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Abstract

Fulfilling non-functional requirements (NFRs) is essential for the success of software sys-
tems. Nevertheless, NFRs are often treated second class when compared to functional
requirements in development projects. To better understand the nature and effects of this
imbalance, we explore the under-documentation of NFRs as an Indicator of Technical Debt.
To achieve our aim, we exploit responses from an independently sourced global survey on
requirements engineering: NaPiRE 2018. We analyze the responses under the assumption
that NFRs related to quality attributes considered important must be documented. First, we
retrieve data about the degree of documentation of NFRs and the perceived importance of
quality attributes as defined by the standard ISO25010. Then, we check whether NFRs related
to important quality attributes are reported as documented. If they are not, we consider this
to be an indication of Technical Debt. Results from the statistical analysis are compared
to findings from the literature. Our first finding is that there is no uniform pattern of what
respondents consider to be important or unimportant quality attributes. However, the major-
ity of respondents indicated that NFRs related to Maintainability, Reliability, Usability, and
Performance were considered important. While the majority of responses confirm our expec-
tation that NFRs related to quality attributes considered important are documented and NFRs
related to quality attributes considered unimportant are not, there are responses indicating that
NFRs related to important quality attributes are actually not documented. According to our
assumption, these responses point to the existence of Technical Debt. As a side-product of our
analysis, we also noted the existence of NFRs considered unimportant and documented. The
presence of Technical Debt in NFR documentation may create different types of problems
with several unwanted consequences, such as dissatisfied customers and inefficient devel-
opment. Assuming that Technical Debt correlates with insufficiently documented NFRs of
important quality attributes, we conclude that more effort should be spent by development
organisations on adequate documentation of NFRs. It will pay off.

Keywords Quality characteristics - Quality attribute - Non-functional requirement -
Technical debt
1 Introduction

It is hard to argue against the importance of Non-Functional Requirements (NFRs), as they
are drivers for defining (Ameller et al., 2013) and evaluating (Kazman et al., 2000) software
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architectures. However, NFRs often come second class to functional requirements, which
represent a problem in software development since a system’s utility is given by its functional
and non-functional characteristics (Eckhardt et al., 2016; Chung and do Prado Leite, 2009).
Documenting requirements is a prescribed practice in quality management models (Chrissis
et al., 2007) and standards (ISO, 2015; ISO/IEC/IEEE, 2018), a practice that makes no
distinction between functional requirements and NFRs (i.e., both types of requirements must
be documented).

We argue that the practice of documenting requirements is of utmost importance in agile
settings, too. “Continuous attention to technical excellence” is one of the twelve principles of
the agile manifesto (Beck et al., 2001). Moreover, in contrast to those who have naively (Hoda
and Noble, 2017) adopted agile values and principles, the need of having a shared under-
standing of requirements is often solved through some form of documentation, particularly
in distributed agile settings (Matalonga et al., 2013).

This paper presents an extension of our previous research work (Robiolo et al., 2019),
in which we explore whether NFRs that are related to important quality attributes are doc-
umented or not. In this paper, we include two additional research questions and we extend
the discussion section substantially. Following (Robiolo et al., 2019), we assume that NFRs
that are related to quality attributes perceived as important must be adequately documented.
Therefore, when NFRs that are related to important quality attributes and not documented,
there is an indication of Technical Debt. Technical Debt provides a framework for expressing
the notion of trade-off between the short-term benefits and the long-term costs of software
development decisions (Shull et al., 2013). Over-documenting involves effort and slows down
the development process, while under-documenting costs less effort but exposes risks that
may hinder development (Glazer, 2012). Enacting this understanding in the documentation
of NFRs, we claim that to manage NFRs adequately, they must be documented because,
otherwise, developers would not know about their precise nature or even their existence.

To explore how practitioners report on the documentation of NFRs, we analyzed a subset
of data acquired from the most recent NaPiRE (Naming the Pain in Requirements Engi-
neering) survey conducted in 2018 (Méndez, 2018). We analyzed practitioners’ responses
to understand how often they document NFRs associated with quality attributes that they
consider important. As a result, we calculate the occurrence of potential Technical Debt
(understood as NFRs not documented although considered important).

Our results show that, for the majority of responses, when a non-functional requirement
is considered important, it is usually documented, and when it is not considered important,
it is not documented. However, the results also show a clear indication of the existence of
Technical Debt, i.e. future cost imposed by problems due to under-documented and thus
under-specified NFRs. We also notice the existence of unimportant and documented NFRs.
In particular, Technical Debt seems to be a problem with NFRs related to the quality attributes
of Maintainability, Reliability, Usability, and Performance.

Furthermore, we exploited a subset of NaPiRE demographic variables to drill down the
analysis. We selected four blocking factors, i.e., system class, process type, project size,
and project type (distributed or not), to understand if any differences in the indications of
Technical Debt could be assigned to these factors. We found no evidence about the influence
of these factors on the indication of Technical Debt. Finally, we explored causes, problems,
and effects for those respondents who indicated the existence of Technical Debt in their NFR
documentation.

Although Technical Debt has been explored from different angles (Behutiye et al., 2017,
2020; Martini etal., 2018; dos Santos, 2013), Technical Debt of requirements is still one of the
less-studied types of Technical Debt (Lietal., 2015). With a particular focus on non-functional
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requirements, our study contributes to the understanding of this type of Technical Debt by
identifying potential sources of Technical Debt in NFRs, the potential problems, and their
causes and implications. Moreover, our study is original because our findings are based on
the analysis of data taken from a large sample of responses collected from practitioners
distributed worldwide. Therefore, increasing existing evidence of previous findings in the
field. Applying this viewpoint, we show that most respondents follow the perception that if it
is important, it must be documented. However, the indication of Technical Debt with regard
to the documentation of NFRs is not uniform across different quality attributes, and they are
big enough to merit attention. The potential presence of interactions and trade-offs deserve
further investigation.

The remainder of this article is structured as follows. Section 2 provides the relevant
background. Section 3 presents the applied research method. Section 4 presents the results,
and Section 5 discusses the results. Finally, Section 6 concludes the paper and presents
directions of future work.

2 Background and related work

In this section, we provide background information about the Naming the Pain in Requiren-
ments Engineering (NaPiRE) initiative! and present an overview on research about NFRs.

2.1 The NaPiRE project

The NaPiRE project is an initiative that aims to establish a comprehensive theory of require-
ments engineering (RE) practice and to provide empirical evidence to practitioners that helps
them address the challenges of requirements engineering in their projects. The main instru-
ment of this project has been a global periodical survey. Since 2012, three installments of this
survey have been carried out. The first round of the survey was conducted in Germany and
the Netherlands in 2012 (Mendéz, 2013). The second round was conducted between 2014
and 2015 and included respondents from ten countries (Méndez, 2017). Finally, the third
round of the survey was conducted in 2018 and collected responses from 42 countries. The
research presented in this article contains an analysis based on the responses from the 2018
installment. The previous installments of the NaPiRe survey have been successful in spark-
ing complementing research in several areas of requirements engineering. For instance, by
comparing requirements engineering practices across geographical regions (Méndez, 2015;
Kalinowski et al., 2016)), analyzing the role of requirements engineering practices in agile
projects (Wagner et al., 2017, 2018), or developing a theory of requirements engineering
(Wagner et al., 2019).

2.2 Non-functional requirements documentation

Research on NFRs has a long-standing tradition within software engineering in general and
requirements engineering in particular. In this section, we focus our review of the literature
on NFR documentation in the industry from practitioners’ point of view.

Borg et al. (2003) surveyed two software development organizations. The authors inter-
viewed 14 developers. Their results show that, in both organizations, functional requirements

I NaPiRE official website — http://napire.org
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take precedence over non-functional requirements. The authors observed that, in both orga-
nizations, many NFRs remain undiscovered at the early stages of the software development
lifecycle and —when discovered— are documented with a relatively low degree of formalism.

Berntsson Svensson et al. (2009) surveyed ten practitioners from five different organiza-
tions. They aimed to understand the challenges faced by practitioners when managing NFRs
for embedded systems. Their results show that even within this context, the strategies for
managing NFRs vary significantly from one setting to another. Their results indicate a gen-
eral lack of documentation about NFRs, and a gradual dismissal of the importance of NFRs
throughout the software development life cycle.

Behutiye et al. (2017) surveyed practitioners in four different organizations. Again, each
organization followed different practices when dealing with NFRs. Of relevance to our
research is that these authors also found evidence that NFRs are not documented.

Ameller et al. (2012) interviewed 13 software architects to investigate who decides which
NFRs are important and who decides to document them. In line with this article, Ameller
et al. (2012) intends to identify which types of NFRs are considered important to architects
and if these are being documented. Their results show that performance and usability were
the most important types of NFRs, and that documentation was usually imprecise and rarely
maintained.

Eckhardt et al. (2016) were interested in identifying the characteristics of NFR documen-
tation in different classes of systems. The work involved 11 industrial specifications from 5
different companies for different classes of systems and project sizes with 346 NFRs in total.
The authors found a clear difference in the distribution of quality characteristics among the
class of systems. For example, for Business information systems (BIS), they classified most
NFRs in the categories security and functionality, while for Software-Intensive Embedded
Systems (SIES), most NFRs were classified to be in the reliability category. In Hybrid Sys-
tems (HYB), i.e., systems combining characteristics of both BIS and SIES, the distribution
among the quality characteristics was more balanced. Thus, the results indicate that the type
of system class influences the relevancy of quality characteristics. The authors conclude that
the specification and analysis procedures should be customized for different system classes.

2.3 Technical debt in NFRs and requirements documentation

The interest in Technical Debt introduced by NFRs has been emerging since 2013, particularly
in the context of agile software development (dos Santos, 2013; Soares et al., 2015; Mendes
et al., 2016; Behutiye et al., 2017; Behroozi and Kamandi, 2016). Some authors (Martini et
al., 2014; Ampatzoglou et al., 2016; Holvitie, 2018; Soares et al., 2015) studied the causes
and indicators of Technical Debt and one was associated with SIES.

dos Santos (2013) reported the experience of an architecture team in a software devel-
opment department with 25 agile teams. The task of the architecture team was to inform
decisions regarding technical practices in the context of a big oil company located in Brazil.
The team proposed the use of a “technical debt board” with main Technical Debt categories
to manage and visualize the high-level debt, combined with automated tools to measure it
at low-level (using software metrics and other kinds of static analyses). Also, they used an
automated tool that estimates how much effort would be required to fix each project debt. The
NFR documentation was not mentioned as the authors focus on the description of the Tech-
nical Debt board. However, the documentation is implicit when visualizing and measuring
Technical Debt.
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Martini et al. (2014) conducted a multiple case study at seven sites of five large Scandi-
navian companies to shed light on the causes for the accumulation of architectural Technical
Debt. They proposed a taxonomy of eight factors and their influence on the accumulation of
Technical Debt. As one of these factors, they identified “Design and Architecture documen-
tation: lack of specification/emphasis on critical architectural requirements.” They highlight
that some of the architectural requirements are not explicitly mentioned in the documentation.
This causes misinterpretation by the developers implementing the code that is implicitly sup-
posed to match such requirements. According to the informants, this is also threatening the
refactoring activity and its estimation: refactoring a portion of code for which requirements
were not written (but the code was “just working”, implicitly satisfying them) might decrease
satisfaction with such requirements. Although this study does not explicitly mention NFR
documentation, critical architectural requirements tend to be associated with NFRs.

Soares et al. (2015) investigated difficulties in identifying and managing requirements
with agile methodologies based on a literature review including 19 papers as well as an
exploratory study where ten practitioners participated. The authors identified a lack of NFRs
in identified requirements. They highlight that the lack of specification of NFRs can trigger
future problems. Also, they identified documentation debt of agile requirements indicators
and their causes.

Mendes et al. (2016) investigate the impact that Technical Debt documentation brings to
projects developed by using agile methods. Particularly, a retrospective analysis was con-
ducted in an industrial software project, i.e., the development of a web application. The
application was developed in the context of a small company with about 50 employees. Ten
professionals worked in the project selected for the study. The company used agile meth-
ods in its software development process and user stories for requirements definition. The
analysis focused on data from 132 maintenance and evolution tasks, which had a significant
impact on the project effort. Results of the study suggest that Technical Debt due to lack of
documentation can significantly increase maintenance effort.

Behutiye et al. (2017) performed a study to analyze and synthesize the state of the art of
Technical Debt, and its causes, consequences, and management strategies in the context of
agile software development. Using a systematic literature review, 38 primary studies were
identified and analyzed out of 346 studies. The authors report that the lack of understanding
of the system being built (requirements) and inadequate test coverage are the second most
reported causes of incurring Technical Debt. Moreover, “Missing knowledge or inadequate
(not up-to-date) documentation” is identified as one of five aspects emphasized in Technical
Debt definitions in the context of agile software development; however, it is not the most
often mentioned aspect.

Holvitie (2018) focus on how Technical Debt occurs in and affects agile software pro-
cesses, and how the software development techniques employed accommodate or mitigate the
presence of that debt. Based on practitioner insights and experiences, the authors conducted
a multi-national survey questionnaire, receiving 184 responses from practitioners in Brazil,
Finland, and New Zealand. They reported that: (a) as a cause of Technical Debt “Inadecuate
documentation” represents 55% of responses, ranked in the sixth place, (b) from the queried
software development phases, in almost 90% of the cases a Technical Debt instance is per-
ceived to affect the implementation, and in 40% of the cases the requirements/analysis, (c)
the product backlog process artifact seems to increase the size of technical debt perceived in
approx. 45% of the responses. The authors did not explicitly study NFRs.

Ampatzoglou et al. (2016) were interested in how practitioners developing SIES perceive
Technical Debt. They conducted a multiple case study in the embedded systems industry to
investigate: (a) the expected lifetime of components that have Technical Debt, (b) the most
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frequently occurring types of Technical Debt in them, and (c) the significance of Technical
Debt against run-time quality attributes. The case study was performed in seven embedded
systems domains (telecommunications, printing, smart manufacturing, sensors, etc.) in five
countries (Greece, Netherlands, Sweden, Austria, and Finland). The results of the case study
suggest that: (a) Maintainability is more seriously considered when the expected lifetime of
components is larger than ten years, (b) the most frequent types of Technical Debt are related
to test, code, and architecture, and (c) in SIES, run-time quality attributes related to Technical
Debt, such as Reliability, Functionality, and Performance, are prioritized over design-time
quality attribute Maintainability. The authors also reported the frequency with which different
types of Technical Debt occur. Documentation is ranked fourth with an occurrence of 60%
percent, and requirements are ranked eighth with an occurrence of 25%.

Lenarduzzi and Fucci (2019) argue that the Technical Debt metaphor applies to require-
ments engineering in general and requirements engineering activities in particular, but that
it is not well understood. Grounded in the existing literature, the authors present a holistic
definition of requirements debt for functional requirements and NFRs comprising Technical
Debt incurred during the identification, formalization, and implementation of requirements.

In summary, researchers have already started to investigate the relationship between
requirements and the concepts of Technical Debt. Investigating these concepts focusing on
NFRs is still an open area of research of high practical relevance.

3 Study design

In this section, we first present our understanding of the relevant concepts and the under-
lying assumptions of our research. Then, we introduce the terminology used in this paper.
Afterward, we present our research questions. Finally, we describe the data extraction and
analysis procedures that we followed in order to answer the stated research questions.

3.1 Concepts and assumptions

This section discusses the concepts that are used in the research design of our study. First,
we describe the difference between quality attributes and NFRs; then, we present our inter-
pretations of Technical Debt.

We draw our understanding of terms relating to requirements and quality attributes from
the latest version of the ISO 25010:2011 standard (ISO/IEC Standard, 2011) on systems
and software quality requirements and evaluation. According to this standard, an NFR is
a “requirement that specifies criteria that can be used to judge the operation of a software
system” (ISO/IEC Standard, 2011). The same standard defines quality attribute —or quality
characteristic— as a specification of the stakeholders’ needs along the following dimensions:
Functional suitability, Performance efficiency, Compatibility, Usability, Reliability, Security,
Maintainability, and Portability. The concepts quality attribute and NFR are related, and we
argue that they are often (incorrectly) used interchangeably in the industry. With the exception
of Functional suitability, all requirements related to quality attributes can be classified as
NFRs.

In this article, we often use the terms quality attribute and NFR interchangeably. When we
present our research method and the results of our analyses we prefer the more precise term
quality attribute. The research team had an in-depth discussion about this issue. We settled
on the term quality attribute for the following three reasons. First, the NaPiRE questionnaire
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has not made this distinction evident, and the responses of the NaPiRE questionnaire, from
which we draw in our study, use the term quality attribute, therefore maintaining the term
guarantees alignment with the questionnaire construct. Second, our experience bias lets us
think that the interchangeable use of terms is pervasive among practitioners and researchers
(as observed by Behutiye et al. 2017). Finally, we claim that most practitioners do not care
about the subtleties of this differentiation and are more concerned with the effects of Technical
Debt in their requirements documentation.

Our research takes a process improvement point of view by assuming that both functional
and non-functional requirements have to be documented, at least to a certain degree. To the
best of our knowledge, all process improvement frameworks support this claim, in particular
model-based frameworks such as CMMI (Chrissis et al., 2007) and standard-based frame-
works such as ISO/IEC/IEEE 29148 (ISO/IEC/IEEE, 2018) and 15505 (ISO/IEC, 2004), and
IEEE Std 610.12-1990 (IEEE, 1990). We further argue that this claim is valid regardless of
whether an agile or plan-driven development approach is taken. In an agile setting, some form
of documentation of NFRs must still be present to enable development (for a discussion, see
Boehm and Turner 2003).

According to Seaman and Guo (2011), Technical Debt is “a metaphor for immature,
incomplete, or inadequate artifacts in the software development life-cycle that cause higher
costs and lower quality in the long run. These artifacts remaining in a system affect subse-
quent development and maintenance activities, and so can be seen as a type of debt that the
system developers owe the system.” Furthermore, Li et al. (2015) highlight that outdated doc-
umentation of requirements is a manifestation of Technical Debt. Given the valid assumption
that important NFRs should also have up-to-date documentation, we can consider missing
documentation for important NFRs as a manifestation of Technical Debt. Therefore, in our
study, when a respondent of the NaPiRE survey indicates that NFRs associated with a quality
attribute that is perceived important (see Table 1, Q1) but not documented (see Table 1, Q2),
then we interpret this situation as an indication of Technical Debt. Figure 1 illustrates this
conceptualization regarding the questionnaire items of NaPiRE.

It is worth noting that this conceptualization also includes a group of responses indicating
the existence of unimportant and documented NFRs. In a preliminary study, Robiolo et al.
(2019) interpreted this situation as an indication of waste, since waste is defined as any
activity or work product that does not add value (Ikonen et al., 2010; Womack et al., 1990).
However, the documentation of NFRs that are considered unimportant could also indicate
adherence to good practices that practitioners do not perceive as important. These two possible
interpretations and the lack of information in the questionnaire to disambiguate the meaning
led us to reconsider our previous interpretation and adopt a more conservative approach by
using the term “unimportant and documented” when referring to this group of responses.

Finally, the resulting (expected) gold standard scenario would be a development process
where all quality attributes related to NFRs that are considered important for a development
project are documented, and NFRs for quality attributes that are not considered important
are not documented. We consider these two cases as expected situations.

3.2 Research questions

We formulate four research questions to address our research goal. The first question aims
to identify an indication of Technical Debt in requirements documentation from a prac-
titioners’ perspective. The second question aims to understand whether the practitioners’
contexts influence the responses related to the indication of Technical Debt in non-functional
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Table 1 NaPiRE questionnaire items used in this study

ID Questionnaire item Possible responses Variables
Ql Are there quality attributes Compatibility, Maintainabil- v_6-v_13
which are of particularly high ity, Performance, Portability,
importance for your develop- Reliability, Safety, Security,
ment project? If yes, which Usability
one(s)?
Q2 Which classes of non- Compatibility, Maintainabil- v_97-v_102, v_303, v_103
functional requirements do ity, Performance, Portability,
you explicitly consider in your Reliability, Safety, Security,
requirements documentation? Usability
Q3 How many people are involved Free text v_3
in your project?
Q4 Please select the class of sys- Software-intensive embedded v_4
tems or services you work on systems (SIES), Business

in the context of your project. information systems (BIS),
Hybrid of both software-
intensive embedded systems
and business information

systems (HYB)

Agile, Rather agile, Hybrid, v_24
Rather plan-driven, Plan-
driven

Yes, No v_16
v_174-v_193

Q5 How would you personally
characterize your way of
working in your project?

Q6 Is your project distributed?

Q7 Considering your personal Predefined list of problems1
experiences, how do the fol-
lowing problems in require-
ments engineering apply to
your project?

Q8 Considering your personally Free text v_277-v_281

experienced most critical

problems selected in the pre-

vious question, which causes

do they have?

Q9 Considering your personally Free text v_282-v_286
experienced most critical
problems selected in the
previous question, which

implications do they have?

1(a) Communication flaws within the project team; (b) Communication flaws between the project and the
customer; (c) Terminological problems; (d) Incomplete or hidden requirements; (e) Insufficient support by
project lead; (f) Insufficient support by customer; (g) Stakeholders with difficulties in separating requirements
from previously known solution designs; (h) Inconsistent requirements; (i) Missing traceability; (j) Moving
targets (changing goals, business processes and/or requirements); (k) Gold plating (implementation of features
without corresponding requirements); (1) Weak access to customer needs and/or (internal) business informa-
tion; (m) Weak knowledge about customer’s application domain; (n) Weak relationship between customer and
project lead; (o) Time boxing/Not enough time in general; (p) Discrepancy between high degree of innovation
and need for formal acceptance of (potentially wrong/incomplete/unknown) requirements; (q) Technically
unfeasible requirements; (r) Underspecified requirements that are too abstract and allow for various inter-
pretations; (s) Unclear/unmeasurable non-functional requirements; (t) Volatile customer’s business domain
regarding, e.g., changing points of contact, business processes or requirements
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Fig. 1 Graphical representation Q1 -Are lhvere qualilty aftributes which
of the conc eptualiz ation made are of particularly high importance for

R your development project?
from NaPiRE. Q1 and Q2 refer to

the questionnaire items detailed s A
in Table 1 Important Not important
e
Unimportant
Q2 - Which and
classes of non- Documented Expected
functional documented
requirements do
you explicitly <
consider
in your
requirements Indication of
documentation? Not Technical Expected
documented Debt
-

requirements documentation. The third question aims to describe the most frequent problems
of respondents indicating Technical Debt in their non-functional requirements. Finally, the
fourth research question aims to describe the perceived causes and effects of those problems.

RQ1 For which quality attributes do practitioner responses indicate Technical Debt in their
non-functional requirements documentation?

RQ2 How does the practitioners’ context influence the indication of Technical Debt in
non-functional requirements documentation?
Note: The context is described using the following factors: system class, project size,
process type, and whether the project is geographically distributed or not.

RQ3 What are the differences in the problems reported by practitioners when they indicate
Technical Debt in their non-functional requirements documentation?

RQ4 What are the differences in the reported causes and implications of the problems when
practitioners indicate Technical Debt in their non-functional requirements documen-
tation?

3.3 Data collection

We took the data from the NaPiRE 2018 data set and used the survey responses provided by
the NaPiRE core team. This means that, to answer our research questions, we start from a
curated data set that has been pre-processed. This pre-processing includes a standardized set
of coding for all questionnaire questions and answers.

The NaPiRE 2018 global survey received 488 complete responses from practitioners
located in 43 different countries. The survey originally includes 34 questions about require-
ment engineering in general; out of these, we selected a set of 9 questions that we consider
relevant to answer the research questions. Table 1 shows the list of selected questions and
their possible responses.

3.4 Data analysis

Figure 2 presents an overview of the analysis process. The path in bold depicts the main
analysis path as conclusions were drawn from the analysis. To answer RQ1 (For which
quality attributes do practitioner responses indicate Technical Debt in their non-functional
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and effects of those
problems

Fig.2 Data Analysis steps applied to answer the research questions

requirements documentation?) we first cross-reference the responses related to the perceived
importance of quality attributes (v_6 to v_13, Table 1) with the availability of documentation
(v_97 to v_102, v_303, and v_103, Table 1). If for a quality attribute the result of the cross
reference yields a combination of important and not documented, we interpret these responses
as an indication of Technical Debt.

Once the number of responses indicating Technical Debt in non-functional requirements
are identified, we rely on descriptive statistics to analyze them with regard to the different
types of quality attributes: Usability, Security, Safety, Reliability, Portability, Performance,
Maintainability, and Compatibility.

To answer RQ2 (How does the practitioners’ context influence the indication of Technical
Debt in non-functional requirements documentation?), we first determine if the data show
differences in the number of responses indicating Technical Debt in non-functional require-
ments regarding the types of quality attributes. We apply Chochran Q test (Cochran, 1950) to
determine this. Chochran Q is a non-parametric test to verify if different treatments (i.e., the
quality attributes) have identical effects on the variable under study (i.e., indication of Tech-
nical Debt). In other words, the test assesses whether the proportion of responses indicating
Technical Debt is the same between groups of quality attributes. As shown in Section 4.3,
the proportion of responses showing Technical Debt varies for the different types of quality
attributes, which supports the analysis of each quality attribute separately.
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Therefore, we analyze the number of responses related to Technical Debt by type of
quality attribute and contextual factor. To do this, we first create contingency tables for all
combinations of quality attributes (i.e., Compatibility, Maintainability, Performance, Porta-
bility, Reliability, Safety, Security, and Usability) and contextual factors (i.e., project size,
process type, system class, and whether project is geographically distributed or not). The
possible answer values of the contextual factors are nominal, except for project size, which
is a numeric value. We categorize the projects as small-(S), medium- (M), and large-sized
(L) projects by using two strategies: (1) we distribute the original responses into equal-sized
categories to mitigate the bias introduced by having imbalanced classes, and (2) we follow
the same criteria as in Méndez (2017): projects with up to 50 employees are considered small
(S), with 51 to 250 are considered medium (M), and with more than 250 are considered
large (L). As a result, the pre-processing steps lead to the analysis of 8 x 5 = 40 tables. We
conduct Chi-square tests ( 2) to determine whether it is worth interpreting these contingency
tables, and apply the Bonferroni correction method to counteract the problem of multiple
comparisons (o = 0.05/40 = 0.00125).

As a result, we identify the combinations of contextual factors and quality attributes that
need further explanations. If no significant combinations are identified, then the responses
are analyzed as whole, regardless of any contextual factor.

To answer RQ3, (What are the differences in the problems reported by practitioners when
they indicate Technical Debt in their non-functional requirements documentation?), we first
divide responses into two groups: responses of participants who indicate Technical Debt
in the documentation of at least one quality attribute and responses of participants who do
not indicate Technical Debt in their non-functional documentation. Then, we analyze the
top-5 problems gathered from question Q7 in both groups. Since respondents could rank the
top-5 problems, we calculate the average ranking for each answer choice to determine which
answer choice (i.e., problem) was the most selected overall. Thus, the problem with the largest
average ranking is the most relevant. The average ranking is calculated as shown in (1), where
each w is the weight of the ranked position, and x is the response count. Weights are applied
in reverse: the respondent’s most preferred choice (which they rank as #1) has the largest
weight, and their least preferred choice (which they rank in the last position) has a weight of 1.

X{wy + X2w2 + X3W3 + -+ -+ Xy Wy

Average ranking = (1)
Total response count

Using this calculation, we report on the most relevant problems of each group and their
differences in the average ranking.

Finally, to answer RQ4 (What are the differences in the reported causes and implications of
the problems when practitioners indicate Technical Debt in their non-functional requirements
documentation?), we analyze the reported causes and implications, gathered from question
Q8 and Q9 respectively, for each of the identified problems in RQ3. Q8 and Q9 are free-text
questions and their responses were translated, coded, and reviewed by the NAPIiRE research
team. We base our analysis on counting how often causes, problems, and both groups of
respondents cited implications. We use Sankey diagrams (Riehmann et al., 2005) to illustrate
these relationships.

4 Study results

In the following subsections, we present descriptive statistics characterizing the study pop-
ulation and, then, we answer the research questions.
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4.1 Study population

As mentioned, the third round of NaPiRE (2018) contains responses from 488 practitioners
from 43 different countries. The respondents were asked to answer 34 questionnaire items in
total; out of these, we use a subset of 9 questionnaire items in our study. Table 1 shows the
questionnaire items used. Q1 and Q2 are used to measure the indication of Technical Debt.
Q3 to Q6 are used to characterize the context of the respondents in terms of system class,
process type, project size, and whether the development is distributed or not. Table 2 presents
the distribution of responses concerning these factors.

In the NaPiRE 2018 dataset, all the recorded responses are complete for Q1 (perceived
importance of quality attributes) whereas only 455 responses are complete for Q2 (doc-
umentation of requirements for quality attributes). We also removed 57 responses due to
incompleteness in the other variables of interest (Q4-Q6). As a result, we analyze a total of
390 responses for answering RQ1 and RQ2.

The responses to items Q7-Q9 were analyzed to answer RQ3 and RQ4. Out of the 390
responses that were analyzed for RQ1 and RQ2, 266 were complete regarding Q7-Q9. Within
these responses, we finally use 188 responses that correspond to those participants who indi-
cated Technical Debt in their MFRs documentation related to at least one quality attribute, and
the remaining 78 responses that do not indicate the existence of Technical Debt in any quality
attribute. Figure 3 illustrates the number of responses analyzed under each research question.

About half of the 390 practitioners who responded to the survey are actively involved
in developing software-intensive embedded systems (SIES —described by the respondents
as “Automotive, Embedded Software” or “Software for medical devices”), one quarter is
involved in developing business intensive systems (BIS — “business intelligence for data
centres” or “Software ERP”), and another quarter is active in developing a hybrid of both
SIES and BIS (HYB).

Table 2 Distribution of responses

F: Val
with regard to the variables actor aue Count
analyzed (n = 390) System class Business intensive systems (BIS) 199
Hybrid systems (HYB) 98
Software-intensive embedded systems 93
(SIES)
Process type Agile (A) 62
Hybrid (H) 131
Plan-driven (P) 35
Rather agile (RA) 94
Rather plan-driven (RP) 68
Project size (1) Large (L) 119
Medium (M) 133
Small (S) 138
Project size (2) Medium (M) 17
Small (S) 373
Distributed No 184
Yes 206
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Incomplete
answers: 222
NAPIRE's all
respondents: 488 Q1-Q6 complete Q7-Q9 complete I TD: 188
(RQ1-RQ2): 390 (RQ3-RQ4): 266

No TD: 78

Fig.3 Number of analyzed responses

The respondents also characterized their projects according to the number of people
involved. Following the criteria used in Méndez (2017) to categorize the project size, the
responses are mostly related to small-sized projects (i.e., up to 50 members) and a few are
related to medium-sized projects (i.e., between 50 and 250 members).

Regarding process types, respondents could choose among five options, i.e., Agile, Rather
agile, Hybrid, Rather plan-driven, and Plan-driven. The responses contain relatively large
samples of all types, with hybrid being the most frequently mentioned process type.

4.2 ldentification of technical debt in NFR documentation (RQ1)

Figure 4 shows a bar chart where the occurrence of Technical Debt in NFR documentation
for each quality attribute is highlighted in orange. The percentage of responses indicating
Technical Debt ranges from 11% to 31%. The dashed orange line marks the mean percentage,
calculated across all quality attributes (22%). Observing the left-hand side of Fig. 4, four
quality attributes stand out by exceeding the mean value: Usability (24%), Reliability (31%),
Performance (23%), and Maintainability (31%). On the other hand, the quality attribute with
the lowest number of responses indicating Technical Debt is Portability (11%).

Figure 4 also shows the number of responses in the category Expected in green. Most
of the responses fall into this category, with percentages ranging from 62% to 79%. In
addition, the red bars represent the percentages of responses indicating unimportant and
documented quality attributes, which range from 7% to 14%. The dashed red line marks
the mean percentage, calculated across all quality attributes (10%). Three quality attributes
surpass the mean percentage, i.e., Compatibility (12%), Performance (12%), and Security
(14%). Portability (10%) can be considered a borderline case, and Maintainability (7%) is
the quality attribute with the lowest percentage.

Observation 1.1 The top-3 quality attributes with the highest indication of Technical
Debt are Maintainability, Reliability, and Usability. In contrast, Portability shows the
lowest value.

Observation 1.2 Overall, 22% of the participants indicate Technical Debt associated
with NFR documentation.

4.3 Practitioners’ context influence (RQ2)

To answer RQ2 (How does the practitioners’ context influence the perception of Technical
Debt in NFR documentation?), we first analyzed if the responses indicating Technical Debt
vary across the different quality attributes. Although the differences can be seen from the plot
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Mean 22% Mean 10%
Usability | 94 (24%) § 262 (67%) 34 :(9%)
Security | 78 (20%) | 257 (66%) 55 Ix14%)
Safety 4 66 (17%) ' 294 (75%) 30 é(a%)
Reliabilty 117 (30%) 242 (62%) 31 :(8%)
Portability | 44 (11%) 307 (79%) 39(10%)
Performance -{ 88 (23%) i 256 (66%) 46 :K1 2%)
Maintainabilty {121 (31%) 242 (62%) 27 :(7%)
Compatibiity | 67 (17%)/! 277 (71%) 46 ';12%)
: :
0% ZOI% 40I% 60I% 80I% 100%
Technical Debt Expected Unimportant and documented

Fig.4 Bar plot showing the number of responses indicating Technical Debt by Quality Attribute (n = 390)

in Fig. 4, we conducted a statistical test (Cochran’s Q test) to assess whether the proportion
of positive responses (i.e., responses indicating Technical Debt) is the same between groups
(i.e., quality attributes). The test result supports the analysis of indication of Technical Debt
for each quality attribute separately (Q = 86.242; p < 0.001;df = 7).

Then, we characterize the practitioners’ context using the following factors: system class,
project size, process type, and whether the project was distributed or not. Table 3 shows the
full distribution of responses by factor and Quality Attribute.

On the responses indicating Technical Debt, we were not able to determine any influencing
context factor since all the conducted tests indicate non-statistically significant relationships
(p > «). This result suggests that, in the analyzed sample, the occurrence of Technical Debt
is independent of contextual factors such as system class, project size, process type, and
whether the project was distributed or not.

Observation 2.1 The percentages of responses indicating Technical Debt in NFR doc-
umentation varies with regard to the type of quality attribute.

Observation 2.2 The percentages of responses indicating Technical Debt in NFR doc-
umentation is independent of the context.

4.4 Observable problems (RQ3)

To answer RQ3 (What are the differences in the problems reported by practitioners when they
indicate Technical Debt in their non-functional requirements documentation?, we identify
the most frequent problems of two groups: the respondents who indicate Technical Debt in
at least one type of quality attribute (7D Group, n = 188) and the respondents who do not
indicate Technical Debt in any quality attribute (Non-TD Group, n = 78). The problems are
based on the set of 21 predefined general RE problems listed in the NaPiRE questionnaire.
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Table 4 shows the top-5 most relevant problems for both groups, as determined by
the weighted average of the original rankings. The most relevant problems for respon-
dents in the TD Group are “Unclear/unmeasurable non-functional requirements”, followed
by “Technically unfeasible requirements”, “Weak knowledge about customer’s application
domain”, “Discrepancy between high degree of innovation and need for formal acceptance of
potentially wrong, incomplete, or unknown requirements”, and “Weak relationship between
customer and project lead” .

In contrast, respondents in the Non-TD Group ranked problems in a different order than the
TD Group. For instance, the problem “Discrepancy between high degree of innovation and
need for formal acceptance of potentially wrong, incomplete, or unknown requirements” was
ranked higher. In addition, some problems are in the top-5 of the TD Group (e.g., “Inconsistent
requirements”’), but they are not listed in the top-5 of the Non-TD Group. Figure 5 shows a
barplot with the differences in the average ranking of problems for both groups. The bars are
ordered by the difference in the ranking values, that is, the problems with larger differences
between groups are shown at the top, whereas the problems with smaller differences are
shown at the bottom.

Observation 3.1 The five most relevant problems for respondents indicating Technical
Debt in non-functional requirements documentation are:

1) “Unclear/unmeasurable non-functional requirements”

2) “Technically unfeasible requirements”

3) “Weak knowledge about customer’s application domain”

4) “Discrepancy between high degree of innovation and need for formal acceptance of
potentially wrong, incomplete, or unknown requirements”

5) “Weak relationship between customer and project lead”

Table 4 Ranking of relevant problems described by respondents who indicate Technical Debt in their non-
functional requirements (TD Group) and respondents who do not (Non-TD Group)

Ranking TD Group Non-TD Group
1 Unclear/unmeasurable non-functional Discrepancy between high degree of inno-
requirements vation and need for formal acceptance of
(potentially wrong, incomplete, or unknown)
requirements
2 Technically unfeasible requirements Inconsistent requirements
3 Weak knowledge about customer’s applica- Insufficient support by customer
tion domain
4 Discrepancy between high degree of inno- Missing traceability
vation and need for formal acceptance of
(potentially wrong, incomplete, or unknown)
requirements
5 Weak relationship between customer and Weak relationship between customer and

project lead

project lead
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Technically unfeasible requirements p—

" . I
Unclear / unmeasurable non-functional requirements p—
Underspecified requirements that are too abstract and allow for various interpretations |——
i z —
Inconsistent requirements [ —

I
Insufficient SUPPOrt by Customer

Discrepancy between high degree of innovation and need for formal of wrong / / unknown) req I
Missing traceabilty |
Stakeholders with in from previously known solution designs s —

Insufficient support by project lead =
Gold plating (implementation of features without corresponding requirements) =
Terminological problems =
Communication flaws within the project team =

. . —
Incomplete or hidden requirements | —

Weak access to customer needs and / or (internal) business information |

Weak relationship between customer and project lead s ——
Time boxing / Not enough time in general p—
Volatile customer's business domain regarding, e.g., changing points of contact, business processes or requiremMeNnts | —

) icati |
Weak knowledge about customer's application domain

Moving targets (changing goals, business processes and / or requirements) | —

Communication flaws between the project and the customer e —

0 1 2 3
Average ranking

== TD == nonTD

Fig. 5 Average ranking of problems reported by respondents who indicate Technical Debt in their non-
functional requirements (TD Group) and respondents who do not (Non-TD Group)

4.5 Perceived causes and implications of the problems (RQ4)

To answer RQ4 (What are the differences in the reported causes and implications of the
problems when practitioners indicate Technical Debt in their non-functional requirements
documentation?, we described the reported causes and implications of the main problems
that we found in RQ3 (see Section 4.4). The results show that there are many causes related to
problems and that these problems have multiple implications. We also observe little agreement
in the responses, probably due to the wide variety of responses. Nevertheless, we depict the
relationships between causes, problems, and effects by using Sankey diagrams. The numbers
next to each cause, problem, and implication denote the number of responses that report the
same pairs < cause, problem > or < problem,implication >.

Figure 6 shows the results for the TD Group. The most frequently mentioned causes are
Lack of time, Missing domain knowledge, and Missing customer involvement. In particular,
Missing domain knowledge is highly cited as a cause of Weak knowledge about customer’s
application domain.

From the figure, it can be seen that the most relevant problems have multiple implications,
and several implications have been cited frequently, such as Customer dissatisfaction, Time
overrun, Poor requirements quality (general), and Inefficient development.

On the other hand, the Non-TD Group reports on different causes, problems, and implica-
tions. Figure 7 shows the results for the Non-TD Group, where the most frequently mentioned
causes are Communications flaws between team and customer, Missing customer involve-
ment, and Lack of requirements management. In particular, Communications flaws between
team and customer is highly cited as a cause of Weak relationship between customer and
project lead.
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CAUSES

D Lack of a well-defined RE process - 2

D Poor requirements elicitation techniques - 3
D Customer does not know what he wants - 3

D Incomplete requirements - 3

D Missing customer involvement - 5

D Missing domain knowledge - 7

D Lack of experience of RE team members - 4
Lack of time - 9

D Poor project management - 3

PROBLEMS

D Weak relationship between customer and project lead - 4

Unclear / functional -23

11

Discrepancy between high degree of innovation and
need for formal acceptance of (potentially wrong /
incomplete / unknown) requirements - 11

Technically unfeasible requirements - 19

Weak knowledge about customer's application domain - 21

IMPLICATIONS
[[] Etfort overrun - 2

D Conficts within the team - 4

D Increased difficulty of requirements elicitation - 3

Incomplete Requirements - 8
Poor requirements quality (general) - 10

Difficulties in project management - 8
D Poor product quality - 5

Time overrun - 11

Inefficient development - 10

Customer dissatisfaction - 17

Fig.6 Causes and implications of the top-5 most relevant problems for respondents indicating Technical Debt
in their non-functional requirements documentation. The numbers denote the responses that report the pairs
< cause, problem > or < problem,implication >

CAUSES

D Lack of experience of RE team members - 1

Communication flaws between team and customer - 7

Missing customer involvement - 4
Unclear terminology - 2
Poor project management - 2

Lack of a well-defined RE process - 3

Customer does not know what he wants - 1

Lack of requirements management - 4

Lack of time - 2

 — E— i E— ) S— ) S— S—

PROBLEMS

Missing traceabilty - 4

] [

Weak relationship between customer and project lead - 8

Insufficient support by customer - 9

Discrepancy between high degree of innovation and need for
formal of (potentially wrong / incompl
/unknown) requirements - 6

Inconsistent requirements - 8

IMPLICATIONS
[]Budget overrun -1

DD\ﬂ\cumes in project management - 2

[[]Poor requirements quaiiy (genera) - 1

H'ﬁme overrun - 3

Inefficient development - 7

Poor product quality - 5

D Increased difficulty of requirements elicitation - 3

D Effort overrun - 1

Customer dissatisfaction - 7

HDecreased efficiency (overall) - 3

Fig. 7 Causes and implications of the top-5 most relevant problems for respondents who do NOT indicate
Technical Debt in their non-functional requirements documentation. The numbers denote the responses that
report the pairs < cause, problem > or < problem,implication >
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As in the TD Group, the reported problems have multiple implications, including Ineffi-
cient development, Customer dissatisfaction, and Effort overrun.

Observation 4.1 Respondents indicating Technical-Debt in NFR documentation indi-
cate several causes, such as Lack of time, Missing domain knowledge, and Missing
customer involvement, that lead to Unclear/unmeasurable non-functional requirements,
which is the most relevant problem. This problem has multiple implications such as Poor
requirements quality (general), and Customer dissatisfaction.

In comparison, both groups show a large variety of different causes that lead to prob-
lems, and the problems have multiple implications. This variety can be seen in the spread
of the flows in the Sankey diagrams. The groups also show different causes and implica-
tions of their problems. For example, the TD Group indicates that several causes lead to
Unclear/unmeasurable non-functional requirements, which is the most relevant problem,
and that problem has multiple implications such as Poor requirements quality (general), and
Customer dissatisfaction.

5 Discussion

Our research is rooted in the hypothesis that a positive correlation exists between the impor-
tance of a quality attribute and the level of documentation of related NFRs. This assumption
was put to test with data independently sourced from the NaPiRE global survey. The results
presented in the previous section suggest the plausibility of this hypothesis.

In the following, we first describe the relation of our observations to existing evidence
published in the scientific literature; then, we discuss the results regarding the relation between
NFRs with Technical Debt and associated problems, causes, and effects. Finally, we discuss
possible threats to the validity of our study.

5.1 Relation to existing evidence

Observation 1.1 points out that some quality attributes are more frequently related to an
indication of Technical Debt in NFR documentation. These quality attributes are Usability,
Reliability, and Maintainability. The literature supports the association between Maintain-
ability and Technical Debt, yet we identified few studies connecting Usability and Reliability.
For example, Kruchten et al. (2012) claim that Maintainability is strongly connected to the
concept of Technical Debt. Arvanitou et al. (2019) consider Maintainability as a proxy of
Technical Debt. Furthermore, they state that when a practitioner is not aware of the amount
of Technical Debt, any decision that aims at improving Maintainability will lower the amount
of Technical Debt. In the context of service- and microservice-based systems, Bogner et al.
(2018) state that to avoid Technical Debt in a long-living software system, industry needs
to improve their quality control: they need to go beyond source code level metrics and also
include an architecture-centric view on software evolution, potentially with scenario-based
methods.

In addition, Li et al. (2015) performed a survey to validate an architectural Technical Debt
identification approach based on architecture decisions and change scenarios. Their method
only considered the quality attribute Maintainability. Sas and Avgeriou (2019) found that
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practitioners rarely adopt tools for monitoring Maintainability. This behavior causes them
to overlook important trade-offs between quality attributes that lead to incurring Technical
Debt.

Regarding Reliability, Ampatzoglou et al. (2016) state that the embedded systems indus-
try prioritizes Reliability, Functionality, and Performance against Maintainability. This low
prioritization of Maintainability contributes to the accumulation of Technical Debt. This con-
clusion is in line with our results since Reliability and Performance are the quality attributes
with the highest Technical Debt for the SIES group (see Table 3). The lower percentage of
Technical Debt associated with Maintainability —still considerably high— supports the lower
priority given to this quality attribute. Moreover, Arvanitou et al. (2020) investigated real-
world projects that apply Performance and Portability optimizations (as they are performed in
practice) without controlling their consequences on Maintainability. They performed a case
study based on six applications in Exascale software development, monitoring the impact of
the modifications introduced using SkePU (Performance) and StarPU (Portability) tools. The
results reveal that in most cases, SkePU is not hurting the system’s maintainability, whereas
StarPU seems to affect the maintainability of refactored code negatively. Observation 1.1 is
partially supported by the literature. To the best of our knowledge, current studies support
the existence of Requirements’ Technical Debt related to Reliability and Maintainability.
However, we could not find studies related to Usability and Requirements’ Technical Debt.

Observation 1.2 shows that, overall, 22% of the participants indicate under-documentation
of NFRs related to important quality attributes, which we consider to be an indication of Tech-
nical Debt. To the best of our knowledge, this is the first study that explores this phenomenon
using a large sample of respondents. On a smaller scale, Behutiye et al. (2020) found that 4
out of 12 interviewees (33%) reported accumulation of technical debt, with increased devel-
opment and maintenance time and system quality degradation, due to missing and outdated
QR documentation (NFR documentation).

Observation 2.1 states that the occurrence of Technical Debt varies across quality attributes
as perceived by practitioners. We could not find any literature that compares measurement
of Technical Debt in terms of documentation and importance of quality attributes. Slightly
related to our study, but interesting as it is an example of automated measurement of Technical
Debt based on SonarQube, Letouzey (2012) present a method for estimating the quality and
the incurred Technical Debt of source code.

Furthermore, our results show that the indication of Technical Debt in NFR documentation
is not dependent on the system class, the process type, the project size, or the distributed
characteristics of the project. Although there are surveys, such as Ramac et al. (2021), that
show that Respondents of different demographics have reported technical Debt, we did not
find a survey study that focuses on Technical Debt and NFR documentation. Our observation
seems to support the assumption that the Technical Debt metaphor is applicable in a wide
variety of software development contexts, and it encourages researchers to investigate other
contextual factors such as the application domain, or the used technologies (Ciolkowski et
al., 2021).

Observation 3.1 shows that the most relevant problem for respondents indicating Techni-
cal Debt in NFR documentation are “Unclear/unmeasurable non-functional requirements”,
followed by “Technically unfeasible requirements”, and “Weak knowledge about customer’s
application domain”. These problems have multiple implications, as shown in Obser-
vations 4.1, which are related to the documentation of the requirements. In this line,
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Alves et al. (2014) identified five indicators of documentation debt that are related to incom-
plete requirements, i.e., the documentation does not exist, incomplete design specification,
incomplete documentation, insufficient comments in code, and outdated documentation.

Observation 4.1 shows that there is a large variety of causes and implications reported by
practitioners indicating Technical Debt in their NFR documentation. These results are in line
with findings from several authors. For example, four studies (Behutiye et al., 2017; Martini
et al., 2014; Rios et al., 2018; Yli-Huumo et al., 2014) agree that lack of time is a cause
of Technical Debt. Two of them (Rios et al., 2018; Yli-Huumo et al., 2014) also mention
poor project management as a cause of Technical Debt. Particularly, Rios et al. (2018) point
out different aspects of project management within the industrial context. Three of them
(Behutiye et al., 2017; Rios et al., 2018; Yli-Huumo et al., 2014), who are interested in the
implications of Technical Debt, agree that low product quality and time overrun are important
implications. In particular, Martini et al. (2014) point out that developers can implement
solutions that mismatch the intended requirements when architectural requirements, which
are closely related to NFRs, are not explicitly mentioned in the documentation, threatening
the intended product quality.
Table 5 summarizes the observations and the supporting references.

5.1.1 Technical debt induced by NFR documentation (RQ1)

Generally, our results show that most participants in the most recent NaPiRE survey state
that they document NFRs (i.e., requirements related to quality attributes) when important,
and they do not document them when unimportant. This is what we expected.

However, we observed that a substantial subset of respondents state that they do not
document important NFRs. This is what we interpret as an indication of Technical Debt.
Certain types of quality attributes related to NFRs were particularly prone to this phenomenon:
Maintainability, Reliability, and Usability.

One can only speculate about the reasons why respondents say they do not document this
specific subset of NFRs. For example, it might be difficult to document these types of NFRs,
or those who should specify the requirements do not know how to document them properly,
or appropriate tool support is missing. There can be many more reasons. Also, the standard
reason for omitting important work, time pressure (or other pressures), might play a role.

There can be specific reasons for each type of NFR. For example, when looking at the
NFRs related to Maintainability, the problem might be that it is difficult to tell how to
document such requirements. One could argue that making code maintainable means that it
should not contain code smells and, therefore, be regularly refactored. Avoiding code smells
and refactoring is often a general development practice that does not have to be specified
repeatedly in each project. This phenomenon might also be true for other NFR types, i.e.,
there exist standard procedures or standard requirements that always hold and do not have to
be explicitly stated in each project. In other words, when respondents answered the NaPiRE
questionnaire, they might only have thought about project-specific documentation of NFRs.

5.1.2 Influence of context on the occurrence of technical debt in NFR documentation
(RQ2)

Our results show differences in the whole set of responses regarding the indication of Tech-
nical Debt and the different types of NFRs (e.g., Maintainability, Usability, Performance);
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Table 5 Summary of the existing evidence that supports our observations

Obs#

Description

Related Work

1.1

Top-3 quality attributes showing the highest
number of responses related to Technical Debt
are Maintainability, Reliability, and Usability.

Kruchten et al. (2012); Arvanitou et al.
(2019); Bogner et al. (2018); Sas and Avge-
riou (2019); Ampatzoglou et al. (2016); Li et

In contrast, Portability shows the lowest value. al. (2015); Arvanitou et al. (2020)

1.2 Overall, 22% of the participants indicate they -
have Technical Debt in their NFRs documen-
tation.

2.1 The percentages of responses indicating Tech-
nical Debt in NFR documentation varies with
regard to the type of quality attribute.

Letouzey (2012)

22 The occurrence of Technical Debt is indepen- -
dent of the context.

3.1 The top-5 problems for respondents indi- Alves et al. (2014)
cating Technical Debt in NFRs documen-
tation are: 1) “Unclear/unmeasurable non-
functional requirements”, 2) “Technically
unfeasible requirements”, 3) “Weak knowl-
edge about customer’s application domain”,
4) “Discrepancy between high degree of inno-
vation and need for formal acceptance of
potentially wrong, incomplete, or unknown
requirements”, and 5) “Weak relationship
between customer and project lead”

4.1 Respondents indicating Technical-Debt in
NFRs documentation indicate several causes,
such as Lack of time, Missing domain knowl-
edge, and Missing customer involvement, that
lead to Unclear/unmeasurable non-functional
requirements, which is the most relevant prob-
lem. This problem has multiple implications
such as Poor requirements quality (general),
and Customer dissatisfaction.

Behutiye et al. (2017); Martini et al. (2014);
Rios et al. (2018); Yli-Huumo et al. (2014)

therefore, we analyzed each type separately. The observed variance is expected since the
NaPiRE participants constitute a heterogeneous group with different contexts in which cer-
tain types of NFRs (grouped by quality attribute) are more relevant than others.

Since the different types of NFRs are not enough to explain the variation in the data
regarding the indication of Technical Debt, we analyzed each type of NFRs with regard to
the practitioners’ context based on four blocking factors: system class, process type, project
size, and distributed project.

Our results show that the types of NFRs and the selected blocking factors cannot explain
differences in the number of responses related to the indication of Technical Debt. Thus, the
indication of Technical Debt in NFR documentation seems to be independent of the context
of the project, as defined in this study. The studied factors are mainly related to the software
development process, and there are many other factors that we cannot study since they are
not part of the NaPiRE questionnaire. In this regard, a broader number of factors need to
be further considered when studying Technical Debt, such as the domain of application, the
technology used, and the underlying architectural design.
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5.1.3 Observable patterns of problems related to technical debt (RQ3)

Problems may be thought of as circumstances present in the requirement engineering process
that must be dealt with. While Time boxing is the most frequently cited problem, Communi-
cation flaws between the project and the customer and Incomplete or hidden requirements
are the second and third most frequently mentioned problems identified. This result seems
plausible since time boxing and communication flaws might push developers to produce
incomplete or low-quality software that makes difficult maintenance at a later point. At the
same time, unclear and technically infeasible requirements might induce extra documentation
that later becomes useless.

5.1.4 Perceived causes and implications (RQ4)

Having a poor project management and Lack of time are the two most frequent problems
related to NFR documentation stated by respondents indicating Technical Debt. Moreover,
Low product quality and Time overrun are the main implications of having Technical Debt
related to NFR documentation. These implications are significant for software engineering
practitioners since they can lead to unsuccessful projects. Therefore, the measurement and
management of Technical Debt in software projects are crucial to avoid low-quality products
and time overrun.

Methods and automated tools to facilitate the management of Technical Debt is a topic
worth to be studied. In this line, there are some initiatives that manage Technical Debt, such
as Software Quality Assessment Based on Lifecycle Expectations (SQALE) Method, which
also has an automated tool that supports it (SonarQube) (Letouzey, 2012). However, these
kinds of tools can control specific quality attributes from source code (e.g., security), and
there is still pending a method and tool oriented to measure Technical Debt in all types of
NFR documentation.

5.2 Implications for researchers and practitioners

The results of our study have several implications for researchers and practitioners:

e Based on the responses from NaPiRE, we show that evidence of Technical Debt is present
in the documentation of NFRs. Therefore, the documentation of NFRs is critical for
software development, and it should be considered a potential source of Technical Debt.

e Although Technical Debt may give short-term benefits, incurring in NFRs Technical
Debt is often related to specific problems, which may threaten the project success; thus,
practitioners should consider these problems when making informed decisions related to
the documentation of NFRs.

e When documenting NFRs, Technical Debt is more frequently associated with certain
quality attributes such as Maintainability, Reliability, and Usability. Software solutions
that have any of these quality attributes as drivers should pay more attention to the
management of Technical Debt, particularly in their documentation of NFRs.

e When studying Technical Debt in NFR documentation, researchers should spend less
time investigating certain context factors (i.e., system class, process type, project size,
and distributed characteristics) than others, such as application domain, the technology
used, and the underlying architectural design.

e Lack of time and Missing domain knowledge are the main causes of problems when NFR
documentation is subject to Technical Debt. Consequently, software development teams
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should consider the time needed to understand the application domain and document
important NFRs.

e Our findings motivate the development and application of tools and techniques for Techni-
cal Debt Management of NFRs. Although building useful tools (e.g., accurate, complete,
and easy to use) is a challenging task (Ciolkowski et al., 2021), such tools could sup-
port developers in keeping track of important NFRs and their documentation. Possibly,
there could be semi-automatic support for creating document templates that need to be
completed/adjusted by developers. If tools establish traceability between NFRs and their
documentation, developers could be alerted if documentation might need to be updated
(or has become obsolete) in case the NFRs change. Our study motivates the application
of these tools regardless of the system class, process type, project size, and distributed
characteristics.

5.3 Limitations

This section presents a discussion of the possible threats to construct, internal, external, and
conclusion validity (according to the classification presented by Wohlin et al. (2012)) as well
as measures taken to mitigate them. As mentioned by Linaker et al. (2015), when conducting
survey-based research, good practice mandates that threats can be identified early in the
process so that they can be mitigated. As this research is grounded on the data acquired
through the 2018 instance of the NaPiRE survey, it is also subjected to the threats from that
survey (Wagner et al., 2019). This section presents the threats and biases that this research
process may have injected into our results. When the threat is discussed derived from NaPiRE,
the discussion from the research team is conveyed, and so is the rationale for the mitigation
strategy (most often to accept the risk).

Regarding construct validity, this research may be subject to differences in the interpre-
tation of the concepts used in the NaPiRE survey. Of particular importance for this research,
the NaPiRE survey does not appear to differentiate between quality attributes and NFRs.
Both concepts are used interchangeably in the questionnaire. As a research team, we decided
to accept this threat as: 1) We cannot act on the construct of the questionnaire. 2) We claim
there is value in looking at the NaPiRE 2018 data set from a different point of view than the
one it was designed for. 3) We have made the case that, following the results from Eckhardt
et al. (2016), practitioners are also unlikely to differentiate these terms (see Section 3.1).

Another possible threat to construct validity stems from our interpretation of Technical
Debt. First, the concept of Technical Debt was not part of the main research goal of the NaPiRE
questionnaire. Therefore we are adding a layer of abstraction to the participants’ answers.
Those answers and our interpretation of Technical Debt might not yield the same output
had the participants been questioned directly about the metaphor. Similarly, the respondents
were asked about the perceived causes and implications of the problems in requirements
engineering rather than the perceived causes and implications of Technical Debt in NFRs.
However, we argue that this threat is mitigated by the fact that our definition and interpretation
of Technical Debt is broad in the sense that we make few assumptions about the concept.
We claim that, at this level of abstraction, the concept is sound to convey the findings of
this research. Moreover, we also discussed our results with respect to other researchers’
findings as a strategy to mitigate this threat and to enhance the validity and reliability of
our observations. Although this strategy gives more confidence in our research findings,
we still encourage further studies to test our observations. For instance, a study based on a

@ Springer
Content courtesy of Springer Nature, terms of use apply. Rights reserved.



28 Page 26 of 31 Software Quality Journal (2025) 33:28

specifically designed questionnaire to investigate the perceived causes and implications of
Technical Debt in NFRs could strengthen our findings.

The categorization of the variable “project size” is another threat to construct validity.
We used two strategies to categorize this variable. The first strategy is based on the criteria
used by a previous NAPIRE study Méndez (2017), whereas the second strategy distributes
the original responses into equal-sized categories. The first strategy introduces the bias of
having imbalanced classes, and the second one introduces boundaries that may be considered
counter-intuitive (i.e., too small or too large) for the label assigned (e.g., projects with 7-15
people are considered “medium-sized” projects, which can be debatable). Since there is no
standardized and optimal way to identify suitable boundaries of the categories, we applied
both strategies and studied the results. In any case, our results show that “project size” is not
a significant context factor when practitioners indicate Technical Debt in NFRs.

Regarding internal validity, respondents bias is a long-established source of bias in survey-
based research (Summers and Hammonds, 1969). The NaPiRE 2018 survey is no exception
to this threat. However, it is also a strength that the 2018 instance of the survey is the result
of two cycles of improvement (see Section 2.1). In terms of the research process of this
work, care has been taken to differentiate the conclusions about the data (see Section 4)
from our attempts of generalizing the findings through an unstructured literature review (see
Section 5.1).

Regarding external validity, we have mitigated this type of threat by being explicit in our
decisions about our data cleaning criteria (see Section 3.3) to be able to perform a thorough
analysis. For instance, in Section 4, it can be seen how the number of data points is lower as
the analysis drills down into RQ3 and RQ4. This inherently limits our capacity to generalize
the results. We discussed and understood this risk during the design phase of this research.
Had the number of complete answers been different, we argue that increasing data points per
affirmation would have strengthened the results from RQ3 and RQ4. Finally, as shown in
Section 5.1, we performed an unstructured literature review to identify supporting evidence
for all the claims from our findings.

Finally, regarding conclusion validity, the analysis process is made available, and we
evaluated and aboded by the statistical preconditions of each test.

6 Conclusions

This work has explored the relationship between the reported levels of importance of NFRs,
i.e., requirements related to quality attributes, and the degree to which they are documented.
We have introduced the concepts of Technical Debt to analyze this relationship. To explore
this relationship, we exploit the data from the 2018 execution of the NaPiRE survey.

Our analysis starts from the assumption that requirements related to quality attributes
considered important must be documented. And likewise, requirements related to quality
attributes not considered important should not be documented. To test this hypothesis, we
have described how the responses to the NaPiRE questionnaire have been interpreted. The
first observation resulting from our analysis is that NFRs related to important quality attributes
are documented by the majority of the responses. However, our results show that some quality
attributes considered important are not being documented —a phenomenon that we describe
as an indication of Technical Debt. In addition, but to a lesser extent, requirements related
to quality attributes considered unimportant are documented. Maintainability, Reliability,
Usability, and Performance are the quality attributes frequently considered important but not
documented.
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Throughout our analysis process, we have extracted a series of observations which we
intended to cross-reference to the literature (see Table 5). We envisioned these observations
would serve two purposes: to confirm the literature results and guide future research lines.

To conclude, NFR documentation is relevant to improve product quality, prevent effort
overrun, avoid requirements issues and customer dissatisfaction, which are all important
aspects of software engineering. The management of Technical Debt in NFR documentation
becomes critical for the success of software projects, and the use of adequate tools with some
degree of amortization may help with this task. Noways, this is a challenge for the research
community that needs new proposals.

Managing the presence of TD will minimise the problems and the consequences indentified
in this work. We conclude that, that the effort spent in documenting important NFR will be
payed off in a reduction of problems experienced by development projects
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