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Abstract. Documentation technical debt typically is related to non-existent, in-
consistent, outdated, unnecessary, or incomplete documentation. Such problems
may lead to negative consequences to the software product development and
maintenance endeavors, for instance, difficulties identifying and removing de-
fects and increased cost and effort to deploy new versions. We followed De-
sign Science Research principles to create DOTED, a method for managing
Documentation Technical Debt on software products. We present a case study
to evaluate DOTED viability in supporting the management of this type of te-
chnical debt. The study participants highlighted its benefits and reported the
intention of future use. We also found that DOTED may be more effective in fos-
tering technical debt repayment if used early and continuously on the product’s
development lifecycle.

Keywords. Documentation Technical Debt; Technical Debt Management; Technical Debt; Soft-
ware Documentation; Design Science Research

1. Introduction

Documentation is an integral part of any software development process [Zhi et al. 2015]].
Documentation technical debt refers to non-existent, inadequate, incomplete, inconsis-
tent, or unnecessary documentation, although it is often confused with requirements tech-
nical debt [Soares et al. 2015]]. Incurring technical debt is inevitable to any organization,
considering that assuming a debt may be, at first, favorable to increase the teams’ produc-
tivity or their rate to deliver new releases [Alves et al. 2016]. Not knowing what technical
debt is, its causes, its consequences, how to avoid it, and how to manage it can cause signi-
ficant damage to the organizations. Thus, there is a need to support software organizations
in managing technical debts. Briefly, technical debt management consists of identifying,
estimating, and deciding on existing debts in a project [Zazworka et al. 2013]].
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Studies on how software project organizations deal with technical debt in
their work environments have become more frequent [Alves et al. 2016, |L1 et al. 2015,
Besker et al. 2022, |Silva et al. 2019]. In general, technical debt is usually managed im-
plicitly by software project organizations [Li et al. 2015, |Alves et al. 2016l]. However,
to avoid future interest repayments and increase project effectiveness, debt management
techniques should be structured and conscious. Having a technical debt management
strategy can significantly impact the number of technical debt items related to the soft-
ware [Besker et al. 2022]]. Among the benefits obtained with the effective management
of technical debt are reduced maintenance costs, increased maintenance productivity, and
reduced unexpected events, leading to a better estimation of costs and risks in projects
[Seaman and Guo 2011]].

This paper presents DOTED (DOcumentation TEchnical Debt) method, which
supports organizations developing software products to manage documentation technical
debt. DOTED provides support artifacts to help create a plan for managing technical
debts, identifying, measuring, and resolving debts, and monitoring defined mitigation
actions. Moreover, it presents a knowledge base with causes and consequences of docu-
mentation technical debt and best practices. To create DOTED, we used a research stra-
tegy based on Design Science Research [Wieringa 2014, [Hevner 2007)]. We also present
the case study results to evaluate DOTED viability in supporting documentation techni-
cal debt management of a software product. The team involved was able to execute the
method at an advanced stage of product system development. The participants highligh-
ted the benefits of DOTED use on the organization and its adequate support regarding its
purpose. We had evidence of perception of the utility, ease of use, and intention of future
use. We improved the method description due to the participants’ feedback.

The paper is structured as follows: Section [2] shows the related work, Section [3]
presents the research method, Section [Z_f] describes the DOTED method, Section E] shows
its evaluation, and Section [6| points our final considerations.

2. Related Work

Li et al. [Lietal. 2015] executed a mapping study to identify and analyze research on
technical debt and its management. According to them, the activities related to technical
debt management are Identification, Measurement, Prioritization, Prevention, Monito-
ring, Repayment, Documentation, and Communication. On the other hand, Seaman and
Guo [Seaman and Guo 2011]] do not include Monitoring and Communication activities,
while Sandberg et al. [Sandberg et al. 2015[] do not include Documentation and Commu-
nication. Although Li et al. [Li et al. 2015] identified many studies describing models,
methods, practices, and tools focused on specific activities, none focused on DTD mana-
gement nor addressed all activities related to technical debt management.

Identifying technical debt (TD) is not trivial since it can be present in different
artifacts of the same software product [Zazworka et al. 2013]]. Although automated stra-
tegies point to items (mainly related to source code, as in [Charalampidou et al. 2018]])
that need improvement from the developers’ point of view, they still do not make it clear
whether they can identify essential items for other stakeholders [Alves et al. 2016]]. In this
case, although more time-consuming, manual TD identification practices are more accu-
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rate in identifying debts, such as problems in the project or product documentation, that
could not be determined by automated techniques. To support the identification activity,
we provide a knowledge base on causes that assist DOTED users in manually identifying
DTD. We encapsulated it in an auxiliary artifact named DOTED Guide (see Section [4.1]
and Appendix [A)).

Regarding TD estimates or measurement, considering that technical debts are
closely linked to software quality, quality metrics can measure debt. Technical debt
can also be measured through the effort to pay it, estimating the time and effort nee-
ded to correct the possible problem [Alves et al. 2016, Snipes et al. 2012]. Other esti-
mating approaches include calculation models, i.e., through mathematical formulas or
models [Stochel et al. 2012, [Seaman and Guo 2011]], and human estimation, i.e., accor-
ding to experience and expertise [Seaman and Guo 2011, |Guo and Seaman 2011]. Stra-
tegies to prioritize which technical debts to pay have been discussed over the years
[Brown et al. 2010]. For example, focusing on paying off core items first (i.e., concentra-
ting on paying off debts that could cause significant future damage) [Alves et al. 2016,
items with higher cost/benefit ratios [Zazworka et al. 2011]], or items incurring higher
interest [Seaman and Guo 2011].  Strategies for TD repayment include refactoring
[Buschmann 2011]], automation [Letouzey 2012], rewriting [Buschmann 2011]], and bug
fixing [Gat 2010]. DOTED’s approach to DTD estimating combines human estimation
with a basic calculation model considering the DTD impact and the probability of its in-
terest. The DOTED Guide also presents effects of DTD that might be useful to estimate
its impacts and consequences. Prioritization is also accomplished by human judgment
considering the DTD estimate and the cost associated with its removal. The decisions to
accept or pay the DTD and how to handle it are at the discretion of DOTED executors.

TD monitoring watches the changes in the cost and benefit of unresolved TD
over time, TD representation/documentation provides a way to represent and codify
TD in a uniform manner addressing the concerns of particular stakeholders, and TD
communication makes identified TD visible to stakeholders so that it can be discus-
sed and further managed [Lietal. 2015]. DOTED adopts the planned check strategy
[Bohnet and Dollner 2011]] for monitoring, in which the identified TD is regularly mea-
sured and tracked for changes. Li et al. [Liet al. 20135]] cite the most common fields for
TD documentation/representation: ID, description, location, responsible/author, type, and
description. DOTED encapsulates the location into the description and substitutes the res-
ponsible/author for the person/role that identified the TD item. It also documents the cost
of repaying the TD item and the probability that the interest of the TD item needs to be re-
paid. According to Li et al. [Li et al. 2015]], the most common approaches to support TD
communication are TD dashboards [Power 2013]] and backlog [dos Santos et al. 2013]].
The latter is also the approach implemented by DOTED.

Some DT management strategies concentrate efforts on preventing technical debts
during software construction [Alves et al. 2016] since the efforts required to pay the in-
terest resulting from the debts acquired are more significant than the efforts undertaken
to prevent them. For instance, Charalampidou et al. [[Charalampidou et al. 2018]] propose
a tool-based approach for preventing documentation TD during requirements enginee-
ring by enabling the real-time creation of traces between requirements and code. Other
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examples include practices to help prevent non-intentional debts [Yli-Huumo et al. 2016],
such as having standards for code comments to make them legible and modifiable
[Green and Ledgard 2011]]. DOTED does not present an activity for explicit TD preven-
tion. Instead, it relies on human factors analysis [Li et al. 2015, Michael Golden 2010]], in
which a culture that minimizes the unintentional TD caused by human factors is cultiva-
ted. Support for this type of analysis is based on the use of the DOTED Guide, which pre-
sents best practices that can indirectly support the prevention of DTD on other documents
created during the product lifecycle (and not only on the source code or requirements) if
applied, especially, in the early phases of the product lifecycle.

3. Research Method

The Design Science Paradigm seeks to create innovations that define the ideas, practi-
ces, technical capabilities, and products through which the analysis, design, implemen-
tation, management, and use of information systems can be effectively and efficiently
accomplished [Hevner et al. 2004]. Design Science Research (DSR) focuses on solving
a practical problem in a specific context through an artifact, consequently generating new
scientific knowledge [Hevner et al. 2004, Wieringa 2014]. We follow the theoretical line
of Hevner [Hevner 2007]], which consists of the association of three cycles of related ac-
tivities: Relevance Cycle, Design Cycle, and Rigor Cycle. We decided to use DSR as it
allows us to incrementally design and evaluate an artifact, acquiring and creating kno-
wledge along the way (which led to DOTED Guide) and how to handle it.

The Relevance Cycle involves defining the problem to be addressed, the research
requirements, and the criteria for evaluating the research results. In this cycle, we perfor-
med a informal literature review on software documentation, technical debt, and technical
debt management. The studied problem involves organizations’ difficulties in managing
problems with software documentation. We chose to address documentation technical
debt based on (i) the low number of publications explicitly dealing with Documentation
Technical Debt (as per [Alves et al. 2016]), (ii) the potential high impact of DTD in long
product development cycles due to lack of adequate document management and lack of
update of specification documents during the maintenance phase of a product, (iii) the
first author’s practical experience on development projects suffering from poor documen-
tation. Thus, we defined the following research question: “How to support organizations
that develop software products in the management of documentation technical debts?” As
a result, we proposed an artifact representing the method described in this paper: DOTED
(Documentation Technical Debt).

We outlined five requirements for DOTED: (RI) Supporting the main activities
associated with managing technical debt; (R2) Supporting organizations to manage docu-
mentation technical debt originated from all software lifecycle phases; (R3) Supporting
the management of documentation technical debt at any point in the software lifecycle,
from requirements elicitation to maintenance; (R4) Providing artifacts to help organizati-
ons identify and record documentation technical debts; (R5) Providing a knowledge base
on documentation technical debt to foster the method usage.

Such requirements were defined based on an ad-hoc literature review. According
to Li et al. [Lietal. 2015], the activities related to technical debt management are Iden-
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tification, Measurement, Prioritization, Prevention, Monitoring, Repayment, Documenta-
tion, and Communication. DOTED supports all of them but Prevention (R1). Moreover,
we used the studies in [Liet al. 2015]] to inspire how DOTED addresses these activities.
According to Alves et al. [Alves et al. 2016] and Silva et al. [Silva et al. 2019], software
organizations may incur technical debt at any stage of development, which may manifest
itself in different ways. So, it is necessary to manage the documentation debt in each
phase of the software lifecycle (R2 and R3). Ernst et al. [Ernst et al. 2015] further rein-
force that artifacts are fundamental components to be applied in any technical debt mana-
gement strategy (R4). Based on the assumption that software engineers lack knowledge
about technical debt, and also documentation technical debt, concepts and influence on
software projects [Alves et al. 2016, |Silva et al. 2019] we propose a knowledge base of
causes, consequences, and best practices associated with documentation technical debt to
enhance the team ability to identify possible sources of debts, identify possible effects
that may help estimating their impacts, and best practices that can inspire how to treat
them (RS5).

We defined three acceptance criteria to evaluate DOTED: viability, usefulness, and
compliance with the established requirements.

The Design Cycle is related to constructing and evaluating the created artifact.
In this work, the artifact is the DOTED method. The construction of DOTED is based
on a literature review and qualitative study of the technical debt of documentation that
gave rise to the DOTED Guide [Mendes et al. 2019] (see Section {.1.1). The DOTED
evaluation was based on a participative case study (see Section [3).

The Rigor Cycle refers to using and generating knowledge. Rigor is achieved
by appropriately using foundations and methodologies from a knowledge base groun-
ding the research and adding knowledge generated by the study to contribute to the
growing knowledge base [Hevner 2007]]. The main foundations we used were the litera-
ture on technical debt, qualitative analysis, and case study guidelines [Baskerville 1997,
Runeson et al. 2012]], and TAM (Technology Acceptance Model) [Davis 1989]. Thus,
this cycle also includes research contributions to the knowledge base: DOTED itself, the
case study to evaluate it in the industry, and the DOTED Guide. Also important to note is
that the DOTED Guide source material [Mendes et al. 2019]] was utilized as a reference
for the Theoretical Framework of Documentation Debt outlined in [Rios et al. 2020].

According to Hevner [Hevner 2007], the Relevance, Design, and Rigor cycles are
closely related. Also, many times their execution is intertwined. To create DOTED, we
executed three iterations combining them. The first iteration focus was the execution of
Relevance Cycle. During that, we also gathered necessary knowledge on technical debt,
contributing to the foundations described in the Rigor Cycle. During this iteration, we
realized the importance of easing the identification of possible documentation technical
debts. Therefore, the second iteration aimed to create DOTED Guide (see Section[d.1.1)).
To make it, we performed activities related to the Rigor Cycle (i.e., identifying knowledge
about conducting thematic analyses) and Design Cycle (i.e., DOTED Guide creation it-
self). In the third iteration, we proposed the DOTED method and evaluated it. Therefore,
we executed the Design Cycle and the Rigor Cycle, not only identifying and using pre-
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existing knowledge (such as the guidelines to execute case studies and how to use TAM
[Davis 1989]], but also making explicit the knowledge acquired by using DOTED in the
industry.

4. The DOTED Method

DOTED aims to support organizations that develop software products in managing do-
cumentation technical debt. We created DOTED to be agnostic of the software develop-
ment process, i.e., we expect it to be used with traditional, hybrid, or agile processes.
It can be used during a (long) software development or maintenance project (as defined
by PMBOK [PMI 2017]) or without creating projects at all should the organization has a
dedicated team handling the product evolution continuously.

To run DOTED, two main parts are foreseen: the Mentor and the Team. The
Mentor is directly involved in all phases and is responsible for supporting and guiding
the team during DOTED execution. The Mentor must know project management and
software development practices and the concepts involved in technical debt management.
The Team is made up of professionals who design and develop the software. A product
may involve one or more teams whose members may have different technical knowledge
(e.g., design, development, testing, etc.). Team participation occurs at all stages but is
paramount while identifying, measuring, and resolving documentation technical debts.

Next, we describe DOTED primary documents (Section 4.1]) and phases (Section
4.2). We also discuss how DOTED should be iteratively executed (Section 4.3).

4.1. DOTED Artifacts

The main artifacts used by DOTED are described below. The DOTED Guide can be seen
in Appendix

4.1.1. DOTED Guide

The DOTED Guide (which can be seen in Appendix[A) is a knowledge base with possible
DTD causes (Table [5) and effects (TableH)), and best practices to avoid them (Table|[6).

It was built based on three primary sources. Due to the lack of information on the
challenges, sources, or effects of Documentation TD, we executed the study based on the
Thematic Analysis [Cruzes and Dyba 2011]] of semi-structured interviews with a product
development team [Mendes et al. 2019]. We later expanded it using sources identified in
an ad-hoc review on software product documentation problems and best practices (e.g.,
[Clements et al. 2003, Martini and Bosch 2015, IEEE 1998, |Charalampidou et al. 2018,
Bourque et al. 2014, Melo et al. 2016]]) and technical debt [Rios et al. 2018]] as we did
not find many publications focused on Documentation TD. We coded both findings using
the same approach. Then, the feedback and the results from the case study (executed in a
different context/team) allowed us to expand DOTED Guide content once again.

Each organization may adapt and build on DOTED Guide based on its own (exis-
ting or acquired) knowledge. Its content is used during the creation of the DTDManage-
mentPlan and DTDResolutionPlan and must be fed back after each execution cycle.
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4.1.2. DTDManagementPlan

The Documentation Technical Debt Management Plan, or DTDManagementPlan, is used
to record general data about the product, including the expected documentation and the
staff involved in the management of documentation technical debts (DTD). This docu-
ment must describe (i) the name of the software product for which the method is perfor-
med, (ii) the development process used by the organization, (iii) the teams responsible for
the product and the execution of DOTED, (iv) both used and expected documentation for
the product, (v) DTD causes and effects, and (vi) best practices that can mitigate the DTD
occurrence.

4.1.3. DTDBacklog

The Record of Technical Debts, or DTDBacklog, maintains the history of the identified
DTDs, in addition to the measurement of criticality and the benefit of removing the DTDs.
For each DTD identified, the following must be informed: a unique identifier, causes of
the debt, the associated knowledge area (i.e., Project Management, Requirements, Design,
Construction, Tests, Maintenance), the person responsible and the date of identification,
other related DTDs. The following must be informed to control the debt repayment: prio-
rity, status (i.e., Pending, In Progress, Paid, Accepted), completion date, and useful notes.
Debts are measured using the Criticality Matrix and the Benefit Removal Matrix. Opti-
onally, the Mentor and Team may want to act preventively and only record debt causes,
aiming to eliminate them and, thus, avoid new DTD occurrences.

The Criticality Matrix (Fig. [T)) is generated by multiplying (i) the probability that
an identified DTD, if not paid, will require extra effort in the future to be resolved and
(i1) the estimated intensity of its impact. The first is to assess the probability of interest,
that is, the need to make extra efforts to pay the debt in the future. For each DTD, the
team should record the probability of interest occurring, classifying it as High (i.e., the
chance of interest occurring on the debt is high and frequently happens), Medium (i.e.,
occasional probability of interest occurring), or Low (i.e., little or almost no chance of
interest occurring). Then, the impact of debts on the product must be assessed as High
(i.e., severe consequences to the product, causing partial or permanent damage), Medium
(i.e., momentary consequences to the product that can be corrected at any time, without
severe damage), or Low (i.e., almost imperceptible consequences to the product that can
be easily corrected).

Impact
Medium  Hig

Low

High
Medium

Probability

Low Medium
Figura 1. DTD Criticality Matrix (i.e. Probability x Impact)
The Benefit Removal Matrix (Fig. [2)) is generated from the probability x impact
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of the debt assessment (obtained from the Criticality Matrix and the estimated cost of
debts). The estimated cost of each documentation technical debt must be recorded. Costs
can be considered High (i.e., greater than 20% of the total available time or resources),
Medium (i.e., from 10% to 20% of the total available time or resources), or Low (i.e., less
than 10% of the available time or resources). The presented values can be modified and
adapted to the organization’s reality in which the DOTED is executed. In the end, the
DTD resolution benefits are classified as High, Medium, or Low. Values associated with
related DTD are also presented to support decision-making.

Cost
Low Medium  High

Medium

High

Criticality
=
-]
(=9
c
3

Low

Figura 2. DTD Benefit Removal Matrix (i.e., Criticality x Cost)

For both matrices, we opted for the ordinal scale depicted in Fig. [I] and [2] to
quantify the DTD impact, the probability of interest occurring, and the cost of removing
DTD. Nevertheless, the organization can adapt the artifact to provide numerical values
instead. The team must use their experience to estimate the values and historical data
gathered during product development and maintenance.

4.1.4. DTDResolutionPlan

The Documentation Technical Debt Resolution Plan, or DTDResolutionPlan, is organized
by resolution cycles. The DTDs to be resolved within a predefined period are recorded for
each cycle. The proposed solutions to be applied to each documentation technical debt,
the estimated hours (total and per working day) to resolve the DTDs, the number of hours
spent, other related DTDs, and the resolution situation (i.e., Pending, In Progress, Solved
/ Paid, Not Solved and Accepted).

4.2. DOTED Phases and Activities

To improve the teams’ ability to deal with DTD with little experience and assistance,
we described DOTED phases and outcomes, explicitly representing all tasks as a small
process to guide and ease their execution correctly. That way, we provide detailed des-
criptions of activities to clarify what to do (i.e., as a process) and how to do it (i.e., as
a method). Based on our experience, we believe a detailed ‘execution guide’ is impor-
tant so project members can follow a method properly and, that way, minimize possible
difficulties you draw attention to.

As follows, we describe DOTED phases.
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4.2.1. Creating or Reviewing the Documentation Technical Debt Management Plan

Fig. 3| presents DOTED first phase. In this phase, the Mentor details the product con-
text for which the method will be executed and identifies the product team and the team
responsible for managing technical debts. The documentation technical debt items to be
managed are determined based on existing internal organizational references (such as do-
cuments and personal experience) and the DOTED Guide. This phase main result is the
DTDManagementPlan, which is created the first time the phase is executed and is revi-
ewed at each execution cycle end as the documentation approach should be constantly
reviewed to evaluate if it is adding value the way it is.

0. 0 0 & G

Vision Document Organogram Organizational - Document DOTED,
: : Processes . Repository Guide .
2 vV ¥
Y fi he T Identifying thi
Defining the Team \dentifying the entifying the .
Eliciting Responsible for Prmutg:t Documentation Adapting the
e Product — Documentation ——» Expected —»  Incorporated > DOTED Guide
Context Technical Debt el A into the Product

Start . Management

DTDManagementPlan

Figura 3. Phase Creating or Reviewing the Documentation Technical Debt Mana-
gement Plan

Activity Eliciting Product Context aims to gather information about the product
to be managed. The Mentor is responsible for collecting the necessary information. As
needed, the Mentor is supported by the Team and other relevant product stakeholders. It
is necessary to (i) identify the set of product characteristics relevant to the understanding
of the organization’s development process; (i1) identify the Product Team that participates
in its construction and maintenance; and (iii) identify the involved software processes.

The activity Defining the Team Responsible for Document Technical Debt Mana-
gement consists of defining which team members will be responsible for analyzing the
documentation related to their technical knowledge. Then, in the activity Identifying the
Product Expected Documentation, team members should review the organization’s deve-
lopment processes to identify expected documentation. It is important to note that the
absence of essential artifacts for the processes reveals the presence of documentation te-
chnical debt in the product.

Activity Identifying the Documentation Incorporated into the Product aims to
identify the “unofficial” documentation, which is not expected by the company’s esta-
blished procedures and processes, but the team has been decided on its own to adopt
them. For instance, the team may create user stories and prototypes instead of relying
only on use case descriptions. Once this documentation is part of the team work’s reality,
it is necessary to avoid technical debts in these artifacts.
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In the activity Adapting the DOTED Guide, the Mentor and the Team consult the
DOTED Guide (see Section4.1.1{and Appendix [A)) to create the version of it that will be
used in the product context. They must identify which elements present in the Guide are
inherent to the reality of the product, thus generating an adapted version of the product
in question. A predefined list of DTD items is essential to identify, measure, and decide
which debt items should be paid.

4.2.2. Identifying and Measuring Documentation Technical Debts

Fig. {] presents DOTED second phase. In this phase, the technical documentation debts
must be identified. Moreover, for each one, the Mentor must evaluate the relationship
between the debt probability and impact and the cost-benefit of paying it. The information
collected is recorded in the DTDBacklog.

DTDManag:ementPlan' Lessons - _..~DTDBackog
; Learned e ]
¥ % v .

Identifying Performing s Performing
Documentation ——j Prt:babllity =3 Cost x Benefit
Technical Debts L=t Assessment

Assessment

Figura 4. Phase Identifying and Measuring Documentation Technical Debts

The activity Identifying Documentation Technical Debts is performed by the Team
members and the Mentor. They should assess whether (i) the expected documents are
being generated, (ii) the content of the existing documentation is up to date, have the right
amount of details, and is consistent, (iii) the documentation is adding value the way it is,
and (iv) whether someone is using these documents. Possible causes for each identified
DTD should also be identified. Data is logged into DTDBacklog.

The DTDManagementPlan should be consulted, as it lists the expected and used
product documentation and possible causes and consequences of DTDs from DOTED
Guide. Another best practice is to look for documentation of technical debts that occurred
in other products, recorded in the organizational Lessons Learned Base. The sharing of
opinions and personal experiences among the professionals involved in this activity is also
crucial to help identify and measure the DTDs foreseen in the following activities.

Once the DTDs are identified, it becomes possible to measure them. Performing
Probability x Impact Assessment activity aims to generate the Criticality Matrix.

The objective of the activity Performing Cost x Benefit Assessment is estimating
the possible return on investment to resolve the identified DTDs. The perception of be-
nefit is subjective, causing organizations to define their evaluation criteria. However, the
method proposes a qualitative assessment based on the joint analysis of the degree of
criticality resulting from the assessment of probability x debt impact (obtained from the
Criticality Matrix and the cost of the debts, generating the Benefit Removal Matrix). It

iSys:  Revista Brasileira de Sistemas de Informagdo (iSys: Brazilian Journal of Information Systems)
https://sol.sbc.org.br/journals/index.php/isys



5:11

should be noted that although the need to pay debts considered critical is evident since
the cost of resolving this debt is high, the benefit obtained may be less advantageous. The
objective of identifying and measuring technical debts is to facilitate decision-making on
how to treat them [Seaman et al. 2012]. The choice of appropriate solutions and the de-
cision regarding the technical documentation debts to be paid are carried out in the next
phase.

4.2.3. Developing a Strategy for Resolving Documentation Technical Debts

Fig. [3] presents DOTED third phase. The purpose of identifying and measuring techni-
cal debts is to facilitate decision-making [Seaman et al. 2012]. Thus, once the debts are
identified and measured, it becomes possible to prioritize and decide which ones should
be paid. The main output of this phase is the creation of the DTDResolutionPlan. In
addition, the DTDBacklog will be updated with the prioritization of the debts to be paid.

0.0 0.8

Product P.oadmap Pro_}@ct Scope DTDBackLog DTDResolutionPlan

Figura 5. Developing a Strategy for Resolving Documentation Technical Debts

The objective of the activity Prioritizing Debts to be Paid is to define which DTDs
should be paid as a priority and update the DTDBacklog. Prioritizing technical debt is
challenging, as some debts may be essential to be paid for technical reasons, while others
for commercial reasons [Yli-Huumo et al. 2016J]. Thus, in addition to the Mentor and
the Team, the participation of professionals from the organization’s business area is also
recommended. The Product Roadmap and Project Scope are inputs that provide crucial
data to support the team during the prioritization process. The Product Roadmap pre-
sents what the product will look like at each period of its evolution and can be considered
both a strategic document and a plan to execute the strategy. The Project Scope indica-
tes the work required to be done on each product evolution project, including resource
requirements and constraints and deadlines times.

To prioritize debts, the Removal Benefit Matrix (see Section4.1.3)) or another form
of prioritization can be used, e.g., based on the organization’s strategic objectives and the
Product Roadmap. In this scenario, resolving debts that favor fulfilling the organizational
strategic goals and objectives should be prioritized. Debts that can take a long time to pay
off should also be considered.

Activity Elaborating Documentation Technical Debt Resolution Plan aims to cre-
ate the DTDResolutionPlan, where the actions to resolve the DTDs are defined. Four
tasks must be performed: (1) define the execution period for the actions; (i1) define the set
of debts to be paid within this period (based on individual effort/time estimates for each
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debt); (iii) identify the appropriate solution to resolve each debt within the established
time-frame; and (iv) identify those responsible for resolving each debt. A new resolution
cycle to execute the proposed solutions is given at this activity’s end.

As a result of the activity Executing a Documentation Technical Debt Resolution
Plan, the DTDResolutionPlan is updated. At the beginning of the resolution cycle, all
debts are as Pending. When initiating the resolution of a debt, the debt manager should
change the status to In Progress. At the end of the cycle, if the proposed solution has been
successful, the debt should be set to Resolved. However, if the debt item cannot be paid
within the predefined deadline, its status should be set to Unresolved. If a DTD has not
been paid in one cycle, it is assigned to another cycle or considered Accepted by the team.

4.2.4. Monitoring Documentation Technical Debt

Fig. [0] presents DOTED fourth phase. This phase aims to share the results gathered by the
execution of DOTED and update the documentation related to the product.

5.0 0 3

DTDReSOlUUOnF’I.an DTDManagementPlan Product Info Sheet

DOTED
Lessons . Gt.ude

Learned .| " y : v

) Updating Communicating
' Documentation » Tachnical Debts

End

Figura 6. Monitoring Documentation Technical Debt

The activity Updating Documentation aims to update the documentation related
to the product with the information obtained and generated during the execution of the
method. The DTDManagementPlan must be updated with new information about causes,
consequences, best practices, and documentation examples identified during the method
execution and any changes in the product team. It is also considered extremely important
to record lessons learned that may favor using DOTED in the future. The DOTED Guide
must also be updated with information from the execution of the cycles.

The activity Communicating Technical Debts aims to reinforce the need to dis-
seminate all the knowledge obtained during the DOTED execution. The importance of
sharing the results obtained with the organization’s other stakeholders in places such as
forums, communication groups, and direct mail is highlighted. Likewise, updating the
organizational information repositories, such as wikis and file repositories, is considered
equally important.

4.3. DOTED Execution
DOTED execution must be iterative and cyclic. At first, we suggest executing phases

Creating or Reviewing the DTD Management Plan and ldentifying and Measuring Do-
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cumentation Technical Debts. That way, the DTDManagementPlan and the DTDBacklo-
gLog are created. The DTDManagementPlan should be revisited periodically to ensure it
is adequate and consistent with the evolving strategy to develop and maintain the product.
Whether the DTDManagementPlan should be incorporated into the project plan or is used
independently depends on the team/organization. How the team is assigned tasks and new
software versions are deployed might influence that decision.

The latter phase and the following two are iterative and executed in accordance
with the organization’s software development process. We suggest Identifying and Mea-
suring Documentation Technical Debts phase and the first two activities of Developing a
Strategy for Resolving Documentation Technical Debt to be executed aligned (or during)
planning activities so the DTDBacklogLog are kept up-to-date and useful. For instance,
it should be executed during the project planning activity in ‘traditional’ projects, during
each sprint planning in agile projects, or periodically with the team using kanban. The
activity Executing the Documentation Technical Debt Resolution Plan must be aligned
with the development and maintenance activities so the strategy to pay DTD is put into
motion.

The last phase Monitoring Documentation Technical Debt must be executed by
the end of a DTD resolution cycle. It is supposed to increase the Teams perception of
the importance of paying DTD debts and revisit the DTDmanagementPlan as needed. In
Scrum projects, we suggest it aligns with Sprint Retrospectives.

5. DOTED Evaluation

We executed a participative case study [Baskerville 1997, Mills et al. 2010] to evaluate
DOTED. As follows we present the study planning (Section[5.1)), execution (Section[5.2)),
and results (Section [5.3).

5.1. Case Study Design

The goal of the participative case study [Baskerville 1997] was to evaluate DOTED use
in a real context in the industry to support the adoption of documentation technical debt
(DTD) management. The case study was executed in the software development sector of
Organization A (name omitted due to confidentiality), a significant public health organi-
zation in Rio de Janeiro city. The study context was the team responsible for developing
an educational product at an advanced stage of development. The product is intended to
obtain and control Lattes curricula from the CNPq database, maintaining and controlling
updates, searches, and access to curricula stored in the organization’s database.

The study participants were a Project Manager, a Systems Analyst, and a Develo-
per, members of the team involved in developing and maintaining a software product. All
signed a “Term of Informed Consent Form.”

The procedure planned for performing the study consisted of executing DOTED
phases. The first author, acted as Mentor. He led the execution of the activities and
the filling of templates part. The participants performed the activities and produced the
envisaged information in all four phases of the method. The Mentor presented the method
(including a description of activities and templates) to participants and basic concepts
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about technical debt and technical debt documentation. A schedule for implementing the
method was created with the team. It was suggested that the product team set aside at
least one hour of its working day to carry out the study.

Data collection was performed in two moments: (i) doubts, reported problems,
help requests, and general comments from the product team were registered during the
method execution; and (ii) at the end of its execution, a predefined questionnaire was
applied about the participants’ perceptions regarding the method based on TAM (Techno-
logy Acceptance Model) [Davis 1989] dimensions: Perceived Usefulness, Perceived Ease
of Use, and Self-Predicted Future Usage. Due to confidentiality issues, some data cannot
be disclosed.

Data analysis was performed by the first author. Data validation was carried out
by the second and third authors. We used all collected information to verify whether
(i) DOTED produced what it was supposed to deliver and (ii) it could execute DOTED
activities based on their descriptions.

5.2. Case Study Execution

The case study was carried out over four weeks. In the end, eleven follow-up meetings
were held on different days. Organization A had no prior experience with DTD. At the
case study beginning, the Mentor provided them with a short training on DTD concepts
and the method. The Team was allocated part-time to maintain the product. We pro-
vided the participants with DOTED’s description and templates in Word and Excel for
documents DOTED Guide, DTDManagementPlan, DTDBacklog, and DTDResolution-
Plan. The Team identified all DTDs independently and then discussed them with the
Mentor. His interference was minimal, guiding them to follow the method and solve
doubts. Although carrying out DOTED activities in groups is considered a best practice,
the activities were conducted individually due to the participants’ work commitments.
The team performed only one execution cycle.

In the first phase Creating or Reviewing the Documentation Technical Debt Ma-
nagement Plan, the Mentor and the Project Manager in charge of the product started the
activities Eliciting Product Context and Defining the Team Responsible for Documenta-
tion Technical Debt Management. The information necessary for the following activities,
related to the product documentation, was provided by all study participants and updated
in DTDManagementPlan. To obtain the information relevant to the activity Identifying
the Product Expected Documentation, we used the organization’s software development
process as a reference. The use of only one documentation artifact not present in the
organization’s software process was identified: the “Microservices Request Model.” Du-
ring this activity, the team consulted the DOTED Guide, discussed its content, and also
identified other causes, effects, and best practices that were integrated into the DTDMa-
nagementPlan and later to the DOTED Guide.

The DTDBacklog was created during the execution of the second phase Identifying
and Measuring Documentation Technical Debt. Both Systems Analyst and Developer
identified the DTD independently. During the DTD consolidation, priority was given to
the Systems Analyst’s assessments, as his technical knowledge was closer to the charac-
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Tabela 1. DTDBackLog created during the case study

Technical Debt Item! Type? Source’ Benefit Matrix Prio- Status
PxIxC=B)* rity

Lack of time to document (CA0S) TDC A,D MxHxM=H 1 Pending

Incomplete Vision Document (CA22) ™ A MxHxM=H 2 Assumed

Outdated Vision Document (CA04) ™D A MxMxM=M 3 Assumed

Lack of personnel to document (CA24) TDC A HxHxH=H 4 Pending

Direct communication between developers and TDC A HxHxL=H 5 Pending

clients bypassing the procedures described in the

software process (CA34)

No communication plan (ineffective communica- TD A HxHxM=H 6 Pending

tion) (CA03)

Documentation processes are not followed com- TDC D HxMxH=M 7 Pending

pletely (CA45)

Obsolete development process (CA44) TDC D HxMxH=H 8 Pending

Inadequate communication due to dependency TDC A,D HxHxH=H 9 Pending

on outdated documentation from external sources

(CA04)

Starting developing code without requirements TDC D HxHxH=H 10 Pending

and design artifacts (CA03)

Lack of test cases (CA03) ™D A HxHxM=H 11 Pending

Prioritizing delivering new features without docu- TDC D HxMxH=H 12 Pending

menting the changes (CA18, CA31)

Prioritization of deadlines over documentation TDC A HxHxH=H 13 Pending

(CA18)

Lack of standardization of code comments (CA43) TD D LxLxM=H 14 Resolved

! The corresponding cause in DOTED Guide is shown in parenthesis. > TD = Technical Debt, TDC =
Technical Debt Cause. > Who identified the item: A = Systems Analyst, D = Developer. ‘p= Probability,
I = Impact, C = Cost, B = Benefit, L = Low, M = Medium = M, H = High.

teristics of these debts. To better identify and characterize the DTD affecting the product,
participants consulted the DTD causes in the DTDManagementPlan. During the case
study execution, we observed that technical debt items and their causes were not differen-
tiated. Both causes and debts were added to the DTDBacklog in the same way, although
specific solutions were defined for each case. Each identified debt was assigned a uni-
que code to facilitate traceability and interoperability between artifacts. Participants also
identified four new causes. Table [1| shows the five documentation technical debts (TD)
and nine causes (TDC) identified.

To Performing Probability x Impact Assessment and Performing Cost x Benefit
Assessment of the identified DTDs, in addition to personal criteria, such as technical kno-
wledge and experiences in other projects, the participants used the measurement parame-
ters proposed by the DOTED and the information collected in the DTDManagementPlan.
Regarding evaluating costs, the person-hour ratio was adopted to measure the effort nee-
ded to be undertaken since the team was primarily composed of outsourced professionals
and paid for service demand. For the evaluation of benefits, the Criticality Matrix x Costs
was of great value to the team. Although the participants were based on personal criteria,
the matrix corroborated the made assessment.

In the third phase Elaborating Documentation Technical Debt Resolution Plan,
the team focused mainly on solving the identified and measured DTDs. The main pri-
ority criterion was based on the benefits that debt resolution could bring to the product.
However, even though the participants acknowledged the criterion relevance, the priority
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Tabela 2. DTDResolutionPlan Excerpt

Technical Debt (TD) or TD Proposed Solution! Responsi- Effort> Status
Cause (TDC) bility

Lack of time to document Review and redefine project plan- Analyst &;0) Pending
(TDC) ning (BP09)

Lack of human resources to do-  Prioritize team tasks (BP11) Analyst (3;0) Pending
cument (TDC)

No communication plan (inef- Create communication plan arti- Analyst 3;0) Pending
fective communication) (TD) fact (BPO7, BP09)

Incomplete or out-of-date Vi- Revise artifact and include undo-  Analyst (26;5)  Assumed
sion Document (TD) cumented requirements (BP03)

Lack of code comment standar- Review the source code and stan- Developer (4; 4) Fixed
dization (TD) dardize the use of comments

(BP09, BP24, BP25)

! The corresponding best practice in DOTED Guide is shown in parenthesis. 2> Effort given in hours.
Numbers in parenthesis represent estimated and actual values, respectively.

list was strongly influenced by the expected viability of resolving debts within the time
available for conducting the case study. To help in the prioritization, participants analyzed
the DTD Benefit Removal Matrix. Then, the team started the activity Elaborating Docu-
mentation Technical Debt Resolution Plan. In consensus, three DTDs were selected to be
paid and two causes to be treated due to the limited time available for the execution of
the case study. Table [2| shows a part of the created DTDResolutionPlan. The proposed
solutions were suggested by the participants. They were influenced by the DOTED Guide
best practices shown in parenthesis.

In the following activity Executing the Documentation Technical Debt Resolution
Plan (Fig. [2), the proposed resolutions in DTDResolutionPlan were put into practice.
Due to the limited time availability of study participants, only five DTD were selected to
be paid.

In the fourth phase Monitoring Documentation Technical Debt, in the activity Up-
dating Documentation, the DOTED artifacts were reviewed and updated, with the Mentor
responsible for updating all documentation. The second activity of this phase (Commu-
nicating Technical Debts) was partially carried out. The Project Manager responsible
for the product was periodically informed by the Mentor about the activities performed
in each phase, and his approval was requested for all the information recorded during
the study. Among other considerations, the Project Manager stated that the disclosure of
DTDs could be done by email through a direct mail system created specifically for the pro-
duct in question. The Systems Analyst reinforced this consideration when he emphasized
that debts should be disclosed in communication channels of an exclusively institutional
nature.

The correct execution of the DTDResolutionPlan should guarantee DTD is paid
and the affected product documentation is updated. Nonetheless, we propose Updating
Documentation activity as a safeguard to ensure the product documentation affected by
DOTED execution is kept updated, consistent, and (at least) with no further unknown
DTD. We also expect the next activity (Communicating Technical Debts) to enhance the
perception of DTD management importance so the team gets more engaged in future
DOTED cycles and regular development activities. We also believe that if DOTED use is
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integrated into the team’s everyday activities (e.g., during Sprint Plannings and Reviews)
might create a positive feedback loop to reduce DTD.

5.3. Evaluation Results and Discussion

We base DOTED evaluation on two main sources: observation, feedback during and after
the case study execution, and, as said in Section |3} based on the established requirements
assessment.

5.3.1. Observation and Participants’ Feedback

During the case study, we could gather important feedback and insights from the partici-
pants and how they executed the method. By the end of DOTED execution, we also ran a
TAM-based questionnaire to collect their perceptions about it.

Although the entire content of DOTED was presented to the participants at the
beginning of the case study, the demand for instructions for carrying out the activities and
using the artifacts was great, especially during the method’s initial phases. We noticed that
many of the difficulties encountered were due to the participants not being so committed to
reading the method description, seeking clarification directly with the Mentor. In addition,
the team needed more solid knowledge of technical debt concepts. None of the problems,
doubts, or comments collected were related to inappropriate activities for its phase or
poorly structured. Instead, the participants gave positive reports regarding the structure of
the method as a whole. Therefore, we concluded that DOTED activities were adequately
defined and structured. Regardless, adjustments in the method’s description and artifacts
were made according to the feedback obtained.

For instance, a perceived limitation was that traceability and dependency were not
explicitly considered. That information can help with TD evaluation. The DTDBacklog
and DTDResolutionPlan were later evolved to register a unique identifier to the DTD and
other related DTD. The Benefit Removal Matrix was evolved to show the values associated
with dependent items as well. These improvements were implemented in the templates
provided along with DOTED description and are replicated in the artifact’s description
in Section 4.1l We also updated DOTED Guide with causes, effects, and best practices
identified during the case study execution.

To collect the participants’ overall perception about DOTED, we aligned the use
of open-ended questions to get more qualitative information on the method adoption and
a TAM-based questionnaire [Davis 1989]. Table [3] presents the answers of participants
Project Manager (P1), Systems Analyst (P2), and Developer (P3) to the TAM-based form
questions [Davis 1989] concerning perceived usefulness (PU), perceived ease of use (PE),
and self-predicted future use (IF). We used the Likert scale “Fully Agree” (FA), “Stron-
gly Agree” (SA), “Partially Agree” (PA), “Partially Disagree” (PD), “Strongly Disagree”
(SD), and “Fully Disagree” (FD). We align TAM with open-ended questions to better eva-
luate the method. So, the form also contained an open-ended question for each group of
questions (i.e., PU, PE, and IF) in which participants were asked to explain the answers
given. All answers were positive. They differed only in the level of agreement. No
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answers of disagreement were given.

Tabela 3. Answers to the TAM-based Questionnaire
Type Question Answers
PU  Using DOTED makes the identification and measurement of documentation tech- FA SA FA
nical debt more efficient.
PU  Using DOTED enables to resolve documentation technical debt more effectively. =~ FA SA FA

PU  Using DOTED artifacts effectively help the team during method execution. SA SA FA

PU  Using DOTED increases the perception of documentation technical debt in the FA FA SA
product.

PU  Generally speaking, DOTED is useful for managing documentation technical debt. FA FA SA

PE  DOTED activities and tasks can be carried out without difficulties. SA SA FA

PE  Iwould find DOTED easy to use. SA PA FA

IF Assuming DOTED would be available on my job, I predict I will use it regularly SA SA FA
in the future.

IF I would prefer using DOTED to the previous way I used to manage documentation ~SA SA FA
technical debt.

Regarding Perceived Usefulness, there was an agreement with the method’s use-
fulness for managing the DTD. Participants also said, “The experience with DOTED was
useful for the process of identifying technical debts and measuring corrections” (P1),
“Using DOTED made clear the DTD amount. If we had used it from the beginning, many
of the debts would have been avoided or their impacts minimized” (P3).

Concerning Perceived Ease of Use, the participants agreed that the method is easy
to use, although some clarifications were needed during the execution of the method and
that using some artifacts was not practical during the initial activities. However, partici-
pants commented that using the method may become more accessible as the team familia-
rity increases. When asked to comment on their answers, the participants said, “The team
found it easy to use DOTED, but it needed initial support” (P1), “Its use is not intuitive
and requires guidance, whether verbal or written, so that the method can be efficient”
(P2) and “Once the proposed mechanism is understood, the step by step ends up being
organic and natural for the detection of technical debts” (P3). It is noted, by the answers,
the importance of the Mentor’s presence to guide the execution of the method correctly.

According to Intention of Future Use answers, DOTED was well accepted by the
participants and thus suggested its future use. Participants said, “The way the method is
presented helps a lot in identifying and resolving debts” (P1), “Using the method, when
followed correctly, is the best way to achieve higher quality results” (P2), and “I believe
that using the method from the beginning would bring more benefits to the project, as long
as the team members embrace the idea and fully adopt the use of DOTED” (P3).

5.3.2. Compliance with Established Requirements

As follows, we discuss DOTED support to DTD management and its use regarding the
requirements (see Section [3)) that led to its creation.

The structure of the phases and activities present in DOTED comprises identifica-
tion, measurement, prioritization, monitoring, repayment, documentation, and communi-
cation (R1). Prevention support is accomplished by selecting a documentation technical
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debt (DTD) cause instead of an existing technical debt to address in a DTD resolution
cycle. Regarding the support DOTED provides to manage documentation technical debts
(DTD) originated from any software lifecycle phase (R2) and during any software lifecy-
cle phase (R3), the results are satisfactory. During the case study, we observed that the
team could execute the method at an advanced stage of product development. All parti-
cipants also reported that they could incur fewer DTDs if DOTED were executed at the
beginning of the project.

We have evidence that DOTED artifacts (R4) supported the identification and re-
gistration of DTDs. Although the participants identified a need for improvement in some
artifacts and the description of activities, the method proved flexible and fulfilled its ob-
jective. Moreover, the DOTED Guide content covers all lifecycle phases, directly sup-
porting development teams from the requirements phase to software maintenance. It also
helped the case study participants to identify and address DTDs (RS5). Also, note that
when commenting on the intention of future use, the participants indicated an intention to
incorporate the method into the organization’s software process.

5.3.3. Discussion

As explained in Section [3] our goal was to support organizations that develop software
products to manage documentation technical debts. To that end, we developed DOTED.
As mentioned before, the established requirements were considered one of the criteria
for evaluating the proposed method. In addition, we assessed whether the method could
effectively support the documentation of technical debt management. To this end, the
viability and usefulness of the method were considered. DOTED should be considered
feasible if it can achieve what it proposes and be used practically in the organization’s
reality. On the other hand, it would be considered helpful if it directly benefits the organi-
zation’s DTD management. Based on the evaluations described before, DOTED fulfilled
its purpose.

The questions related to Perceived Usefulness (PU) were adapted to capture
whether DOTED supported DTD management properly (Table [3)). The answers to all
questions were positive. Moreover, we also considered observation and participants’ fe-
edback (Section [5.3.1) and the assessment of DOTED requirements based on the case
study results (Section to discuss our findings.

Organization A was chosen due to its interest in addressing its DTD. However, as
the Project Manager could not oversee its execution, we chose to execute a participative
case study due to the insights this method could provide. Baskerville [Baskerville 1997]
states that participative case studies are a common and accepted scientific report procee-
ding from consulting projects, and there is strength in positing the findings of a participa-
tive case study for scientific readership. Also, according to Mills et al. [Mills et al. 2010],
participatory case studies present a high-level commitment from the participants to parti-
cipate and can provide researchers with greater insights into issues or problems by being
presented with ‘insiders’ views and knowledge. Also, the authors argue that researchers
can have greater confidence in interpreting the data since it is grounded in the partici-
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pant’s authentic experiences. In retrospect, after executing the case study, we found that
to be true. The closer contact with the team using DOTED allowed us to react to the
difficulties they faced timely. Moreover, we got their confidence along the way. Most
process improvement actions (such as using a method for the first time) face resistance.
To reduce such resistance, we put an extra effort into explaining how DOTED use could
improve product development. Also, we provided an extensive description expecting to
ease DOTED execution and provide a rationale for the needed decisions to deal with DTD
management.

The team reported that as they used DOTED, their familiarity with it progressively
increased, facilitating its use. The need for help to execute the method and use the artifacts
occurred mainly during the initial activities. In addition, we realized the method execution
was delayed because the team needed adequate knowledge about technical debt. Thus,
we advise teams to be trained on executing the method and technical debt concepts to
increase their capacity to identify technical debts and propose solutions to address them.
In addition, organizations should seek to update the DOTED Guide with their examples
over time to help identify and address the most common documentation technical debts
in their products.

An important question arises regarding implementing DOTED in a complex soft-
ware project. Some drawbacks can exist. For instance, identifying and estimating all
DTD associated with the product can be very time-consuming, even if supported by the
current version of DOTED Guide or one more robust. Therefore, we suggest it be used
iteratively. We also found that DOTED may be more effective in fostering technical debt
repayment if used early and continuously on the product’s development lifecycle. Also,
DTD identification might depend on the software engineering skills of the team and their
knowledge of the product. Nonetheless, the DTD backlog and the effects of not paying it
will only be addressed if the team makes the first step and acquire the culture of dealing
with DTD accordingly. We expect DOTED can help with that. Moreover, to improve DO-
TED efficacy, the team should commit to executing it as described and, upon reflection,
improve its integration into the development process to ease DTD management.

Section[2]presents related work and compares DOTED support to TD management
activities with sources identified in cited mapping study [Li et al. 2015]] and others. None
of them focuses on DTD. Moreover, we could not find other methods focused on docu-
mentation TD. Nonetheless, the methods in [Li et al. 2015] inspired us to define DOTED
phases, activities, and artifacts. We did not find much information on the challenges, sour-
ces, or effects of Documentation TD (available info on other DT types is easier to find) at
the time. Therefore we executed the study in [Mendes et al. 2019] to create the DOTED
Guide and get insights on how to deal with DTD. Later, it was used as a source for the
Theoretical Framework of Documentation Debt in [Rios et al. 2020].

Nonetheless, this work has some limitations. The case study execution was shor-
tened due to Organization A’s internal issues. Therefore, not all identified DTD and DTD
causes were selected to be paid. Yet, all DOTED activities and phases were executed
accordingly and, most importantly, it allowed the team members to identify many docu-
mentation technical debt items and sources they were unaware of, thus promoting they
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are addressed further. Considering that our objective with the case study was to evalu-
ate DOTED usefulness and ease of use, the non-repayment of debts was not considered
a compromising factor since evaluating the treatment of debts by the organization was
not part of the scope of this work. We acknowledge that using psychometric measures
such as TAM has limitations when answered by a few people. Nevertheless, it provided
a valuable means to knowing how the method use and applicability are perceived in the
organization when complemented by open-ended questions and observations. Although
we created DOTED Guide to present causes, effects, and best practices covering all pha-
ses of a product lifecycle, it is still limited in content. We intend to expand its scope
by executing a mapping study and including other DTD sources, such as the Theoretical
Framework of Documentation Debt [Rios et al. 2020]]. Also, note that the DOTED Guide
items can be associated with phases other than what we point out. Organizations should
review and adjust it according to their software process.

As follows, we discuss the threats to validity [Runeson et al. 2012]]. The rese-
archer was absent from any deliberation during the phases of the method, leaving the
decision-making entirely at the discretion of the other participants. The description of
the method, document templates, and case study report are available to enable replication
of the study. To avoid difficulties in understanding DOTED and consequently impact the
case study, the researcher trained the method with the participants, was available to answer
questions from the participants whenever necessary, and reviewed the documentation pro-
duced for each performed activity. The participants evaluated the method description and
its templates and evolved them from the case study. We combined open-ended questions
to obtain more meaningful and broad feedback on using the method with a TAM-based
questionnaire. The study was limited to only one organization and a single team, limi-
ting its findings to this context. Also, DOTED execution took place during an actual
project. The schedule pressured the team’s ability to resolve all documentation technical
debt identified.

6. Final Considerations

To answer the research question “How to support organizations that develop software
products in the management of documentation technical debts?,” we created DOTED, a
method to support documentation technical debt management (DTD), comprising activi-
ties of identification, measurement, prioritization, and resolution. Additionally, the DO-
TED Guide displays possible causes, consequences, and best practices associated with
documentation technical debt. We executed a case study to evaluate DOTED viability in
supporting documentation technical debt management of a software product. The parti-
cipants positively evaluated the method regarding their perception of the utility, ease of
use, and intention of future use based on the Technology Acceptance Model (TAM). We
improved the method description due to the participants’ feedback. Moreover, the par-
ticipants highlighted the benefits of DOTED use and its adequate support regarding its

purpose.
Our research strategy used Design Science Research principles, a prominent ap-

proach in the Information Systems area. It allowed us to design an artifact (i.e., DO-
TED) iteratively, acquiring and creating knowledge along the way. Examples include
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knowledge captured by empirical studies in a controlled and disciplined way, such as the
ones that originated the DOTED Guide [Mendes et al. 2019] and the case study described
here. Also, we could understand how technology (i.e., DOTED and its artifacts) influence
practitioners and is perceived by them. One important finding from our experience is that
technology must be adapted to the organizational culture, and it may be more effective if
applied since the early phases of an information system lifecycle.

As future work, we foresee the implementation of the method in other organiza-
tions to collect more evidence of its applicability and identify new improvements. The
DOTED Guide can also be extended to consider new causes, consequences, and best
practices related to documentation technical debt. Moreover, it can be extended to sup-
port other types of technical debt. Besides, a tool that automates DOTED activities can
facilitate its use and make it faster.
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A. Appendix - DOTED Guide

DOTED Guide (as described in Section 4.1.1)) presents possible DTD effects (Table
and causes (Table [5)), and best practices to avoid them (Table [). In all tables, we show
the software lifecycle phase where each item is most likely to appear or cause an effect:
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Requirements (R), Design (D), Construction (C), Testing (T), and Maintenance (M). We
also indicate if the item is related to Project Management (G) activities.

Tabela 4. DOTED Guide - Effects

ID Effects Phases
EF01 Requirements do not match customer demands -RDCTM
EF02 Tests are not performed efficiently or not effectively ----T-
EF03  User dissatisfaction due to inconsistent documentation ----T-
EF04 Users’ real needs not met -RDCTM
EF05 Difficulties in passing on knowledge to new team members --DCTM
EF06 Problems in software maintenance ~ ----- M
EF07 Rework in implementations and tests ---CT-
EF08 Difficulty of team members to have complete knowledge of the product being --DCTM
developed
EF09 Inefficient testing due to lack of planning ----TM
EF10 Ineffectiveness in the use of artifacts due to poorly organized informationin GRDCTM
their content

EF11 Doubled effort in future to compensate for lack of prior documentation GRDCTM
EF12 Unawareness of existing risks due to lack of documentation GRDCTM
EF13  Activities execution inefficiency due to poor documentation ---CTM
EF14 Delays or impediments in creating documents due to insufficient resources GRDCTM
EF15 Communication problems due to poor quality or lack of documentation GRDCTM
EF16 Schedule delays due to inconsistent or non-existent documentation GRDCTM
EF17 Costincreases due to inconsistent or non-existent documentation GRDCTM
EF18 Project problems due to failure to validate documentation GRDCTM
EF19 Inadequate understanding of the specified requirements -RDCTM
FE20 Lack of perception of incompleteness or inconsistency of requirements -RDCTM
FE21 Difficult to find where each feature has been implemented -R----
FE22 Increased effort for maintaining the product -R----
FE23 Omissions in requirements specification -R----
FE24 Inducing the error of incorrect coding ---C--
FE25 Difficulty in consulting the user documentation -R---M
FE26 Lack of credibility of users about the documentation presented ----T-
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Tabela 5. DOTED Guide - Causes

ID Causes Phases
CAOI  Extensive documentation to be completed GRD-TM
CA02 Lack of well-defined processes GRDCTM
CAO03  Missing documentation GRDCTM
CA04 Outdated documentation GRDCTM
CAO05 Lack of time to document GRDCTM
CAO06 Inconsistent or inadequate documentation GRDCTM
CAO07 Unawareness of legal changes that affect the documentation GR---M
CAO8 Insufficient number of team members to document GRD-TM
CAQ09  Selective maintenance of documentation GRDCTM
CA10 Project with schedule delay GRDCT-
CA1l1 High staff turnover GRDCTM
CA12  Tacit knowledge not formalized on documents GRDCTM
CA13  Redundant documentation GRD-TM
CA14 Lack of adequate project planning G-----
CA15 Lack of technical capacity of the professional to document GRDCTM
CA16 Negligence regarding documentation GRDCTM
CA17 Documentation with poorly organized information GRDCTM
CA18  Prioritization of deadlines over documentation -RDCTM
CA19 Lack of understanding of the importance of documentation GRDCTM
CA20 Change of management during the project GRDCTM
CA21  Extraneous information in a document GRD-TM
CA22  Incomplete documentation GRDCTM
CA23  Lack of external resources to provide information needed for documentation -R----
CA24  Lack of resources to inspect documentation produced GRDCTM
CA25 Political and hierarchical influences G-----
CA26  Lack of training on the process to be followed GRDCTM
CA27 Not using the same documentation standard for new functionality development ---CTM

or existing functionality maintenance
CA28  Poorly structured or non-existent comments in source code ---C--
CA29  Poor time management GRDCTM
CA30 Failure to adapt project documentation to information needs of specificroles @~GRDCTM
CA31  Unrealistic commitments for releasing new features G-----
CA32  Conflicts between projects regarding staff allocation G-----
CA33 Lack of documentation of legacy systems -RDCTM
CA34  The decision to follow the development process or not depending on individual -RDCTM

initiative of the team members
CA35 Replacement of information-rich document models (e.g. use cases and UML -RD---

diagrams) by others focused on user interaction (e.g. prototypes)
CA36  Use of artifacts originated from multiple sources or stakeholders -R----
CA37 Lack of standardization of artifacts -R----
CA38  The low priority given to design documentation activities --D---
CA39 Disbelief that design documentation can bring benefits --D---
CA40  Finding architecture documentation unnecessary in simple applications --D---
CA41 Redundant comments explaining obvious parts of the code ---C-M
CA42  Ambiguous code comments ---C-M
CA43  Lack of standardization of code comments ---C--
CA44  Obsolete software development process GRDCTM
CA45 Documentation processes are not followed GRDCTM
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Tabela 6. DOTED Guide - Best Practices

ID Best Practices Phases
BPOI Regularly update the artifacts used throughout the software life-cycle -RDCTM
BP02 Comment source code ---C--
BP03 Review/re-validate legacy or outdated documentation -RDCTM
BP04 Produce documentation through the collaboration of different roles -RD-TM
BP05 Use UML-based documentation for recording information and passingonkno- --DCT -
wledge
BP06 Make team members aware of the problems caused by not adopting a proper -RDCTM
documentation process
BPO7 Generate all the necessary documentation at the beginning of the project to -RDCTM
avoid wasting future efforts
BPO8 Take personal initiative to generate your own documentation and share it withh -RDCTM
other team members
BP09 Define documentation processes and templates -RDCTM
BP10 Prioritizing debts to be paid according to the organization’s current reality --DC-M
BP11 Define roles and responsibilities for managing documentation -RDCTM
BP12 Peer-review of the documentation produced -RDCTM
BP13 Create a documentation repository accessible to everyone in the organization -RDCTM
BP14 Create tutorials on how to complete and use the documents -RDCTM
BP15 Adopt stricter procedures for warning or punishment for non-compliance withh -RDCTM
the defined documentation process
BP16 Use the organization’s historical data to assist in the identification and measu- -RDCTM
rement of technical debt
BP17 Optimize information in a few documents -R----
BP18 Document only the necessary to meet the current needs of the organization -R----
BP19 Adopt tools to manage documentation -R----
BP20 Communicate identified debts, e.g., on wikis -RDCTM
BP21 Write documentation from the reader’s point of view --D---
BP22  Avoid unnecessary repetition of documentation -R----
BP23  Avoid ambiguities when writing notations -R----
BP24 Review the source code and its comments periodically ---C--
BP25 Put a comment at the beginning of the code briefly stating its purpose ---C--
BP26 Re-document procedures if necessary GRDCTM
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