Impacts of Agile Requirements Documentation Debt on
Software Projects: A Retrospective Study

ABSTRACT
Documentation debt is a type of technical debt that describes
problems in documentation such as missing, inadequate or
incomplete artifacts. Unlike traditional methods, agile
methodologies usually employ short iterative cycles and rely on
tacit knowledge within a team. In particular, Agile Requirements
(AR) (e.g., user stories) tend to reduce the focus on requirements
specification activities. This scenario contributes to the
occurrence of documentation debt. The goal of this paper is to
investigate the impact that this type of debt brings to projects
developed by using AR. We address this goal by performing a
retrospective study in a real software project that used AR in its
development. Our analysis was concentrated on data from 132
maintenance tasks. Of this total, 65 were related to the presence of
documentation debt and were performed within a timeframe of 18
months. The findings indicated an extra maintenance effort of
about 47% of the total effort estimated for the project and an extra
cost of about 48% of the initial cost of the project.
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INTRODUCTION

Technical Debt (TD) illustrates the problem of pending
maintenance tasks as a type of debt that brings a short-term
benefit to the project, but that may have to be paid with interest
later in the software development process [4][5][8][10]. There are
different types of debt related to the phase and/or artifacts in the
software development process in which they are inserted [1].
Documentation debt refers to issues related to software project
documentation. This type of debt occurs when we have, for
example, missing, inadequate, or incomplete documentation in the
project [9].

Documentation is produced throughout the software lifecycle, but
mainly during the requirements specification process. Although
the usage of a traditional approach to work with requirements is
widespread in the software industry, the necessity of delivering
projects in shorter periods of time has taken this industry to
change its practices and to gradually increase the usage of agile
methods in its projects [11]. Agile methodologies have helped to
address some specific problems of requirements engineering and
caused others [3]. In particular, the commonly used user stories
reduce the focus on requirements specification activities. This
scenario, mainly characterized by a reduction in the formalization
of the requirements specification, may be decisive for the
occurrence of documentation debt.
In this context, Soares et al. [9] presented results of two studies
that investigated difficulties when working with Agile
Requirements (AR) (specifically user stories) and analyzed
whether these difficulties create a favorable scenario for incurring
documentation debt in software projects. The first study, a
controlled literature review, identified the main difficulties when
working with AR. The second, an exploratory study, characterized
the difficulties in the use of user stories when compared to use
cases. The results from both studies allowed the authors to
identify a list of indicators of the presence of documentation debt
when working with AR. Lack of information was considered one
of the main problems.
This paper extends the work of Soares et al. [9] with an additional
study to investigate impacts that documentation debt brings to
projects developed by using agile requirements (cf. Figure 1). We
address this research goal by performing a retrospective study in a
real software project that used AR in its development. A
retrospective study is a type of empirical evaluation based on data
from the past [7]. The project analyzed in this work was
developed two years ago. Our analysis was concentrated on data
from 132 maintenance tasks performed on a course management
system. The customer requested these tasks after the software was
deployed. Of this total, 65 maintenance tasks were related to the
presence of documentation debt. It was possible to identify
impacts that documentation debt related to AR can bring to
projects and measure them in terms of extra effort and cost. Our

Figure 1: Research method.
findings suggest an extra effort of about 47% of the total effort
estimated for the project and an extra cost of about 48% of the
initial cost of the project. The maintenance tasks were performed
within a timeframe of 18 months (cf. Figure 2).
The remainder of this paper is organized as follows. In Section 2
we discuss difficulties and limitations when working with AR. In
Section 3 we present the design and execution of the retrospective
study. In Sections 4 and 5, the main findings and results are
summarized and discussed. In Section 6 the threats to validity are
presented. Finally, Section 7 contains the concluding remarks.
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DIFFICULTIES WHEN WORKING
WITH AGILE REQUIREMENTS

Agile methods require extensive communications, collaboration,
and trust that, if not present in a project, can quickly result in
problems [3]. Besides, also according to Fernandez et al. [3], it
seems that agility does not necessarily compensate for problems
that non-agile models cause. The problems just manifest
themselves in different ways.
Soares et al. [9] presented a controlled literature review in an
effort to identify the difficulties and problems when working with
AR (item 1 in Figure 1). The authors considered the following
research questions in their study: (Q1) What are the difficulties in
identifying
and
managing
requirements
with
agile
methodologies?, (Q2) What empirical evaluations were reported
in the studies?, and (Q3) Is there any work relating agile
requirements to technical debt?

use of AR, including type of empirical evaluation, is still small.
No studies correlating agile requirements approaches and
technical debt were identified at that time.
Soares et al. [9] also performed an exploratory study to analyze
the use of AR (user stories) when compared to traditional
approaches (use cases) (item 3 in Figure 1). Results from this
study also indicated several difficulties as noticed in practice
when working with AR and additional perceptions of the analysts
(item 4 in Figure 1). It was noticed that, although the use of AR
can provide an initial gain in terms of time during requirements
specification activities, difficulties like the lack of a detailed
specification may lead to the development of functionalities that
are not well aligned to the customer expectations. Moreover,
participants’ perceptions indicated that other development
activities, such as, for example, maintenance and architecture
design, become more challenging.
Then, Soares et. al [9] mapped the list of difficulties to
documentation debt indicators and the authors stated that some of
them could be considered causes of this type of debt (items 5 and
6 in Figure 1). In this paper, we extend the research done by
Soares et al. [9], presenting an additional study to investigate the
consequences that documentation debt related to AR can bring to
the project (items 7 and 8 in Figure 1).

3 RETROSPECTIVE STUDY
3.1 Context
The design of this retrospective study involves the extraction and

At the end, 19 papers were selected for analysis. As a result, it
was possible to identify 10 difficulties in the use of AR (item 2 in
Figure 1): Difficulty to Prioritize Requirements due to the high
abstraction level of the them, Lack of Non-functional
Requirements Identification, Lack of Information, Volatility of
Requirements, Definition of Requirements in a Low Level of
Detail, Difficulty to Define the Dependence between
Requirements, Difficulty To Predict Impacts of Changes, User
Dependence, Problems with the Communication and
Collaboration with Users, and Challenge to Validate not Detailed
Requirements. Most of them are related to the low level of details
in the requirements documentation, which is one of the
prerogatives to increase agility in the requirements phase.
In addition, the low number of selected papers in the literature
review revealed that research on difficulties associated with the

Figure 2: Study timeline.

Table 1: Collected data from the project.
Effort

Cost

(hours)

(R$)

7599 Create structure to allow syndicate with certificate
expired log requests

Association

4

R$

340,00

24/01/2013

Business rule not on the
User Story

7617 Error in calculating the end date on the import
request.
7605 Changing the event request report

Event

2

R$

170,00

28/01/2013

Error

Report

2

R$

170,00

28/01/2013

New requirement

8

R$

680,00

29/04/2013

Change of requirement

8

R$

680,00

06/05/2013

Unexpected behavior of
the software

4

R$

340,00

07/05/2013

Non-functional not
specified

Task Description

8120 In report "Events by Action Line", show the
Report
programmed and executed events
8156 Analyze why there are modules without any events Event
in the database of SISGE
8171 Optimize screen of Transfer Package
R1
Package
analysis of data from an industrial software project developed two
years ago. The company that developed the project has more than
20 years and works with software development since its
foundation in 1993. It is a small company with about 50
employees, of which 10 professionals worked in the project
selected for this study. The company uses agile methods in its
software development process.
The considered project is a course management system that has in
its scope functionalities such as: registration of participants,
instructors’ payment, and management reports. It is a web
application developed in Java and SQL Server 2008. Figure 2
shows the timeline of this study. The software development tasks
of the system were performed in 2012. The system took one year
to be developed, with several partial releases during this period.
The project effort for developing the entire scope was estimated in
811 hours. However, the development team spent 955.46 hours to
conclude it. The retrospective study considered maintenance tasks
performed between January 2013 and July 2014.
The project was developed using Scrum. The customer was not
physically present with the project team; however, it was possible
to quickly contact it by phone, e-mail, video conference, or any
other means of communication to elucidate any possible doubt.
The requirements were identified through meetings and specified
using user stories.

3.2

Study Goal and Research Questions

The goal of this study can be described, following the template of
the Goal Question Metric paradigm [2], as follows. Analyze the
documentation debt related to the use of AR (user stories) for the
purpose of characterizing with respect to the impacts that it can
cause on the project in terms of extra effort and cost from the
viewpoint of the project manager in the context of an industrial
software development project. Thus, we intend to investigate the
following research question:


RQ: What are the impacts (in terms of effort and cost)
caused by documentation debt related to the use of AR on
the project?

Null hypothesis (H0): The documentation debt related to the
use of AR does not have an impact the project.

Task Reason

(DD/MM/AAAA)

H0: = 0 and =0


Alternative hypothesis (H1): The documentation debt
related to the use of AR does have an impact on the project
in terms of effort.
H1:  > 0



Alternative hypothesis (H2): The documentation debt
related to the use of AR does have an impact on the project
in terms of cost.
H1:  > 0

Where () is the effort, in hours, spent to adjust any potential
problem caused by the documentation debt, and () is the cost, in
Reais (R$), to adjust any problem caused by the debt.

3.3

Data Collection and Procedure

In this study, we only used data of the demands that arose after the
system was deployed. This criterion was established to facilitate
the filtering of tasks that represent demands related to the
maintenance of the system.
In order to access the project information, the company provided a
temporary read-only access to the project management tool used
in project. Moreover, the project manager was available to
elucidate any questions about the project data. He provided
information about the company, project, and, mainly, described
the root cause of each maintenance task reported in the project
monitoring spreadsheet.
The company uses the Redmine1 issue tracking system to manage
its development tasks. We used this tool to select the maintenance
tasks accomplished between January 2013 and July 2014 for
analysis (see Figure 2). At all, 132 maintenance tasks were
accomplished during this period. The information collected for
each task was:




The null (H0) and the alternative hypotheses (H1 and H2) are:


Beginning
of Task

Software
Module

Task
ID

1

Task Id: identifier of the registered task;
Task Description: brief description of the task;
Software Module: defines the module of the software the
task is related to;
Redmine: http://www.redmine.org/





Effort: time spent in the execution of the task;
Cost: cost of the task, calculated based on the value per manhour (M/H) of the project;
Beginning of task: start date of the task.

In complement, we asked the project manager to indicate possible
reasons for the maintenance tasks (Task Reason). The project
manager indicated six different reasons. A fragment of this data
(translated to English) can be observed in Table 1. The complete
set of information collected from the project is available online2.
These reasons and the decision (indicated by the project manager)
if the responsibility to perform the task should owe the customer
Table 2: Reasons for conducting maintenance tasks.
Reason

Responsibility to adjust the maintenance
task

Business rule not
specified in the
user story

As there was no business rule in the user
history, the company (development team)
had to assume the cost of the change.

New requirement

The customer assumed the cost of the
development of the new requirement.

Error

Development team.

Change of
requirement

The cost for the change was assumed by
the customer.

Non-functional
not specified

Development team.

Unexpected
behavior of the
software

Development team.

maintenance tasks were related to documentation debt (see Table
3). This mapping was performed by two researchers, experts in the
technical debt area, and was reviewed by a third specialist.
With all data prepared for analysis, we performed the data
analysis in order to answer the research question.
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RESULTS

132 maintenance tasks were grouped according to their reasons
for being accomplished. Figure 3 shows the number of tasks per
reason. Of this total, 65 maintenance tasks were related to
indicators of documentation debt (see Table 3): business rules that
were not specified in the user stories (42), requirements change
(18), and non-functional requirements not specified (5). They
represented about 50% of maintenance requests.
The pie chart shown in Figure 4 allows observing that the type of
documentation debt Lack of Information was related to 42 tasks,
i.e. 65% of the total. This proportion was high when compared to
the other two types, and reinforces the reduction of the focus on
requirements specification activities in the scenario of AR. In
addition, we have Volatility of Requirements, which represented
28% of the tasks with 18 in total. Finally, the Lack of Nonfunctional Requirements Identification, with 5 tasks,
represented 8% of the total. Taking into account that the lack of
45

42

40

40
35
30

24

25

18

20

15

or the development organization are presented in Table 2.
Then, we mapped the reasons for the maintenance tasks to the
indicators of documentation debt in software projects identified
by Soares et al. [9]. This allowed us to identify which
Table 3: Equivalence between reasons for conducting
maintenance tasks and indicators of documentation debt.

2

Reason of Maintenance
Tasks

Indicators of documentation
debt

Business rule not specified in
the user story

Lack of information

New requirement

-

Error

-

Change of requirement

Volatility of requirements

Non-functional not specified

Identification of non-functional
requirements

Unexpected behavior of the
software

-

Gathered project information: https://goo.gl/JXWUzA

10

5
5

3

0

Business rule
New
not on the requirement
user story

Error

Change of Requirement Unexpected
requirement
not
behavior of
functional the software
not specified

Figure 3: Total of maintenance tasks per reason.

Figure 4: Proportion of tasks of Retrospective Study
because of documentation debt.

identification of non-functional requirements contributes to the
Lack of information, the amount of the maintenance tasks that
would be related to the Lack of Information would exceed the
70% with 47 of the total.
This data indicates that documentation debt affects software
projects that use AR in their development by being a source of
different maintenance tasks.
The maintenance tasks selected were analyzed regarding the costs
and amount of hours spent for carrying them out. Figure 5 shows
the total time (in hours) spent by each indicator of documentation
debt. The amount of hours spent to perform the tasks associated to
documentation debt caused by Lack of Information was 296.3
hours, Volatility of Requirements was 107 hours, and Lack of
Non-functional Requirements Identification was 52 hours. We
can see that the effort involved to solve those issues was very
significant for the project. In total, 455.3 hours of maintenance
effort related to documentation debt was needed from January
2013 to July 2014. This represents the relevant amount of 47% of
the overall project effort (955.46 hours) for the development of
the project, within the timeframe of 18 months.

The extra cost necessary to pay off the debt and solve the
maintenance requests within the investigated timeframe was
calculated based on the value of man-hour used in the project (R$
85,00). Figure 6 shows the graph with these values in Reais (R$).
The extra cost to perform the adjustments is distributed by the
indicators of documentation debt as follows: Lack of
Information - R$ 25.185,50; Volatility of Requirements - R$
9.095,00, and; Identification of Non-Functional Requirements:
R$ 4.420,00. At the end, the project had an extra maintenance
cost of R$ 38.700,50. Again, this value was very expressive and
represented about 48% of the overall value of the project (R$
81.214,10).
Thus, although using a single project doesn’t allow to perform any
statistical hypothesis testing, the data provides preliminary
indications from a real industry project supporting the alternative
hypothesis, given that in this retrospective study clearly:
 > 0 and  > 0
However, we would like to highlight that this result concerns a
specific project and that further replications of this study are
needed to reinforce this preliminary indication. Also, we did not
consider the amount of effort and cost that may have been saved
during the requirements specification phase by adopting a
lightweight AR approach.

5

DISCUSSION

The retrospective study investigated impacts caused by the
presence of documentation debt in a real software project that
used AR. Although the results presented in this study are
preliminary indications, we consider them relevant, especially
because they were obtained from a real software project.
Our results indicate that documentation debt when working with
AR can have a high impact on the project maintenance effort and
cost. Lack of information was the main indicator of
documentation debt related to the maintenance tasks. This means
that developer team needs pay attention on issues related to some
documentation items when working with AR, e.g., existence of
business rule in the user story.
Figure 5: Hours per indicator of documentation debt.

Considering the effort and cost, the data showed us an expressive
amount of hours spent to perform maintenance tasks associated
with documentation debt. Within 18 months, the cost involved to
solve these maintenance tasks was almost half of the total value of
the project. In this sense, projects developed using AR may
produce a large amount of technical debt regarding documentation
issues, which in turn may have serious financial consequences.

6

THREATS TO VALIDITY

The internal, external, construct, and conclusion validity of the
experiment are discussed below:


Figure 6: Total cost per indicator of documentation debt.

Internal Validity: this study was based on data stored in a
project management tool. Each task was created and
executed by following specific and formal rules of the
company that executed the project. Therefore, the threats to
internal validity were minimized. However, part of the study
required information from the project manager who managed
the system development, which may have caused the addition

of incomplete information, mainly because it is a project
performed in past.
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External Validity: The study involved a real project
developed by 10 professional software developers. However,
the results cannot be generalized to equivalent projects. It is
necessary to conduct further studies with a greater number of
software projects with different contexts and dimensions.
Construct Validity: The study design was created based on
the experience gathered in two previous studies [9]. These
previous studies served as a basis to determine the focus and
purpose of the retrospective study. Human factors are present
in this construction, which can compromise the construction
validity. To mitigate this threat, the design and
implementation of this study has been performed by four
researchers.
Conclusion Validity: the purpose of the study was to
analyze data from real software projects using AR in its
development process. As in this study only one real project
was investigated, it is not possible to generalize the results,
which should be treated as initial. Thus, the conclusion
validity is linked to the replication of the study in other
projects, for which the data and information collected will
allow greater representativeness and assertiveness of the
results of the study.

CONCLUSION

This paper discussed impacts that documentation debt cause to
software projects developed by using agile requirements. Through
the execution of a retrospective study, we investigated impacts on
the project in terms of related maintenance effort and cost. The
study was performed using data from a real software project and
considered 132 maintenance tasks for analysis. Results indicated
that documentation debt can cause significant impacts, in terms of
maintenance effort and cost, on software projects that use agile
requirements in their development.
The results of this study contribute to the development of
Technical Debt Landscape [5] [6] [8] through the identification of
consequences that documentation debt can cause to software
projects that use AR in their development. As future work, we
intend to perform further studies with other projects in order to
have a more comprehensive view of how agile requirements and
documentation debt are related to each other.
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