rectangles denote managerially. For example, the
development issues practice category (Figure 7.4) has three managerial (changing project
scope, restarting the project from scratch, and system retirement) and three technical
practices (adjusting code to follow good programming practices, update system documen-
tation, and solving technical issues).
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TECHNICAL DEBT PREVENTION MAP

PLANNING AND MANAGEMENT (53%) e

0 O Better project management (8%)

QO Following the project planning (6%)
QO Well planned deadlines (5%)

0 O Better project planning (4%)

QO Allocation of qualified professionals (4%)
ao ion of a TD identification strategy (4%)

Qo I ionof a TD

0 O Good allocation of resources (3%)
0 O Risk and impact analysis (2%)

0 © Appropriate tasks allocation (2%)
QO Prioritization of TD payment (2%)

1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
' strategy (3%) !

1
1 1
1 1
1 1
1 1
1 1
| OO Adequate technical management (1%) H
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

QO O Increase time for analysis and design (1%)

0 O Implementation of a TD payment strategy (1%)

0O Well-defined effort estimation methods (1%)

0 O Flexibility in deadlines (1%)

0 O Focusing on long-term goals (1%)

0 O changing team priorities slowly (1%)

0 O Awareness of the impact of business decisions on
technology (0.4%)

B O Well-defined metrics (0.4%)

0 O Cost benefit analysis (0.2%)

0 O Improve schedule to include tests and bug fixing (0.2%)

0 O Negotiate with Line of business (0.2%)

0 O Removing low-priority tasks (0.2%)

LD O Well-defined sales process (0.2%) '

! B O Well-defined architecture (4%)
1 B O Refactoring (2%)
1 B O Improving the maintainability of the project (1%)

1
1
1
1
1 B O Using good design practices (5%) 1
1
1
1
1
O Well-defined ER model (0.2%) !

ORGANIZATIONAL (10%)

1 1
1 1
: B OfTraining (7%) :
1 O O Better understanding of develop. process by businesses (1%) 1
: B O Contracting a domain expert to architect the project (1%)
, O OtHistorical knowledge on TD (1%)
1 B OTechnical support (1%)
I O OfFair rewarding system (0.4%)
: B OIT Governance (0.4%)
1 O OOrganizational support (0.4%)
: B OBusiness experts (0.2%)

1
1
1
1
1
1
1
1
1
19 Ocultural change (0.2%) :

PREVENTION-RELATED PRACTICES

INFRASTRUCTURE (1%)

| @ O Use the most appropriate version of the technology (1%)
H B O Organizing code repository (0.2%)

METHODOLOGY (39%)

i
0 © Improving software development process (6%) 1
W O Improving documentation (5%) I
B O Creating tests (4%) :
0 © Good communication between stakeholders (3%) |
0 O Following well-defined project process (3%) 1
0 © Using agile practices (3%) :
B O Code review (2%) |
B O Architecture review (2%) 1
B O Continuous integration (1%) :
B O Appropriate test coverage (1%) '
0 O Good communication on team (1%) 1
B O Use of diverse test strategies (1%) :
0 O Focusing on agile delivery (1%) '
B O Improve requirements elicitation (1%) 1
B O Improving tests (1%) !
B O Providing design and requirements sooner (1%) :
B O Requirement validation (1%) 1
B O Deep analysis of functionality (0.4%) !
B © Mirror environment for testing (0.4%) :
B O Prioritization of test and documentation (0.4%) 1
B O Requirements changes tracking (0.4%) 1
B O Technical checkings of proposals (0.4%) :
B O Bug tracking (0.2%) 1
B O Design review (0.2%) 1
B O Release only test-approved components (0.2%) :
O O standardization in carrying out activities (0.2%) 1
0 O Understand team capabilities (0.2%) 1
QO utilizing lessons learned (0.2%) !

DEVELOPMENT ISSUES (16%)

B O Adoption of good programming practices (9%)
B O Quality assurance (2%)
© Appropriate reusing of code (1%)
B O Having expert consultation on design choices (1%)
B O Version control (1%)
B O Considering technical constraints (1%)
0 O Plan resources for investigating alternative solutions (1%)
B O Documentation update (0.4%)
RO Planni de structure (0.2%

PEOPLE ({8%)

et R B e e ]

1
1

I QO O Being committed (3%) :
: 0 O Organized team (2%) 1
1 MO Technical knowledge (2%) :
1 MO Discipline (1%) I
0 © Having an emotional stability team (0.4%) ]
0 © Improve the understanding of TD concept by PMs (0.4%) !
1 @O Team open to changes (0.4%) :
! MO Do it right in the first time (0.2%) I
1

L DO self-confidence (0.2%)

For preventing

TECHNICAL DEBT

Contextualizes technical compromises
that can bring short-term benefits
(e.g., higher productivity and lower
costs) but may negatively impact the

CAPTION
Nature of Practice/Reason

B Technical
Q Managerial

Types of TD Prevention-related Practice

O Prevention action
O Enabling TD prevention

O Impediment
O Decision factor

Types of Practice Avoidance Reason

long-term health of software projects.
The negative impacts yield risks
associated with, among others,
unexpected delays in system evolution
and difficulty in achieving quality
criteria defined for the project.

for non-preventing

PRACTICE AVOIDANCE
REASONS

PLANNING AND MANAGEMENT (49%) *

QO O short deadline (29%)

0 O Ineffective management (14%)

0 O Lack of concern about maintainability (4%)
0 O Debt close to the project end (2%)

DEVELOPMENT ISSUES (22%)

| B O Requirements changes (10%)

: B O Lack of good technical solutions (4%)

| MO Legacy system difficult to heal (4%)

1 B O Architectural evolution (2%)

: B O Continuous change of coding standards (2%)

METHODOLOGY (20%)

|
1

: QO Lack of predictability in the sw development (10%)

1 MO Documentation issues (lack of or non-updated) (4%)
[p=]
'a
1.

O Lack of process maturity (4%)
Op interdependency (2%)

I 0 O Dpifferences among stakeholders (2%)
: 0 © Not sure if client will accepted it (2%)

ORGANIZATIONAL (8%)

0O O Lack of qualified professionals (4%)
0 O Lack of financial resources (2%)

* The number in parentheses represents the percentage of the number of citation of each category, TD prevention-related practice, or practice avoidance reason by all projects.

Figure 7.2 Technical debt prevention map

Small circles represent the type of practice or PAR. We used a specific color for each
type. For example, the internal quality issues category (Figure 7.3), from the monitoring-
related practices rectangle, has one white circle (identifying TD items) representing a
practice of the T'D identification type, one brown circle (refactoring) of the T'D payment
type, and two gray circles (understanding the cause of TD item and identify the worst
debt areas) of the monitoring action type.
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TECHNICAL DEBT MONITORING MAP
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PRACTICES
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Figure 7.3 Technical debt monitoring map
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Figure 7.4 Technical debt payment map

7.2.2 Using the Conceptual Map

Software practitioners can use the map to identify and understand TD prevention,
monitoring, and payment practices. Considering the map as a benchmark, practitioners
can choose the practices that best fit their projects’ context. In addition, they can also
identify new practices to use in combination with ones they have not used yet. For
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example, if a team applies well-defined requirements and refactoring prevention practices
from internal quality issues category (see Figure 7.2), the team can apply other practices
from this category (well-defined architecture, using good design practices, improving the
maintainability of the project, and well-defined ER model).

Likewise, software practitioners can also use the map to identify and understand PARs
for the non-application of TD prevention, monitoring, or payment practices. For example,
suppose a team realizes the non-payment of TD items occurs due to cost, through the map
(Figure 7.4). In that case, the team can perceive that this reason is from the planning
and management category and identify other PARs composing this category, like effort,
risk for the project, and lack of time. A complete view of the PARs can support the team
in defining strategies to increase its capacity to manage TD items.

Through the analysis of the nature (technical or managerial) of the PARs, software
practitioners can see if their TD prevention, monitoring, or payment difficulties are more
due to technical or managerial issues. This can help the organization focus on improve-
ments. For example, primarily managerial PARs might indicate that communication on
technical issues needs to be improved so that managers understand the impact of those
issues on business concerns. Conversely, primarily technical PARs might suggest that
new training, processes, or tools would help.

Lastly, the map can define a favorable environment for preventing, monitoring, or
paying off the debt, making the practices and PARs visible to all stakeholders involved in
a software project. As a communication device, software teams can identify the problems
affecting the prevention activities and discuss these problems with their managers and
companies. Then, they can be aware that their decisions are decisive for supporting or not
TD prevention, monitoring, or payment initiatives, reducing or increasing the difficulty of
preventing, monitoring, or paying off TD items. These problems arise from managers and
companies depicted in the map from the PAR categories planning and management and
organizational. Besides, the practice categories planning and management and organiza-
tional can hint at possible solutions (practices) for mitigating those PARs. For example,
if a team realizes that lack of qualified professional is a PAR existing in its project for TD
non-prevention (Figure 7.2), as this PAR is from the organizational category, the team
along with its company can verify what practices from the organizational category can
be applied to eliminate this PARs, such as the practices contracting a domain expert to
architect the project and business experts.

7.3 ASSESSING THE TD CONCEPTUAL MODEL AND TD PAYMENT MAP

We conducted a follow-up survey with some InsighTD participants to investigate the
perception of software practitioners on the accuracy and completeness of the proposed TD
conceptual model and map. However, for reasons of cost and focus, we only considered
(i) a version of the model containing only the extension for TD payment concepts, as
shown in Figure 7.5, and (ii) the TD payment conceptual map, as shown in Figure 7.4.
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7.3.1 Data collection

The follow-up survey was composed of eleven questions, as shown in Table 7.1, divided
into two sections. In the first, the participants provided their perception of the TD
conceptual model (Q1 to Q6), and the latter captured the participants perceptions of the
TD payment map (Q7 to Q11). Appendix E presents the questionnaire in more detail.

ManagementStrategy
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Figure 7.5 Extended conceptual model for technical debt payment

As we only invited practitioners who had answered the InsighTD survey, we only
needed to ask participants to provide their email addresses, which we could then use as
participant identifiers. This allowed us to match the answers collected in InsighTD to the
ones collected in the complementary survey. We then instructed the practitioners to watch
a 5.3-minute explanatory video! that summarizes the TD conceptual model. We decided
to use an explanatory video instead of text to facilitate the practitioners participation.
The focus of the video is on our extension of the model. Also, we provided the video
transcript and the image of the model in high resolution?. The participants then answered

L <https://www.youtube.com/watch?v=h9TIx3ZxuRM >
2<https://bit.ly/3P0xB9IS>


https://www.youtube.com/watch?v=h9Tlx3ZxuRM
https://bit.ly/3P0xB9S
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Q1 to Q6, in which we asked if anything about their perception of TD payment changed
and what they learned, if they disagreed with any concept or relationship proposed in the
models extension, and how accurately and completely the model represents TD payment
concepts.

Next, we instructed the practitioners to watch an 8.5-minute explanatory video® sum-
marizing the TD payment map. We also provided the video transcript and the image of
the map in high resolution*. The participants answered Q7 to Q10, in which we asked if
the map would influence participants decisions about how and when to pay debt items.
Finally, the participants analyzed three statements (Q11) associated with the usefulness
and self-predicted future use of the map, indicating the option that best represented their
point of view, according to a 5-point scale from (1) strongly agree to (5) strongly disagree.
For example, the statement “I find the TD payment map easy to read, follow and use to
support decisions about TD payment” is related to the maps usefulness.

Table 7.1 Follow-up survey questions

Section No. Question (Q) Description Options Type
Q1  After watching the video, what changed in your perception about - Open
TD payment? For example, are there concepts or ideas that you
did not know about before, or that you now think about differently,
or that you now understand more completely?
Q2  What have you learned about TD payment from the model? - Open

Y
Q3 Do you disagree with any concept or relationship presented in the s Closed

conceptual model on TD payment (classes in blue)? No
Q4  If yes, how? If not, why? - Open
Q5 In your opinion, and considering a 0-10 scale, with 0 representing 0-10 scale Closed
very low accuracy and 10 representing high accuracy, do you think
the conceptual model is accurate to represent the TD payment
concepts?
Q6  In your opinion, and considering a 0-10 scale, with 0 representing 0-10 scale Closed
very low completeness and 10 representing high completeness, do
you think the conceptual model is complete to represent the TD
payment concepts?

1: Technical debt conceptual model

Q7  Would our results, as captured in this map, influence any of your ;is Closed
decisions about HOW to pay TD items?

Q8 If yes, how? If not, why? - Open

Q9 Would our results, as captured in this map, influence any of your EZS Closed
decisions about WHEN to pay TD items?

Q10 If yes, how? If not, why? - Open

Concerning the map, choose the option that best represents
your opinion.

a) I find the TD payment MAP easy to read, follow and use to Strongly agree

Q11 support decisions about TD payment. (Useful and Controllable). ﬁgf;cial Closed
b) I find the TD payment MAP easy to read, follow and use to Disagree

support decisions about TD non-payment. (Useful and Controllable).
¢) Assuming the payment map was available at my job, I
predict that I would use it on a regular basis in the future.

2: Technical debt payment map

Strongly disagree

3<https://www.youtube.com/watch?v=0L5dCSPpX WM >
4<https://bit.ly/3uhoE4k>


https://www.youtube.com/watch?v=OL5dCSPpXWM
https://bit.ly/3uhoE4k

116 TD CONCEPTUAL MODEL AND TD MANAGEMENT CONCEPTUAL MAPS

7.3.2 Data Analyses

We matched the data collected in the complementary survey with the data collected
in the InsighTD survey, allowing us to identify the demographic data of each participant.
For closed questions and demographic data, we used descriptive statistics and calculated
the share of participants choosing each option to understand the data better. For open-
ended questions, we coded the answers to identify their central ideas. For example,
consider the following answer to Q1: “I realize now that reasons for delay in paying of
TD may be much more complex than it seems.” We defined the code complexity of TD
payment reasons. Two researchers performed the coding process. One of them coded all
answers, and the other checked the extracted codes. The divergences were resolved in a
consensus meeting.

7.3.3 Results

In total, we sent the survey to twenty-seven practitioners considering those we have
contact with and could quickly participate in this research stage. We received eight

answers®, representing a ~30% response rate.

7.3.3.1 Demographics. Most of the participants work in small (38%; organizations
with up to 50 employees) and medium-sized (38%; 51 to 1000 employees) organizations,
and two participants (25%) work in large (more than 1000 employees) organizations.
Most of them identified themselves as developers (63%), but requirements analysts (25%)
and software architects (13%) also answered the survey. Regarding the participants
experience level, we have yet to receive answers from novices or beginners. Most of them
are competent (50%), followed by proficient (25%) and expert (25%). The participants
mainly adopted the agile software development process (50%), but others followed hybrid
(25%) and traditional (25%) ones. These distributions are very close to the more extensive
data set used in this dissertation (see Figure 3.2).

7.3.3.2 Perceptions on TD payment conceptual model. Only one participant
indicated that his/her perception did not change due to the model (Q1). However, this
participants response revealed their appreciation that the TD payment elements were
“better defined in categories.” The remaining participants indicated that their perception
had changed as the model (i) introduced new concepts (three answers, e.g., “there some
concepts related to payment and TD reasoning that I didn’t know previously”), (ii)
provided a more complete view on TD payment (e.g., “I now understand more completely
about TD payment”), and (iii) revealed TD payment as complex (e.g., “I realize now that
reasons for delay in paying of TD may be much more complex than it seems”).

Most participants (five) reported learning more about TD payment by studying the
model (Q2). Some quotes from the responses indicate new understandings of concepts,
e.g., that the part of the model about “the definition of a favorable context for the
payment of technical debt” added to the respondents knowledge. Others indicate a greater

®The raw data is available at <https://bit.ly/3QmiPes>.
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appreciation of the importance of this knowledge for paying off TD efficiently (e.g., “I
learned that understanding the reasons behind TD and defining the payment strategy
in terms of activities, is indeed prerequisite for efficient TD payment,” or “I understood
that the categorization strategy helps a lot in the payment and prioritization of TD”).

Only one participant disagreed with something in the model (Q3), specifically the lack
of relationship between ExternalFactors and PaymentRelatedPracticeCategory, pointing
out that “various external factors can put pressure on the payment of technical debt.”
The other participants agreed with the model and indicated that it is well organized and
described.

Lastly, the participants rated the model in terms of its accuracy (Q5) and completeness
(Q6). In the participants opinion, the model seems accurate (answers ranging from 7 to
10) and complete (answers ranging from 8 to 10). For both, the mode was nine, with
four answers.

7.3.3.3 Perceptions on TD payment map. Most of the participants (seven) in-
dicated that it would influence their decisions about how to pay TD items (Q7). They
explained (Q8) that the map can be used as a supporting tool for TD payment activities,
e.g., “it gives some insights or even a checklist to support a strategy to avoid and solve
technical debts,” and “it could be an initial guide for planning technical debt payment
activities.” Also, one participant indicated that the percentages could contribute to com-
paring the TD payment initiatives of projects from the same organization. Only one
participant claimed that the map would not influence their decisions on how to pay TD
items and cautions that “it is hard to generalize this data... Percent are different from
case to case.”

Most of the participants (six) affirmed that the map could influence decisions about
when to pay TD items (Q9) and explained (Q10) that “when analyzing the map, the first
thing I think about is: Paying technical debt and managing to reduce technical debts
should be constant activities. In other words, the when is today, not to do everything
at once, but to create the culture of starting to visualize the map and apply constant
actions to make decisions about the technical debt and its payment” and “yes. It presents
what should be improved and which phase you should tackle problems to avoid technical
debts”. On the other hand, a participant reported that “most of time Im not a decision
maker when and if that will be done. Anyhow, the map gives valuable insights to make
such decision.”

Finally, in Q11, most of the participants indicated that the map is easy to read,
follow, and use to support decisions about TD payment (strongly agree: four answers,
agree: three answers, and neutral: one answer) and about TD non-payment (strongly
agree: two answers, agree: five answers, and neutral: one answer). Also, five participants
predicted that they would use the map regularly in the future if the map is available at
their jobs (strongly agree: three answers, agree: two answers, and neutral: three answers).
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7.3.4 Threats to Validity

As in any empirical study, this study has threats to validity (WOHLIN et al., 2012).
We attempted to remove them when possible and mitigate their effects when removal was
not possible.

Construct validity. A threat arises from the questionnaire because the participants
could misunderstand its questions. To reduce this threat, we performed three question-
naire validations conducted by researchers from the InsighTD project. The objective of
the validation was to check the questions for clarity and completeness. Then, following
the feedback we received, several adjustments were applied to the questionnaire and the
survey procedures, such as including the video transcripts. Also, we piloted the question-
naire before its execution by inviting three participants through personal contacts with
varying levels of industry experience. These participants were asked to tell us how much
time it took to complete the task (the mean time was about 20 min), impressions about
questions (e.g., clarity, ease of understanding, size), and improvement points. Finally, we
performed one last review of the questionnaire.

Conclusion validity. A threat emerges from the coding process we performed to
analyze the answers collected in the open-ended questions. As this process is subjective,
it was conducted by two different researchers. One of them coded the answers, and the
other checked the extracted codes. Inconsistences were solved in a meeting.

External validity. A threat arises from the fact that study participants were chosen
by convenience because we invited only practitioners who answered the InsighTD survey.
Also, due to the small sample, the results are not generalizable. To this end, further stud-
ies must be performed to evaluate the extended TD conceptual model and the proposed
TD payment map.

7.4 ANSWERING RESEARCH QUESTION 4 - MODEL AND MAP

By including the TD prevention, monitoring, and payment concepts from the state
of practice, we extended the TD conceptual model found in the technical literature. The
new conceptual model reveals valuable information for researchers and practitioners. By
analyzing the model, researchers and practitioners can understand the big picture related
to TD and its entities and relationships. After extending the model, they can explore
the payment, prevention, and prioritization activities and realize that integrating them
can be performed by combining practices from these activities. The same occurred with
monitoring, prevention, and payment activities. The model can drive new initiatives
on this type of integration and support the definition or improvement of tools for TD
management. Lastly, the model can help researchers characterize the context of the
projects they are studying. Adding these new classes and relationships will help ensure
that prevention, monitoring, and payment issues will be considered and described in
detail in future studies.

Evaluation results from the conceptual model to TD payment indicate that it is well
organized, accurate and complete, as well as provides valuable information to define
strategies for TD payment. However, we cannot extrapolate these results to the full
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version of the model because the follow-up survey only focuses on the TD payment
concept.

Regarding the conceptual maps, we defined a map for each TD management activity
(prevention, monitoring, and payment). Each map comprises practices, and PARs are
divided into categories. Also, each practice and PAR is accompanied by its types, nature,
and percentage of the occurrence. Concerning the practices, the map can be useful
for practitioners in two scenarios. If a team does not have experience performing TD
prevention, monitoring, or payment, it can base its first steps on the experience of others
and use the percentages as a criterion for choosing practices to set its TD management
initiative. In the second scenario, if a team already has experience with TD prevention,
monitoring, or payment, the map serves as a benchmarking tool. Based on the experience
of others, the team can compare its practices and identify new ones that could be used.
In addition, when looking at the categories level, if a team already uses a practice from
a specific category, it can discover other practices related to that practice.

About the PARs, the map sheds light on possible improvement points in the teams
capability to make the application of practices to feasible prevent, monitor, or pay off the
debt. These points can be divided into two scenarios. First, let us consider a team with
no experience in preventing, monitoring, or paying off TD items, the map can support the
team in identifying PARs used in practice, and the percentages can be used as a criterion
for verifying what PARs are more common for impeding TD management initiatives.
Lastly, if the team has already experienced TD prevention, monitoring, or payment, the
map can reveal new PARs from practitioners experience, improving the teams perception
of factors that curb TD management. Also, the map categories can support the team
in identifying other PARs related to ones already used by the team associated with the
same TD prevention, monitoring, or payment issue. In both scenarios, as PARs are
divided into impediments and decision factors, software teams can understand whether
the TD non-prevention, non-monitoring, or non-payment occurs due to their decision or
an impediment posed by other stakeholders.

Results from the TD payment map assessment reveal that the map seems useful as a
support tool in TD payment activities, but it must be adapted according to practition-
ers context. Unfortunately, we cannot extrapolate these results to TD prevention and
monitoring maps, requiring new investigations on those artifacts.

7.5 CONCLUDING REMARKS

This chapter presents the conceptual model for TD we extended by including the con-
cepts of the state of TD prevention, monitoring, and payment practice and the conceptual
maps that organize the set of practices and PARs into categories, types, and nature. We
also performed a follow-up survey to assess the model and the map. Although the assess-
ment only considered the version of the model on TD payment and the TD payment map,
the results show that the TD payment conceptual model is well organized, accurate and
complete, as well as provides valuable information to define strategies for TD payment.
Also, the TD payment map seems useful as a support tool in TD payment activities, but
it must be adapted according to practitioners context.
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The following chapter presents the Impediments, decision factors, enabling practices,
and actions (IDEA) diagrams and discusses how they can be used to analyze TD preven-
tion, monitoring, and payment capabilities and issues. It also discusses the complemen-
tary studies we performed to assess the diagrams in terms of supporting TD management
activities.



Chapter

This chapter introduces the IDEA (Impediments, Decision factors, Enabling practices, and Actions)
diagrams that organize the set of practices and PARs and allow the analysis of capabilities and issues in
TD management activities. Lastly, it offers and discusses the assessment of the diagrams we performed

by two complementary empirical studies.

IDEA DIAGRAMS

Technical debt (TD) management comprises several activities, such as prevention, mon-
itoring, and payment (LI; AVGERIOU; LIANG, 2015; RIOS; MENDONCA; SPINOLA,
2018). By performing TD prevention, software teams can avoid potential TD items, while
TD monitoring follows the identified TD items to measure their cost/benefits along with
their elimination. This elimination is performed during the payment activity. Knowing
the practices to prevent, monitor, and pay off debt items can support software teams in
choosing the most appropriate practices in their context. On the other hand, and for
varied reasons, teams sometimes avoid the application of these practices. Having infor-
mation on these Practice avoidance reasons (PARs) can aid software teams in increasing
their ability in TD management, revealing internal or external factors resulting in TD
non-prevention, non-monitoring, and non-payment.

Related work has investigated TD prevention, monitoring, and payment practices and
PARs (LI; AVGERIOU; LIANG, 2015; BOMFIM; SANTOS, 2017; APA et al., 2020b;
RIOS et al., 2020; ARAGAO et al., 2022). For instance, Bomfim and Santos (2017) iden-
tified TD payment practices and PARs in the agile software development process. Rios
et al. (2020) identified prevention and payment practices for managing documentation
debt items, while Aragao et al. (2022) investigated prevention, monitoring, and payment
practices for test debt items. Despite the valuable contributions of the current literature
for the area, there is still a need for organizing the current body of practices and PARs
into artifacts that can effectively be applied to support the management of TD in soft-
ware projects. The previous chapter presented the conceptual maps for TD prevention,
monitoring, and payment which organize the set of practices and PARs into categories,
types, and nature. However, we want to provide an artifact to provide guidance on how
to read and analyze the practices or PARs in isolation as well as in combination. In the
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absence of this guidance, development teams rely on textual information spread through
several tables, thus hindering the use of current knowledge on TD management.

This chapter aims to answer RQ4: How to organize the body of knowledge
composed of prevention, monitoring, and payment practices - and Practice
avoidance reasons (PARs) for TD non-prevention, non-monitoring, and non-
payment - to support TD management? For this, we organize the set of practices
and PARs into Impediments, decision factors, enabling practices, and actions (IDEA)
diagrams. Moreover, we assessed them to verify their support in TD management ac-
tivities, supporting us to answer RQ4.1: How are the proposed artifacts characterized in
terms of its support for TD management activities?

This chapter is based on the following papers: (i) Pitfalls and Solutions for Technical
Debt Management in Agile Software Projects (FREIRE et al., 2021c) and (ii) Assessing
IDEA Diagrams for Supporting Analysis of Capabilities and Issues in Technical Debt
Management (FREIRE et al., 2022).

The main contributions of this chapter are:

o A set of IDEA diagrams that organize practices and PARs, supporting the analysis
of capabilities and issues in TD management.

e Specializations of IDEA diagrams per process model and type of debt.

o Assessment of the IDEA diagrams by considering the point of view of students and
software practitioners.

Section 8.1 presents the IDEA diagrams. Section 8.2 offers the empirical studies we
performed to assess the diagrams. Section 8.3 discusses the results of the studies. Lastly,
Section 8.4 presents the concluding remarks.

8.1 IDEA DIAGRAMS FOR TD PREVENTION, MONITORING, AND PAYMENT

IDEA diagrams organize issues decision factors and impediments and capabilities
actions and enabling practices related to TD management into four quadrants. We
design them inspired by the Strengths, weaknesses, opportunities, and threats (SWOT)
analysis (SHAHIR; DANESHPAJOUH; RAMSIN, 2008). But unlike SWOT, the scope
of the IDEA diagrams is not organizational planning but is to support software teams
in increasing their ability to manage debt items (FREIRE et al., 2021c). The diagrams
can be defined for any TD management activity, and their practices and PARs can be
specialized considering the types of debt (such as code, design, and requirements) and
project context variables, such as the process model.

8.1.1 Diagrams Structure

Figure 8.1 presents the diagrams structure and how the quadrants are related to each
other. Each quadrant is depicted by a specific color and contains a set of practices or
PARs. On the left side of the diagram, practices are concentrated in the actions and
enabling practices quadrants. The former groups actions for managing debt items, while
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the latter has the practices which support the TD management initiatives. On the right
side, the diagram presents the PARs in the decision factors and impediments quadrants,
representing the decisions made by the team itself or another external agent (i.e., a
customer or organization), respectively.
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Practice 2 ( %) - PAR2(%)

Figure 8.2 A summarized version of the
Figure 8.1 The IDEA diagrams structure IDEA diagram for TD monitoring

In all quadrants, the practices and PARs are ordered by a criterion that software
teams can define. For example, a sorting criterion could be how frequently practices and
PARs were used in the project. Although these percentages do not indicate if a practice
or a PAR is critical, they can highlight the best-positioned practices and PARs in the
predeterminate criterion.

8.1.2 Specializing the Diagram

We can populate the IDEA diagrams structure using a set of practices and PARs
related to any TD management activities and specialize the diagrams according to any
project context variable, such as the process model adopted by the team and type of debt.
Specializations can be helpful to support more directed analyses of capabilities (enabling
practices and actions) and issues (decision factors and impediments) by practitioners
when defining their strategies to improve their TD management initiatives.

In this dissertation, we define IDEA diagrams for TD prevention, monitoring, and
payment, using data from the InsighTD project to populate the structure and specialize
it per process model and type of debt. Figure 8.2 depicts the IDEA diagram for TD
monitoring. To make the diagram concise, the work considers only the five most fre-
quently cited practices and PARs. The percentages with practices and PARs inform how
often they were used in the InsighTD participants software projects. Appendix Figure
F.1 shows the complete IDEA diagram for TD monitoring.

To specialize the IDEA diagrams per process model, we filtered the InsighTD data



124 IDEA DIAGRAMS

set considering the values of this project context: agile, hybrid, and traditional. As a
result, we have the set of practices and PARs associated with each process model. Figure
8.3 shows the set of IDEA diagrams for (a) TD prevention, (b) TD monitoring, and
(¢) TD payment in the agile process with the five most cited elements per quadrant.
Appendix Figure F.2 shows the complete complete IDEA diagrams for agile process.
We followed a similar process to specialize the IDEA diagrams per TD type. However,
we only considered design and documentation debt as values for TD type. Figure 8.4
depicts the IDEA diagram for design debt payment with the five most cited elements per
quadrant. Appendix Figure F.4 and F.3 show the complete IDEA diagrams for design
and documentation debt, respectively.

- Well-defined requirements (13%) - Ineffective management (23%) - TD item backlog (39%) - Lack of interest (45%)
- Adoption of good prog. practices (11%) - Lack of predictability in the software - TD as a task (12%) - Focusing on short term goals (34%)
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- Improving SW dev. process (6%) - Lack of understanding about the impact of
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Figure 8.3 A summarized version of the IDEA diagram for TD prevention (a), monitoring
(b), and payment (c) in agile processes
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- Code refactoring (51%) - Focusing on short term goals (28%)

- Design refactoring (15%) - Lack of organizational interest (15%)

- Adjusting code to follow good - Insufficient management view
programming practices (4%) about TD payment (3%)
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- Investing effort on TD payment - Cost (18%)
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- Improving software development - Customer decision (7%)
process (6%) - Complexity of the TD item (5%)

- Improving the team collaboration (6%)
- Negotiating deadline extension (6%)

Figure 8.4 A summarized version of the IDEA diagram for design debt payment

8.1.3 Strategy of Use

IDEA diagrams can support the definition of TD management strategies by analyz-
ing one or two quadrants simultaneously. When looking at isolated quadrants, software
teams can identify the actions used to manage the debt (actions quadrants) and the prac-
tices that support these actions (enabling practices quadrants) shown on the left of the
diagram. Further, software teams can identify the issues that hamper TD management
from decisions made by the team (decision factors quadrant) or by an external factor
(impediments quadrant).

Analyzing the relationships between quadrants can support software teams in boosting
their TD management initiatives. Consider 8.4 as an example:

e Actions and Enabling practices quadrants can provide teams with a way to
increase their TD management ability by suggesting other practices that could be
implemented. For example, a software team that uses code refactoring and design
refactoring actions to pay off design debt items can use investing effort on TD
payment activities and negotiating deadline extension enabling practices to support
these actions.

e Decision factors and Impediments quadrants can support teams in under-
standing why they are not managing TD. For example, a software team can identify
that focusing on short term goals and lack of testing decision factors and customer
decision impediment are the reasons for not paying off design debt items.

« Enabling practices and Decision factors quadrants can reduce weak areas
related to TD management. For instance, if a team realizes that lack of adoption
of lessons learned decision factor is the reason for design debt non-payment, the
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team can apply improving software development process and improving the team
collaboration to change the teams mindset.

e Actions and Impediments quadrants can help teams to reduce the impedi-
ments for TD management. For example, if a team identifies that complexity of the
project impediment hampers the payment of design debt, the team can apply code
refactoring, design refactoring, and adjusting the code to follow good programming
practices actions for reducing external factors in TD payment decisions.

To assess the IDEA diagrams in terms of their support of TD prevention, monitoring,
and payment activities, we performed two empirical studies presented in the following
section.

8.2 ASSESSING THE IDEA DIAGRAM

This section offers the complementary studies we performed to assess the IDEA dia-
grams in academic and industrial settings.

8.2.1 First Study - Assessing the ease of use, usefulness, and potential future use
of the IDEA diagrams

The goal of this study is to analyze the IDEA diagrams with the purpose of char-
acterizing them with respect to ease of use, usefulness, and potential future use from
the point of view of undergraduate students enrolled in a software engineering course
in the context of software development projects. As our intention is to investigate the
perception on the use of a new technology (IDEA diagrams), we conducted the evalua-
tion by applying the Technology acceptance model (TAM) (DAVIS, 1989). It captures
the participants opinions on three constructs (perceived usefulness, ease to use, and self-

predicted future use), measured by a set of questions. Our questions were adapted from
those used by (RIOS et al., 2019).

8.2.1.1 Project Context. The study consisted of analyzing the ease of use, use-
fulness, and potential future use of the IDEA diagrams through the simulation of TD
management activities, whose objective was to identify, from a list of TD items, the
prevention, monitoring, and payment practices and PARs that could be applied for the
project. The list of debt items was extracted from an actual software project called
National Transplantation System (NTS)!.

The NTS is responsible for controlling and monitoring transplants of organs, tissues,
and parts of the human body for therapeutic purposes in Brazil. The product consists of
a medium-large database-driven web application. It includes several modules distributed
through 212 use cases. The application was written in Java and based on the Model-
View-Controller (MVC) framework. It contains 365K lines of code in 1377 domain classes.
The project was developed with the following infrastructure: Eclipse IDE, Subversion,

!The National Transplantation System (NTS) was developed by a partner organization (the Fraun-
hofer Project Center at the Federal University of Bahia).
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and Trac. The development team comprised one project manager, one technical leader,
three requirements analysts, and eight developers. The project followed a Scrum-like
development process to continuously integrate features and deliver working versions to
the customer. The project team manually identified TD items and organized them into
a spreadsheet, constituting the list of TD items used in this study.

8.2.1.2 Procedure and Instrumentation. Initially, the participants filled in a
characterization and a consent form. Afterwards, the first author trained? the partic-
ipants on TD and its concepts associated with the study, such as TD definition, design
and documentation debt, and TD prevention, monitoring, and payment activities. An
example of identifying practices and PARs related to those activities was also explained
(step 1). As we wanted to reduce bias during the identification of TD management
practices and PARs step of the study, we used an example in the context of house main-
tenance. For instance, a payment practice for the kitchen sink is showing a slow flow of
water could be using a plunger.

In step 2, the participants, individually, analyzed in an ad hoc manner a design and a
documentation debt item (see Table 8.1) to suggest practices and PARs associated with
the TD prevention, monitoring, and payment of those items. We chose them because
they were described in detail in the list of TD items our industry partner provided.

Table 8.1 TD items used in the study

Step TD type TD item description

2 Documentation  The allocation module does not have a requirements specification
document.

2 Design A verification with the name of the activity is necessary when it

is required to identify a type of service or bill. This information
is fixed in the code and can bring errors when some update is
performed, or the data in the database has incorrect names.

4 Documentation  The documentation should be up-to-date, and requirements gath-
ering should be conducted in accordance with the customer’s
needs. Frequent changes to these modules caused a lot of reworks.

4 Design The invoice printing functionality needs to be simplified. The
functionality is working correctly but needs to be adjusted in the
future to be more adherent to the system design.

Step 3 focused on the training on the IDEA diagrams, explaining how to use them to
support the analysis of practices and PARs associated with TD prevention, monitoring,
and payment. We presented an example of how to analyze a debt item using the diagram,
but also in the context of the house maintenance scenario.

In step 4, the participants received two new TD items, shown in Table 8.1, and
analyzed them using the IDEA diagrams to suggest practices and PARs associated with
the prevention, monitoring, and payment of those items. The participants received a set

2The training material is available at <http://bit.ly/3Zr5GGr>.
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of IDEA diagrams for the types of analyzed debt items (documentation or design) for
each TD management activity.

Lastly, the participants individually completed the evaluation form, containing a set
of questions associated with the three constructs (perceived usefulness, ease to use, and
self-predicted future use) considered in the TAM (Step 5). The evaluation form is
available in Appendix G. To answer the questions in the form, the participants indicated
the option that best represented their point of view on the IDEA diagrams, according
to the following 5-point scale: (1) I totally agree; (2) I agree partially; (3) Neutral; (4)
Partially disagree; and (5) Strongly disagree. At the end of the form, the participants
also described the positive and negative aspects of the diagrams and suggestions for
improvements and indicated whether the diagrams helped them to identify practices and
PARs that they would not have placed without using them.

8.2.1.3 Data analysis. All answers were validated by following three criteria: (i) the
participant filled in the consent and characterization forms, (ii) the participant performed
the two activities of analysis of TD elements (steps 2 and 4), and (iii) the participant
filled in the evaluation form.

For the closed questions, we used descriptive statistics and calculated the share of
participants choosing each option to understand the data better. For open-ended ques-
tions, we applied a coding process to identify the central idea described in the answers
(STRAUSS; CORBIN, 1998; SEAMAN, 1999). For example, a participant indicated the
following positive aspect of the IDEA diagrams: “items properly separated and placed,
easy to locate” As this answer is related to the diagram representation, we coded it as
adequate representation structure. The coding process was performed by one researcher
and revised by another. Divergences were resolved in a consensus meeting. In the end,
we had a list of codes and their respective number of occurrences.

8.2.1.4 Results. This section provides the results obtained from the participants
TAM study.

8.2.1.4.1 Characterization of the Participants. The participants were undergraduate
students enrolled in a software engineering course. In total, 72 participants® completed
all required steps. Half of them indicated some experience with software development
(19% had at least one year of experience). Participants also indicated their level of
experience in nine areas related to the software development process. We present the
results in Table 8.2. We can notice that there are participants with experience in all
areas of industry. Lastly, most of the participants have some level of knowledge on TD
ranging from low (53%) to good (10%) and expert (3%).

8.2.1.4.2 Participants Point of View on IDEA Diagrams for TD Prevention, Monitor-
ing, and Payment. Figures 8.5, 8.6, and 8.7 present the TAM statements for perceived
usefulness constructs and the results for each of them for TD prevention, monitor-

3The raw data is available at <http://bit.ly/3jYjbg8>.
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ing, and payment IDEA diagrams, respectively. Analyzing the statements in relation to
usefulness (Ul to U8), most of the participants agreed with the affirmations for IDEA
diagrams for TD prevention (more than 86% of the participants), TD monitoring (more
than 81%), and TD payment (more than 89%). Thus, the following benefits are expected
when using the diagrams: high productivity (Ul and U5), increased performance (U2,
U4, U6, and US), and efficacy (U3 and U7) when identifying practices and PARs related
to TD prevention, monitoring, and payment.

Table 8.2 Level of Experience of Participants

Level of experience*

Knowledge area

1 2 3 4 5
Project management 23 33 8 2 6
Monitoring and correction of software defects 29 27 4 4 8
Software maintenance 31 22 5 5 9
Software architecture 28 28 5 6 5
Software design 22 28 5 9 8
Software documentation 27 34 2 2 7
Requirement specification 20 40 7 1 4
Implementation 19 16 5 22 10
Software testing 22 28 6 8 8

* Levels of experience: (1) none, (2) studied in class, (3) practiced in classroom projects,
(4) used in personal projects, and (5) used in projects in the industry.
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Figure 8.5 Perceived usefulness for IDEA Diagram for TD Prevention
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Figure 8.6 Perceived usefulness for IDEA Diagram for TD Monitoring
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Figure 8.7 Perceived usefulness for IDEA Diagram for TD Payment

Moreover, 90% of the participants agreed with the following statements: “using the
diagrams, I would increase my productivity in identifying practices and PARs” (strongly
agree: 65%), agree: 25%, and neutral: 10%) and “I believe the proposed diagrams would
be useful to support technical debt management” (strongly agree: 72%, agree: 18%, and
neutral: 10%).

Figure 8.8 presents TAM statements for easy-to-use construct. At least 80% of the
participants agreed with the statements associated with the benefits: easy to learn (E1),
clear and understandable (E2), controllable (E3-ES8), skillful (E9), remember (E10), and
easy to use (E11).

Strongly agree Agree Strongly disagree
0% 25% 50% 75% 100%
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PARs for TD non-repayment. (Controllable) ° ° °
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E10. It would be easy to remember how to identify practices and PARs
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54% 10% 3%

E11. | find the support easy to use. (Ease to use) L 13% 3%

Figure 8.8 Easy-to-use for IDEA Diagrams for TD Prevention, Monitoring, and Payment

The participants also provided their opinion on the self-predicted future use con-
struct. We found that (i) 92% of the participants agreed with “Assuming the proposed
diagrams would be available to manage technical debt, I would use them in the future”
(strongly agree: 63% and agree: 29%) and (ii) 63% of the participants agreed with “I
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would prefer to use the proposed diagrams to identify practices and PARs associated
with TD prevention, monitoring and payment activities than in the usual way (without
the diagrams supported). Only 15% of the participants disagreed with this statement
(strongly agree: 45%, agree: 18%, neutral: 22%, disagree: 7%, and strongly disagree:
8%).

Lastly, most of the participants indicated that using the diagrams helped them identify
(i) TD prevention, monitoring, or payment practices (93% of the participants) and (ii)
PARs for TD non-prevention, non-monitoring, and non-payment (94% of the participants)
that they would not have identified without the diagrams.

8.2.1.4.8 Positive Points Reported. The participants indicated that the IDEA dia-
grams allow an easy identification of practices and PARs (number of occurrences (NO)
= 34), as described in the participants quote, “it is easier to identify reasons and prac-
tices for prevention, monitoring, and payment...” The participants also explained that
the IDEA diagrams have an adequate representation structure (NO = 25), for instance,
“detailed, items properly organized, easy to locate.” Lastly, participants argued that the
diagrams facilitate the decision making (NO = 6; e.g., “better performance and effective-
ness in decisions.”). Other mentioned positive points are easy of use, provide a variety of
practices and PARs, and facilitate the understanding.

8.2.1.4.4 Negative Points Reported. Participants indicated that it is possible that prac-
titioners only consider the practices/PARs in the diagram (NO = 10), as illustrated in “it
can create a false impression that everything has been listed and cause a lack of interest in
identifying other elements.” Also, the participants affirmed that the diagrams have many
practices or PARs (NO = 5; e.g., “it contains a lot of information...”). Other negative
points mentioned were they do not present all practices and PARs and lack of dynamic
manipulation of the diagram.

8.2.1.4.5 Improvement Points Reported. The participants suggested the following im-
provement points: (i) better organize information (NO = 10; “better distribution of data
in the space in each quadrant.”), (ii) enable dynamic manipulation of the diagram (NO
= 4; “there could be some way to navigate through the diagrams...”), (iii) enable the
inclusion of new elements (NO = 4; “Open a checkbox with the option to include new
reasons.”), (iv) simplify the diagram (NO = 3; “use diagrams as simple as possible.”), (v)
remove redundant practices and PARs (NO = 1; “some items can be merged as long as
they look similar.”), and (vi) better explain percentages (NO = 1; “explain the percentages
present in the diagrams.”).

8.2.2 Second Study - Perception of Software Practitioners

The goal of this study is to analyze the IDEA diagrams with the purpose of
characterizing them with respect to their support to TD management activities from
the point of view of software practitioners with experience in their roles in the context
of software development projects.
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8.2.2.1 Procedure and Instrumentation. We conducted semi-structured individ-
ual interviews® composed of three steps, as shown in Table 8.3. In the first step (opening),
we presented the consent form and the concept of TD. Then, the participant answered
questions on TD management, such as the level of experience with TD management and
the strategies and tools used to manage the debt. In the second step (perception about
the IDEA diagrams), we presented the IDEA diagrams and provided some examples of
using the diagrams for supporting TD management. Then, we asked participants whether
the diagrams (i) are easy to use and follow, (ii) could influence their decision about how
to manage the debt, and (iii) could be used in their daily activities. In the last step
(closing), we asked participants if they had anything more to say about the diagrams
and asked them to fill in a characterization form.

Table 8.3 Interview script

Section Question

We present the consent form.

We present the concept of technical debt as defined by McConnell (2007).

Q1. Concerning you experience with TD management:

a) Never heard of it.

b) I have heard of it, but I have not been on projects where I recognized TD.

c¢) I have been on projects where I recognized TD but the project did not explicitly
manage it.

d) I have been on projects where we attempted to actively manage TD.

Q1.1. Have you or your project ever used any strategies for managing TD items?
Q1.2. What are these strategies? Can you explain how you have used them?

Q1.3. Have you or your project ever used any tools for managing TD items?

Q1.4. What are these tools? Can you explain how you have used them?

We present the IDEA diagrams, explaining their structure and use for supporting TD
management.

Q2. Would you think the IDEA diagrams easy to read and follow to support decisions
about TD management? Why?

Q3. Would the IDEA diagrams influence any of your decisions about how to manage
TD items? Why?

Q4. Would you think percentages are useful to guide the choice of practices and
PARs? Why?

Q5. Assuming the IDEA diagrams were available at your job, would you use them
for supporting your TD management activities? Why?

Q5.1. Do you think IDEA diagrams fit your reality?

Q5.2. What adjustments do you suggest?

Q6. Is there anything else you would like to add?

Please, fill the characterization questionnaire.

Opening

Perception of IDEA diagrams

Closing

We carried out the interviews remotely. Each of them lasted around 30 minutes and
was recorded with the interviewees permission.

4The material used in the interview is available at <http://bit.ly/SWNGGY3>.
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8.2.2.2 Data analysis. We transcribed the interviews and organized the answers by
question. Then, we coded the transcriptions to identify the main idea presented in each
answer (STRAUSS; CORBIN, 1998; SEAMAN;, 1999). For example, a participant ex-
plained why IDEA diagrams can be used in daily activities: “you can communicate better
with your team to avoid future problems.” We coded it as assist team communication.
This process was performed by the first author and revised by the last author. Diver-
gences were resolved in a consensus meeting. Finally, we had a list of codes and their
respective number of occurrences.

Concerning the characterization questions, we used descriptive statistics and calcu-
lated the share of participants choosing each characterization form option to understand
the data better.

8.2.2.3 Results. This section presents the results obtained from the interviews.

8.2.2.3.1 Characterization of the Participants. We invited eleven practitioners®. Most
of them work in medium-sized companies (organizations with 51 to 1000 employees; six
participants), followed by large (more than 1000 employees; 4 participants) and small (up
to 50 employees; one participant). The participants identified themselves as project man-
ager or leader (3 participants), developer (2), product owner (2), process analyst (1), agile
coach (1), tester (1), and software architect (1). Regarding the participants experience
level, we interviewed five experts (authoritative knowledge of discipline and deep tacit
understanding across area of practice), five proficient (depth of understanding of disci-
pline and area of practice), and one competent (good working and background knowledge
of area of practice). The participants mostly adopted agile software development (7), and
the others followed hybrid methodologies.

Three participants do not have previous experience inn TD management, while eight
of them have experience participating in projects in which they have identified TD items
or have tried to manage them actively. The identified debt items are commonly registered
in the product backlog or managerial tools.

8.2.2.3.2  Easy to read and follow. Most of the participants (nine participants) affirmed
that the IDEA diagrams are easy to read and follow to support decisions on TD manage-
ment because the diagrams: (i) facilitate TD decision making (“Because you can extract
data from their topics (actions, impediments, decisions...). They are evident in aiding
decision making”), (ii) are succinct and clear (“Yes, because I think they are very suc-
cinct and clear”), (iii) can be understood by all stakeholders (“I also clearly see how to use
them in a very didactic way, even the product owner could understand”), (iv) present in
a summarized way both internal and external issues (“I can see how I can get an X-ray
of internal and external issues that are still not leading me to manage well debt items”),
(V) can be used in reviewing and planning meetings (“..artifact to be considered at each
review and backlog planning meeting”), and (vi) facilitate TD items identification (“It
makes it easier to perceive the TD”). Lastly, three of these participants warned that the

5The raw data is available at <http://bit.ly/3VP8mKA>.
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diagrams are easy to use but are not self-explanatory (“...Having the explanation is very
useful to have visibility and put them into practice”).

8.2.2.3.8 Influence decisions about how to manage the debt. Only one participant indi-
cated that the diagram would not influence his/her decisions (“..in my case not so much.
I have already implemented some of the practices you mentioned there”). The other par-
ticipants reported that the diagrams could influence their decisions. They explained that
the diagrams (i) facilitate the communication between stakeholders (“even with people
who are not part of the team, you can take a picture of the situation and try to negotiate
strategies to improve it.”), (ii) support the decision making on TD items (“...from that
diagram, make decisions about what would be relevant to do”), (iii) support to identify
problems (“I would have clarity of the reasons that prevent me from managing them.”),
(iv) have a customizable catalogue of practices used in the software industry (“A catalog
of best practices could be customized for each team.”), and (v) allow an effective risk
management (“As if it was an effective risk management, but for debt management. I
can map impediments and internal factors and at the same time put together this action
plan to improve management”).

In addition, almost all participants (nine) indicated that the percentages were use-
ful for choosing a practice or a PAR, highlighting that they support the practices and
PARs prioritization, present the most representative elements, and are based on previous
experience. Lastly, one participant was unsure about the usefulness percentage because
it represents the consensus of other organizations, which not necessarily is related to
her/his current context. However, the same participant indicated that the diagrams
could be adapted to her/his context.

8.2.2.8.4 Can be used in daily activities. All participants indicated they could use the
IDEA diagrams to support TD management activities. The participants explained that
the diagrams (i) enable continuous improvement of TD management actions (“I see very
clearly their use within a team, having a complete view of management and allowing us
to set up a continuous improvement plan of actions to improve management”), (ii) assist
in tracking TD items, (iii) indicate possible problems and solutions to resolve them, (iv)
help in identifying debt items and prioritizing them, and (v) assist team communication.

Most of the participants (six) indicated that the diagrams could be adapted to their
current context because they would assist in negotiating project constraints and highlight
the problems. The participants also indicated the following necessary adjustments in the
diagrams: (i) remove practices that do not fit the developer’s scope (“I have a program-
mer’s point of view. I am not on the manager side. I would cut some things out to make
the set of actions more streamlined”), (ii) include arrows between quadrants to indicate
how the analysis should be done, and (iii) make it automated by suggesting relationships
between quadrants.

8.2.3 Threats to Validity

As in any empirical study, there are threats to validity in this study (WOHLIN et
al., 2012). We attempt to remove them when possible and mitigate their effects when
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removal is not possible.

8.2.3.1 First Study. Construct validity. A threat emerges from the material used to
perform the TAM study because the TD items analyzed by the participants can influence
their perceptions about the IDEA diagrams. Although we have used actual TD items
provided by an industry partner, only the replication of our study with variation in the
material can reduce this threat. Another threat arises from the TAM questionnaire due
to its questions and length. The participants could misunderstand the questions, and the
number of questions could fatigue participants. To mitigate this threat, we conducted
two internal validations to identify improvements in the study structure and its material
(questionnaire and training materials). We then piloted the questionnaire before its
execution. None of these participants reported issues in answering the questionnaire.

Conclusion validity. The primary threat is that the participants were not allowed to
participate in the software project that provided the TD items used in the study nor to
talk to the project members. Therefore, it can affect the analysis of practices and PARs
conducted by the participants. We assumed this threat as a limitation of the study. As
we are not evaluating the final list of practices and PARs but the use of the diagrams,
the participants are able to simulate the work of identifying TD management practices
and PARs based on the description of each TD item and their experience with software
development activities.

Another threat is related to the Hawthorne effect (PARNAS, 2003), which occurs
when subjects know that they are studied, and affects the outcome of the empirical
study. We mitigated this effect by clearly stating that study participation was entirely
voluntary.

External validity. A threat arises from the fact that the study participants were
chosen by convenience and were all students (some with industry experience in software
development). To better investigate the possible effect of this threat, we divided the
participants into two groups: without (levels 1-4 from Table 8.2) and with (level 5 from
Table 8.2) experience in the software industry. Then, we compared the results from the
two groups. In total, we have ten participants with experience ranging from two months
to four years in software development activities. The other 62 participants do not have
any experience. The students without experience have an average overall agreement of
90%, 9% are neutral, and only 2% reported some disagreement with the statements in
the survey. The experienced participants presented the following results: 75%, 20%, and
5%, respectively. This analysis suggests that the level of experience has not influenced
the study results, thus reducing the possible effects of this threat. This result is aligned
with the previous findings of Falessi et al. (2018) that indicated that using students
as participants remains a valid simplification of reality needed in laboratory contexts.
Thus, although the results are not as generalizable as they could have been with a more
representative sample, they provide initial evidence on the investigated topic.

8.2.3.2 Second Study. Construct validity. A threat emerges from the interview
script in that the participants could misunderstand its questions. To mitigate this threat,
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we performed two internal validations and piloted the interviews with two participants
with distinct levels of experience. Our goal was to identify the time necessary to run
interviews (the mean time was about 30 min) and collect impressions about the questions
and improvement points. All were considered acceptable during the validations and pilot.

Conclusion validity. The primary threat arises from our coding process to analyze the
interview transcripts. As this process is subjective, one researcher coded the transcripts,
and another reviewed the extracted codes. These researchers conducted a meeting to
resolve eventual disagreements. Also, the Hawthorne effect (PARNAS, 2003) could affect
our study. We clearly stated that study participation was entirely voluntary to support
us in reducing this effect.

External validity. A threat arises from the small number of participants that may not
be representative of a population. It did not allow us to perform more specific analysis,
for example, if different practitioner roles who have different points of view on software
projects, also have different perceptions of IDEA diagrams. We assumed this threat
as the main limitation of this study. Another threat is related to the fact that study
participants were chosen by convenience because we invited only practitioners from our
network in the software industry. We decided to use this method because we had very
little control over the availability of subjects, resulting in inviting only practitioners via
existing contacts in software organizations. To mitigate this threat, we tried to ensure
that our sample was reasonably representative and not strongly biased. For this, we tried
to carefully select practitioners from distinct roles, with experience in their roles, and
from different organizations.

8.3 ANSWERING RESEARCH QUESTION 4 - IDEA DIAGRAMS

The first and second studies provided positive evidence that the IDEA diagrams can
be useful for supporting TD management activities. From the first study (TAM), 92%
of the participants indicated that they could use the diagrams. Most of the participants
also agreed that, by using them, they could see productivity gains in performance and
effectiveness. Also, the diagrams were considered easy to learn and use. These results
were confirmed through the second study (interviews). Most of the participants indicated
that the diagrams are easy to read and follow, can influence decisions on how to manage
debt items, and could be used to support their daily activities.

Software practitioners can use the IDEA diagrams to improve their ability to pre-
vent, monitor, and pay off TD items. By identifying the actions and enabling practices,
practitioners can define strategies for boosting their TD management activities, while
having information on decision factors and impediments can support practitioners in
defining strategies for reducing the internal and external factors that result in TD non-
management. By analyzing the relationships between quadrants, diagrams can assist
practitioners in defining these strategies.

The IDEA diagrams can be used by practitioners with or without experience managing
TD items. For software teams who want to start managing TD, the ranked lists of
practices and PARs organized in each of the IDEA diagrams provide valuable guidance on
what to employ (practices) or curb (PARs) based on experience from other development
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teams. If a team already has experience managing TD, it can identify other commonly
used practices or other PARs faced and can also identify enabling activities (enabling
practices) that will improve the teams ability to manage TD. In other words, teams
can create their own IDEA diagrams. This exercise is beneficial in and of itself but is
also useful in comparing a team owned diagram to those of others, providing learning
opportunities on TD management among teams or squads.

As a communication device, IDEA diagrams can be used in meetings to discuss TD
items with all stakeholders, explaining the factors that lead to the non-management of
TD and presenting workable solutions to minimize the effects of these factors. Addition-
ally, software teams can use the diagrams to understand the risks associated with the
accumulation of TD items and share them with all stakeholders with the aim of changing
their mindset about the importance of TD management.

For researchers, our findings can guide new investigations on TD management, in-
creasing the possibility of defining methods, tools, and artifacts closer to practitioners
needs. Also, our findings can motivate new pieces of research in a problem-driven way,
considering the IDEA diagrams as a starting point.

8.4 CONCLUDING REMARKS

This chapter presents the assessment of the IDEA diagrams, which provide support
for TD prevention, monitoring, and payment activities. We conducted a study based
on the TAM model with 72 students enrolled in a software engineering course and an
interview-based study with 11 software practitioners. The results from both studies are
very positive, complementary, and confirmatory, revealing that the data embedded into
the IDEA diagrams and diagrams themselves can increase a teams capability to prevent,
monitor, and pay off TD items.

From both studies, participants have pointed out some limitations (or difficulties) in
using the IDEA diagrams:

o Some practices and PARs could not fit in all software project contexts. To minimize
this limitation, development teams will be able to adapt the IDEA diagrams to
specific contexts considering project variables such as process models, team size,
and project age. This functionality is part of a plugin that we will develop to allow
a dynamic interaction with the diagrams. These specializations can also reduce the
number of practices and PARs in the diagrams.

e The manipulation of the diagrams is manual. To reduce this limitation, we aim
to develop a plugin that will allow a dynamic interaction with the diagrams and,
also, integrate them with well-known project management tools such as JIRA and
Azure.

e The combined analysis of the quadrants is not self-explanatory. Training material,
including videos, practical examples, and presentations, will be made available with
the IDEA diagrams.

The following chapter discusses the final remarks of this dissertation.






Chapter

This chapter presents the concluding remarks of this Ph.D. dissertation, giving details on the work history,

obtained findings, work limitations, and future work.

CONCLUDING REMARKS

This Ph.D. dissertation investigates the state of Technical debt (TD) prevention, moni-
toring, and payment practice, revealing the practices used to perform these activities and
Practice avoidance reasons (PARs) that hinder their application. For this, we analyze
answers given by software practitioners regarding these activities. These answers were
collected by Brazilian, Chilean, Colombia, Costa Rican, Serbian, and the North American
InsighTD replications. The dissertation also offers three artifacts: an updated version of
the conceptual model for TD, resulting from the inclusion of the findings learned from the
state of practice, a set of conceptual maps that organize the set of practices and PARs, and
a set of Impediments, decision factors, enabling practices, and actions (IDEA) diagrams
that allow the analysis of capabilities and issues for TD management. Empirical studies
were conducted to assess the artifacts in terms of their support for TD management.

This chapter presents the concluding remarks of this dissertation. Section 9.1 presents
the history of this work. Section 9.2 summarizes the main findings obtained in this work.
Section 9.3 discusses the work limitations. Lastly, Section 9.4 offers perspectives for
future work.

9.1 DISSERTATION HISTORY

Figure 9.1 presents the history of this work. Through it, one can identify the activities
in time and the results obtained so far. Over four years, our work analyzed InsighTD
data on TD prevention, monitoring, and payment activities. And in the last two years,
we also have conducted complementary studies to assess the artifacts proposed in this
dissertation.

The figure also presents complementary activities performed during the Ph.D. course,
being characterized by the publication of papers on model smells, causes and effects of
TD, and software requirements, by the collaboration in dissertations, thesis, or other sci-
entific works conducted at the Federal University of Bahia (UFBA), Salvador University
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(UNIFACS) or State University of Ceara (UECE), and by the cooperation in the analysis
and dissemination of different results obtained by the InsighTD replication teams.

Table 9.1 presents all publications achieved during the Ph.D. course, indicating the
category, title, authorship, type, and reference. The category has the following values:
primary (P), a publication that is in the scope of this dissertation; secondary (S), a
publication that is not in the scope of this dissertation but is in the scope of the InsighTD
project; and related (R), another kind of publication. The type of each publication can
be conference-full paper (Cfp), conference-short paper (Csp), or journal (J).

Table 9.1: Publications achieved during the Ph.D. course

#  Cat. Title AuthorshipType Reference

1 P Actions and impediments for technical debt preven- First au- Cfp (FREIRE et
tion: Results from a global family of industrial sur-  thor al., 2020c)
veys

2 P Surveying Software Practitioners on Technical Debt First au- Cfp (FREIRE et
Payment Practices and Reasons for not Paying off thor al., 2020b)
Debt Items

3 P How do Technical Debt Payment Practices Relate to  First au- Cfp (FREIRE et
the Effects of the Presence of Debt Items in Software thor al., 2021a)
Projects?

4 P Pitfalls and Solutions for Technical Debt Manage- First au- J (FREIRE et
ment in Agile Software Projects thor al., 2021c)

5 P Software Practitioners Point of View on Technical First au- J (FREIRE et
Debt Payment thor al., 2023)

6 P Hearing the Voice of Software Practitioners on Tech- First au- J (FREIRE et
nical Debt Monitoring: Understanding Monitoring thor al., 2022)
Practices and the Practices’ Avoidance Reasons

7 P Assessing IDEA Diagrams for Supporting Analysis First au- Cfp (FREIRE et
of Capabilities and Issues in Technical Debt Man- thor al., 2022)
agement

8 P A Comprehensive View on TD Prevention Practices First au- J (FREIRE et
and Reasons for not Prevent It thor al., 2023b)

9 S On the Relationship Between Technical Debt Man-  Second J (RIOS et al.,
agement and Process Models author 2021)

10 S Technical and Non-Technical Prioritization Schema Fourth J (MANDIC et
for Technical Debt: Voice of TD-Experienced Prac- author al., 2021)
titioners

1 S Technical debt payment and prevention through the Fifth au- J (PEREZ et
lenses of software architects thor al., 2021)

12 S Prevalence, Common Causes and Effects of Techni- Fifth au- J (RAMAC et
cal Debt: Results from a Family of Surveys with the thor al., 2022a)
IT Industry

13 S What are the practices used by software practition- Fifth au- Cfp (PEREZ et
ers on technical debt payment: Results from an in- thor al., 2020)
ternational family of surveys

14 S Using Surveys to Build-up Empirical Evidence on  Second Cfp (SOUZA et
Test-Related Technical Debt author al., 2020)

(table continues)
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Table 9.1: Publications achieved during the Ph.D. course (continued)

#  Cat. Title AuthorshipType Reference

15 S Technical Debt Payment Practices and Rationales Third au- Cfp (RAMAC et
Behind Payment Avoidance in the Serbian IT In- thor al., 2022b)
dustry

16 S How Experience Impacts Practitioners Perception of First au- Cfp (FREIRE et
Causes and Effects of Technical Debt thor al., 2021b)

17 S A Conceptual Framework to Support the Manage- Second Cfp (ROCHA et
ment of Technical Debt in Software Testing author al., 2021)

18 S Investigando a Relacdo entre a Prevencdo da Divida Third au- Cfp  (BERENGUER
Técnica e as Atividades de Desenvolvimento de Soft-  thor et al., 2021a)

ware: Um Survey com Profissionais
19 S Technical Debt is not Only about Code and We Third au- Cfp (BERENGUER

Need to be Aware about It thor et al., 2021b)

20 S Organizing the TD Management Landscape for Re- Second Cfp (BARBOSA
quirements and Requirements Documentation Debt — author et al., 2022)

21 S Evaluating a Conceptual Framework for Supporting Second Cfp (ROCHA et
Technical Debt Management in Testing Activities - author al., 2022)
A Feasibility Study

22 S Investigating how Agile Software Practitioners Re- Second Cfp  (SOARES et
pay Technical Debt in Software Projects author al., 2022)

23 S Investigating the Relationship between Technical Third au- J (BERENGUER
Debt Management and Software Development Issues  thor et al., 2023)

24 R Influence of Model Refactoring on Code Debt First au- Csp (FREIRE et

thor al., 2019)

25 R On the Influence of UML Class Diagrams Refactor- First au- Cfp (FREIRE et
ing on Code Debt: A Family of Replicated Empirical — thor al., 2020a)
Studies

26 R Using Stack Overflow to Assess Technical Debt Iden-  Second Clp (GAMA et
tification on Software Projects author al., 2020)

27 R Requirements Engineering Issues Experienced by First au- Cfp (FREIRE et
Software Practitioners: A Study on Stack Exchange thor al., 2023a)

28 R Investigating the point of view of project manage- Third au- Cfp (GOMES et
ment practitioners on technical debt thor al., 2022)

29 R Technical Debt on Agile Projects: Managers point Third au- Cfp  (SANTOS et
of view at Stack Exchange thor al., 2022)

30 R Attributes of a Great Requirements Engineer Second Cflp (BARBOSA

author et al., 2023)
Caption:
Cat - Category P - Primary S - Secondary R - Related

Cfp - Conference (full paper) Csp - Conference (short paper) J - Journal

Looking at Table 9.1, one can notice that, until the writing of this dissertation, we
published five papers that are direct results of this dissertation, being one in the IEEE
Software (FREIRE et al., 2021c), one in the Journal of Systems and Software (FREIRE
et al., 2023), and three in conferences in the area (FREIRE et al., 2020c; FREIRE et al.,
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2020b; FREIRE et al., 2021a). In addition, we have three papers under review, one in a
conference (FREIRE et al., 2022) and two in a journal (FREIRE et al., 2023b; FREIRE
et al., 2022).

Of the other twenty-two papers published during the period, fifteen are studies de-
rived from this thesis. Of these, three papers were coordinated by the Serbian InsighTD
replication team (RAMAC et al., 2022b; MANDIC et al., 2021; RAMAC et al., 2022a)
and two by the Colombian InsighTD replication team (PEREZ et al., 2020; PEREZ et
al., 2021). The other seventeen papers are related to model smells, causes and effects of
TD, or software requirements (lines 24, 25, and 27 at Table 9.1) or resulted from disserta-
tions, theses, and scientific works related to software engineering TD (lines 9, 14, 16-23,
26, 28-30 at Table 9.1).

During this period, four awards were received:

« Distinguished Paper of the Brazilian Symposium on Software Quality (SBQS 2021),
referring to Berenguer et al. (2021b).

o Best Paper of the Workshop on Requirements Engineering (WER 2022), referring
to Barbosa et al. (2022).

« Distinguished Paper of the Brazilian Symposium on Software Quality (SBQS 2022),
referring to Santos et al. (2022).

o Best Presentation in the Workshop de Estudantes de Pds-Graduagao em Cién-
cia da Computacao do Programa de Pds-Graduacao em Ciéncia da Computagao

(PGCOMP)-UFBA (WEPGCOMP 2022).

Lastly, the author of this dissertation acted as an informal co-adviser of the following
former masters students:

o Lucinéia Batista de Souza, Computer Science. Master Thesis: Organizacao de um
conjunto de descobertas experimentais sobre divida técnica relacionada ao teste.
Graduated at UFBA, 2021.

e Verusca Carin Barros Rocha, Computer Science. Master Thesis: FEvoluindo um

mapa de apoio ao gerenciamento de itens de divida técnica relacionada a teste de
software. Graduated at UFBA, 2022.

o Adriano Borges, Computer Science. Master Thesis: Uma investigagcdo sobre aspec-
tos nao técnicos relacionados a gestao da divida técnica. Graduated at UNIFACS,
2022.

o Gabriel Bahia Soares, Computer Science. Master Thesis: Gerenciamento de divida
técnica em projetos de software dgeis. Graduated at UNIFACS, 2022.

and has served as a reviewer for peer-review conferences (Industry Track of X Brazilian
Conference on Software: Theory and Practice 2019; Encontro Nacional de Computacao
dos Institutos Federais - ENComplIF 2021, 2022) and journals (Software Quality Journal
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- SQJ; Journal on Interactive Systems - JIS; International Journal of Agile Systems
and Management - [JASM; Revista Eletronica de Iniciagcdo Cientifica em Computagdo -

REIC).

9.2

SUMMARY OF FINDINGS OF THIS DISSERTATION

The main takeaways of this dissertation can be summarized in the following points:

Well-defined requirements, adoption of good programming practices, and better project
management were the most cited prevention-related practices for avoiding TD items
in software projects.

When practitioners talk about TD prevention, they report preventive actions as
well as enabling TD prevention practices. Although enabling practices can be used
to improve the capability of software teams in TD prevention, preventive actions
are more cited by the surveys respondents.

The prevention practices were organized into seven categories. The categories plan-
ning and management and methodology were the most cited. The first encompasses
mainly enabling TD prevention practices, and the second primarily prevention ac-
tions.

Short deadlines and ineffective management were the most cited PARs that could
be used to explain the non-prevention of TD.

The PARs explaining TD non-prevention can be a decision of the team or an im-
pediment beyond the teams control. Both types (decision factor and impediment)
were used by more than 50% of the projects.

The PARs were organized into seven categories. The categories planning and man-
agement, development issues, and methodology were the most cited. While planning
and management and development issues group decision factors and impediments,
the methodology category only encompasses decision factors.

TD is mainly monitored by tracking TD items in the backlog, by using specialized
tools, or by discussing the TD item during team meetings.

Direct monitoring actions, supported by enabling tools and practices, are the most
common way of monitoring TD.

Most TD monitoring practices represent dedicated management tasks or dedicated
activities in an overall development process.

The most pervasive TD monitoring practice is tracking TD items in a backlog.
This practice can be used for monitoring 12 out of 14 TD types. The practices that
follow are the use of specialized tools and code refactoring.
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e Planning and management related practices are used for monitoring all types of
debt except for requirements debt, versioning debt, and people debt.

o Lack of interest, lack of time, and the focus on short term goals are the main reasons
why companies avoid monitoring TD items.

e TD is not monitored due to explicit decisions not to monitor the debt or due to
impediments that obstruct teams or team members from monitoring.

e Most of the reasons why companies refuse to monitor TD items originate from
management and the organization as an overall working context.

e Most TD types (13 out of 14) are not monitored for at least one of the following
PARs: lack of interest, lack of time, or focusing on short-term goals.

o Only 40% of the TD items described in our data were paid off. Thus, paying off
TD should not be the only focus of TD management.

« Not all TD payment activities result directly in the elimination of TD. Implement-
ing practices for TD prevention, prioritization, and enabling TD payment is also
necessary.

« Eliminating debt items cannot be solely a technical concern. Management practices
are also necessary for implementing TD payment initiatives and making them part
of the TD management strategy.

o Choosing practices from the categories development issues, internal quality issues,
methodology, and planning and management can support software practitioners in
addressing multiple types of debt.

o Focusing on short-term goals is not only a leading cause of incurring TD but also
a primary reason for perpetuating it.

o In most cases, the PARs for TD non-payment have a managerial nature regardless
of their type (decision factor or impediment), revealing that software practitioners
must disseminate the importance of TD payment to their managers.

o Payment of all types of TD faces obstacles from the category planning and man-
agement, implying that involving project managers in TD payment initiatives is
crucial.

o There is empirical evidence that identification, payment, prevention, and prioriti-
zation activities are related when software practitioners reduce TD items in their
projects. The updated version of the conceptual model for TD highlights this rela-
tion.
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The conceptual model can help researchers characterize the context of the projects
they are studying. Adding these new classes and relationships will help ensure that
prevention, monitoring, and payment issues will be considered and described in
detail in future studies.

The conceptual maps can support identifying appropriate TD prevention, monitor-
ing, and payment practices and the PARs for TD non-prevention, non-monitoring,
and non-payment.

IDEA diagrams can support software practitioners in defining strategies for increas-
ing their capabilities and reducing their issues in managing debt items.

Lastly, our findings can motivate new pieces of research in a problem-driven way,
considering the artifacts (conceptual model, conceptual maps, and IDEA diagrams)
as starting point. Developing new TD prevention, monitoring, and payment ap-
proaches could more closely reflect the practitioners needs.

DISSERTATION LIMITATIONS

As with any experimental work, our work has limitations derived from the need for

more time and resources to execute more empirical studies and further analyze their data.
Below we list some of those limitations:

We used survey method to investigate the state of TD prevention, monitoring, and
payment practice. To mitigate this methodological limitation, we performed other
empirical studies to assess the artifacts proposed in this dissertation. However, it
would be important to have more studies to validate the findings.

This dissertation organizes the state of TD prevention, monitoring, and payment
practice by considering the answers collected from the InsighTD project. Although
this topic have been investigated in the technical literature, we did not include these
findings in the artifacts proposed in this dissertation.

Although the InsighTD project has twelve replication teams, this dissertation only
uses data from six replications because they have been performed so far.

There are other ways to analyze the InsighTD data set on TD prevention, moni-
toring, and payment, and this dissertation covered only some possibilities. At the
time of writing this dissertation, there are submitted papers with new analyses de-
rived from the InsighTD project. For example, Freire et al. (2023b) analyzed the
relationship between TD prevention practices and effects of TD and the level of im-
portance of these relationships, prevention practices, and PARs for TD prevention
initiatives.

Although initially assessed, the conceptual model updated by this dissertation must
be thoroughly evaluated to contemplate TD prevention and monitoring concepts.
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9.4

This dissertation only empirically assessed the TD payment map. We still need to
evaluate the TD prevention and monitoring maps.

While we have assessed IDEA diagrams in academic and industrial settings, more
industry case studies need to be conducted to enable software practitioners to use
them in their daily activities.

The manipulation of the IDEA diagrams is manual, requiring some effort to add or
remove practices and PARs or update the percentages. We intend to automatize
the diagrams to reduce this limitation.

The IDEA diagrams can be specialized from distinct context variables, such as
company size, process model, types of debt, level of experience of the team, and
practitioner project role. Although InsighTD allows the identification of specified
practices and PARs for these variables, this dissertation only specialized IDEA
diagrams per process models and types of debt. The other specializations will be
approached in future studies.

FUTURE WORK

From the discussion of the previous section, we can suggest the following prospective

future work:

Conducting empirical studies to digest more the practices and PARs.
Some practices and PARs are in a high-level abstraction, limiting their application
by software practitioners. Then, empirical studies can be conducted to collect more
description about these practices and PARs, making them more feasible for use in
practice. These studies can also reveal what practices or PARs are more critical for
TD management.

Conducting systematic reviews to identify what practices were previ-
ously investigated. By identifying the practices investigated in the technical
literature, it is possible to verify how these practices were applied and what results
were obtained, providing more information to support the choice of practices by
software practitioners.

Correlations between practices and between PARs. The InsighTD par-
ticipants indicated, in some cases, more than one practice or PAR, allowing the
investigation of practices or PARs commonly considered in combination. We have
begun investigating this combination, considering TD payment practices and PARs
for TD non-payment, as Freire et al. (2023) described. However, it is necessary a
similar investigation for TD monitoring and payment.

Cooccurrence between causes of TD and TD prevention and monitoring,
and between effects of TD and TD payment. Investigating these cooccur-
rences can reveal how particular TD prevention or monitoring practices (or PARs
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for TD non-prevention or non-monitoring) can be applied to particular causes of
TD and how particular TD payment practices or PARs for TD non-payment can
be employed to particular effects of TD. We have started investigating the cooc-
currence of TD payment and effects (FREIRE et al., 2021a) and TD prevention
and causes (FREIRE et al., 2023b). However, the cooccurrence of TD monitoring
(practices and PARs) and causes of TD still need to be investigated.

Planning and performing empirical studies to assess the conceptual model
for TD and conceptual maps. The complete conceptual model for TD and TD
prevention and monitoring maps can be assessed to capture the perception of soft-
ware practitioners on the accuracy and completeness of the model and maps.

Specializations of IDEA diagrams. The diagrams can be specialized consider-
ing different context variables. These specializations can support software practi-
tioners in identifying practices and PARs that fit their context.

Planning and performing case studies to assess IDEA diagrams in indus-
trial settings. Software practitioners can use the IDEA diagrams in their daily
project activities to support them in defining strategies to deal with TD items.
Then, we can investigate where the diagrams would fit in the development process
followed by the team and whether the diagrams can increase the software teams
ability to prevent, monitor, and pay off TD items.

Automatization of the IDEA diagrams. To develop a plugin that will allow
dynamic interaction with the diagrams and also integrate them with well-known
project management tools such as JIRA and Azure.

Definition of a strategy for TD management. It is possible to investigate
how conceptual maps and IDEA diagrams can comprise a strategy to support TD
management, considering how software practitioners can identify the practices and
PARs used/presented in their projects.
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Investigating Causes and Effects of Technical Debt
on Software Projects

Dear survey participant,
Thank you very much for taking 10-20 minutes of your valuable time by filling out this questionnaire!

InsighTD is a family of surveys conducted by a worldwide consortium of researchers (www.td-
survey.com). Currently, researchers from 7 countries are replicating the study: Brazil, Costa Rica,
Colombia, Finland, Netherlands, Serbia, and United States.

Our goal is to help both practitioners and researchers to better understand possible causes and
effects of TD presence in software projects. The collected information will lay the foundation for
identifying practically relevant problems in the TD area.

At the end of the survey, you will be asked to enter your email address (OPTIONAL). If you agree to
provide your e-mail address, we will provide you with an overview of the survey results after an initial
analysis. In any case, please be assured that the survey follows a high academic standard and is
conducted anonymously. We will not associate your email address with your answers and exclusively
use the addresses for the purpose of providing you with the survey results!

Thank you!

* Required

Insigh

Investigating causes and implications
of Technical Debt

Participant Characterization

Please, in this section, provide us with some information about your organization. Besides, think of a
specific project that you have participated in, during the last say 3 years, that you would like to tell us
more about later. We will ask you to describe the demographics of that project, the role you assumed
on it and your experience with software development.

1. 1. What is the size of your company (software and other areas)? *
Mark only one oval.

1-10 employees

11-50 employees
51-250 employees
251-500 employees
501-1000 employees
1001-2000 employees

more than 2000 employees
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2. 2. In which country you are currently working? *
Mark only one oval.

Afghanistan

Albania

Algeria

Andorra

Angola

Antigua and Barbuda
Argentina

Armenia

Australia

Austria

Azerbaijan

Bahamas

Bahrain

Bangladesh

Barbados

Belarus

Belgium

Belize

Benin

Bhutan

Bolivia

Bosnia and Herzegovina
Botswana

Brazil

Brunei

Bulgaria

Burkina Faso

Burundi

Cabo Verde
Cambodia

Cameroon

Canada

Central African Republic (CAR)
Chad

Chile

China

Colombia

Comoros

Democratic Republic of the Congo 163
Republic of the Congo
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Cote d'lvoire
Croatia

Cuba

Cyprus

Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
Ecuador
Egypt

El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia

Fiji

Finland
France

Gabon
Gambia
Georgia
Germany
Ghana
Greece
Grenada
Guatemala
Guinea
Guinea-Bissau
Guyana

Haiti
Honduras
Hungary
Iceland

India
Indonesia

Iran

Iraq

Ireland

Israel

Italy 164
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Japan
Jordan
Kazakhstan
Kenya
Kiribati
Kosovo
Kuwait
Kyrgyzstan
Laos
Latvia
Lebanon
Lesotho
Liberia
Libya
Liechtenstein
Lithuania

Luxembourg

Macedonia (FYROM)

Madagascar
Malawi
Malaysia
Maldives
Mali

Malta
Marshall Islands
Mauritania
Mauritius
Mexico
Micronesia
Moldova
Monaco
Mongolia
Montenegro
Morocco
Mozambique
Myanmar (Burma)
Namibia
Nauru

Nepal
Netherlands
New Zealand

Nicaragua
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Niger

Nigeria

North Korea
Norway

Oman

Pakistan

Palau

Palestine

Panama

Papua New Guinea
Paraguay

Peru

Philippines

Poland

Portugal

Qatar

Romania

Russia

Rwanda

Saint Kitts and Nevis
Saint Lucia

Saint Vincent and the Grenadines
Samoa

San Marino

Sao Tome and Principe
Saudi Arabia
Senegal

Serbia

Seychelles

Sierra Leone
Singapore
Slovakia

Slovenia

Solomon Islands
Somalia

South Africa

South Korea

South Sudan

Spain

Sri Lanka

Sudan 166
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Swaziland

Sweden

Switzerland

Syria

Taiwan

Tajikistan

Tanzania

Thailand

Timor-Leste

Togo

Tonga

Trinidad and Tobago
Tunisia

Turkey

Turkmenistan

Tuvalu

Uganda

Ukraine

United Arab Emirates (UAE)
United Kingdom (UK)
United States of America (USA)
Uruguay

Uzbekistan

Vanuatu

Vatican City
Venezuela

Vietnam

Yemen

Zambia

Zimbabwe

3. 3. Later, we will be asking you some questions about a particular project and so right now
we'd like you to choose what project you will be telling us about. This could be any
software development project (current or within the past 3 years) that you had a
development role in for a significant amount of time. Once you've chosen what project you
will focus on, tell us what is the size of the system being developed in that project? (LOC =
lines of code) *

Mark only one oval.

less than 10KLOC

10—-100KLOC

100KLOC-1MLOC

1-10MLOC

10+ MLOC 167



4. 4. What is the total number of people of this project (include technical staff and business
staff)? *
Mark only one oval.
Less than 5 people
5-9 people
10-20 people
21-30 people
More than 30 people

5. 5. What is the age of this system, beginning from initial design and planning, up to now or
to when your involvement ended? *

Mark only one oval.

Less than 1 year
1-2 years

2-5 years

5-10 years

More than 10 years

6. 6. To which project role are you assigned in this project? *
Mark only one oval.

Business Analyst

DBA / Data Analyst

Developer

Process Analyst

Project Leader / Project Manager
Requirements Analyst

Software Architect

Test Manager / Tester

Other:

7. 7. How do you rate your experience in this role (at the time)? *
Mark only one oval.

Novice (Minimal or “textbook" knowledge without connecting it to practice)
Beginner (Working knowledge of key aspects of practice)

Competent (Good working and background knowledge of area of practice)
Proficient (Depth of understanding of discipline and area of practice)

Expert (Authoritative knowledge of discipline and deep tacit understanding across area of
practice)
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8. 8. Which of the following most closely describes the development process model you
follow on this project? *

Mark only one oval.

Agile (a lightweight process that promotes iterative development, close collaboration
between the development team and business side, constant communication, and tightly-knit
teams)

Hybrid (is the combination of agile methods with other non-agile techniques. For example,
a detailed requirements effort, followed by sprints of incremental delivery)

Traditional (conventional document-driven software development methods that can be
characterized as extensive planning, standardization of development stages, formalized
communication, significant documentation and design up front)

TD Concept

In this section, we will collect some information about your familiarity with the concept of Technical
Debt.

9. 9. How familiar you are with the concept of Technical Debt? *
Mark only one oval.

Never heard of it
| have read about it in books / articles
| have been on projects where | recognized TD but the project did not explicitly manage it

| have been on projects where we attempted to actively manage TD

10. 10. In your words, how would you define TD?

TD Concept

Now, please, considering the following definition of TD:

Technical debt contextualizes the problem of outstanding software development tasks (for example,
tests planned but not executed, pending code refactoring, pending documentation update, use of bad
design practices, code that does not exhibit good coding practices) as a kind of debt that brings a
short-term benefit to the project (normally in terms of higher productivity or shorter release time of
software versions), that may have to be paid later in the development process with interest (for
example, a poorly designed class tends to be more difficult and costly to maintain than if it had been
implemented good object-oriented practices).

This definition is based on the work of S. McConnell.
“Technical debt,” 10x Software Development Blog,(Nov 2007). Construx Conversations. URL=
http://www.construx.com/10x_Software_Development/Technical_Debt/, 2007.
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11. 11. How close to the above TD definition is your understanding about TD? *
Mark only one oval.

Very close

Close

Had no prior knowledge of TD
Far

Very far

12. 12. Are there any parts of the definition above from McConnell that you disagree with? Are
there some things that you think are TD that are not included in this definition? Does it
include things that you think are not TD?

TD Causes

In this section, we intend to investigate the causes that usually lead development teams to incur TD
on their project, as well as what are the most critical causes.

13. 13. Please give an example of TD (that conforms to the definition cited earlier from
McConnell) that had a significant impact on the project that you have chosen (back in
question 3) to tell us about (this example will be used to answer other questions of this
questionnaire): *

14. 14. Why did you select this example? *

15. 15. About this example, how representative it is? *
Mark only one oval.

It was a unique instance
It is the type of thing that happens from time to time in the project
It is the type of thing that happens very often in the project
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16. 16. What was the immediate, or precipitating, cause of the example of TD you just
described? *

17. 17. What other cause or factor contributed to the immediate cause you described above?

18. 18. What other motives or reasons or causes contributed either directly or indirectly to the
occurrence of the TD example?

TD Causes (cont.)

19. 19. Considering all the cases of TD you've encountered in different projects, and the
causes of those TD cases, which causes would you say are the most likely to lead to TD
(ordered by likelihood of causing TD, with most likely listed first)? Please list up to 5

causes. *

TD Effects

We are almost finishing the questionnaire!!

In this section, we intend to investigate the effects that TD items have on software projects, as well as
what are the most critical effects.
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20. 20. Considering the TD item you described in question 13, what were the impacts felt in
the project? *

21. 21. Considering all the cases of TD you've encountered in different projects and the
effects of that TD that you have personally experienced, which 5 effects would you
classify as the effects that have a bigger impact (ordered by their level of impact, with
bigger impact listed first). *

TD Management
This is the last step of the questionnaire :). Thanks for getting here!!!

For the questions below, please consider the real example of TD that you described in question 13.

22. 22. Do you think it would be possible to prevent the type of debt you described in question
13?2 *
Mark only one oval.

Yes
No

23. 23. If yes, how? If not, why?

24. 24. Once identified, was the debt item monitored? *
Mark only one oval.

Yes

No
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25. 25. If yes, how? If not, why?

26. 26. Has the debt item been paid off (eliminated) from the project? *
Mark only one oval.

Yes

No

27. 27. If yes, how? If not, why?

28. 28. Considering your personal experience with TD management, what actions have you
performed to prevent the occurrence of debt?

Finished! Thank you so much for getting here!

29. If you would like to be notified about the
results, please inform us your e-mail
address.

Powered by
é Google Forms

173






Appendix

TECHNICAL DEBT PREVENTION -

COMPLEMENTARY MATERIAL

Table B.1: TD prevention-related practices and their examples of citation

TD prevention-related practice

Quotes from participants

Adequate technical management

“Better technical leadership could have helped.”
“Have a technical leader who visualizes the possible impacts of each
proposed solution.”

Adoption of good programming practices

“Don’t let a developer write one thing in a different language than
the rest of your project.”
“Better code quality following design principles and patterns.”

Allocation of qualified professionals

“By having at least one experienced developer on the team, who has
done similar and knows best practices.”
“Have highly trained teams.”

Appropriate reusing of code

“Take a third party’s product long-term viability and direction into
account when making a selection.”

“Always keeping in mind to create reusable code, adapted to best
practices that allows modifications, improvements without having to
restructure all the code.”

Appropriate tasks allocation

“I believe that it is possible to minimize this type of debt with better
distribution of activities.”
“Allocation of a person to carry out system documentation.”

Appropriate test coverage

“Define criteria in the process that increase test coverage, increasing
code quality.”

“Perform good quality tests that take into account both functionality
and system performance.”

Architecture review

“Ensuring times in the estimation of the sprints for the permanent
verification of the architecture.”

Awareness of the impact of business decisions on
technology

“That those responsible for the project are technically advised before
making decisions.”

Being committed

“Have more commitment from the team throughout the develop-
ment process, so as not to have future problems.”

“With competent, committed and truly professional people, and
with managers aware of the reality of development teams.”

Better project management

“Better project management.”
“Better organization by management team.”

Better project planning

“Planning instead of imagining ...”
“Better planning and estimates.”

Better understanding of development process by
businesses

“Because businesses need to understand the application development
process better across the whole pyramid of management.”

(table continues)
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Table B.1: TD prevention-related practices and their examples of citation (continued)

TD prevention-related practice

Quotes from participants

Bug tracking

“Having greater and better control of bugs and versions of deliveries.”

Business experts

“Have a person who has the greatest possible knowledge of the busi-
ness.”

Changing team priorities slowly

“Slowly shift team priorities instead of changing pace constantly.”

Code review

“Better code review during the development stage.”
“Conduct ongoing code reviews to ensure project growth is consis-
tent with established quality.”

Considering technical constraints

“Having the project managers know when to say no to customers
based on what our base application can and cannot do.”

“Make clear to the customer the technical restrictions imposed and
their possible implications.”

Continuous integration

“Use of tools for continuous integration.”
“Early implementation of continuous integration and continuous de-
livery strategies.”

Contracting a domain expert to architect the
project

“Defining an architect, who coordinates different teams towards the
same goal.”

Cost Benefit analysis

“Don’t try to make largest margin of profits by any means. I've

never seen that do well in the long run.”

Creating tests

“Do more testing along the project and write unit tests.”
“Gradually implement automated tests.”

Cultural change

“Promoting a culture change. Improvement of standards. Aiming
for excellence.”

Deep analysis of functionality

“With a deep analysis of the functionality and application of lan-
guage techniques to reduce the response time of the method.”

Design review

“Design review is performed.”

Discipline

“Just performing the appropriate activities.”
“Greater discipline in engineering and product ownership.”

Do it right in the first time

“Get the difficult problems out of the way first, and make sure some-
thing is done right the first time.”

Documentation update

“That the documentation is being done in line with the creation of
the code.”

Fair rewarding system

“By rewarding employees after successful release and by giving them
bonus they have earned instead of taking all for yourself”

Flexibility in deadlines

“More flexible timelines.”
“With time flexibility.”
“Replanning of schedules so that the delivery is more detailed.”

Focusing on agile delivery

“More focus on agile delivery frequently.”
“Applying an agile project management model that better manages
time versus scope.”

Focusing on long-term goals

“Focus on long-term goals instead of short-term gains.”
“Decrease in Emphasis on Short-Term Bottom Line and increase on
Quality to improve Long-Term Bottom line.”

Following the project planning

“Following the plan that has been defined...”

Following well-defined project process

“Compliance with the correct software cycle without altering pro-
cesses and methodologies.”

Good allocation of resources

“Carrying out a better analysis at the beginning of the project, see-
ing its feasibility based on current and obtainable resources in the
short term prior to the start.”

“If a company requires a development, have all the material that is
needed on hand.

Good communication between stakeholders

“Communicate with the marketing and sales team regularly and even
with customers regularly.”

“It is not the solution and no one is exempt from technical debt, but
maintaining a fluid, concrete community and constant communica-
tion with the client mitigates this risk.”

Good communication on team

“...greater team communication.”
“Working in a unified way in the development of the aforementioned
impacts to reduce their effects as much as possible.”

Having an emotional stability team

“Better emotional stability on the part of the developer (me), along
with a reasonable schedule, tends to make the software better struc-
tured, more stable, and cleaner to maintain.”

(table continues)
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Table B.1: TD prevention-related practices and their examples of citation (continued)

TD prevention-related practice

Quotes from participants

Having expert consultation on design choices

“For bad design and sub-optimal integration of Spring MV C in exist-
ing other frontend framework - solution was to involve more skilled
person to help with solution design.”

“Development plan made by a senior developer/architect.”

Historical knowledge on TD

“When the development team knows the reasons that generate tech-
nical debt, it can prevent it from happening again.”
“Using previous TD experience to prevent.”

Implementation of a TD identification strategy

“Early recognition. The first time someone copied the code, it should
have been a warning sign to get cleaned up.”

“With the help of tools, you can detect TD early and act immedi-
ately on development with best practices.”

Implementation of a TD management strategy

“Empower all team members to keep track of the TD and prioritize
eliminating it.”
“Being aware of TD, and be willing to address it in small chunks.”

Implementation of a TD payment strategy

“You pay less interest if you have less debt.”
“But the revenue that the app brings in may not warrant the invest-
ment it would take to keep it debt free.”

Improve documentation

“Keeping thorough documentation and making it readily available
to everyone.”
“Spend more time on documenting.”

Improve requirements elicitation

“Increasing initial time to business understanding and improving
initial solutions based on software design.”

“With the level of experience of senior management and the knowl-
edge of the systems they have, they must perform a better require-
ment gathering.”

Improve schedule to include tests and bug fixing

“Include in the planning the time for testing and correcting errors.”

Improve the understanding of TD concept by PMs

“Management should understand consequences and support devel-
opment team.”

“Show the business team the short- and medium-term impact of not
resolving the TD.”

Improving software development process

“Better collaborative processes that also incrementally address qual-
ity...”

“Use a shorter and iterative development cycle where milestones are
clearly laid out and are achievable in a viable time frame.”

Improving tests

“Improving unit tests.”
“Running the types of tests that add the most value.”

Improving the maintainability of the project

“Establish a checklist that includes necessary and sufficient elements
to ensure that solutions evolve naturally and do not involve large and
frequent rework.”

Increase time for analysis and design

“By taking more time to design and implement a better UI.”
“Improve analysis times.”

IT Governance

“A technological strategic plan and a technological governance plan.”
“Keep the organization aligned by implementing IT governance and
generating a new technological culture within them.”

Mirror environment for testing

“We need to implement integration and end-to-end environments
where we can run regression tests and where stakeholders can see
features before they are released so we can get feedback sooner.”

Negotiate with line of business

“By having at least one experienced developer on the team, who has
done similar and knows best practices and who can push back on
management and tight deadlines.”

Organizational support

“Institutional support.”
“There were ideas for modifications, code rewrites, etc...but with-
out administrative support the ideas die.”

Organized team

“Having a more measured pace of development, and a better team
structure.”

“With a good team structure, advancing in the knowledge of each
area to carry out a project that has no flaws.”

Organizing code repository

“Definition of a basic flow for organizing the code repository.”

Plan resources for investigating alternative solu-
tions

“Allowing bigger time budget for project launch would provide
enough resources for testing the alternate solution which would be
better in the long run.”

(table continues)
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Table B.1: TD prevention-related practices and their examples of citation (continued)

TD prevention-related practice

Quotes from participants

Planning code structure

“More concrete code planning.”

Prioritization of TD payment

“Empower all team members to keep track of the TD and prioritize
eliminating it.”

Prioritization of test and documentation

“Better planning, estimation and prioritization of tasks such as tests
and documentation.”

Providing design and requirements sooner

“...providing design and requirements sooner.”
“Doing sufficient analysis and design before the implementation of
the requirements.”

Quality assurance

“With quality control well applied to the software development pro-
cess, it is possible to better identify the emergence of technical debts
and resolve them before they become a bigger problem in the future.”
“Incrementally / iteratively addressing quality with better continu-
ous controls (TDD, BDD, continually addressing design).”

Refactoring

“Doing the refactorings before they become necessary due to break-
downs.”
“Better process to periodically revisit and refactor projects.”

Release only test-approved components

“Do not release to production software that does not comply with
the software development life cycle (testing).”

Removing low-priority tasks

“Elimination of low-value or unnecessary tasks.”

Requirement validation

“Double Check between requirements analyst, business analyst and
end user”.
“Requirements validation is performed.”

Requirements changes tracking

“With monitoring of requirements changes.”

Risk and impact analysis

“Identify potential risks before they occur.”
“Take into account the risks of change, looking not only at what is
immediate but also at all its possible consequences.”

Self-confidence

“Avoid being influenced by a client’s scope and rely more on what
experience and best practices dictate.”

Standardization in carrying out activities

“Rules and separation of functions.”

Team open to changes

“The change is technical and cultural, it would begin with awareness
of the importance of activities that, if not carried out, increase the
technical debt.”

Technical checking of proposals

“Be clearer with the client and not fall into compliance with all their
demands.”

Technical knowledge

“Understanding of the technology in use.”
“With a more macro vision of the system and a broader knowledge
of the available technologies.”

Technical support

“Increased technical support for inexperienced teams.”
“To have everything clearer, that people have a better disposition
to work and help to clarify doubts.”

Training

“Keeping the team updated on good development practices.”
“Considering the study of the technologies used in the project.”

Understand team capabilities

“Be aware of your dev. teams capabilities.”

Use of diverse test strategies

“Integrate unit tests in development, where in part of the Sprint
hours are dedicated to integration tests.”

Use the most appropriate version of the technol-
ogy

“Performing a framework update.”
“Some of the points could have been remedied using a little more
mature technology.”

Using agile practices

“With agile methodology it can be prevented.”
“...agility-oriented planning (with partial delivery approaches).”

Using good design practices

“By spending more time on design and creating specification.”
“Good analysis and design must be carried out.”

Utilizing lessons learned

“We learned something so now we know how to follow it.”

Version control

“Having greater and better control of bugs and versions of deliveries.”
“Use of version control and revised change.”

Well planned deadlines

“Adequate time given to developers to READ and UNDERSTAND
said requirements.”
“more time to complete task proper way.”

(table continues)
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Table B.1: TD prevention-related practices and their examples of citation (continued)

TD prevention-related practice

Quotes from participants

Well-defined architecture

“If technical team make well architecture that can reduce lots of
maintenance work.”

“It all comes down to the architecture and time spent designing this
architecture.”

Well-defined effort estimation methods

“by taking into account the time for refactoring and code improve-
ments during the project planning (e.g., add it into estimated time
for new features development).”

“Better planning and estimates.”

Well-defined ER model

“A well-defined documentation and ER model of the solution.”

Well-defined metrics

“Thinking of an appropriate solution for the situation, using metrics
and best practices.”

Well-defined requirements

“More structured requirements ...”

“Better product functional needs forecasting.”

Well-defined sales process

“Either train sales people better, or include devs in early stages of
project negotiations. Please make sure that sales people are aware
of elementary laws of physics and technological limitations.”
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Table B.2: TD prevention-related practices per type

Type TD prevention-related practice #CPRP %PRPP
Training 36 7%
Allocation of qualified professionals 23 4%
Implementation of a TD identification strategy 23 4%
Good communication between stakeholders 19 3%
Implementation of a TD management strategy 19 3%
Good allocation of resources 16 3%
Being committed 14 3%
Using agile practices 14 3%
Risk and impact analysis 12 2%
Appropriate tasks allocation 10 2%
Prioritization of TD payment 10 2%
Organized team 9 2%
Technical knowledge 9 2%
Adequate technical management 8 1%
Discipline 6 1%
Good communication on team 6 1%
Implementation of a TD payment strategy 6 1%
Well-defined effort estimation methods 6 1%
Focusing on agile delivery 5 1%
° Version control 5 1%
f;) Better understanding of development process by businesses 3 1%
3 Changing team priorities slowly 3 1%
& Contracting a domain expert to architect the project 3 1%
4 Historical knowledge on TD 3 1%
= Plan resources for investigating alternative solutions 3 1%
P Technical support 3 1%
= Awareness of the impact of business decisions on technology 2 0.4%
Fair rewarding system 2 0.4%
Having an emotional stability team 2 0.4%
Improve the understanding of TD concept by PMs 2 0.4%
IT Governance 2 0.4%
Mirror environment for testing 2 0.4%
Organizational support 2 0.4%
Team open to changes 2 0.4%
Well-defined metrics 2 0.4%
Business experts 1 0.2%
Cost Benefit analysis 1 0.2%
Cultural change 1 0.2%
Improve schedule to include tests and bug fixing 1 0.2%
Negotiate with Line of business 1 0.2%
Organizing code repository 1 0.2%
Removing low-priority tasks 1 0.2%
Self-confidence 1 0.2%
Understand team capabilities 1 0.2%
Utilizing lessons learned 1 0.2%
Well-defined sales process 1 0.2%
Well-defined requirements 57 10%
Adoption of good programming practices 49 9%
Better Project Management 43 8%
- Following the project planning 34 6%
9 Improving software development process 33 6%
g Improve documentation 26 5%
= Using good design practices 26 5%
2 Well planned deadlines 26 5%
3 Better project planning 24 1%
§ Creating tests 24 4%
A Well-defined architecture 22 1%
Following well-defined project process 17 3%
Quality assurance 12 2%
Refactoring 12 2%
Code review 10 2%
Architecture review 9 2%

(table continues)
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Table B.2: TD prevention-related practices per type (continued)

181

Type TD prevention-related practice #CPRP %PRPP
Continuous integration 8 1%
Increase time for analysis and design 7 1%
Use the most appropriate version of the technology 7 1%
Appropriate reusing of code 6 1%
Appropriate test coverage 6 1%
Use of diverse test strategies 6 1%
Having expert consultation on design choices 5 1%
Improve requirements elicitation 5 1%
Considering technical constraints 4 1%
Flexibility in deadlines 4 1%
Focusing on long-term goals 4 1%
Improving tests 4 1%
Improving the maintainability of the project 4 1%
Providing design and requirements sooner 3 1%
Requirement validation 3 1%
Deep analysis of functionality 2 0.4%
Documentation update 2 0.4%
Prioritization of test and documentation 2 0.4%
Requirements changes tracking 2 0.4%
Technical checkings of proposals 2 0.4%
Bug tracking 1 0.2%
Design review 1 0.2%
Do it right in the first time 1 0.2%
Planning code structure 1 0.2%
Release only test-approved components 1 0.2%
Standardization in carrying out activities 1 0.2%
Well-defined ER model 1 0.2%

Caption:

#CPRP - Count of TD prevention-related practices.

%PRPP - Percentage of #CPRP in relation to the total of all projects (546)
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Table B.3: TD prevention-related practices per nature

Nature TD prevention-related practice #CPRP %PRPP
Better Project Management 43 8%
Following the project planning 34 6%
Improving software development process 33 6%
Well planned deadlines 26 5%
Better project planning 24 4%
Allocation of qualified professionals 23 1%
Implementation of a TD identification strategy 23 4%
Good communication between stakeholders 19 3%
Implementation of a TD management strategy 19 3%
Following well-defined project process 17 3%
Good allocation of resources 16 3%
Being committed 14 3%
Using agile practices 14 3%
Risk and impact analysis 12 2%
Appropriate tasks allocation 10 2%
Prioritization of TD payment 10 2%
Organized team 9 2%
Adequate technical management 8 1%
Increase time for analysis and design 7 1%
_ Good communication on team 6 1%
.g Implementation of a TD payment strategy 6 1%
& Well-defined effort estimation methods 6 1%
g Focusing on agile delivery 5 1%
g Flexibility in deadlines 4 1%
Focusing on long-term goals 4 1%
Better understanding of development process by businesses 3 1%
Changing team priorities slowly 3 1%
Historical knowledge on TD 3 1%
Plan resources for investigating alternative solutions 3 1%
Awareness of the impact of business decisions on technology 2 0.4%
Fair rewarding system 2 0.4%
Having an emotional stability team 2 0.4%
Improve the understanding of TD concept by PMs 2 0.4%
Organizational support 2 0.4%
Cost Benefit analysis 1 0.2%
Cultural change 1 0.2%
Improve schedule to include tests and bug fixing 1 0.2%
Negotiate with Line of business 1 0.2%
Removing low-priority tasks 1 0.2%
Self-confidence 1 0.2%
Standardization in carrying out activities 1 0.2%
Understand team capabilities 1 0.2%
Utilizing lessons learned 1 0.2%
Well-defined sales process 1 0.2%
Well-defined requirements 57 10%
Adoption of good programming practices 49 9%
Training 36 7%
Improve documentation 26 5%
Using good design practices 26 5%
Creating tests 24 4%
= Well-defined architecture 22 1%
g Quality assurance 12 2%
5 Refactoring 12 2%
& Code review 10 2%
Architecture review 9 2%
Technical knowledge 9 2%
Continuous integration 8 1%
Use the most appropriate version of the technology 7 1%
Appropriate reusing of code 6 1%
Appropriate test coverage 6 1%
Discipline 6 1%
Use of diverse test strategies 6 1%

(table continues)
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Table B.3: TD prevention-related practices per nature (continued)

183

Nature TD prevention-related practice #CPRP %PRPP
Having expert consultation on design choices 5 1%
Improve requirements elicitation 5 1%
Version control 5 1%
Considering technical constraints 4 1%
Improving tests 4 1%
Improving the maintainability of the project 4 1%
Contracting a domain expert to architect the project 3 1%
Providing design and requirements sooner 3 1%
Requirement validation 3 1%
Technical support 3 1%
Deep analysis of functionality 2 0.4%
Documentation update 2 0.4%
IT Governance 2 0.4%
Mirror environment for testing 2 0.4%
Prioritization of test and documentation 2 0.4%
Requirements changes tracking 2 0.4%
Team open to changes 2 0.4%
Technical checkings of proposals 2 0.4%
Well-defined metrics 2 0.4%
Bug tracking 1 0.2%
Business experts 1 0.2%
Design review 1 0.2%
Do it right in the first time 1 0.2%
Organizing code repository 1 0.2%
Planning code structure 1 0.2%
Release only test-approved components 1 0.2%
Well-defined ER model 1 0.2%

Caption:

#CPRP - Count of TD prevention-related practices.

%PRPP - Percentage of #CPRP in relation to the total of all projects (546)
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Table B.4: TD prevention-related practices per category

Category TD prevention-related practice #CPRP %PRPP
Adoption of good programming practices 49 9%
Quality assurance 12 2%
Appropriate reusing of code 6 1%
Development Having expert consultation on design choices 5 1%
issues Version control 5 1%
Considering technical constraints 4 1%
Plan resources for investigating alternative solutions 3 1%
Documentation update 2 0.4%
Planning code structure 1 0.2%
Infrastructure Use th'e _most appropri'ate version of the technology 7 1%
Organizing code repository 1 0.2%
Well-defined requirements 57 10%
Using good design practices 26 5%
Inte11“'na1 Well-defined architecture 22 1%
qilslju;tg Refactoring 12 2%
Improving the maintainability of the project 4 1%
Well-defined ER model 1 0.2%
Improving software development process 33 6%
Improve documentation 26 5%
Creating tests 24 1%
Good communication between stakeholders 19 3%
Following well-defined project process 17 3%
Using agile practices 14 3%
Code review 10 2%
Architecture review 9 2%
Continuous integration 8 1%
Appropriate test coverage 6 1%
Good communication on team 6 1%
Use of diverse test strategies 6 1%
Focusing on agile delivery 5 1%
Improve requirements elicitation 5 1%
Methodology Imgroving (‘jests 4 1%
Providing design and requirements sooner 3 1%
Requirement validation 3 1%
Deep analysis of functionality 2 0.4%
Mirror environment for testing 2 0.4%
Prioritization of test and documentation 2 0.4%
Requirements changes tracking 2 0.4%
Technical checkings of proposals 2 0.4%
Bug tracking 1 0.2%
Design review 1 0.2%
Standardization in carrying out activities 1 0.2%
Understand team capabilities 1 0.2%
Utilizing lessons learned 1 0.2%
Release only test-approved components 1 0.2%
Training 36 7%
Better understanding of development process by businesses 3 1%
Historical knowledge on TD 3 1%
Contracting a domain expert to architect the project 3 1%
. Technical support 3 1%
Organizational Fair rewardirll)g system 2 0.4%
Organizational support 2 0.4%
IT Governance 2 0.4%
Cultural change 1 0.2%
Business experts 1 0.2%
Being committed 14 3%
Technical knowledge 9 2%
Organized team 9 2%
Discipline 6 1%
People Having an emotional stability team 2 0.4%
Improve the understanding of TD concept by PMs 2 0.4%
Team open to changes 2 0.4%

(table continues)
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Table B.4: TD prevention-related practices per category (continued)
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Category TD prevention-related practice #CPRP %PRPP
Self-confidence 1 0.2%
Do it right in the first time 1 0.2%
Better Project Management 43 8%
Following the project planning 34 6%
Well planned deadlines 26 5%
Better project planning 24 4%
Allocation of qualified professionals 23 1%
Implementation of a TD identification strategy 23 4%
Implementation of a TD management strategy 19 3%
Good allocation of resources 16 3%
Risk and impact analysis 12 2%
Appropriate tasks allocation 10 2%

Planning and Prioritization of TD payment 10 2%

management Adequate technical management 8 1%
Increase time for analysis and design 7 1%
Implementation of a TD payment strategy 6 1%
Well-defined effort estimation methods 6 1%
Flexibility in deadlines 4 1%
Focusing on long-term goals 4 1%
Changing team priorities slowly 3 1%
Awareness of the impact of business decisions on technology 2 0.4%
Well-defined metrics 2 0.4%
Cost Benefit analysis 1 0.2%
Improve schedule to include tests and bug fixing 1 0.2%
Negotiate with Line of business 1 0.2%
Removing low-priority tasks 1 0.2%
Well-defined sales process 1 0.2%

Caption:

#CPRP - Count of TD prevention-related practices.

%PRPP - Percentage of #CPRP in relation to the total of all projects (546)
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Table B.5: PARs for TD non-prevention and their examples of citation

PAR for TD non-prevention

Quotes from participants

Architectural evolution

“Due to the constant evolution of architecture.”

Continuous change of coding standards

“Standards will always change with new technologies and personnel;
the debt could be minimized by being more proactive with refactor-
ing but not eliminated entirely.”

Debt close to the project end

“The technical debt only existed at a later time.”

Dev teams interdependency

“Dependencies with other teams and inability to prevent all possible
situations of difficulty”

Differences among stakeholders

“There are always discrepancies with different stakeholders.”

Documentation issues (lack of or non-updated)

“When youre building on a platform that does not have sufficient
documentation, you may not know how your code will work with
the limits until a prototype is tested.”

“Documentation for the customer must always be up to date.”

Ineffective management

“Management and process were not mature enough to prevent TD.”
“There are demands that arise and must be resolved promptly.”

Lack of concern about maintainability

“Maintainability is seldom a developer’s concern.”

Lack of experience

“It is natural for developers to have incomplete knowledge or lack
of experience when developing.”

Lack of financial resources

“Money. Time is a resource that costs money.”

Lack of good technical solutions

“At the time the decision was made, we investigated all possible
solutions and came up with the least bad solution.”

Lack of information

“It is natural for developers to have incomplete knowledge or lack
of experience when developing.”

Lack of predictability in the software develop-
ment

“No large project ever has the foresight to account for every sce-
nario.”

“It’s difficult to see into the future to know what it will take to de-
velop software. Sometimes newly added requirements or specs can
change what is expected out of a class which outdates its ability to
function properly.”

Lack of process maturity

“Management and process were not mature enough to prevent TD.”

Lack of qualified professionals

“Not all developers are or can be extremely excellent (many are, of
course).”

Lack of technical knowledge

“The solution adopted was one of the best considering the restric-
tions of available infrastructure, deadline and technical knowledge.”
“I believe that it would not be possible to avoid this TD, as the
main cause is the lack of knowledge of ReactJS. Also, the type of
knowledge needed is very specific and not something you can get
through documentation or courses. It is necessary to use ReactJS
in practice to solve real problems to understand what are the lim-
itations/difficulties of native state control, and only then look for
alternatives.”

Legacy system difficult to heal

“New features, new markets and new systems will be built on top of
existing systems.Like skyscrapers built on sandcastles the old sys-
tems will be eventually replaced by newer better systems redesigned
from scratch.”

Not sure if client will accept it

“the functionality was experimental, there was no certainty that the
user would accept it, it was not worth the effort.”

People issues

“I believe this kind of situation will always occur as it is not just
one reason that causes it but it can come from many causes, code is
made by people and we are all different.”

Pressure for results

“No, because the pressure of business and priorities simply disrupts
the rigorous technical work.”

“The pressure for results and compliance schedules (which are always
required in terms of monetary benefit), mean that there is technical
debt practically from day 1 of the project.”

Requirements change

“Requirements are always going to change during development ...”
“Because when the client asks for features abruptly, no matter how
generalized the architecture is towards the problem, with an outlier
there may be, that can mean a refactor of the code, and that could
dirty the code, reducing its maintainability.”

Restrictions on available infrastructure

“The solution adopted was one of the best considering the restric-
tions of available infrastructure, deadline and technical knowledge.”

(table continues)
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Table B.5: PARs for TD non-prevention and their examples of citation (continued)

PAR for TD non-prevention Quotes from participants

Short deadline “Because we always need to make trade-offs due to time pressure.”
“A lot of the TD Ive encountered will not be solved because it’s a
symptom of market forces. There will always be a rush to get a
product out.”
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Table B.6: PARs for TD non-prevention per type

Type PAR for TD non-prevention #CPAR %PARP
Ineffective management 7 14%
Lack of predictability in the software development 5 10%
3 Requirements change 5 10%
g Documentation issues (lack of or non-updated) 2 4%
’; Lack of concern about maintainability 2 4%
.% lack of process maturity 2 1%
i Architectural evolution 1 2%
du Continuous change of coding standards 1 2%
Dev teams interdependency 1 2%
People issues 1 2%
Short deadline 14 29%
Pressure for results 4 8%
Lack of technical knowledge 3 6%
Lack of good technical solutions 2 1%
] Lack of qualified professionals 2 1%
g Legacy system difficult to heal 2 1%
5 Debt close to the project end 1 2%
2 Differences among stakeholders 1 2%
B Lack of experience 1 2%
Lack of financial resources 1 2%
Lack of information 1 2%
Not sure if client will accepted it 1 2%
Restrictions on available infrastructure 1 2%
Caption:

#CPAR - Count of citations of each PAR
%PARP - Percentage of CPAR in relation to the total of all projects (49)
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Table B.7: PARs for TD non-prevention per type per nature

Nature PARs for TD non-prevention #CPAR %PARP
Short deadline 14 29%
Ineffective management 7 14%
Lack of predictability in the software development 5 10%
Pressure for results 4 3%
= Lack of concern about maintainability 2 4%
= lack of process maturity 2 1%
80 Lack of qualified professionals 2 4%
2 Debt close to the project end 1 2%
= Dev teams interdependency 1 2%
Differences among stakeholders 1 2%
Lack of financial resources 1 2%
Not sure if client will accepted it 1 2%
People issues 1 2%
Requirements change 5 10%
Lack of technical knowledge 3 6%
Documentation issues (lack of or non-updated) 2 4%
=3 Lack of good technical solutions 2 4%
§ Legacy system difficult to heal 2 1%
S Architectural evolution 1 2%
& Continuous change of coding standards 1 2%
Lack of experience 1 2%
Lack of information 1 2%
Restrictions on available infrastructure 1 2%
Caption:

#CPAR - Count of citations of each PAR
%PARP - Percentage of CPAR in relation to the total of all projects (49)
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Table B.8: PARs for TD non-prevention per category

Category PARs for TD non-prevention #CPAR %PARP
Requirements change 5 10%
Development Lack of good technical solutions 2 4%
isstes Legacy system difficult to heal 2 4%
Architectural evolution 1 2%
Continuous change of coding standards 1 2%
External Pr.essure for results 4 8%
factors Differences among stakeholders 1 2%
Not sure if client will accepted it 1 2%
Lack of Lack of technical knowledge 3 6%
knowledge Lack of information 1 2%
Lack of predictability in the software development 5 10%
Documentation issues (lack of or non-updated 2 4%
Methodology lack of process rnaturit(y ] 2 1%
Dev teams interdependency 1 2%
Lack of qualified professionals 2 1%
Organizational Lack of financial resources 1 2%
Restrictions on available infrastructure 1 2%
People Lack of experience 1 2%
People issues 1 2%
Short deadline 14 29%
Planning and Ineffective management 7 14%
management Lack of concern about maintainability 2 1%
Debt close to the project end 1 2%
Caption:

#CPAR - Count of citations of each PAR
%PARP - Percentage of CPAR in relation to the total of all projects (49)
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Table B.9: Comparison to related work on TD prevention-related practices

Type

Technical debt prevention-related practices from

Our Study Related Work
Adequate technical management Managing the requirements, deliveries, backlog delays
in progress (BONFIM; BENITTI, 2022)
Allocation of qualified professionals -
Appropriate tasks allocation Define roles concerning the documentation pro-
cess (RIOS et al., 2020)

Awareness of the impact of business decisions on -

technology

Being committed -

Better understanding of development process by -

businesses

Business experts -

Changing team priorities slowly -

Contracting a domain expert to architect the -

project

Cost Benefit analysis -

Cultural change -

Discipline -

Fair rewarding system -

Focusing on agile delivery -
° Good allocation of resources -
= Good communication between stakeholders Customer feedback (CODABUX; WILLIAMS; NIU,
3 2014), Communication structure between business
& management and development team (YLI-HUUMO;
Y MAGLYAS; SMOLANDER, 2014), Learning from
= customers (LENARDUZZI et al., 2019), Meet-
L;é ings (ALBUQUERQUE et al., 2022)

Good communication on team

Having an emotional stability team

Historical knowledge on TD

Implementation of a TD identification strategy

Increasing awareness in the development and test
teams on test debt (SAMARTHYAM; MURALIDHA-
RAN; ANNA, 2017)

Implementation of a TD management strategy

Present already identified debts (ARAGAO et al,
2022)

Implementation of a TD payment strategy

Having each development team dedicating one itera-
tion during a set release period towards debt reduc-
tion (CODABUX; WILLIAMS; NIU, 2014), Introduc-
ing relevant processes can also help stop accumula-
tion of debt (SAMARTHYAM; MURALIDHARAN;
ANNA, 2017)

Improve schedule to include tests and bug fixing

Bugs bashes (CODABUX; WILLIAMS; NIU,
2014), Bug fixing days (YLLHUUMO; MAGLYAS;
SMOLANDER, 2014), Technical debt aware-
ness (GUPTA et al., 2016)

Improve the understanding of TD concept by PMs

IT Governance

Mirror environment for testing

Negotiate with Line of business

Organizational support

Organized team

Organizing code repository

Plan resources for investigating alternative solu-
tions

Prioritization of TD payment

Having dedicated teams whose primary focus is on re-

Removing low-priority tasks

ducing TD (CODABUX; WILLIAMS; NIU, 2014)

Risk and impact analysis

Self-confidence

Team open to changes

Technical knowledge

Technical support

(table continues)
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Table B.9: Comparison to related work on TD prevention-related practices (continued)

Type

Technical debt prevention-related practices from

Our Study Related Work
Training Education and training (CODABUX; WILLIAMS;
NIU, 2014), Training on the problems by dont doc-
ument (RIOS et al., 2020)
Understand team capabilities -
Using agile practices Performing ceremonies (initials, sprint planning,
sprint review) (BONFIM; BENITTI, 2022)
Utilizing lessons learned -
Version control -
Well-defined effort estimation methods Careful estimation (LENARDUZZI et al., 2019)
Well-defined metrics Gather and analyze metrics on the code base (ERNST;
DELANGE; KAZMAN, 2021)
Well-defined sales process -
Adoption of good programming practices Coding standards and guides (YLI-HUUMO;
MAGLYAS; SMOLANDER, 2014; ARAGAO et al.,
2022), Coding standards (YLI-HUUMO; MAGLYAS;
SMOLANDER, 2016; BOMFIM; SANTOS, 2017,
ALBUQUERQUE et al., 2022), Comment the
code (RIOS et al., 2020)
Appropriate reusing of code -
Appropriate test coverage -
Architecture review -
Better project management -
Better project planning -
Bug tracking -
Code review Pair programming (CODABUX; WILLIAMS; NIU,
2014), Code reviews (YLI-HUUMO; MAGLYAS;
SMOLANDER, 2014; YLI-HUUMO; MAGLYAS;
SMOLANDER, 2016; ALBUQUERQUE et al., 2022),
8 Code revisions (SILVA; JUNIOR; TRAVASSOS, 2019;
*g APA et al., 2020b; APA et al., 2020a), efficient code
g, reviews (ERNST; DELANGE; KAZMAN, 2021)
g Considering technical constraints -
= Continuous integration Continuous integration (CODABUX; WILLIAMS;
q§ NIU, 2014), Ernst, Delange and Kazman (2021): Au-
:;:’ tomated gradual deployments, Integrate deployment

with your continuous integration pipeline

Creating tests

Automate testing activities (ERNST; DELANGE;
KAZMAN, 2021), Automated tests (ALBU-
QUERQUE et al., 2022)

Deep analysis of functionality

Design review

Do it right in the first time

Documentation update

Flexibility in deadlines

Focusing on long-term goals

Following the project planning

Following well-defined project process

Conformance to process and standards (CODABUX;
WILLIAMS; NIU, 2014)

Having expert consultation on design choices

(table continues)
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Table B.9: Comparison to related work on TD prevention-related practices (continued)

Technical debt prevention-related practices from

Type Our Study

Related Work

Improve documentation

Rios et al. (2020): Define process and good practices
for documentation, Have a documentation repository,
Improve commitment of the team concerning docu-
mentation, Involve several roles in documenting the
Project, Penalties if not follow the documentation pro-
cess, Use of peer review, Use of UML to document and
share information; Documenting design and technical
debt (ERNST; DELANGE; KAZMAN, 2021), Bonfim
and Benitti (2022): Keeping and describing the re-
quirements specification document clearly, Developing
prototypes as part of the requirements specification
document, drawing up sequence and use case diagram
and database model

Improve requirements elicitation

Do a good job of requirements elicitation (ERNST;
DELANGE; KAZMAN, 2021), leverage crowd-
sourcing  techniques for  gathering  require-
ments (ERNST; DELANGE; KAZMAN, 2021),
Building process flow or BDD to understand the
demand (BONFIM; BENITTI, 2022), performing
requirements gathering thought multidisciplinary
workshops (BONFIM; BENITTI, 2022)

Improving software development process

Ernst, Delange and Kazman (2021): Adopt test-driven
development, Define a deployment process, Imple-
ment kill switches on new features; Use a frame-
work (WIESE; RIEBISCH; SCHWARZE, 2021), Fol-
lowing a requirements process (BONFIM; BENITTI,
2022)

Improving tests

Continuous improvement in functional test automa-
tion (GUPTA et al., 2016), Review elaborated test
cases (ARAGAO et al., 2022), Avoid manual test-
ing (ERNST; DELANGE; KAZMAN, 2021)

Improving the maintainability of the project

Increase time for analysis and design

Planning code structure

Prioritization of test and documentation

Document the project since its begin (RIOS et al.,
2020)

Providing design and requirements sooner

Quality assurance

Refactoring

Refactoring (CODABUX; WILLIAMS; NIU, 2014;
YLI-HUUMO; MAGLYAS; SMOLANDER, 2014)

Release only test-approved components

Requirement validation

Bonfim and Benitti (2022): Defining and validating
what will be prioritized, validating prototypes after
requirements specification with customer, performing
experimentation, prototypes, MVP or customer’s re-
searcher

Requirements changes tracking

Traceability (ERNST; DELANGE; KAZMAN, 2021),
Performing requirements traceability (BONFIM;
BENITTI, 2022)

Standardization in carrying out activities

Technical checkings of proposals

Use of diverse test strategies

Use the most appropriate version of the technology

Tools (CODABUX; WILLIAMS; NIU, 2014), Re-
views of the used tools (YLI-HUUMO; MAGLYAS;
SMOLANDER, 2016), Choose your language and li-
braries wisely (ERNST; DELANGE; KAZMAN, 2021)

Using good design practices

Employ a design method such as attribute-driven de-
sign (ERNST; DELANGE; KAZMAN, 2021)

Well planned deadlines

Well-defined architecture

Well-defined ER model

(table continues)
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Table B.9: Comparison to related work on TD prevention-related practices (continued)

Type Technical debt prevention-related practices from
yp Our Study Related Work

Well-defined requirements Bonfim and Benitti (2022): Performing the require-
ments or demands refinement (sprint release), Regis-
tering and classifying FR and NFR - using checklist
for NFR

N - Allowing slack (CODABUX; WILLIAMS; NIU, 2014)

- - Reflective improvement (CODABUX; WILLIAMS;
NIU, 2014)

- - Definition of done to ensure code quality (YLI-
HUUMO; MAGLYAS; SMOLANDER, 2016)

- - Definition of the done standard (YLI-HUUMO;
MAGLYAS; SMOLANDER, 2016), Improved defini-
tion of done (GUPTA et al., 2016), Definition of
done (SILVA; JUNIOR; TRAVASSOS, 2019; APA et
al., 2020b; APA et al., 2020a)

- - Following boy scout rule (GUPTA et al., 2016)

- - Continuous improvement (GUO; SPINOLA; SEA-
MAN, 2016), Continuous improvement (LENAR-
DUZZI et al., 2019)

- - Use tools (CHARALAMPIDOU et al., 2018)

- - Maintain and analyze test runs (ERNST; DELANGE;
KAZMAN, 2021)

- - Check quality of the documentation as part of the re-
lease process (ERNST; DELANGE; KAZMAN, 2021)

- - Ernst, Delange and Kazman (2021): Focus on how to
properly design machine learning systems, Evaluate
the differences in performance and accuracy between
the model being used and state-of-the-art models for
which benchmarks are available

- - Guidelines (ALBUQUERQUE et al., 2022)

- - Recording all requirements, demands, and stories in
the backlog (BONFIM; BENITTI, 2022)
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Table C.1: TD monitoring-related practices and their examples of citation

TD monitoring-related practice

Quotes from participants

Adoption of agile methodology

“Yes, using agile methodologies and tools for that.”
“An agile project methodology was adopted to close gaps, moni-
tor project progress and results.”

Architecture reviewing

“An analysis of the initial architecture was carried out and an
architecture was designed that fulfilled the same functions but
was better organized.”

Assign team for TD monitoring

“In the following sprints, the quality team started to have more
monitoring.”
“By the documentation team.”

Code review

“Every pull request changing the login page must be looked at
by least 2 architects.”
“(...) code reviews done during sprint.”

Communicating the stakeholders of TD items

“The client is perfectly aware of it.”
“It was monitored in the sense that the team had a shared aware-
ness and discussed its ongoing impact.”

Continuous deployment

“(...) the tools for automated delivery were defined.”

Continuous integration

“Test with continuous integration, monitoring with sonar etc..”

Cost/benefit analysis

“We look at the cost of switching and the features available.”

Dashboard

“Activity tracking.”
“Logs, dashboard and alarms.”

Documentation review

“Through tools such as code coverage and documentation audit-
ing.”
“In the sprint review, the documentation is checked.”

Focusing on TD payment

“We were aware of what we are doing and planned to “pay the
debt” later on in the maintenance stage of the project.”

Identify the worst debt areas

“Most of us who are involved with creating and supporting the
product are aware of the worst debt areas.”

Identifying TD items

“We identified the issue we were placed into and when we can
address it.”

Improve documentation

“Forcing proper definition and documentation.”

Improving configuration management practices

“Code refactored, database versioned, git history cleaner by com-
mit rules.”

Improving planning

“Better planning and organization.”

(table continues)
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Table C.1: TD monitoring-related practices and their examples of citation (continued)

TD monitoring-related practice Quotes from participants

Improving software development process “Started with a training process, application of agility and the

adoption of the best development practices.”
“Through the different reprocesses that occurred.”

Improving tests

“A test plan was made in conjunction with the user, and they
were run again.”

“(...) we began to incorporate more end-to-end tests to gate
delivery.”

Improving the requirement management

“Active management of the requirements to get to implementa-
g g
tion quickly.”

Infrastructure monitoring

“The infrastructure sector monitors on-premise servers in the
company’s custody.”

Knowledge sharing

“With the adoption of Scrum and the use of meetings every day
to align the understanding of the development team about the
solution that was being developed, and also the practice of pair
programming that made it possible to disseminate knowledge.”

Measuring the effort

“We often created timeboxes for how much time we want to spend
on updating or maintaining a component. Also, we monitor how
much support time we are spending on the app.”

Prioritization of TD items

“To have the user story and prioritize it.”

Process automation

“By automating the process which brought problems to our at-
tention immediately.”

Pull request monitoring

“Through bitbucket functionalities which monitored the pull re-
quests of the user with debt.”

Qualified professionals

“Agile methodologies and Devops were implemented, the team
grew, and qualified personnel and specialists were brought in each
of their areas.”

Quality validation (meetings)

“Continuously evaluate the quality of the system.”

Refactoring

“Refactoring took place before the development of other services
took place.”
“Refactoring when appropriate and time allowed.”

Risk analysis

“Before each project, risks were reported to the IT manager.”

Support from project management

“Project management committed to supporting both the user and
the developer to minimize the impact on other project tasks.”

TD as a task

“Identified as a task and placed in the backlog for later prioriti-
zation.”

“Technical debt sub-tasks associated with each task were cre-
ated.”

TD estimation

“There was a constant estimation of the scope and possible cost
of refactoring.”

TD item backlog

“Keep a list of all TD and regularly determine how to eliminate
it'”

“Identified as a task and placed in the backlog for later prioriti-
zation.”

TD management plan

“A schedule was developed specifically to address the case.”
“We were aware of what we are doing and planned to pay the
debt later on in maintenance stage of the project.”

TD status progress report

“Project manager asked for daily reports on fixes and why things
were needing refixed.”

“Through daily reports on the progress of projects and possible
future stoppers.”

Team meetings

“Regular meeting, usually weekly held that would track the
progress.”

“(...) the use of meetings every day to align the understanding
of the development team about the solution that was being de-
veloped (...).”

Team restructuring

“The work team was structured more efficiently.”

Test automation

“Implementation of automatic tests with requirements for in-
creasing or maintaining coverage, separation of services, integra-
tion and continuous deployment, and gradual migration of ser-
vices and clients.”

(table continues)
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Table C.1: TD monitoring-related practices and their examples of citation (continued)

TD monitoring-related practice Quotes from participants

Tracking TD items “Work considered part of the technical debt was tracked.”
“Through the task/issue tracking system.”

Tracking the cost “We tracked the cost of corrective defective data.”

Training “Beginning with a process of training, application of agility, and
appropriation of best practices in development.”

Understanding the cause of TD item “Studying the root cause of the problem.”

Use of measuring reports “With measurement bulletins.”

Use of metrics for TD identification “By introducing code/test metrics.”
“Monitoring based on metrics during the development of the
project.”

Use of tools “We have to use tool to monitor it, this is an ongoing process.”
“Use of tools like SonarQube.”

Using informal practices “Informally. Having high hopes to rectify it by the end of the

project.”
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Table C.2: TD monitoring-related practices per type

Type TD monitoring-related practice #CMRP %MRPP
Use of tools 31 12%
Improving software development process 20 8%
TD Management Plan 11 4%
Assign team for TD monitoring 8 3%
8 Adoption of agile methodology 7 3%
£ Improving the requirement management 6 2%
g Quality validation (meetings) 4 2%
o0 Continuous integration 2 0.8%
k! Knowledge sharing 2 0.8%
= Improving planning 1 0.4%
é Infrastructure Monitoring 1 0.4%
Process automation 1 0.4%
Pull request monitoring 1 0.4%
Support from project management 1 0.4%
Team restructuring 1 0.4%
TD item backlog 34 13%
Team meetings 23 9%
Communicating the stakeholders of TD items 16 6%
Tracking TD items 12 5%
Prioritization of TD items 7 3%
g TD as a task 7 3%
'*E TD status progress report 6 2%
fo Measuring the effort 5 2%
= TD estimation 4 2%
§ Understanding the Cause of TD Item 3 1%
'g Dashboard 2 0.8%
S Risk analysis 2 0.8%
Tracking the cost 2 0.8%
Cost/benefit analysis 1 0.4%
Tdentify the worst debt areas 1 0.4%
Use of measuring reports 1 0.4%
Using informal practices 1 0.4%
. TD . Use of metrics for TD identification 7 3%
identification
Identifying TD items 5 2%
D Refactoring 18 ™%
payment
Improve documentation 6 2%
Focusing on TD payment 5 2%
Improving tests 17 7%
- Code review 16 6%
kS Qualified professionals 3 1%
g Training 3 1%
3 Documentation review 2 0.8%
& Improving configuration management practices 2 0.8%
A Test automation 2 0.8%
= Architecture reviewing 1 0.4%
Continuous deployment 1 0.4%
Caption:

#CMRP - Count of monitoring-related practices.
%MRPP - Percentage of #CMRP in relation to the total of all projects (259)
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Table C.3: TD monitoring-related practices per nature
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Nature monitoring-related practice #CMRP %MRPP
TD item backlog 34 13%
Team meetings 23 9%
Improving software development process 20 8%
Communicating the stakeholders of TD items 16 6%
Tracking TD items 12 5%
TD Management Plan 11 1%
Assign team for TD monitoring 8 3%
Prioritization of TD items 7 3%
TD as a task 7 3%
Improving the requirement management 6 2%
_ TD status progress report 6 2%
.g Focusing on TD payment 5 2%
g Measuring the effort 5 2%
g TD estimation 4 2%
g Qualified professionals 3 1%
Training 3 1%
Dashboard 2 0.8%
Knowledge sharing 2 0.8%
Risk analysis 2 0.8%
Tracking the cost 2 0.8%
Cost/benefit analysis 1 0.4%
Improving planning 1 0.4%
Support from project management 1 0.4%
Team restructuring 1 0.4%
Use of measuring reports 1 0.4%
Using informal practices 1 0.4%
Use of tools 31 12%
Refactoring 18 7%
Improving tests 17 7%
Code review 16 6%
Adoption of agile methodology 7 3%
Use of metrics for TD identification 7 3%
Improve documentation 6 2%
Identifying TD items 5 2%
= Quality validation (meetings) 4 2%
La) Understanding the Cause of TD Item 3 1%
5 Continuous integration 2 0.8%
ﬁ Documentation review 2 0.8%
Improving configuration management practices 2 0.8%
Test automation 2 0.8%
Architecture reviewing 1 0.4%
Continuous deployment 1 0.4%
Identify the worst debt areas 1 0.4%
Infrastructure Monitoring 1 0.4%
Process automation 1 0.4%
Pull request monitoring 1 0.4%
Caption:

#CMRP - Count of monitoring-related practices.

%MRPP - Percentage of #CMRP in relation to the total of all projects (259)
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Table C.4: TD monitoring-related practices per category

Category TD monitoring-related practice #CMRP %MRPP
Development is- Improve documentation 6 2%
sues
Infrastructure Use of tools 31 12%
Infrastructure Monitoring 1 0.4%
Refactoring 18 7%
Internal Identifying TD items 5 2%
quality issues Understanding the Cause of TD Item 3 1%
Identify the worst debt areas 1 0.4%
Improving software development process 20 8%
Improving tests 17 7%
Code review 16 6%
Adoption of agile methodology 7 3%
Improving the requirement management 6 2%
Quality validation (meetings) 4 2%
Continuous integration 2 0.8%
Methodology Documentation review 2 0.8%
Improving configuration management practices 2 0.8%
Test automation 2 0.8%
Architecture reviewing 1 0.4%
Continuous deployment 1 0.4%
Process automation 1 0.4%
Pull request monitoring 1 0.4%
Use of measuring reports 1 0.4%
Using informal practices 1 0.4%
Qualified professionals 3 1%
L Training 3 1%
Organizational Knowledge sharing 2 0.8%
Team restructuring 1 0.4%
People Team meetings 23 9%
Communicating the stakeholders of TD items 16 6%
TD item backlog 34 13%
Tracking TD items 12 5%
TD Management Plan 11 4%
. Assign team for TD monitoring 8 3%
ljizgzlgr;%nzﬁ(tj Prioritization of TD items 7 3%
issues TD as a task 7 3%
Use of metrics for TD identification 7 3%
TD status progress report 6 2%
Focusing on TD payment 5 2%
Measuring the effort 5 2%
TD estimation 4 2%
Dashboard 2 0.8%
Risk analysis 2 0.8%
Tracking the cost 2 0.8%
Cost /benefit analysis 1 0.4%
Improving planning 1 0.4%
Support from project management 1 0.4%
Caption:

#CMRP - Count of monitoring-related practices.
%MRPP - Percentage of #CMRP in relation to the total of all projects (259)
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Table C.5: PARs for TD non-monitoring and their examples of citation

PAR for TD non-monitoring

Quotes from participants

Business pressure

“There was no time for that, because of business pressure.”

Changes in management

“Due to repeated changes in leadership.”

Changing in the requirements

“Volatile specifications.”

Company with projects beyond capacity

“More customers than the company’s capacity.”

Complexity of TD items

“The technical debt item was too large to monitor and the team had
no resources to monitor it.”

Cost,

“Because the managers understand that there would be no financial
gain, without seeing the maintenance costs.”

Effort

“Because the effort in updating the documentation was very great.”

Emotional issues of the team

“Emotional issues are not something that is generally acknowledged
in the programming world let alone in business. You can’t bring
those types of things up even privately with the leads, you just have
to hold it in.”

Focusing on short term goals

“Not in the priority pipeline.”
“It was not critical for the success of the project.”

Inaccurate time estimate

“Because the project times were extremely short and the whole team
was already doing a lot of overtime.”

Ineffective planning and management

“Ineffective management.”
“Lack of management.”

Lack of confidence in the technical leader

“Lack of confidence of the technical manager of the team.”

Lack of effort to know the cause of TD

“In general, they are found guilty, but it is rarely sought to under-
stand the motivational factor of the occurrence.”

Lack of experience

“The team lacks the experience in the new scheme selected to solve
the problem and all the strategies result in the same problem.”

Lack of interest

“Little interest of the company to correct this type of situation.”
“Management did not care.”

Lack of knowledge on TD

“Because the concept of technical debt was not yet applied in the
company.”
“There is no knowledge about TD.”

Lack of organizational culture

“This is very dependent on the organization. In this case, it was not
identified, monitored, or managed.”

“Because there is no permanent initiative to generate changes in the
organizational culture.”

Lack of qualified professionals

“Lack of people who could deal with the problem.”

Lack of resources

“Even knowing the problem, there are no resources for immediate
solution.”
“The time and resources of the project were very limited.”

Lack of specific team

“It was known about for years but we didn’t have the headcount to
refactor.”
“Not enough people or time too.”

Lack of TD monitoring process

“There was no process for it.”
“We weren’t tracking it.”

Lack of IT governance

“Because there is no IT governance in place, and no PMO in place.”

Lack of time

“Because deadlines are tight.”
“The project timeline didn’t allow it.”

Lack of understanding about the impact of the
debt

“Lack of knowledge of the impact of the TD item in question.”
“Technical debt was not identified as a problem at the time.”

Late TD identification

“Too late identification.”

Legacy system

“This project is large and has been developed over years (and is still
being actively developed).”

Product delivered

“After the project is finished, refactorings will not be allowed.”

Project delayed

“(...) all the projects were late.”

Project discontinued

“Because the project simply lost its potential value and gradually
became ignored.”
“The user team discarded the project.”

React when becoming a problem

“It is neglected until it becomes a problem.”
“In the absence of planning, the methodology was reactionary to the
problems.”

TD Item eliminated as soon as identified

“We decided to resolve it soon.”
“It was not monitored, it was implemented.”

(table continues)
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Table C.5: PARs for TD non-monitoring and their examples of citation (continued)

PAR for TD non-monitoring

Quotes from participants

TD item payment do not generate revenue

“Because resolving tech debt is not a revenue-generating. Until it
becomes a big enough problem to do something about.”

TD was not documented

“We know that it exists, but not documented.”

Team overload

“There was no time for experts to perform peer reviews because of
the amount of work.”

Too many TD items

“Debt occurs with some frequency.”
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Table C.6: PARs for TD non-monitoring per type
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Type PAR for TD non-monitoring #CPAR %PARP
Lack of interest 44 22%
Focusing on short term goals 33 17%
3 React when become a problem 5 3%
g TD Item eliminated as soon as identified 5 3%
'; Ineffective planning and management 4 2%
'% TD item payment do not generate revenue 2 1%
3 Too many TD items 2 1%
5 Lack of effort to know the cause of TD 1 0.5%
Late TD identification 1 0.5%
TD was not documented 1 0.5%
Lack of time 29 15%
Lack of knowledge on TD 23 12%
Lack of understanding about the impact of the debt 12 6%
Lack of organizational culture 8 4%
Lack of resources 3 4%
Lack of TD monitoring process 7 4%
Lack of specific team 6 3%
Effort 3 2%
Product delivered 3 2%
Changing in the requirements 2 1%
g Company with projects beyond capacity 2 1%
g Cost 2 1%
= Emotional issues of the team 2 1%
& Inaccurate time estimate 2 1%
E Lack of experience 2 1%
Lack of qualified professionals 2 1%
Legacy system 2 1%
Project discontinued 2 1%
Team overload 2 1%
Business pressure 1 0.5%
Changes in management 1 0.5%
Complexity of TD items 1 0.5%
Lack of confidence in the technical leader 1 0.5%
Lack of IT governance 1 0.5%
Project delayed 1 0.5%
Caption:

#CPAR - Count of citations of each PAR
%PARP - Percentage of CPAR in relation to the total of all projects (197)
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Table C.7: PARs for TD non-monitoring per nature

Nature PARs for TD non-monitoring #CPAR %PARP
Lack of interest 44 22%
Focusing on short term goals 33 17%
Lack of time 29 15%
Lack of organizational culture 8 4%
Lack of resources 8 4%
Lack of TD monitoring process 7 4%
Lack of specific team 6 3%
React when become a problem 5 3%
Ineffective planning and management 4 2%
Effort 3 2%
Product delivered 3 2%
= Company with projects beyond capacity 2 1%
= Cost 2 1%
Y Emotional issues of the team 2 1%
= Inaccurate time estimate 2 1%
= Lack of experience 2 1%
Lack of qualified professionals 2 1%
Project discontinued 2 1%
TD item payment do not generate revenue 2 1%
Team overload 2 1%
Business pressure 1 0.5%
Changes in management 1 0.5%
Lack of confidence in the technical leader 1 0.5%
Lack of effort to know the cause of TD 1 0.5%
Lack of IT governance 1 0.5%
Late TD identification 1 0.5%
Project delayed 1 0.5%
Lack of knowledge on TD 23 12%
Lack of understanding about the impact of the debt 12 6%
= TD Item eliminated as soon as identified 5 3%
Lé Changing in the requirements 2 1%
S Legacy system 2 1%
& Too many TD items 2 1%
Complexity of TD items 1 0.5%
TD was not documented 1 0.5%
Caption:

#CPAR - Count of citations of each PAR
%PARP - Percentage of CPAR in relation to the total of all projects (197)
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Table C.8: PARs for TD non-monitoring per category
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Category PARs for TD non-monitoring #CPAR %PARP
Development  Changing in the requirements 2 1%
issues Legacy system 2 1%
External Project discontinued 2 1%
TD item payment do not generate revenue 2 1%
factors -
Business pressure 1 0.5%
Internal Too many TD items 2 1%
quality Complexity of TD items 1 0.5%
issues Lack of effort to know the cause of TD 1 0.5%
Lack of Lack of knowledge on TD 23 12%
knowledge
Lack of TD monitoring process 7 1%
React when become a problem 5 3%
Methodology TD Item eliminated as soon as identified 5 3%
Lack of IT governance 1 0.5%
Late TD identification 1 0.5%
TD was not documented 1 0.5%
Lack of interest 44 22%
Lack of organizational culture 8 4%
Organizational Lack of resources 8 4%
Lack of specific team 6 3%
Company with projects beyond capacity 2 1%
Lack of qualified professionals 2 1%
Emotional issues of the team 2 1%
People Lack of experience 2 1%
Team overload 2 1%
Lack of confidence in the technical leader 1 0.5%
Focusing on short term goals 33 17%
Lack of time 29 15%
Lack of understanding about the impact of the debt 12 6%
Planning Ineffective planning and management 4 2%
and Effort 3 2%
management Product delivered 3 2%
Cost 2 1%
Inaccurate time estimate 2 1%
Changes in management 1 0.5%
Project delayed 1 0.5%
Caption:

#CPAR - Count of citations of each PAR

%PARP - Percentage of CPAR in relation to the total of all projects (197)
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Table C.9: Comparison to related work on TD monitoring-related practices

Technical debt monitoring-related practices from

Type Our Study Related Work
Adoption of agile methodology Implementing pair programming or test-driven devel-
opment (BEHUTIYE et al., 2017)
Assign team for TD monitoring Defining a responsible for monitoring each identified
and measured TD item (OLIVEIRA; GOLDMAN;
8 SANTOS, 2015)
g Continuous integration Continuous integration tools (BEHUTIYE et al.,
£ 2017)
o0 Improving planning -
= Improving software development process -
< Improving the requirement management RE-KOMBINE model (RIOS; MENDONCA;
5 SPINOLA, 2018)
Infrastructure Monitoring -
Knowledge sharing -
Process automation -
Pull request monitoring -
Quality validation (meetings) -
Support from project management -
TD management plan Accounting (AMPATZOGLOU et al., 2015), Plan-
ning in advance for TD (BEHUTIYE et al., 2017),
Accounting (RIOS; MENDONCA; SPINOLA, 2018),
Formal approach to TD decision making (RIOS; MEN-
DONGCA; SPINOLA, 2018)
Team restructuring -
Use of tools Using data collected from (management or TD mea-
suring) tools (YLI-HUUMO; MAGLYAS; SMOLAN-
DER, 2016), AnaConDebt (MARTINI, 2018), Using
system for bug fixing (MARTINI; BESKER; BOSCH,
2018), Measuring symptom severity on a smell ther-
mometer (RIOS; MENDONCA; SPINOLA, 2018),
Sonar TD plugin (RIOS; MENDONCA; SPINOLA,
2018), DebtFlag (RIOS; MENDONCA; SPINOLA,
2018), TD evaluation (SQALE) (RIOS; MENDONCA;
SPINOLA, 2018), Software maps tool (RIOS;
MENDONGCA; SPINOLA, 2018), Code Christmas
tree (RIOS; MENDONGCA; SPINOLA, 2018), Vismin-
erTD (MENDES et al., 2019), tools (APA et al.,
2020b), tools (APA et al., 2020a), test tool (ALBU-
QUERQUE et al., 2022), Wiki (ALBUQUERQUE et
al., 2022)
Communicating the stakeholders of TD items -
Cost/benefit analysis Cost/benefit (AMPATZOGLOU et al., 2015), Cost-
benefit analysis (RIOS; MENDONGCA; SPINOLA,
2018), Monitor changes in the cost/benefit ration of
the identified debt (ARAGAO et al., 2022)
g Dashboard Portfolio management (AMPATZOGLOU et al,
z 2015), Collective dashboards (BEHUTIYE et al.,
fo 2017), Portfolio approach (RIOS; MENDONCA;
= SPINOLA, 2018)
§ Identify the worst debt areas Debt symptoms index (RIOS; MENDONCA;
'g SPINOLA, 2018)
= Measuring the effort Real options (AMPATZOGLOU et al., 2015), Market-

ing (AMPATZOGLOU et al., 2015), Options (RIOS;
MENDONCA; SPINOLA, 2018), Marketing (RIOS;
MENDONCA; SPINOLA, 2018)

Prioritization of TD items

Risk analysis

TD monitoring as part of risk process (ERNST et al.,
2015)

TD as a task

TD estimation

Improving estimation techniques of sprints (BE-
HUTIYE et al., 2017)

(table continues)
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Table C.9: Comparison to related work on TD monitoring-related practices (continued)

Type

Technical debt monitoring-related practices from

Our Study Related Work
TD item backlog Backlog grooming (ERNST et al., 2015), including TD
tasks in product backlog (BOMFIM; SANTOS, 2017),
Creation of TD items in a backlog (MARTINI, 2018),
Reporting TD items in backlog (MARTINI; BESKER;
BOSCH, 2018), Panels (TO DO, DOING, and DONE)
based on the Kanban concept (MENDES et al., 2019)
TD status progress report Visualization techniques (BEHUTIYE et al., 2017)
Team meetings -
Tracking TD items Issue tracker (ALBUQUERQUE et al., 2022)
Tracking the cost -
Understanding the Cause of TD Item -
Use of measuring reports -
Using informal practices Manual monitoring (APA et al., 2020a), Manu-
ally (ALBUQUERQUE et al., 2022)
g Identifying TD items Statically analyzing the code for finding TD items
% or potential bugs, or security issues (MARTINI;
g & BESKER; BOSCH, 2018)
B
o
rqv: Use of metrics for TD identification Metrics for managing architectural TD (RIOS; MEN-
DONGCA; SPINOLA, 2018)
=] Focusing on TD payment -
=N
&5 Improve documentation -
8,
Refactoring _
Architecture reviewing -
o Code review SQALE method (RIOS; MENDONCA; SPINOLA,
2 2018), Static analysis (ALBUQUERQUE et al., 2022)
g Continuous deployment -
2 Documentation review -
& Improving configuration management practices -
a Improving tests Measuring test coverage (MARTINI; BESKER;

BOSCH, 2018), Changes in the test pro-
cess (ARAGAO et al., 2022)

Qualified professionals

Test automation

Training

Setting a commonly agreed definition of done (BE-
HUTIYE et al., 2017)

Using comments in the code or other artifacts (MAR-
TINI; BESKER; BOSCH, 2018)

Documenting issues in text or spreadsheets (MAR-
TINI; BESKER,; BOSCH, 2018)

Monitor triggers (ARAGAO et al., 2022)

Making of dependencies and code problems (RIOS;
MENDONGA; SPINOLA, 2018)

Supply chain management (RIOS; MENDONCA;
SPINOLA, 2018)
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Table D.1: TD payment-related practices and their examples of citation

TD payment-related practice

Quotes from participants

Adjusting Code to follow Good Programming
Practices

“Benefits of shared library cutting down on dev. time duplicating
or maintaining extra code.”

Bug Fixing

“To make it solid and defect free system.”

Changing Project Scope

“Redefining the scope of the project.”

Changing the Project Management

“There were changes in team leaders (...).”

Code Refactoring

“We rewrote the offending code.”

Code Reviewing

“The identified tech debt has been resolved through updated designs
and refactors. There was a lot of post completion code reviewing to
identified areas with performance impacts.”

Communicating the customer of TD Items

“(...), communication of TD items to the customer, (...).”

Conducting Risk Analysis

“Through risk mitigation plans and action plans.”

Design Refactoring

“Refactoring and changing architecture.”

Hiring Specialized Professionals

“There were cases where it was necessary to hire a specialized team

(..)?

Implementing Preventive Actions for Avoiding
TD Items

“(...) periodic reviews were established.”

Improving Requirement Elicitation Process

“The project managed to align itself with the milestones by aggres-
sively simplifying the definition of requirements for the implementa-
tion process.”

Improving the Development Process

“Improvement in the development and changes process.”

Improving the Team Collaboration

“Relationship between development team and business team im-
proves and gets better and better.”

Increasing the Project Budget

“With cost overruns in money and time, updating the solution to
the latest changes in technology.”

Investing Effort on TD Payment Activities

“Taking sprints to pay down the debt.”

Investing Effort on Testing Activities

“Additional development hours and code testing.”

Monitoring and Controlling Project Activities

“With the measurement bulletins, there was the metric of progress.”

Negotiating Deadline Extension

“It was possible to negotiate time with the user to make improve-
ments.”

Organizing the Project Repository

“After organizing the repository, it was possible to deliver in a flow,

()"

Prioritizing TD Items

“Due to the project deadline, as soon as the TD is detected, we
already plan its development for the next sprints of the project.”

Restarting the Project from Scratch

“Starting the project 100% from scratch.”

(table continues)
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Table D.1: TD payment-related practices and their examples of citation (continued)

TD payment-related practice Quotes from participants

Solving Technical Issues “Updated the version of the framework.”

System Retirement “The delay of the project was so long that it was canceled.”

Update System Documentation “The documentation was updated.”

Using Automated Deployment “The deployment and testing process was further automated to
streamline developments.”

Using Code Analysis “Each of the reports generated by Sonar was analyzed and the im-
provements that made it possible to cover the debt were applied.”

Using Code Reuse “It was necessary to redo the code, design common functions, reuse
code (...)”

Using Continuous Integrations and Deliveries “Everything that is integration and continuous deployment was im-
plemented through Gitlab.”

Using External Tools “The proposed operations were performed by sonar.”

Using Short Feedback Iterations “(...) shorter and shorter feedback cycles.”

ki

Using Software Models “(...) The project models were developed (...)
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Table D.2: TD payment-related practices per type
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Type TD payment-related practice #CPRP %PRPP
Investing Effort on TD Payment Activities 33 15.1%
p= Negotiating Deadline Extension 14 6.4%
Gé Improving the Development Process 9 4.1%
s Increasing the Project Budget 9 4.1%
2 Hiring Specialized Professionals 3 3.7%
a Improving the Team Collaboration 6 2.8%
0 Changing Project Scope 5 2.3%
£ Using Continuous Integrations and Deliveries 4 1.8%
’c‘é Changing the Project Management 2 0.9%
m Conducting Risk Analysis 2 0.9%
Communicating the Customer of TD Items 1 0.5%
Code Refactoring 81 37.2%
g Design Refactoring 25 11.5%
£ Adjusting Code to follow Good Programming Practices 10 4.6%
s Solving Technical Issues 9 4.1%
g Update System Documentation 9 4.1%
g Bug Fixing 6 2.8%
g Restarting the Project from Scratch 4 1.8%
System Retirement 2 0.9%
Investing Effort on Testing Activities 22 10.1%
Monitoring and Controlling Project Activities 10 4.6%
Implementing Preventive Actions for Avoiding TD Items 7 3.2%
g Using Short Feedback Iterations 7 3.2%
g Code Reviewing 3 1.4%
@ Improving Requirement Elicitation Process 3 1.4%
g Using Code Analysis 3 1.4%
a Using External Tools 3 1.4%
= Using Code Reuse 2 0.9%
Using Software Models 2 0.9%
Organizing the Project Repository 1 0.5%
Using Automated Deployment 1 0.5%
TD prioritiza-  Prioritizing TD Items 15 6.9%

tion

Caption:

#CPRP - Count of TD payment-related practices.
%PRPP - Percentage of #CPRP in relation to the total of all projects (218)
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Table D.3: TD payment-related practices per nature

Nature TD payment-related practice #CPRP %PRPP
Investing Effort on TD Payment Activities 33 15.1%
Investing Effort on Testing Activities 22 10.1%
Prioritizing TD Items 15 6.9%
Negotiating Deadline Extension 14 6.4%
Monitoring and Controlling Project Activities 10 4.6%
Improving the Development Process 9 4.1%
= Increasing the Project Budget 9 4.1%
5 Hiring Specialized Professionals 8 3.7%
o0 Using Short Feedback Iterations 7 3.2%
g Improving the Team Collaboration 6 2.8%
= Changing Project Scope 5 2.3%
Restarting the Project from Scratch 4 1.8%
Improving Requirement Elicitation Process 3 1.4%
Changing the Project Management 2 0.9%
Conducting Risk Analysis 2 0.9%
System Retirement 2 0.9%
Communicating the Customer of TD Items 1 0.5%
Code Refactoring 81 37.2%
Design Refactoring 25 11.5%
Adjusting Code to follow Good Programming Practices 10 4.6%
Solving Technical Issues 9 4.1%
Update System Documentation 9 4.1%
_ Implementing Preventive Actions for Avoiding TD Items 7 3.2%
8 Bug Fixing 6 2.8%
g Using Continuous Integrations and Deliveries 4 1.8%
5 Code Reviewing 3 1.4%
& Using Code Analysis 3 1.4%
Using External Tools 3 1.4%
Using Code Reuse 2 0.9%
Using Software Models 2 0.9%
Organizing the Project Repository 1 0.5%
Using Automated Deployment 1 0.5%
Caption:

#CPRP - Count of TD payment-related practices.
%PRPP - Percentage of #CPRP in relation to the total of all projects (218)
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Table D.4: TD payment-related practices per category
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Category TD payment-related practice #CPRP %PRPP
Adjusting Code to follow Good Programming Practices 10 4.6%
Solving Technical Issues 9 4.1%
Development Update System Documentation 9 4.1%
issues Changing Project Scope 5 2.3%
Restarting the Project from Scratch 4 1.8%
System Retirement 2 0.9%
External quality Bug fixing 6 2.8%
issues
Infrastructure Using External Tools 3 1.4%
Organizing the Project Repository 1 0.5%
Internal Code Refactoring 81 37.2%
quality issues Design Refactoring 25 11.5%
Investing Effort on TD Payment Activities 33 15.1%
Investing Effort on Testing Activities 22 10.1%
Improving the Development Process 9 4.1%
Implementing Preventive Actions for Avoiding TD Items 7 3.2%
Using Short Feedback Iterations 7 3.2%
Using Continuous Integrations and Deliveries 4 1.8%
Methodology Code Reviewing 3 1.4%
Improving Requirement Elicitation Process 3 1.4%
Using Code Analysis 3 1.4%
Using Code Reuse 2 0.9%
Using Software Models 2 0.9%
Using Automated Deployment 1 0.5%
Organizational Hiring Specialized Professionals 8 3.7%
Changing the Project Management 2 0.9%
People Improving the Team Collaboration 6 2.8%
Communicating the Customer of TD Items 1 0.5%
Prioritizing TD Items 15 6.9%
Planning and Negotiating Deadline Extension 14 6.4%
management Monitoring and Controlling Project Activities 10 4.6%
Increasing the Project Budget 9 4.1%
Conducting Risk Analysis 2 0.9%
Caption:

#CPRP - Count of TD payment-related practices.
%PRPP - Percentage of #CPRP in relation to the total of all projects (218)
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Table D.5: PARs for TD non-payment and their examples of citation

PAR for TD non-payment

Quotes from participants

Complexity of the Project

“It is a very large project and the interconnectedness of the data
layer throughout the project makes completely rewriting it very dif-
ficult.”

Complexity of the TD Item

“It is something that cannot be eliminated, the errors generated
must be supported.”

Cost

“It is too expensive to fix. Too big to succeed.”

Customer Decision

“Because of the clients decision.”

Decision to do not change the Framework

“Because we are still using the framework.”

Effort

“Would take a lot of time to migrate to a new back-end database
and change the application code.”

Focusing on Short Term Goals

“Focus on next release.”

High Team Turnover

“Staff turnover.”

Insufficient Management View about TD Pay-
ment

“Resistance from the project manager.”

Lack of Access on Component Code

“(...) Also, other teams own the code that would need to be up-
dated.”

Lack of Adoption of Lessons Learned

“Team members who dont learn from past mistakes.”

Lack of Committed Team

“It depends, those who are more professional paid off, while others
not.”

Lack of External Auditing

“The consultancy helped identify critical points to attack and prior-
itize them. However, this did not prevent changes from being made
to the coding that were not contemplated in the initial project esti-
mate.”

Lack of Knowledge on TD

“(...) The business side of the house is not technical enough to
understand the impact that the TD has.”

Lack of Monitoring of TD Items

“Lack of monitoring.”

Lack of Organizational Interest

“We learned enough to move forward but no one wanted to spend
the time.”

Lack of Resources

“We did not have the technical resources, or the time required to
carry out the activity.”

Lack of Technical Knowledge

“Lack of commitment and lack of knowledge of the team.”

Lack of Testing

“(...)Project deadlines prohibit a full search and fix, and there are
no tests in the legacy code to ensure the changes result in no behavior
change (...).

Lack of Time

“No time dedicated to significant redesign and rework.”

Non-Application of Mitigation Actions on TD
Causes

“The root causes were not mitigated.”

Number of TD Items

“There is too much. We are attacking as needed.”

Risk for the Project

“They are not corrected by the high risk involved in generating ap-
plication errors in the most critical locations.”

TD Items do not affect the user

“Its been considered fallout and If an end user runs across the prob-
lem then it gets fixed.”

TD Items do not have “interest”

“Because it is easier for the project manager to put out fires and not
to avoid them.

Team overload

“Precisely because even the system repair teams are overloaded.”

The Project was Discontinued

“Because the project has been abandoned completely.”
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Table D.6: PARs for TD non-payment per type

Type PAR for TD non-payment #CPAR %PARP
Focusing on Short Term Goals 69 26.4%
Lack of Organizational Interest 48 18.4%
Insufficient Management View about TD Payment 10 3.8%
5 Lack of Committed Team 4 1.5%
g TD Items do not have “interest” 4 1.5%
“; Lack of Adoption of Lessons Learned 3 1.1%
2 Number of TD Items 3 1.1%
3 Lack of Testing 2 0.8%
S Non-Application of Mitigation Actions on TD Causes 2 0.8%
TD Items do not affect the user 2 0.8%
Decision to do not change the Framework 1 0.4%
Lack of External Auditing 1 0.4%
Lack of Time 41 15.7%
Cost 34 13.0%
Lack of Resources 19 7.3%
Customer Decision 13 5.0%
Complexity of the TD Item 12 4.6%
= Effort 11 4.2%
g Complexity of the Project 10 3.8%
5 Team overload 6 2.3%
g The Project was Discontinued 6 2.3%
;5 Lack of Technical knowledge 5 1.9%
Risk for the Project 5 1.9%
Lack of Knowledge on TD 4 1.5%
High Team Turnover 2 0.8%
Lack of Access on Component Code 1 0.4%
Lack of Monitoring of TD Items 1 0.4%
Caption:

#CPAR - Count of citations of each PAR
%PARP - Percentage of CPAR in relation to the total of all projects (261)
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Table D.7: PARs for TD non-payment per type per nature

Nature PARs for TD non-payment #CPAR %PARP
Focusing on Short Term Goals 69 26.4%
Lack of Organizational Interest 48 18.4%
Lack of Time 41 15.7%
Cost 34 13.0%
Lack of Resources 19 7.3%
Customer Decision 13 5.0%
Effort 11 4.2%
Complexity of the Project 10 3.8%
= Insufficient Management View about TD Payment 10 3.8%
5 Team overload 6 2.3%
8o The Project was Discontinued 6 2.3%
2 Risk for the Project 5 1.9%
= Lack of Committed Team 4 1.5%
Lack of Knowledge on TD 4 1.5%
TD Items do not have “interest” 4 1.5%
Lack of Adoption of Lessons Learned 3 1.1%
Number of TD ITtems 3 1.1%
High Team Turnover 2 0.8%
Non-Application of Mitigation Actions on TD Causes 2 0.8%
TD Items do not affect the user 2 0.8%
Lack of External Auditing 1 0.4%
Complexity of the TD Item 12 4.6%
= Lack of Technical knowledge 5 1.9%
g Lack of Testing 2 0.8%
S Decision to do not change the Framework 1 0.4%
& Lack of Access on Component Code 1 0.4%
Lack of Monitoring of TD Items 1 0.4%
Caption:

#CPAR - Count of citations of each PAR
%PARP - Percentage of CPAR in relation to the total of all projects (261)
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Table D.8: PARs for TD non-payment per category

Category PARs for TD non-payment #CPAR %PARP
< & Complexity of the Project 10 3.8%
o &
A
Decision to do not Change the Framework 0.4%

1
Customer Decision 13 5.0%
The Project was Discontinued 6 2.3%
2
1

TD Items do not affect the User 0.8%
Lack of Access on Component Code 0.4%

External
factors

Tg 3 Complexity of the TD Item 12 4.6%
=
£2%
g o Number of TD Items 3 1.1%
S -E Lack of Technical knowledge 5 1.9%
S 9
S5 Lack of Knowledge on TD 4 1.5%
%
% Lack of Adoption of Lessons Learned 3 1.1%
2 Lack of Testing 2 0.8%
= Non-Application of Mitigation Actions on TD Causes 2 0.8%
§ Lack of External Auditing 1 0.4%
Lack of Monitoring of TD Items 1 0.4%
=
_5 Lack of Organizational Interest 48 18.4%
‘é
g Lack of Resources 19 7.3%
2
o
High Team Turnover 2 0.8%
9 Insufficient Management View about TD Payment 10 3.8%
§ Team overload 6 2.3%
A Lack of Committed Team 4 1.5%
o - Focusing on Short Term Goals 69 26.4%
5§ Lack of Time a 15.7%
o0 & Cost 34 13.0%
R Effort 11 2%
E g Risk for the Project 5 1.9%
B E TD Items do not have “interest” 4 1.5%
Caption:

#CPAR - Count of citations of each PAR
%PARP - Percentage of CPAR in relation to the total of all projects (261)
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Table D.9: Comparison to related work on TD payment-related practices

Type Technical debt payment-related practices from
yp Our Study Related Work

Changing project scope -

Changing the project management Strategic management (DAS et al., 2022), Improve coordi-
nation of decisions (ERNST; DELANGE; KAZMAN, 2021),
Regular cross-team presentation on what they are work-
ing on (ERNST; DELANGE; KAZMAN, 2021), Coach-
ing (ERNST; DELANGE; KAZMAN, 2021), Regular 1:1 inter-
views or daily stand-up meetings (ERNST; DELANGE; KAZ-
MAN, 2021), Mood polling (ERNST; DELANGE; KAZMAN,
2021), Review retrospective (ERNST; DELANGE; KAZMAN,
2021),Give important tasks to junior developers and ask se-
nior developers to mentor them (ERNST; DELANGE; KAZ-
MAN, 2021), As team leads to set a bar where requests from
priggish members are challenged... (ERNST; DELANGE;
KAZMAN, 2021), Restructure and delimit role and interac-
tions... (ERNST; DELANGE; KAZMAN, 2021), Audit and
log developer access and activity... (ERNST; DELANGE;
KAZMAN, 2021), Block access to any user not following or-
ganization guidelines (ERNST; DELANGE; KAZMAN, 2021),
Identify champions and evangelists to technologies and pro-
cesses... (ERNST; DELANGE; KAZMAN, 2021), Have reg-
ular meetings between group leads (ERNST; DELANGE;
KAZMAN, 2021), Get feedback from members about pro-
tocols (ERNST; DELANGE; KAZMAN, 2021), Identify and
sanction lone-wolf behavior (ERNST; DELANGE; KAZMAN,
2021), Proper planning about the technology and migration as
soon as possible (de Toledo; MARTINI; SJIgBERG, 2021)

Enabling practice

Communicating the customer of TD items Customer feedback (CODABUX; WILLIAMS; NIU,
2014)
Conducting risk analysis Define and execute a governance plan to handle the

migration (TOLEDO et al., 2019)

Hiring specialized professionals -

Improving the development process Challenge process and/or structure (de Toledo; MARTINI;
SJeBERG, 2021), Rapid prototyping of a new idea to see if
it improves existing issues (de Toledo; MARTINI; SJ¢BERG,
2021), Give ownership of DevOps to one entity (group/per-
son) (de Toledo; MARTINI; SJ¢BERG, 2021), Define processes
and incentivize developers to use them (de Toledo; MARTINI;
SJ¢BERG, 2021), Convince members with metrics about the

efficiency of the new technology or process (de Toledo; MAR-
TINI; SJ¢BERG, 2021), Investing in a process to evaluate and
approve external dependencies as fast as possible (de Toledo;
MARTINI; SJ6BERG, 2021)

Improving the team collaboration Communication structure between business (YLI-HUUMO;
MAGLYAS; SMOLANDER, 2014), Continuous collaboration
with product owner (GUPTA et al., 2016), Meetings (SILVA;
JUNIOR; TRAVASSOS, 2019; ALBUQUERQUE et al., 2022),
Incentivize senior developers to have empathy for junior
ones... (ERNST; DELANGE; KAZMAN, 2021), Create more
diverse teams (ERNST; DELANGE; KAZMAN, 2021), Show
priggish members the productivity wasted addressing is-
sues with little consequence (ERNST; DELANGE; KAZ-
MAN, 2021), Abandon/avoid some communication chan-
nels (ERNST; DELANGE; KAZMAN, 2021), Organize peri-
odic group meetings between silos (ERNST; DELANGE; KAZ-

MAN, 2021), Communicate information via protocols that

reach appropriate members of the organization (ERNST; DE-
LANGE; KAZMAN, 2021), Pair lone wolves with other mem-
bers (ERNST; DELANGE; KAZMAN, 2021)

Increasing the project budget Allocating more budget (ABAD et al., 2016)

(table continues)
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Table D.9: Comparison to related work on TD payment-related practices (continued)

Type

Technical debt payment-related practices from

Our Study

Related Work

Payment action

Investing effort on TD payment activities

Ampatzoglou et al. (2015): Real options, Cost/benefit, Port-
folio management, Value-based, ROI or net present value; Al-
locating more infrastructure (ABAD et al., 2016), Continuous
identification, prioritization, and resolving identified techni-
cal debt (GUPTA et al., 2016), Allow engineers to focus 100%
of their time to address technical debt and improve overall
code (ERNST; DELANGE; KAZMAN, 2021), Usually pays
debt in the next sprint (BONFIM; BENITTI, 2022)

Negotiating deadline extension

Allocating more time (ABAD et al., 2016), Having
more flexible schedules (ABAD et al., 2016)

Using continuous integrations and deliveries

Adjusting code to follow good programming prac-
tices

Coding standards and guides (YLI-HUUMO; MAGLYAS;
SMOLANDER, 2014), Using design patterns (ABAD et al.,
2016), Pair programming (SAMARTHYAM; MURALIDHA-
RAN; ANNA, 2017), Clean coding (SAMARTHYAM; MU-
RALIDHARAN; ANNA, 2017), Using design patterns (BOM-
FIM; SANTOS, 2017), Toledo et al. (2019): Remove the busi-
ness logic inside the communication layer, Move the business
logic to the services, Define a canonical model per domain,
Centralize the source code and documentation for all services
in a common management system, Provide a common mid-
dleware that can be used by all services, Maintain the sys-
tem working with different solutions during the migration pe-
riod; Bogner, Verdecchia and Gerostathopoulos (2021): Man-
age model configuration, Use clear interfaces and APIs, Mon-
itor deployed models, Feature selection, Training data, Data
dependencies, Transparency, Data quality, Production, Com-
ponents, Data validation, Data linting, Data governance; Unify
the code base (ERNST; DELANGE; KAZMAN, 2021), de
Toledo, Martini and Sjgberg (2021): Add services ownership
metadata to the messages (...), Implementation of a Canon-
ical Data Model that (...), Removal of the dead letter queue
(...), Add metadata to identify the source of the messages,
Splitting the dead letter queue (...), Use some time to design
generic and independent services, Use of an API-first approach
while designing services, Considering slot for continuous API
(...), Ensure standardization with a Canonical Data Model,
Additional effort to stabilize the API (...), Management of
API versions, Tracking of internal and external consumers,
Definition of clear deprecation strategy, Definition of a stan-
dard for the APIs, Redesign of services (...), Limiting the
set of technologies used by the teams, use of language specific
mono-repositories and incentive (...), Use of a service mesh,
Reduction in the use of shared libraries, Replication of simple
code (...), Creation of repository for configuration settings,
Reducing of the amount of configuration settings on services,
Requirement of peer approval (...), Creation of a configura-

tion server (...)

Bug fixing

Bug fixing days (YLI-HUUMO; MAGLYAS;
SMOLANDER, 2014), Bug fixing (FU et al,
2022)

(table continues)
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Table D.9: Comparison to related work on TD payment-related practices (continued)

Type Technical debt payment-related practices from
yp Our Study Related Work

Code refactoring Refactoring (YLI-HUUMO; MAGLYAS; SMOLANDER, 2014;
ABAD et al.,, 2016; YLI-HUUMO; MAGLYAS; SMOLAN-
DER, 2016; SAMARTHYAM; MURALIDHARAN; ANNA,
2017; SILVA; JUNIOR; TRAVASSOS, 2019; APA et al.,
2020b; APA et al., 2020a; ERNST; DELANGE; KAZ-
MAN, 2021; ALBUQUERQUE et al., 2022; FU et al., 2022;
BOGNER; VERDECCHIA; GEROSTATHOPOULOS, 2021),
Rewriting (YLI-HUUMO; MAGLYAS; SMOLANDER, 2016;
SILVA; JUNIOR; TRAVASSOS, 2019; APA et al.,, 2020b;
APA et al., 2020a; ALBUQUERQUE et al., 2022), Split-
ting methods to make them more reusable (BOMFIM; SAN-
TOS, 2017), Refactoring older code (BOMFIM; SANTOS,
2017), Remove unnecessary features (BOGNER; VERDEC-
CHIA; GEROSTATHOPOULOS, 2021)

Design refactoring Improving design and architecture (ABAD et al., 2016), Re-
designing (YLI-HUUMO; MAGLYAS; SMOLANDER, 2016;
SILVA; JUNIOR; TRAVASSOS, 2019; APA et al., 2020b; APA
et al., 2020a), Partial refactoring for architectural TD (RIOS;
MENDONGCA; SPINOLA, 2018), Rewrite the communication
layer(TOLEDO et al., 2019), Migrate the services to use the
new architecture(TOLEDO et al., 2019), Rewrite services to
use the same middleware(TOLEDO et al., 2019), Update the
services to use the newly defined canonical models(TOLEDO
et al.,, 2019), Fixing the antipatterns (ERNST; DELANGE;
KAZMAN, 2021), Improve architecture decision communica-
tion (ERNST; DELANGE; KAZMAN, 2021), Moving such
business logic to the services, keeping the communication layer
as thin as possible (de Toledo; MARTINI; SJ¢BERG, 2021),
Architectural redesign (ALBUQUERQUE et al., 2022)

Restarting the project from scratch -

SO]Vil’lg technical issues Managing TD in database schemas (RIOS; MENDONCA;
SPINOLA, 2018), Having separated databases for each ser-
vice (de Toledo; MARTINI; SJsBERG, 2021), Creation of
distinct database schemes for each service inside the same
database (de Toledo; MARTINI; SJI¢BERG, 2021), Wrapping
of the database within a service, preventing direct access (de
Toledo; MARTINI; SJ¢BERG, 2021), The solution is con-
text dependent, depending on the problem, a shared database

might be needed, or a more complex transaction mechanism
must be implemented (de Toledo; MARTINI; SJ¢BERG, 2021)

System retirement -

Update system documentation Once the neglected users need is identified, it is formalized
and included in the software requirements specification docu-
ment (LENARDUZZI; FUCCI, 2019), Keep the documentation
updated (RIOS; MENDONGCA; SPINOLA, 2018), Review out-
dated documentation (RIOS; MENDONGCA; SPINOLA, 2018),
Living documents (ERNST; DELANGE; KAZMAN, 2021),
Documentation improvement (FU et al., 2022)

Code reviewing Code reviews (CODABUX; WILLIAMS; NIU, 2014;

tized (TOLEDO et al., 2019)

o

-E YLI-HUUMO; MAGLYAS; SMOLANDER, 2014)

q§ Implementing preventive actions for avoiding TD -

® items

g Improving requirement elicitation process New requirements should be down priori-
H

(table continues)
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Table D.9: Comparison to related work on TD payment-related practices (continued)

Technical debt payment-related practices from

TyPe  —5ur Study Related Work

Investing effort on testing activities Automating unit tests (CODABUX; WILLIAMS; NIU, 2014),
Elaborate and perform tests for releases that were not
tested (ARAGAO et al., 2022), Change test cases by analyzing
defects (ARAGAO et al., 2022), Tests (BOGNER; VERDEC-
CHIA; GEROSTATHOPOULOS, 2021), Ask any tester to
break the product and demonstrate that part of the prod-
uct was not complete (ERNST; DELANGE; KAZMAN, 2021),
Testing improvement (FU et al., 2022)

Monitoring and controlling project activities Visualizing debt with Information radiators (GUPTA
et al., 2016), Common product backlog (GUPTA et
al., 2016)

Organizing the project repository -

Using automated deployment -

Using code analysis -

Using code reuse -

Using external tools Using automated tools (DAS et al, 2022), Use
of third-party products (e.g., circuit breakers) that
provide such mechanisms (de Toledo; MARTINI;
SJeBERG, 2021)

Using short feedback iterations -

Using software models -

s
=
N
'§ Prioritizing TD items Prioritizing TD (ABAD et al., 2016), Continuous
a identification, prioritization, and resolving identified
A technical debt (GUPTA et al, 2016), Adopt TD
[ payment prioritization criteria (RIOS; MENDONCA;

SPINOLA, 2018)

Quantifying TD (ABAD et al., 2016)

Using palliative solutions (BOMFIM; SANTOS, 2017)

Service developers must learn new technologies (TOLEDO
et al., 2019), workshops/ training (SILVA; JUNIOR;
TRAVASSOS, 2019), Training and developer education pro-
grams (ERNST; DELANGE; KAZMAN, 2021), Invited lec-
tures to introduce developers and managers to new tech-
niques (ERNST; DELANGE; KAZMAN, 2021), Personal
project time to incentivize developers to learn new tech-
niques (ERNST; DELANGE; KAZMAN, 2021), Hold work-
shops and presentations (ERNST; DELANGE; KAZMAN,
2021), Internal training about API development (de Toledo;
MARTINI; SJoBERG, 2021)

Internal debt stories (GUPTA et al., 2016)

As for code smells, refactoring is needs to be ap-
plied to pay back requirements smells (LENARDUZZI;
FUCCI, 2019)

The implementation of the best new solution matching
the updated software requirements specification docu-
ment (LENARDUZZI; FUCCI, 2019)

Getting a better understanding of technical debt (DAS
et al., 2022)

Artifact change (ALBUQUERQUE et al., 2022)

Assessing impact of TD (BONFIM; BENITTI, 2022)

Code change abandonment (FU et al., 2022)

Asking  experts (BOGNER; VERDECCHIA;
GEROSTATHOPOULOS, 2021)

(table continues)
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Table D.9: Comparison to related work on TD payment-related practices (continued)

Type

Technical debt payment-related practices from

Our Study Related Work

- Have a clear map of communication flow in the or-
ganization (ERNST; DELANGE; KAZMAN, 2021),
Have a clear map of communication flow in the orga-
nization (ERNST; DELANGE; KAZMAN, 2021), Use
professional communication intermediaries (ERNST;
DELANGE; KAZMAN, 2021)

- Have social time (ERNST; DELANGE; KAZMAN,
2021)

- Outsource ontology alignment efforts to data gover-
nance companies (ERNST; DELANGE; KAZMAN,
2021)

- Get data from other organizations and check if your
decisions make sense (ERNST; DELANGE; KAZ-
MAN, 2021)

- Consider mitigations for power distance and cognitive
distance (ERNST; DELANGE; KAZMAN, 2021)
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Perceptions on Technical Debt Payment
Landscape

Dear survey participant,

Thank you for agreeing to participate in our study! This study is a follow up to the
previous survey performed in the context of the InsighTD project (http:/www.td-
survey.com/), and it is part of ongoing efforts to report some of its results in the Journal
of Systems and Software. Its goal is to investigate the software practitioners' perception
on the technical debt conceptual model and the technical debt payment map.

The survey will take about 20-25 minutes to complete. It will be completely voluntary.
Please, be assured that the survey follows a high academic standard and is conducted
anonymously. We will not associate your email address with your answers and
exclusively use them to give you information on results we obtained from this study if you
want.

By clicking on the "NEXT" button, you are consenting to participate in this research.
Consent also indicates your agreement that all information collected from you
individually may be used by current and future researchers in such a fashion that your
personal identity will be protected. Such use will include presentations at scientific or
professional meetings, publishing in scientific journals, sharing anonymous information
with other researchers for checking the accuracy of study findings and for future
approved research that has the potential for improving knowledge.

Thank you! For further information, please contact:

Savio Freire (savio.freire@ifce.edu.br) - PhD candidate at Federal University of Bahia
Dr. Manoel Mendonga (manoel.mendonca@ufba.br) - Federal University of Bahia

Dr. Clemente lzurieta (clemente.izurieta@montana.edu) - Montana State University
Dr. Carolyn Seaman (cseaman@umbc.edu) - University of Maryland Baltimore County
Dr. Rodrigo Spinola (rodrigo.spinola@unifacs.br) - Salvador University

* Required

1.

Please provide your email address. *
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Now, we will evaluate the TD Conceptual Model, which
represents the concept of TD as a whole.

Perceptions Before answering the questions, please watch the video
on Technical presenting the TD Conceptual Model available at

Debt https://www.youtube.com/watch?v=h9TIx3ZxuRM.
Conceptual

Also, please download the image of the technical debt
conceptual model in high resolution and the transcripts of the
video at https://bit.ly/3P0xB9S.

Model

Perceptions on Technical Debt Conceptual Model

Please, only consider the classes and relationships related to TD payment (classes in
green and blue) presented in the model to answer the questions. Use zoom to see
details.

+easons

+reasonCategony +nature

: Food

4[:>{ Activity

Identification }7
VisualizingTD '—

+paymeniRelsted Practices
1

+paymeniRelatedPracticeCategory

1

I e |
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2.

Q1. After watching the video, what changed in your perception about TD *
payment? For example, are there concepts or ideas that you did not know about
before, or that you now think about differently, or that you now understand more
completely?

Q2. What have you learned about TD payment from the model? *

Q3. Do you disagree with any concept or relationship presented in the *
conceptual model on TD payment (classes in blue)?

Mark only one oval.

Yes

No

Q4. If yes, how? If not, why? *
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Q5. In your opinion, and considering a 0-10 scale, with O representing very low *
accuracy and 10 representing high accuracy, do you think the conceptual model
is accurate to represent the TD payment concepts?

Mark only one oval.

Very low accuracy

10

High accuracy
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Q6. In your opinion, and considering a 0-10 scale, with O representing very low *
completeness and 10 representing high completeness, do you think the
conceptual model is complete to represent the TD payment concepts?

Mark only one oval.

Very low completeness

10

High completeness
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Perceptions
on Technical
Debt
Payment
Map

Now, we will evaluate the TD Payment Map. This map is focused
on representing the TD payment and its payment practices and
reasons for non-payment.

Before answering the questions, please watch the video
presenting the TD Payment Map available at
https://youtu.be/OL5dCSPpXWM.

Also, please download the image of the technical debt payment
map in high resolution and the transcripts of the video at
https://bit.ly/3uhoE4k.

Perceptions on Technical Debt Payment Map

229



Here, we have the technical debt payment map presented in the video. Use zoom to

see details.

TECHNICAL DEBT PAYMENT MAP
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Q7. Would our results, as captured in this map, influence any of your decisions

about HOW to pay TD items?

Mark only one oval.

C) Yes
Q No
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9. Q8. If yes, how? If not, why? *

10. Q9. Would our results, as captured in this map, influence any of your decisions *
about WHEN to pay TD items?

Mark only one oval.

Yes

No

11.  Q10. If yes, how? If no, why? *
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12.  Q11. Concerning the map, choose the option that best represents your opinion. *

Mark only one oval per row.

Strongly Agree  Neutral Disagree S‘trongly
agree disagree
| find the TD
payment
MAP easy to
read, follow
and use to
support
decisions
about TD
payment.
(Useful and
Controllable).

| find the TD
payment
MAP easy to
read, follow
and use to
support
decisions
about TD
non-
payment.
(Useful and
Controllable).

Assuming
the payment
map were
available at
my job, |
predict that |
would use it
on a regular
basis in the
future.
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Maryland Baltimore County
Dr. Rodrigo Spinola (rodrigo.spinola@unifacs.br) - Salvador
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Appendix

SPECIALIZATIONS OF IDEA DIAGRAMS

TD item backlog (13%)
Team meetings (9%)
Communicating the stakeholders
of TD items (6%)

Tracking TD items (5%)
Prioritization of TD items (3%)
TD as a task (3%)

D status progress report (2%)
Measuring the effort (2%)

TD estimation (2%)
Understanding the cause of Tl
Item (1%)

Dashboard (0.8%)

Risk analysis (0.8%)

Tracking the cost (0.8%)
Cost/benefit analysis (0.4%)
Identify the worst debt areas
(0.4%)

Use of measuring reports (0.4%)

- Using informal practices (0.4%)

Use of tools (12%)

Improving software development
process (8%)

TD management Plan (4%)

Assign team for TD monitoring (3%)

Adoption of agile methodology (3%)

Improving the requirement
management (2%)

Quality validation (meetings) (2%)
Continuous integration (0.8%)
Knowledge sharing (0.8%)
Improving planning (0.4%)
Infrastructure monitoring (0.4%)
Process automation (0.4%)

Pull request monitoring (0.4%)
Support from project management
(0.4%)

Team restructuring (0.4%)

Diagram for
)
Monitoring

- Lack of interest (22%)

- TD Item eliminated as soon as
identified (3%)

- Ineffective planning and

ment (2%)

TD item payment do not generate

revenue (1%)

- Too many TD items (1%)

manags

- Lack of effort to know the cause of
D (0.5%)

- Late TD identification (0.5%)

- TD was not documented (0.5%)

Lack of time (15%)
Lack of knowledge on TD (12%)
Lack of understanding about the
impact of the debt (6%)

Lack of organizational culture (4%)
Lack of resources (4%)

Lack of TD monitoring process (4%)
Lack of specific team (3%)

Effort (2%)

Product delivered (2%)

Changing in the requirements (1%)
Company with projects beyond
capacity (1%)

Cost (1%)

Emotional issues of the team (1%)
Inaccurate time estimate (1%)

Lack of experience (1%)

Lack of qualified professionals (1%)
Legacy system (1%)

Project discontinued (1%)

- Team overload (1%)
- Business pressure (0.5%)

Changes in management (0.5%)
Complexity of TD items (0.5%)
Lack of confidence in the technical
leader (0.5%)

Lack of Tl governance (0.5%)
Project delayed (0.5%)

Figure F.1 IDEA diagram for TD monitoring
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SPECIALIZATIONS OF IDEA DIAGRAMS

Well-defined requirements (13%)
Adoption of good prog. practices (11%)
Following the project planning (10%)
Better project management (10%)
Using good design practices (8%)
Better project planning (7%)

Creating tests (7%)

Improving SW dev. process (7%)

Well planned deadlines (6%)
Well-defined architecture (5%)

- Ineffective management (23%)
Lack of predictability in the software
development (23%)
- Requirements change (23%)
- Architectural evolution (8%)
- Dev team's interdependency (8%)
- Documentation issues (8%)
ack of concern about maintainability
(8%)

PREVENTION

Training (13%)

Qualified professionals (10%)
Having a TD identification strategy
(10%)

Refactoring (8%)

Good communication between
stakeholders (7%)

Risk and impact analysis (7%)
Being committed (6%)
Appropriate tasks allocation (5%)
Having a TD mgmt. strategy (4%)
Having a TD payment strategy (4%)

- Short deadline (58%)

- Lack of technical knowledge (17%)
- Lack of experience (8%)

- Lack of financial resources (8%)

- Lack of information (8%)

- Lack of qualified professionals (8%)
- Notssure if client will accept it (8%)
- Pressure for results (8%)

TD item backlog (39%)

TD as a task (12%)
Communication with stakeholders
about TD items (11%)

Team meetings (11%)
Prioritization of TD items (9%)
Tracking TD items (9%)

TD Management Plan (7%)
Measuring the effort (5%)
Dashboard (4%)

TD status progress report (4%)

- Use of tools (53%)

- Adoption of agile methodology (13%)

- Assign team for TD monitoring (6%)
- Improving SW dev. process (6%)

- Improving requirements mgmt. (6%)
- Knowledge sharing (6%)

- Continuous integration (3%)

- Infrastructure monitoring (3%)

- Process automation (3%)

- Lack of interest (45%)
Focusing on short term goals (34%)
- TD Item eliminated a
identified (10%)
React when become a problem (7%)
- Ineffective planning and
management (3%)
Too many TD items (3%)

on as

Diagram
for TD
MONITORING

Lack of time (26%)

Lack of knowledge on TD (17%)
Lack of resources (12%)

Lack of understanding about th
impact of the debt (12%)

Lack of specific team (10%)
Cost (5%)

Effort (5%)

Lack of TD monitoring process (5%)
Product delivered (5%)
Business pressure (2%)

Figure F.2 IDEA diagram for TD prevention (a), monitoring (b), and payment (c) in agile

processes

Code refactoring (62%)
Design refactoring (23%)
Adoption of good practices (10%)
Solving technical issues (10%)
Restarting the project from scratch
(0]

- Update system documentation
(5%)

- Bug fixing (3%)

Investing effort on TD repayment
activities (45%)

Negotiating deadline extension (14%)
Hiring specialized professionals (10%)
Improving SW dev. process (10%)
Improv. the team collaboration (7%)
Using cont. int. and delivery (7%)
Changing project scope (3%)
Changing the project mgmt. (3%)
Communication with the customer
about TD items (3%)

Increasing the project budget (3%)

PAYMENT

- Focusing on short term goals (48%)

- Lackof orga

- Insufficient mgmt. view about TD
repayment (9%)

- Number of TD items (5%)

- Lack of adoption of lessons learned
(3%)

- Lack of committed team (3%)

- Non-application of mitigation actions
on TD causes (2%)

- TD items do not affect the user (2%)

- TD items do not have “interest” (2%)

Lack of time (31%)
Cost (25%)

Effort (13%)

Complexity of the project (10%)
Complexity of the TD item (8%)
Customer decision (8%)

Lack of resources (8%)

Risk for the project (4%)

Team overload (4%)

Lack of knowledge on TD (2%)
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Improve documentation (21%)
Better project planning (9%)
Adoption of good practices (8%)
Better Project Management (8%)
Following the project planning (8%)
Well-defined requirement (8%)
Well planned deadlines (6%)
Documentation update (4%)

Using good design practices (4%)
Architecture review (2%)

Prioritization of TD items (10%)
TD as a task (10%)

TD item backlog (10%)

Use of measuring reports (5%)
Using informal practices (5%)

- Ineffective management (50%)
- Documentation issues (lack of or non-
updated) (25%)

- Focusing on short term goals (13%)

- Ineffective planning and
management (4%)

- Lack of interest (4%

- React when become a problem (4%)

- Too many TD items (4%)

Diagram for Diagram for
DOCUMENTATION DOCUMENTATION
DEBT DEBT
PREVENTION MONITORING

Training (8%)

Appropriate tasks allocation (6%)
Good allocation of resources (6%)
Implementation of a TD management
strategy (6%)

Allocation of qualified professionals
(4%)

- Being committed (4%)
- Good communication between

stakeholders (4%)

- Organized team (4%)
- Risk and impact analysis (4%)
- Using agile practices (4%)

- Lack of qualified professionals (25%)
- Short deadline (25%)

Improving software development
process (15%)

TD management plan (10%)

Use of tools (10%)

Adoption of agile methodology (5%)
Assign team for TD monitoring (5%)

Lack of time (22%)

Lack of organizational culture (13%)
Lack of TD monitoring process (13%)
Effort (9%)

Lack of knowledge on TD (9%)

Lack of resources (4%)

Lack of understanding about the
impact of the debt (4%)

Project delayed (4%)

Figure
ment (c)

F.3 IDEA diagrams for documentation debt prevention (a), monitoring (b), and pay-

- Update system documentation
(40%)

- Code refactoring (7%)

- Design refactoring (7%)

Diagram for
DOCUMENTATION
DEBT PAYMENT

Changing project scope (13%)
Investing effort on TD payment
activities (13%)

Negotiating deadline extension (13%)
Improving the development process
(7%)

- Focusing on short term goals (23%)

- Lack of organizational interest (15%)

- Insufficient management view about
D payment (8%)

- Non-application of mitigation actions
on TD causes (4%)

Cost (12%)

Lack of resources (12%)

Lack of time (12%)

Complexity of the TD item (8%)
Customer decision (8%)

Lack of technical knowledge (8%)
Effort (4%)

Lack of Knowledge on TD (4%)

Lack of monitoring of TD items (4%)
Team overload (4%)
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Well-defined requirements (12%)
Adoption of good prog. practices (11%)
Using good design practices (9%)

- Lack of predictability in the
development (21%)
- Lack of concern about maintainability

TD item backlog (13%)
Communicating the stakeholders
of TD items (10%)

- Lack of interest (27%)

Focusing on short term goals (15%)

- TD Item eliminated n as

(14%) TD as a task (8%)
Team meetings (7%)
Tracking TD items (7%)
Prioritization of TD items (5%)
TD estimation (5%)
Dashboard (2%)
Identify the worst debt areas (2%)
D status progress report (2%)

Better project planning (6%)
Following the project planning (6%)
Well planned deadlines (6%)
Better project management (6%) sta 7%)

Refactoring (5%) - Ineffective management (7%)
Following well-defined process (4%)

Improve documentation (4%)

identified (4%)
- React when become a problem (2%)
- TD item payment do not generate
revenue (2%)
- Too many TD items (2%)

- Requirements change (14%)
- Continuous change of coding

Diagram
for DESIGN
DEBT
MONITORING

Diagram
for DESIGN
DEBT
PREVENTION

Short deadline (29%)
- Lack of experience (7%)
- Lack of good technical solutions (7%)
- Lack of information (7%)
- Lack of qualified professionals (7%)
- Not sure if client will accept it (7%)
- Pressure for results (7%)

Implementation of a TD identification
strategy (6%)

Training (6%)

Implement. of a TD mgmt. strategy (4%)
Appropriate tasks allocation (3%)
Prioritization of TD payment (3%)

Risk and impact analysis (3%)
Allocation of qualified professionals (2%)
Good communication between
stakeholders (2%)

Using agile practice (2%)

Well-defined effort estimation

- Use of tools (15%)

- TD management plan (8%)

- Improving software development
process (5%)

- Adoption of agile methodology (2%)

- Continuous integration (2%)

- Knowledge sharing (2%)

- Lack of knowledge on TD (13%)

- Lack of time (13%)

- Lack of understanding about the
impact of the debt (6%)

- Lack of specific team (4%)

- Team overload (4%)

- Changes in management (2%)

- Changing in the requirements (2%)

- Company with projects beyond
capacity (2%)

- Cost (2%)

- Inaccurate time estimate (2%)

methods (2%)

Code refactoring (51%)
Design refactoring (15%)
Adjusting code to follow good
programming practices (4%)
Bug fixing (4%)
Restarting the project from scratch
(2%)

- Update system documentation (2%)

Investing effort on TD payment
activities (11%)

Hiring specialized professionals (9%)
Improving the development process
(6%)

Improving the team collaboration (6%)
Negotiating deadline extension (6%)
Increasing the project budget (2%)
Using continuous integrations and
deliveries (2%)

Diagram
for DESIGN
DEBT
PAYMENT

Focusing on short term goals (28%)
Lack of organizational interest (15%)
Insufficient management view about
TD payment (3%)

Lack of adoption of lessons learned
(3%)

Lack of testing (2%)

Number of TD items (2%)

TD Items do not have “interest” (2%)

Cost (18%)
Lack of time (13%)
Complexity of the project (8%)
Customer decision (7%)
Complexity of the TD item (5%)
Effort (5%)
Lack of resources (5%)
High team turnover (2%)
Lack of access on component code
(2%)

- Lack of knowledge on TD (2%)

Figure F.4 IDEA diagrams for design debt prevention (a), monitoring (b), and payment (c)
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Formulario de Avaliacao

* Required

1. 1.Nome*

2. 2. Endereco de e-mail *

Utilidade dos diagramas
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3.

3. Em relagéo a utilidade do uso dos diagramas para apoiar a identificagéo de praticas e
razdes associadas as atividades de PREVENCAO da divida técnica, marque a opcéo que

melhor representa seu ponto de vista:

Mark only one oval per row.

a. Usando os
diagramas
propostos,
eu seria
capaz de
identificar
praticas de
prevengao
da divida
técnica mais
rapidamente.

b. Usando os
diagramas
propostos,
eu iria
melhorar o
meu
desempenho
na
identificacao
de praticas
de
prevencao
da divida
técnica.

c. Usando os
diagramas
propostos,
euiria
melhorar a
minha
eficacia em
identificar
praticas de
prevencao
da divida
técnica.

d. Usando os
diagramas
propostos,
eu tornaria
mais facil a

Concordo
totalmente

Concordo
parcialmente

Neutro

241

Discordo
parcialmente

Discordo
totalmente

*



identificagao
de préticas
de
prevengao
da divida
técnica.

e. Usando os
diagramas
propostos,
eu seria
capaz de
identificar
razodes para
anao-
prevencgao
da divida
técnica mais
rapidamente.

f. Usando os
diagramas
propostos,
eu iria
melhorar a
minha
eficacia em
identificar
razoes para
anao-
prevencgao
da divida
técnica.

g. Usando os
diagramas
propostos,
eu iria
melhorar o
meu
desempenho
na
identificacao
de razoes
para a nao-
prevengao
da divida
técnica.

h. Usando os
diagramas
propostos,
eu tornaria
mais facil a
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identificagao
de razbes
para a ndo-
prevengao
da divida
técnica.
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4. 4.Em relagao a utilidade do uso dos diagramas para apoiar a identificacéo de praticas e
razdes associadas as atividades de MONITORAMENTO da divida técnica, marque a opgéao
que melhor representa seu ponto de vista:

Mark only one oval per row.

Concordo Concordo Neutro Discordo Discordo
totalmente parcialmente parcialmente totalmente
a. Usando os
diagramas
propostos, eu
seria capaz de
identificar
praticas de
monitoramento
da divida
técnica mais
rapidamente.

b. Usando os
diagramas
propostos, eu
iria melhorar o
meu
desempenho
na
identificacao
de praticas de
monitoramento
da divida
técnica.

c. Usando os
diagramas
propostos, eu
iria melhorar a
minha eficacia
em identificar
praticas de
monitoramento
da divida
técnica.

d. Usando os
diagramas
propostos, eu
tornaria mais
facila
identificacao
de praticas de
monitoramento
da divida
técnica.
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e. Usando os
diagramas
propostos, eu
seria capaz de
identificar
razoes para o
nao-
monitoramento
da divida
técnica mais
rapidamente.

f. Usando os
diagramas
propostos, eu
iria melhorar a
minha eficacia
em identificar
razoes para o
nao-
monitoramento
da divida
técnica.

g. Usando os
diagramas
propostos, eu
iria melhorar o
meu
desempenho
na
identificagao
de razoes para
0 nao-
monitoramento
da divida
técnica.

h. Usando os
diagramas
propostos, eu
tornaria mais
facila
identificacao
de razoes para
0 nao-
monitoramento
da divida
técnica.
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5. 5. Em relagao a utilidade do uso dos diagramas para apoiar a identificagéo de praticas e
razdes associadas as atividades de PAGAMENTO da divida técnica, marque a opgao que
melhor representa seu ponto de vista:

Mark only one oval per row.

Concordo Concordo Neutro Discordo Discordo
totalmente parcialmente parcialmente totalmente
a. Usando os
diagramas
propostos,
eu seria
capaz de
identificar
praticas de
pagamento
da divida
técnica mais
rapidamente.

b. Usando os
diagramas
propostos,
eu iria
melhorar o
meu
desempenho
na
identificacao
de praticas
de
pagamento
da divida
técnica.

c. Usando os
diagramas
propostos,
euiria
melhorar a
minha
eficacia em
identificar
praticas de
pagamento
da divida
técnica.

d. Usando os
diagramas
propostos,
eu tornaria
mais facil a
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identificacao
de préticas
de
pagamento
da divida
técnica.

e. Usando os
diagramas
propostos,
eu seria
capaz de
identificar
razbes para
0 nao-
pagamento
da divida
técnica mais
rapidamente.

f. Usando os
diagramas
propostos,
euiria
melhorar a
minha
eficacia em
identificar
razoes para
0 nao-
pagamento
da divida
técnica.

g. Usando os
diagramas
propostos,
eu iria
melhorar o
meu
desempenho
na
identificacao
de razoes
para o nao-
pagamento
da divida
técnica.

h. Usando os
diagramas
propostos,
eu tornaria
mais facil a
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6.

identificacao
de razoes
para o nao-
pagamento
da divida
técnica.

6. Em relagao a utilidade do uso dos diagramas para apoiar a identificagao de praticas e
razoes associadas as atividades de PREVENQAO, MONITORAMENTO e PAGAMENTO da
divida técnica, marque a opg¢ao que melhor representa seu ponto de vista:

Mark only one oval per row.

Concordo Concordo Neutro Discordo Discordo
totalmente parcialmente parcialmente totalmente

a. Usando os

diagramas

propostos, eu

iria aumentar

a minha

produtividade.

b. Eu acredito
que os
diagramas
propostos
seriam Uteis
para apoiar a
gestdo da
divida
técnica.

Facilidade de uso e uso futuro
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7.

7. Em relagao a facilidade de uso dos diagramas para apoiar a identificagao de praticas e
razdes associadas as atividades de PREVENCAO, MONITORAMENTO e PAGAMENTO da
divida técnica marque a op¢ao que melhor representa seu ponto de vista:

Mark only one oval per row.

a. Aprender a
utilizar os
diagramas
propostos seria
facil para mim.

b. Minha interacao
com os diagramas
propostos seria
clarae
compreensivel.

c. Eu acharia facil
utilizar os
diagramas para
identificar praticas
associadas a
PREVENGAO da
divida técnica.

d. Eu acharia facil
utilizar os
diagramas para
identificar razoes
para a nao-
PREVENCAO da
divida técnica.

e. Eu acharia facil
utilizar os
diagramas para
identificar praticas
associadas ao
MONITORAMENTO
da divida técnica.

f. Eu acharia facil
utilizar os
diagramas para
identificar razoes
para o nao-
MONITORAMENTO
da divida técnica.

Concordo Concordo Neutro Discordo Discordo
totalmente parcialmente parcialmente totalmente
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g. Eu acharia facil
utilizar os
diagramas para
identificar praticas
associadas ao
PAGAMENTO da
divida técnica.

h. Eu acharia facil
utilizar os
diagramas para
identificar razoes
para o nao-
PAGAMENTO da
divida técnica.

Seria facil tornar-
se habil no uso
dos diagramas
propostos.

Seria facil se
lembrar de como
identificar praticas
e razoes
associadas a
PREVENGAOQ, ao
MONITORAMENTO
e ao PAGAMENTO
usas e efeitos da
DT utilizando os
diagramas
propostos.

Eu acredito que os
diagramas
propostos sao
faceis de utilizar.
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8. 8. Emrelagado a um possivel uso futuro dos diagramas para apoiar a identificagao de praticas
e razdes associadas as atividades de PREVENCAO, MONITORAMENTO e PAGAMENTO da
divida técnica, marque a op¢ao que melhor representa seu ponto de vista:

Mark only one oval per row.

Concordo Concordo Neutro Discordo Discordo
totalmente parcialmente parcialmente totalmente

a. Assumindo que

os diagramas

propostos

estariam

disponiveis para

gerenciar a divida

técnica, eu os

utilizaria no futuro.

b. Eu preferiria
usar os diagramas
propostos a
identificar praticas
e razdes
associadas as
atividades de
PREVENGAOQ,
MONITORAMENTO
e PAGAMENTO da
divida técnica da
maneira usual
(sem o apoio dos
diagramas).

Sugestdes e melhorias

9. 9. De acordo com sua opinido, liste os aspectos positivos da utilizagdo dos diagramas: *

251

*



10. 10. De acordo com sua opiniao, liste os aspectos negativos da utilizacado dos diagrama: *

11.  11. Caso tenha, por favor, indique alguma sugestao para melhoria dos diagramas utilizados. *

12.  12. O uso dos diagramas ajudou a identificar praticas de prevengao, monitoramento ou
pagamento da divida técnica que vocé néo teria identificado sem o apoio deles?

Mark only one oval.

Sim

Nao

13.  13. O uso dos diagramas ajudou a identificar razbes para a ndo-prevengao, nao-
monitoramento ou ndo-pagamento da divida técnica que vocé nao teria identificado sem o

apoio deles?

Mark only one oval.

Sim

Nao

This content is neither created nor endorsed by Google.

Google Forms
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