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Abstract

Context: Software companies that adopt agile methods face numerous challenges in sustaining the long-term evolu-
tion of software systems. Technical debt is a key contributor to poor maintainability, often leading to failures in agile
software projects. This situation becomes even more problematic when managers do not adequately address techni-
cal debt items. Objective: This paper proposes the TechDebt Tracker, a method for supporting the documentation
and monitoring of technical debt items within technical debt management activities in the context of agile projects.
Method: We employed Design Science Research to develop and evaluate the proposal, following the summarized
steps of related work review, problem definition, design and development, demonstration, and evaluation. In the re-
lated work review, we examined studies with similar research questions across multiple digital libraries. During the
design and development phase, we used Design Thinking, the Business Model Canvas, and the Value Proposition
Canvas to identify vulnerabilities and opportunities for improvement in the emerging solution. The proposal was
demonstrated in a small software company, from which feedback was gathered to refine the method. The evalua-
tion phase consisted of a small-scale study assessed through questionnaires. Results: The proposal comprises three
components: two formulas, a kanban board, and a flow. The formulas are used to measure the impact of technical
debt on the project and incorporate data such as the developer’s hourly rate, severity, and penalty associated with
each technical debt item. The kanban board includes several columns—such as monitoring, technical debt backlog,
and testing—as well as a card template used to register and prioritize each technical debt item. The flow consists of
states and actions that, when used together with the kanban board, define a method for monitoring technical debt.
The company evaluated the proposal positively, highlighting its technical adequacy. Conclusions: We recommend
evaluating the proposal in additional contexts and hope that this proposal will be adopted by software companies
that employ agile methodologies in diverse scenarios. Our goal is to take a step toward developing a method that

can be used in the daily operations of companies to simplify technical debt management.
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1 Introduction

Low test coverage, poorly defined requirements, and out-
dated documentation are examples of practices that violate
software engineering principles (Gomes et al., 2023). Mak-
ing these decisions can lead to consequences that compro-
mise software quality and hinder its maintenance and growth
(Freire et al., 2024). To measure the effects of such poor prac-
tices, the term technical debt is used.

The technical debt metaphor was introduced by Ward Cun-
ningham in 1992 (Ciolkowski et al., 2021) to facilitate com-
munication between the technical team and other organiza-
tional stakeholders. Several definitions of technical debt are
available in the literature. According to Seaman and Guo
(Seaman and Guo, 2011), this concept refers to the impact
of any incomplete, immature, or inadequate artifact within
the software development life cycle. In 2016, during the
Dagstuhl Seminar 16162 (Stochel et al., 2020), technical
debt was formally defined by Avgeriou et al (Avgeriou et al.,
2016) as a design or implementation construct that is bene-
ficial or convenient in the short term but may impose sub-
stantial costs or hinder long-term evolution. More recently, a
broader and more stable understanding has emerged, recog-
nizing that technical debt may also include documentation,
process, and business-related decisions (Wiese and Borowa,
2023). This work adopts the definition of technical debt from
Avgeriou et al (Avgeriou et al., 2016). Even so, despite ad-

vances toward consensus, some practitioners still use the
term incorrectly, vaguely, or as a catch-all label for any prob-
lem encountered in a project (Junior and Travassos, 2022)
(Rios et al., 2018).

There are different classifications of technical debt, such
as unavoidable technical debt, which arises when software
design does not evolve well, or naive technical debt, which
stems from the immaturity of the business or the develop-
ment team. The accumulation of technical debt can have seri-
ous consequences for a company, including product atrophy,
frustration among clients and developers, increased develop-
ment costs due to rework, and, in extreme cases, system fail-
ure (Gomes et al., 2023).

The various stages of software development—such as re-
quirements, architecture, implementation, and testing—can
generate different types of technical debt (Ciolkowski et al.,
2021). In projects using agile methods, it is uncommon to
adopt approaches for managing technical debt due to a lack
of documentation and a focus on visual methods (Wang et al.,
2022). Additionally, the processes used to identify, prioritize,
and monitor technical debt are often complex or not well-
suited to agile projects (Freire et al., 2024).

Several studies have addressed technical debt in the con-
text of agile teams; however, none have proposed a visual
approach to its management and prioritization. For exam-
ple, Seaman and Guo (Seaman and Guo, 2011) propose a
technical debt management framework composed of three
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stages: identification, measurement, and monitoring. How-
ever, this framework does not consider agile methods. Other
approaches focus on identifying, measuring, or supporting
decision-making regarding the repayment of technical debt
items (Santos et al., 2016) (Chicote, 2017) (Pacheco et al.,
2018). However, few studies have explored the relationship
between agile methods and technical debt (Gomes et al.,
2024) (Freire et al., 2024) (Gomes et al., 2023) (Avgeriou
et al., 2020).

This work aims to answer the following research question:
“Can a visual, action-flow-based approach be proposed as
support for documentation and monitoring activities within
technical debt management?”. To address this question, we
propose the TechDebt Tracker method to assist in the
documentation and monitoring of technical debt items. Its
main feature is its simplicity, designed to facilitate adoption
among companies using agile methods. The proposal com-
prises a Kanban board, a flow, and formulas for measuring
technical debt items recorded on the board. It was applied in
a small company and evaluated through a small-scale study,
which yielded positive feedback on the proposed approach.

2 Background

Among the software engineering practices that could be
more effectively leveraged in software development, techni-
cal debt management stands out as a critical concern. To un-
derstand the challenges surrounding this topic, several stud-
ies have been conducted over the years. According to Sea-
man and Guo (Seaman and Guo, 2011), the technical debt
metaphor has been broadened to encompass any imperfect
artifact within the software development life cycle. Giardino
et al. (Giardino et al., 2015) argue that software companies
often face a trade-off between the pressure to deliver rapidly
and the need to maintain quality across different phases of
development, a tension that frequently results in the accumu-
lation of technical debt. Other relevant concepts associated
with technical debt include the cost of repayment and the in-
terest incurred as a result of accepting the debt.

Technical debt can yield short-term advantages or lead to
detrimental long-term consequences. Strategic decisions at
both technical and business levels can positively influence a
software solution and even enhance its competitive advan-
tage. For example, a team may choose to shorten a prod-
uct’s delivery timeline to capitalize on a market opportunity.
To do so, it might adopt technologies that increase produc-
tivity while intentionally reducing test coverage. This en-
ables an earlier release and the acquisition of new customers.
According to Junior and Travassos (Junior and Travassos,
2022), such benefits are typically short-lived, closely aligned
with organizational business goals, and may be classified
as project management—related, business-driven, or team-
oriented.

However, decisions that generate immediate gains may
evolve into long-term risks if not properly monitored and
mitigated. As reported by Rios et al (Rios et al., 2020), is-
sues such as degraded product performance, customer dissat-
isfaction, increased refactoring demands, low-quality code,
and diminished developer morale may arise in projects that
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fail to understand, manage, or that accumulate technical debt.
These consequences can be severe, including increased main-
tenance effort, degradation of software quality, and even
product stagnation. Furthermore, as noted by Junior and
Travassos (Junior and Travassos, 2022), negative impacts
tend to manifest over extended periods and are directly as-
sociated with the internal quality of the software.

Given that the accumulation of technical debt can lead
to significant challenges—such as increased costs, reduced
performance, and customer dissatisfaction—its primary man-
agement objective is to mitigate such negative outcomes.
However, as emphasized by Rubin (Rubin, 2018), not all
debt should be repaid immediately. Instead, debts with higher
interest should be prioritized and addressed incrementally
while maintaining the delivery of customer value.

To support technical debt management, several ap-
proaches have been proposed over the years, including
portfolio-based strategies and techniques for estimating tech-
nical debt interest. Ampatzoglou et al. (Ampatzoglou et al.,
2015) highlight ongoing contradictions in the literature re-
garding interest management and present a framework based
on contemporary economic theories as a means of address-
ing these challenges. Silva et al (Silva et al., 2019) iden-
tify eight activities associated with technical debt manage-
ment: identification, measurement, prioritization, prevention,
monitoring, repayment, documentation, and communication.
Throughout these activities, it is necessary to adopt an ap-
propriate prioritization method. Among those available in
the literature, the work of De Almeida et al (De Almeida
etal., 2021) stands out, as they present a business-oriented ap-
proach to prioritizing technical debt. These approaches share
a common set of foundational activities that support the ef-
fective management of accumulated technical debt.

these advances, managing technical debt continues to
present several challenges. Foremost among these is the lack
of a consolidated and unified understanding of technical
debt, its characteristics, and its impacts among software en-
gineers. According to Jeronimo Junior and Travassos (Ju-
nior and Travassos, 2022), the Dagstuhl Seminar represented
a significant step toward conceptual consolidation. Never-
theless, existing research still exhibits important gaps: stud-
ies often focus on a limited subset of technical debt types,
fail to fully capture their impacts, and do not convincingly
demonstrate the effectiveness of current tools and methods
for technical debt management. Another challenge concerns
improving communication and the dissemination of techni-
cal debt-related knowledge. It is essential that technical debt
be addressed not only within development teams but also in
academic environments, particularly in software engineering
and software quality courses.

Some authors, such as Caires et al. (Caires et al., 2019),
have shown that the use of agile methods can yield both pos-
itive and negative effects on technical debt. One major con-
cern is the level of interactivity, which has been identified as
a key factor in contributing to adverse outcomes.

Agile methods encompass development practices that ad-
here to the Agile Principles for Software Development. The
Agile Manifesto, created by a group of software practition-
ers seeking to propose alternatives to traditional engineering
processes, presents four core values (Fowler et al., 2001):
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1. Individuals and interactions over processes and tools;
2. Working software over comprehensive documentation;
3. Customer collaboration over contract negotiation; and
4. Responding to change over following a fixed plan.

3 Related Work

As far as is known, there are no studies that enable the man-
agement of technical debt using agile methods in a visual
approach. Several initiatives addressing this issue have been
identified, some aiming to characterize the use of technical
debt for different audiences and others focusing on managing
technical debt in projects that employ agile methods.

Among the studies characterizing the use of technical
debt, we can cite Seaman and Guo (Seaman and Guo, 2011),
Gomes et al. (Gomes et al., 2024), Freire et al. (Freire et al.,
2024), and Gomes et al. (Gomes et al., 2023).

Seaman and Guo (Seaman and Guo, 2011) proposed a
framework that uses the relationship between cost and bene-
fit to prioritize technical debt items to be addressed. In their
approach, metrics are initially estimated as low, medium,
or high and subsequently quantified numerically, enabling
a decision on whether to correct each item. These initial es-
timates are based on historical data or expert opinion. The
TechDebt Tracker draws inspiration from this comparison
between principal and interest and adopts the formula by Sea-
man and Guo (Seaman and Guo, 2011) for calculating inter-
est. However, it incorporates the approach by Curtis et al.
(Curtis et al., 2012) for measuring the principal. Additionally,
it adopts a Kanban board for integration with agile methods
and a flow to assist in monitoring each technical debt item.

Junior and Travassos (Junior and Travassos, 2023) pro-
posed the isTDM, a solution developed from an evidence-
based conceptual framework to support Technical Debt man-
agement. The framework comprises three technologies: a set
of guidelines (TDM Guidelines), a Glossary of Terms (TDM
Glossary), and a Technology Portfolio (Portfolio of TDM
Technologies). These three instruments can be used together
or independently and are supported by a web platform. It
presents itself as a complete and comprehensive solution to
support both the academic community and the software in-
dustry. On the other hand, TechDebt Tracker positions itself
as a visual and simplified tool to support the monitoring of
technical debt items.

Gomes et al. (Gomes et al., 2024) conducted a multi-
method study to evaluate ninety-seven tools designed to iden-
tify self-admitted technical debt. The majority of these tools
provide access to upper management rather than focusing on
repaying technical debt. In most cases, technical debt is iden-
tified through comments in the project code, leading to re-
sults with low precision.

Freire et al. (Freire et al., 2024) present a study on how
software practitioners monitor technical debt items. The
study investigates the practices used for monitoring techni-
cal debt items and the main reasons for not doing so. To this
end, the authors analyzed 653 responses from software en-
gineers distributed across six countries. They identified 46
monitoring practices for technical debt items and 35 reasons
for not monitoring them. Among the findings, we observed
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that technical debt is most frequently tracked in the backlog,
using specialized tools, or discussed in team meetings. The
main reasons for not monitoring technical debt include a lack
of interest or time and a focus on short-term goals. However,
no visual techniques for monitoring and managing technical
debt were presented.

Gomes et al. (Gomes et al., 2023) analyzed technical debt
from the perspective of project managers. To achieve this,
they examined over one hundred discussions on the Stack-
Exchange website. The study found that the perspective on
technical debt differs between project managers and software
developers. Technical debt indicators were identified and an-
alyzed using a Sankey diagram. However, no visual manage-
ment approach for technical debt was proposed.

Regarding projects that employ agile methods and deal
with technical debt, we can cite Oliveira (Oliveira, 2015),
Santos (Santos et al., 2016), Chicote (Chicote, 2017),
Pacheco et al. (Pacheco et al., 2018), and Freire ef al. (Freire
et al., 2023). Oliveira (Oliveira, 2015) aimed to evaluate
the application of the technical debt management framework
proposed by Seaman and Guo (Seaman and Guo, 2011).
For this purpose, an action research study was conducted in
two software projects using Scrum. The study proved rele-
vant as it presented a real-world experience of implementing
the framework, identified success factors and areas for im-
provement, and recommended adaptations for agile software
projects.

Santos (Santos et al., 2016) proposed an extension to
Scrum to support technical debt management and conducted
an evaluation of this approach. The proposal was initially
developed based on evidence from the literature (secondary
methods) as well as insights from industry professionals
(field research). However, no specific method for managing
and prioritizing technical debt was presented.

Chicote (Chicote, 2017) introduced a technical debt man-
agement technique based on using graphical elements to or-
ganize information and ideas, aiming to increase visibility
into the process and support technical debt management in
early-stage startups employing lean processes. The proposed
technique consists of using adhesive tape cut to a size pro-
portional to the corresponding technical debt. However, the
study did not present a method for prioritizing technical debt
items.

Pacheco et al. (Pacheco et al., 2018) proposed the de-
sign and implementation of technical debt visualizations to
facilitate communication among stakeholders and support
decision-making. The study focused on visualization tech-
niques such as graphs, trees, and Sankey diagrams. However,
it did not address methods for prioritizing technical debt.

Freire et al. (Freire et al., 2023) evaluated the use of IDEA
diagrams as support for technical debt management activi-
ties. IDEA diagrams are used to analyze practices applica-
ble to the context of technical debt. When analyzing these
diagrams from the perspective of software professionals in
software development projects, most participants came from
medium and large companies. However, adoption by compa-
nies using agile methods remains limited, and there is still a
lack of guidance on how IDEA diagrams can be integrated
into agile methods such as Scrum. Furthermore, the study did
not define criteria for prioritization, nor did it specify which
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practices should be represented in the diagrams, given the
broad scope of technical debt and its associated types and
practices.

The studies mentioned above and the present research
share the goal of simplifying technical debt management by
providing tools that can be adapted to the realities of software
development teams. The works of Oliveira (Oliveira, 2015)
and Santos (Santos et al., 2016) provided the foundation for
the technical debt backlog mechanism adopted in our study.
Likewise, the studies by Chicote and Pacheco, together with
the present research, aim to enhance understanding, improve
communication among stakeholders, and facilitate the over-
all management of technical debt.

4 Methods

This is a qualitative research study aimed at understanding
the subjective aspects of the use of technical debt in compa-
nies that adopt agile software methods. It was developed us-
ing the Design Science Research method (Wieringa, 2014).
This research method is used to build knowledge within
the context of a scientific approach to design. According to
Dresch et al. (Dresch et al., 2020), its main principles are rel-
evance and rigor, ensuring the reliability of the results. Addi-
tionally, Design Science Research aims to develop artifacts,
prescribe solutions, and study artificial constructs. Its main
output is a man-made artifact. The stages proposed by Pef-
fers et al. (Peffers et al., 2007) were adopted for this study,
namely: (1) Problem identification and motivation, (2) Def-
inition of objectives for a solution, (3) Design and develop-
ment, (4) Demonstration, (5) Evaluation, and (6) Communi-
cation.

In stage 1 (problem identification and motivation), a state-
of-the-art literature review was conducted using databases
such as SBC OpenLib!, IEEE Xplorer?, TD Researcher
Team?, and ACM Digital Library* with the search keywords:
“technical debt”, “divida técnica”, “agile processes”, and
“processos ageis”. This review identified that the adoption
of agile methods may be linked to negative effects on techni-
cal debt (Pompermaier, 2021). We concluded that the most
commonly used agile methods in small software projects
are Scrum, Kanban, and Lean, as pointed out by Mendes
(Mendes, 2020).

In stage 2 (definition of objectives for a solution),
Wieringa’s (Wieringa, 2014) design problem template was
used. This led to the following general objective: “How can
rework costs be minimized by proposing a method to help
project managers using agile methods document and monitor
technical debt items?”. The main challenges include the lack
of software engineering training among team members, in-
sufficient computational resources and environments, and in-
adequate business decisions that contribute to increasing the
project’s technical debt. We have expanded the scope of this
work to encompass all types of technical debt. This is feasible
because our focus is on the documentation and monitoring of

Ihttps:/sol.sbc.org.br/index.php/indice
Zhttps://ieeexplore.ieee.org/Xplore/home.jsp
3https://www.tdresearchteam.com/
“https://dl.acm.org/
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technical debt items, and these activities are largely consis-
tent across technical debt categories (Junior and Travassos,
2022) (Rios et al., 2020) (Alves et al., 2016). Once a tech-
nical debt item is identified and added to the technical debt
backlog, it can be used as input for our proposal.

During the design and development phase (stage 3), the
TechDebt Tracker was proposed. To build it, the Business
Model Canvas and the Value Proposition Canvas were used
to identify and validate strategic guidelines that would add
value to the method’s development. Then, Design Thinking
(Ruschel, 2019) was applied in the creative idea-generation
process. The goal was to understand project managers’ needs
and challenges and leverage their previous experiences to
contribute to software development. This process followed
four steps (Ruschel, 2019): preliminary immersion, where
similar items were analyzed; deep immersion, with the defi-
nition of personas and a value map of stakeholders; synthesis
and analysis of information (definition of insights and prior-
ities); ideation and prototyping (using the Trello software’).

In the first stage, called preliminary immersion, an anal-
ysis of similar tools was conducted to identify their main
strengths and limitations in alignment with the objectives of
this study. The analyzed tools were TD Manager (RIBEIRO,
2016), Technical Debt Plugin (Vieira, 2014), TD Classifier
(Tsoukalas et al., 2022), and TDxTeam Monitor (dos Santos
et al., 2019). The second stage, in-depth immersion, was di-
vided into two sub-stages: persona definition and stakeholder
value mapping. Initially, two personas were defined, repre-
senting the development team and the business team, respec-
tively. This definition allowed for a deeper understanding
of the users and their specific needs. Subsequently, a stake-
holder value map was created — including developers, the
business team, and the startup — to identify and prioritize their
needs and integrate them strategically into the final product
development.

Based on the insights gained from the previous stages, we
defined a set of requirements. They included: the use of a
Kanban board, the ability to measure technical debt per item,
continuous monitoring of these items, the use of cards for
characterization and tracking, and the adoption of simplified
metrics, such as interest and principal. Finally, the ideation
stage was conducted using the brainstorming technique, lead-
ing to the development of the flow. This flow was later re-
flected in the Kanban board columns within Trello, serving
as the outcome of the prototyping stage.

The demonstration phase (stage 4) resulted in three remote
meetings via Google Meet® to present the proposal to a tech-
nology startup and collect feedback. The company adopts
agile methods in its projects and specializes in secure video-
conferencing, developing corporate solutions based on syn-
chronous communication technologies. Founded in 2019 as
a research project in a federal university in Brazil, the com-
pany had 29 employees at the time of this evaluation. Among
its products are a video platform, a scheduling management
system, and an online education platform. This company was
chosen due to its adoption of agile methods and its approach
to technical debt management. Additionally, it showed inter-

Shttps://trello.com/
Shttps://meet.google.com
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est and availability to use the TechDebt Tracker.

The evaluation phase (Stage 5) was conducted through
an exploratory small-scale evaluation (Wohlin and Rainer,
2022), which represents a simplified form of a case study.
The evaluation was carried out by the company’s develop-
ment team over three months.

Stage 6 (communication) involved presenting the study at
the university where this research was performed, preparing
an activity report, and writing this article.

5 TechDebt Tracker

The design and development phase of the Design Science
Research resulted in the TechDebt Tracker. The proposal
was primarily based on the cost-benefit analysis approach
proposed by Seaman and Guo (Seaman and Guo, 2011) and
relies on three components: (1) a Kanban board, (2) formulas
for measuring and prioritizing technical debt repayment, and
(3) a technical debt management flow. Figure 1 provides an
overview of the TechDebt Tracker method.

Kanban
board
:{> Flow :{>
Technical debt Managed
items Formulas items

Figure 1. The TechDebt Tracker Method

5.1 The Kanban Board

The Kanban board (component 1) was adapted from the work
of Santos (Santos et al., 2016). In this adaptation, we assume
that the project is managed using agile methods. This arti-
fact aims to facilitate adaptation and adjustments to existing
team processes, as it can be used as a separate board solely
for technical debt management or integrated with the sprint
backlog.

To evaluate its use, a prototype was developed using the
Trello tool”. The board consists of the following columns:

* Documents: where the user can access information
about the artifacts used in our method,;

» Technical Debt Backlog: where new technical debt
items are recorded;

* Fixing (Sprint Backlog): containing the items selected
for resolution during the sprint;

+ Testing: where resolved items are tested;

* Monitoring: gathering items that need continuous track-
ing;

* Done: registering items that have been fully addressed
in the project.

"https://trello.com/
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When this board is used alongside the project backlog,
the items in the Fixing column can be incorporated into
the sprint backlog. Figure 2 presents the Kanban board
model, and its implementation is available at the link
https://trello.com/b/TOTbIXdL/technical-debt-management.

5.2 Formulas

We use the formulas to manage technical debt and the esti-
mates of: (1) principal and (2) interest. These formulas are
based on the works of Curtis ef al. (Curtis et al., 2012) and
Seaman and Guo (Seaman and Guo, 2011) to prioritize tech-
nical debt items.

The principal represents the amount of effort required to
repay a technical debt item at the current date and is calcu-
lated for each item. It is a simple multiplication of the per-
centage of technical debt to be fixed in each item, the hours
required to correct the item, and the cost per hour. Definition
5.1 presents the formula for calculating the principal. This
formula is not used when historical data on the effort required
to correct a similar item is available; alternatively, an expert
estimate may also be used to calculate the principal value.

Definition 5.1 (Principal) Let i be the corresponding tech-
nical debt item in the sprint backlog, percentage; the per-
centage of this item to be fixed, hours; the hours required to
correct this item, and cost; the cost per hour for fixing the
item. We define the principal cost principal; as:

principal; = percentage; X hours; X cost per hour;

The interest quantifies the potential consequences of a
technical debt item and is used to prioritize items in the back-
log. It incorporates the interest probability, severity, hours,
and cost per hour. The interest probability refers to the like-
lihood of the technical debt item affecting and causing sig-
nificant damage to the project in the future, with the follow-
ing predefined values (Seaman and Guo, 2011): 0.8 for high
probability, 0.5 for medium probability, and 0.2 for low prob-
ability. The severity of the interest measures the impact mag-
nitude of the technical debt item, also ranging from 0.2 to
0.8, from low to high severity. The formula also includes the
hours required to fix the item and the cost per hour, as de-
fined in Definition 5.1. Definition 5.2 presents the interest
formula.

Definition 5.2 (Interest) Let i be the corresponding tech-
nical debt item in the Kanban board backlog, interest; its
estimated interest cost for debt repayment, probability; €
{0.1,0.5, 0.8} representing the interest probability, severity;
€ {0.1,0.5,0.8} representing the penalty severity, hours;
the hours required to fix the item, and cost; the cost per hour
for fixing the item. The interest interest; is defined as:

interest; = probability; X severity; X hours; X
cost per hour;

The formulas are available in the “Documents” column of
the Kanban board.
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Documents Technical Debt Backlog Fixing (Sprint Backlog)

-—
Technical Debt Ttem #1

-—
Technical Debt Item #2

Technical Debt Item #3
= Technical Debt Items that enter
the sprint for correction according
to the established prioritization

TechDebt Tracker Flow
&1

@ Este cartao & um tempiate. =

81

The Formulas
= @2
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Testing Monitoring Done

Technical Debt Items that have

echnical Debt Items in the testing ‘echnical Debt items that will not been properly fixed and tested.

phase be fixed, but will be monitored
€ Este cart3o & um template. =
@ Este cartao é um template. =

& &

@ Este cartao & um template. =

&1

Figure 2. Kanban board

5.3 TechDebt Tracker Flow

The management flow defines the steps that are followed for
each technical debt item in the project. We developed it to
ease decision-making regarding technical debt management,
improve communication among the team and stakeholders,
and support the standardization of activities related to tech-
nical debt. We show its graphical representation in Figure 3.

Catalog item

Q—| Identify item |
) (Technical debt backlog)

Interest
< Yes
Principal?
No
Monitor
item?
No

Done

Fix item

(Sprint backlog)

No

Figure 3. TechDebt Tracker Flow

Revisiting Figure 3, we observe that the flow is organized
into activities and decision points, presented in the following
sequence. It begins with the activity “identify items”. This ac-
tivity may include code reviews, automated static code analy-
sis tools, best-practices checklists, manual detection through
feedback from development or quality assurance teams, doc-
umentation review, requirements artifact analysis, and user
feedback.

Next, the “catalog item” activity uses the Kanban board
and creates a card in the “technical debt backlog” column.
The card follows a model adapted from Oliveira’s work
(Oliveira, 2015) and aims to provide details of a new techni-
cal debt item to ease decision-making. It also helps identify

the most common types of technical debt generated by the
team and developers who frequently deliver immature arti-
facts, allowing for the development of prevention or mitiga-
tion strategies. The card is divided into three sections: charac-
terization, measurement, and prioritization of technical debt.
Figure 4 presents this card model.

In the characterization section, the following ficlds are
provided: id (identifier), identification date, responsible per-
son, type of technical debt (design, requirements, architec-
ture, testing, etc.), tracking (location in the code), description,
and intentionality (whether the technical debt was deliberate
or conscious).

The Technical Debt Measurement section contains the
principal and interest fields, calculated using the formulas
from Definitions 5.1 and 5.2. For illustration purposes, sup-
pose a technical debt item where the percentage to be cor-
rected is 60%, the hours spent on correction are 16, and the
cost per hour is 20. The principal for this item is 192. Now, as-
suming the probability and severity values are both 0.8, the
hours spent to address the debt is still 16, and the cost per
hour remains 20, the interest is 204.8.

In the Prioritization section, the decision-making field
compares the absolute values of principal and the interest.
The prioritization of debt repayment is also visually managed
using labels representing high, medium, and low categories.

If the interest is higher than the principal, as in the previous
example, this indicates that the technical debt item should be
repaid. In this case, the manager proceeds to the new deci-
sion point “Prioritize fixing?”’, which allows them to deter-
mine how to handle self-admitted technical debt items. Next,
the “fix item” activity is executed. Otherwise, there is no in-
dication to correct the item, and the manager decides whether
to monitor it based on their expertise. If the item is not mon-
itored, the card moves to the “Done” column, and the flow
concludes. If the item is monitored, the corresponding card is
moved from the “Fixing” column to the “Monitoring” col-
umn, and the manager determines when to re-evaluate the
item. Upon re-evaluation, the card returns to the “catalog
item” activity.

The “fix item” activity may involve refactoring the code,
removing dependencies among backlog items, updating re-
quirements documentation, or increasing test coverage. At
the start of this activity, the card is moved from the “Tech-
nical Debt backlog” column to the “fixing (sprint backlog)”
column. From there, it is prioritized within the sprint back-
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= New Technical Debt Item

Etiquetas

High prioritization

Descricao

Mew Technical Debt Items should be inserted into the technical debt backlog,
characterized, dimensioned, and prioritized.

[Technical Debt Ch
id: 000017

Date: /05/2023
Responsible:

Type:

Tracking:

ization]

Description:
Intentionality:

[Technical Debt Measurement]
Principal (in hours):
Accumulated Interest Value in hours:

[Pricritization]
Decision making (Interest > Principal?):
Payment pricritization {label color - low/medium/high)

Correction deadline (if any):

# Mostrar menos

Figure 4. Card model for item registration

log according to its assigned labels (high, medium, or low
prioritization). If two cards share the same label, the inter-
est value calculated for the technical debt item is used as a
tiebreaker. Once the necessary corrections have been imple-
mented, the card is transferred to the “testing” column, where
the manager decides whether to approve or reject the correc-
tion. If the correction is not approved, the item returns to the
“fix item” activity. If the correction is approved, the item pro-
ceeds to the “fixed item” activity. Finally, the card is moved
to the “Done” column, concluding the flow.

The “monitor item” activity ensures that the item remains
in the technical debt backlog. It differs from the “identify
item” activity because the interest estimates have already
been calculated. Additionally, monitoring is conducted based
on the project manager’s needs.

In summary, in the flow, when the team identifies and reg-
isters a new technical debt item, it is measured and added to
a technical debt backlog. Then, a decision-making process
takes place, determining whether the technical debt should be
repaid based on whether the interest is greater than the princi-
pal. If the answer is yes, the technical debt is repaid, meaning
that the problems arising from the previously unaddressed ac-
tivity must be resolved. Next, the item is evaluated through
tests, and if approved, it moves to paid status. Additionally,
the manager decides whether to monitor the item. If so, the
card is placed in the ’monitoring’” column. The TechDebt
Tracker Flow is available in the “Documents” column of the
Kanban board.

6  Exploratory Small-scale Evalua-
tion

For the evaluation stage of the proposal, we conducted a
small-scale assessment involving a development team from a
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1. On ascale from 1 to 5, how much do you agree with
the following statements?

(a) I have extensive knowledge of Technical Debt
and its impact on software quality;

(b) I successfully apply approaches for measuring
the cost of Technical Debt using metrics;

(¢) Isuccessfully apply approaches for monitoring
Technical Debt;

(d) Isuccessfully apply approaches for prioritizing
the repayment of Technical Debt;

(e) I successfully calculate the cost (hours/year)
of rework required to correct Technical Debt
items;

(f) 1 successfully calculate the cost ($/year) of re-
work required to correct Technical Debt items.

(g) Isuccessfully apply approaches for identifying
Technical Debt;

Figure 5. Questionnaire applied before the adoption of the proposed method

software company. We used this method to analyze the value,
usefulness, and innovative character of the newly introduced
artifact. The evaluation consisted of three phases. In the first
phase, a questionnaire was administered and completed by
the project’s technical lead before the usage of the proposed
approach. In the second phase, the development team used
the TechDebit Tracker, identified technical debt items, cal-
culated their costs, prioritized them, and monitored them. In
the third and final phase, a second questionnaire was an-
swered by the company’s technical lead. Both questionnaires
used the Likert scale (Dawes, 2008), with responses rang-
ing from “strongly agree” to “strongly disagree”. The goal
of applying these questionnaires was to compare the level of
knowledge and practical application of technical debt before
and after using the TechDebt Tracker based on the respon-
dent’s perception and allowing the measurement of benefits
and assessment of the proposal’s impact.

The initial questionnaire contained seven statements to
measure participants’ initial knowledge of technical debt con-
cepts. Figure 5 presents the questionnaire items.

The questionnaire applied after executing the proposal
comprised ten questions capturing participants’ perceptions
of the acquired benefits and the techniques adopted by the
company, such as prioritization, monitoring, and stakeholder
communication within the project. Figure 6 presents the ques-
tionnaire items.

6.1 Discussions

We consider that there are indications that TechDebt
Tracker adheres to the agile principles described in Section
2. First, the proposal can be used in association with the main
agile methods in the labor market, such as Scrum, Lean, and
Kanban. This is because its primary component is the Kan-
ban board, which is widely used in agile methods. As a re-
sult, interactions among team members are prioritized over
the flow and tools used, as decisions regarding technical debt
management fall to the manager in collaboration with other
team members. At the end of each iteration, complete ver-
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1. On a scale from 1 to 5, how much do you agree
with the following statements regarding the use of
the TechDebit Tracker method?

(a) Applying the method increased my knowledge
of Technical Debt;

(b) Applying the method increased the use of ap-
proaches for measuring Technical Debt;

(c) Applying the method increased the use of ap-
proaches for monitoring Technical Debt;

(d) Applying the method increased the use of ap-
proaches for prioritizing repayment;

(e) Applying the method increased the calculation
of the cost (hours/year) of rework required to
correct Technical Debt;

(f) Applying the method increased the calculation
of the cost ($/year) of rework required to cor-
rect Technical Debt;

(g) The method is relevant for assisting managers
in Technical Debt management;

(h) The method’s proposal is easy to understand;

(1) The method is easy to execute;

() Applying the method helped communication
among stakeholders in the project when mak-
ing decisions about Technical Debt.

Figure 6. Questionnaire applied after the method adoption

sions of technical debt items are delivered, identified, and
updated according to the project’s progress.

To enhance the presentation of the empirical study, we in-
cluded Table 1, which provides a comparative analysis of the
questionnaire responses collected before and after the appli-
cation of the TechDebt Tracker method. The observed re-
sults reflect the users’ experience and contribute to assess-
ing perceived value as well as measuring the practical impact
achieved through the use of the proposed approach.

Table 1 assesses the impact and effectiveness of the pro-
posal by comparing users’ responses before and after ap-
plying the method in their projects, specifically evaluating
items (a—f) from the questionnaire in Figure 5 and their
corresponding items in Figure 6. The table comprises the
columns ‘Item,” ‘Evaluated Aspect,” ‘Initial Score,” and ‘Fi-
nal Score’. The results obtained in the evaluation phase (Step
5 of the Design Science Research) reflect user experience
and help to evaluate perceived value and measure the im-
pact and the practical change achieved by using the proposal.
They suggest positive impacts on technical debt management.
The responses ranged from 1 to 5, where 1 indicated strong
disagreement and 5 indicated strong agreement. Regarding
knowledge of technical debt, the rating increased from 3 to
5. On the question of measuring the cost of technical debt, the
rating remained at 4. When asked about monitoring technical
debt, the rating increased from 2 to 5. Regarding prioritiza-
tion, the rating rose from 3 to 5. Concerning the calculation
of the cost (hours/year) of rework needed to fix items, the rat-
ing increased from 2 to 5. Similarly, for the question about
calculating the cost ($/year) of rework, the initial rating was
2, increasing to 5.

Table 2 was also included to present the method evalua-
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Table 1. TechDebt Tracker Evaluation: Pre- and Post-Use Com-
parative

Item | Evaluated As- | Initial Score | Final Score

pect

(a) | Knowledge 3 5

(b) | Measuring Cost 4 4

(¢) | Monitoring 2 5

(d) | Prioritization of 3 5
Repayment

(e) | Calculation  of 2 5
Rework Cost
(Hours/Year)

(f) | Calculating 2 5
Rework Cost
($/Year)

Note: The scores range from 1 to 5

Table 2. TechDebt Tracker Evaluation: Post-Use Assessment

Item | Evaluated Aspect (Post-Use) Score
(g) | Relevance of the Method 5
(h) | Simplicity of Understanding the Ap- 5

proach
(i) Ease of Execution 4
(§) | Ability to Assist in Communication be- 5
tween Stakeholders

Note: The scores range from 1 to 5

tion results. These results did not use comparisons because
they belong solely to the questionnaire administered after the
application of the TechDebt Tracker method. These items
helped to measure different dimensions of the quality of the
proposal. The relevance of the method was rated a 5. The
simplicity of understanding the approach was also rated a 5,
as was its ability to assist in communication between stake-
holders. However, its ease of execution received a rating of
4.

Despite the critical limitation in generalizing the results
due to the sample size and the possibility of limitations in
construct validity, the questionnaire results suggest that the
proposal had a positive impact on technical debt manage-
ment. Using the TechDebt Tracker improved team knowl-
edge about technical debt, enhanced technical debt monitor-
ing, prioritized repayment, and facilitated cost estimation for
corrections. Additionally, the proposal was considered rele-
vant for technical debt management. It was also rated as easy
to understand and execute, as well as beneficial for support-
ing stakeholder communication. Moreover, the interviewee
suggested an improvement: incorporating aspects of the prod-
uct roadmap into the decision-making process.

Two threats to the validity of this study were identified,
both related to the study participants and their impact on
the generalization of the results. The first concerns partic-
ipant selection, as only one individual was chosen for the
small-scale evaluation, which may be considered a low num-
ber. Therefore, the results cannot be generalized but remain
relevant. The second threat relates to the participant’s level
of education—a Ph.D. candidate in Computer Science. This
limits the generalization of the results to populations with
different educational backgrounds, though it does not inval-
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idate them. In both cases, the results positively indicate the
usefulness of the small-scale evaluation used to validate the
study.

7 Concluding Remarks

This study presented a step toward a method for assisting in
the documentation and monitoring of technical debt items to
be used by agile teams. The proposal consists of a flow, a
Kanban board model, and formulas for measuring technical
debt items. These components were adapted for practical use
in agile software development companies.

The proposal was evaluated through a small-scale study
conducted within a software company. Based on the evalua-
tion results, there is evidence that the proposal had a positive
impact on technical debt management, improved communi-
cation among project stakeholders, and facilitated the dissem-
ination of knowledge about technical debt within the team.

These findings have important implications for advancing
the understanding and dissemination of technical debt prac-
tices, particularly in agile environments, where few studies
have thoroughly examined the interplay between agility and
technical debt. The limitations of this research include the
small scale of the evaluation and the limited number of par-
ticipants.

For future work, we suggest applying the proposal in addi-
tional companies and testing it with teams of different ma-
turity levels and sizes, or with teams that utilize Continu-
ous Integration and Continuous Delivery (CI/CD) practices,
to deepen the understanding of both the limitations and the
strengths of our method. We also propose exploring alter-
native formulas to support technical debt calculation and
decision-making, as well as assessing the effectiveness of dif-
ferent practices for companies adopting agile methods. Addi-
tionally, analyzing the similarity among technical debt items
in the proposed method could further minimize rework when
updating records on the Kanban board.
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