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ABSTRACT Context: Widespread use of agile software development (ASD) methods can be observed
nowadays. Non-functional requirements (NFRs) are often reported to be a problematic issue for agile
projects, since ASD methods tend to neglect NFRs while focusing on incremental delivery of functional
features. Despite that, only very few studies have explored the requirements engineering practices used in
ASD and dedicated particularly to NFRs. Objective: We aimed to identify and investigate the practices
used in industrial ASD projects to identify, elicit and document NFRs. Method: We conducted a systematic
literature review (SLR) and used its findings to prepare an interview guide. We then conducted a series
of semi-structured interviews with 10 experienced practitioners. Results: The SLR revealed a number of
strategies related to the timing of NFR identification as well as 13 elicitation practices and 20 documentation
techniques. At least some of these findings show discrepancies between ASD theory and practice. The
interviews provided a more in-depth understanding of the practices used, and their context. The main findings
from the interviews include: practitioners’ attempts to start identifying NFRs early in the project, a lack of
elicitation techniques aimed at NFRs only, and different choices about documentation techniques, including
the additional techniques introduced to cope specifically with NFRs. Conclusions: It was not confirmed that
requirements engineering activities related to NFRs are perceived by ASD practitioners as a problem, as they
developed effective practices to deal with this issue. Moreover, our findings show that different approaches
to NFRs can be used and give satisfactory results.
INDEX TERMS Requirements engineering, non-functional requirements, agile software development,
systematic literature review, interviews.

I. INTRODUCTION

During the last two decades, agile software development (ASD) methods have gained recognition and have been
widely adopted by the IT industry worldwide [1]–[3]. Such
methods postulate emphasis on working software and have a
tendency to minimize documentation, but the importance of
stakeholder management and requirements engineering in the
agile context is still well recognized [4].
The agile approach however introduces its own values and
practices which are different than those used in more traditional approaches, which also includes somewhat different
requirements engineering practices [5] - thus the term of
‘‘agile requirements engineering’’ (ARE) was coined [6] and
now is in common use [7]–[9].
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ARE is reported to reduce several requirements-related
problems e.g. coping with changing requirements [7], and
inadequate communication with the customer [6], but at the
same time it introduces its own challenges [7], [8], [10]
that could and should be addressed in order to continuously
improve software development processes.
Some of the most frequently quoted ARE challenges concern non-functional requirements (NFRs), also known as
quality requirements [6]–[9], [11]. In particular, the problems
of: neglecting NFR, while focusing on functionality [6]–[8],
too-minimal requirements documentation to capture NFRs
[6], [8] and insufficiency of available ARE techniques to deal
with NFRs [7], [9], [11] are reported as problems encountered
in practice. Such challenges could result in a major obstacle
in technology acceptance and its further use, since there are
numerous examples showing that insufficient system quality
leads to its abandonment by the users [12]–[14] and NFRs are
the main way of expressing quality expectations.
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Requirements engineering is a holistic process aimed at
capturing all requirements and their interdependencies, thus
it is hardly possible to design a separate and isolated process
for a specific requirements category like NFRs. However,
it is still possible to apply various techniques and practices
in the requirements engineering process, including dedicated
techniques developed to cope with particular categories of
requirements. It is especially worth trying in the situation
when more universal techniques turn out to be insufficient.
Such cases are reported by a number of sources that discuss the limitations of several practices and techniques commonly used in ARE in the particular context of capturing
NFRs. NFRs are considered less obvious to stakeholders and
more difficult to express by them during, e.g. unstructured
interviews, which results in omissions or misunderstandings
of NFRs [15]. For that reason, additional elicitation techniques are proposed, e.g. the use of an NFR pattern catalogue
to express NFRs in a clear and unambiguous way [16] or
organization of dedicated NFR-oriented workshops [17].
Similarly, limitations of some ARE documentation techniques with respect to representation of NFRs are reported.
Such concerns are voiced for techniques like user story [18]
and story card [19], and in order to address such issues, new
or adopted documentation techniques, designed with NFRs
in mind, like, e.g. W8 Story Cards [20] are proposed. Such
examples provide evidence about likely cases in which NFRs
would be elicited or documented in a different way from FRs
and serve as a motivation for a study focused on NFRs in agile
projects.
Despite the frequently mentioned NFR-related challenges,
there are reports that practitioners recognize the importance
of NFRs in agile projects [21], [22] and the success ratio of
agile projects is claimed to be higher than for projects using a
plan-driven approach [23]. This can indicate that in real-life
agile projects, the practitioners establish suitable ARE processes that enable them to effectively capture NFRs and then
to provide a software product satisfying such requirements.
Therefore, our main goal is to investigate how agile practitioners deal with NFRs and which ARE techniques and
practices they use for this purpose.
To narrow down the scope of the planned study and enable
a more in-depth focus, we decided to pose the research questions that address the most frequently reported challenges and
related areas of ARE. The challenge of ‘‘neglecting NFRs
while focusing on functionality’’ [7], [8] is an issue corresponding to requirements elicitation activities and indicates
the possible deficiencies in elicitation techniques/practices
used or their inappropriate use. Some sources [6], [24]–[26]
however report that this challenge is caused by ignoring NFRs
or treating them superficially in the early phases/iterations of
the project, thus indicating that the timing of eliciting NFRs
(rather than the elicitation techniques applied) is the crucial
issue and thus may be worth investigating. The remaining
quoted challenges (‘‘too-minimal requirements documentation to capture NFRs’’ [6], [8] and ‘‘insufficiency of available
ARE techniques to deal with NFRs’’ [7], [9], [11]) both
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concern requirements documentation techniques and as such
the activities of requirements documentation should be
selected as the point of interest in our research.
Consequently, we put forward (within the context of ASD)
the following three research questions (RQs):
RQ1. When are non-functional requirements identified in
the project life cycle?
RQ2. How are non-functional requirements elicited?
RQ3. How are non-functional requirements documented?
Despite the fact that the challenges and solutions related
to NFRs in Agile are mentioned in several sources
(see Section II for details), a summary of practices and
techniques dedicated to NFR identification, elicitation and
documentation in Agile projects is still not provided in
comprehensive manner by the existing literature. We identified several secondary studies covering research topics
like: requirements engineering techniques used in Agile
projects [10], [27], [28], ARE practices and challenges [29],
requirements engineering challenges and mitigating
practices [8], quality of agile requirements specifications [30]
and main research areas in ARE [7], [31]. None of them however focused on NFRs and, as a result, they report only individual cases of findings (challenges, practices, techniques)
related to NFRs. Only one secondary study with an explicit
focus on NFR-related challenges and practices [11] was identified, which however assumes a more specific context (Agile
Large Scale Distributed projects) and lists only the practices
that provide solutions to specific challenges. Consequently,
we believe a research gap exists and we attempt to address it
in our study.
The major contributions of this article are as follows:
(i) an evidence-based review and analysis of the nonfunctional requirements practices, adopted for ASD projects,
(ii) a state-of-the-art list of the elicitation and documentation
techniques used in an effort to recognize and specify NFRs,
and (iii) the observations of practitioners regarding key issues
on NFRs in their ASD experience.
The remainder of this article is structured as follows.
Section II provides the background on the addressed subject. Section III describes the methodology of the study
conducted. Section IV presents the findings obtained from the
study. Section V reflects on the findings and discusses study
limitations. The conclusions and future research directions
are given in Section VI.
II. RESEARCH BACKGROUND AND MOTIVATION

This section is devoted to reviewing the basic theoretical
foundations of requirements engineering, as well as summarizing other studies conducted in this domain. The findings
underpin and motivate our study by identifying a research gap
in the contemporary literature, and eventually formulating
related research questions.
A. REQUIREMENTS ENGINEERING

Requirement engineering has received much attention
in both academia and practice as the key to on-time,
40459
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on-budget and on-value delivery of software products [32].
By definition, requirement engineering is a decision-centric
activity [33] that produces specifications including both functional (FR) and non-functional (NFR) requirements [34].
By many requirements engineering is considered a key area
of the software development process, which can significantly
influence the result of the project [35]–[37].
During the software development process, the main focus
is usually on the system features, documented as functional
requirements (FRs). In other words, the FRs define the behaviors or actions that need to be supported by the system [38].
In contrast, the non-functional requirements (NFRs) relate to
system properties which do not directly affect the features
provided by the system [39].
A different view on FRs and NFRs is given by the ISO/IEC
25066 standard [40], where both categories are based on user
needs and capabilities. Indeed, it appears that nowadays a
user is placed in the center of modern software engineering
practices that aim to meet identified requirements [41], [42]
and track their changes [43]. This seems to be in line with
the agile approach and its principles that focus on customer
value, incremental, iterative and delivery, intense collaboration with users, small teams, self-organization, and small and
continuous improvements [44], [45].
The most common practices such as interviews [46],
user stories [47], observations [48], workshops [49] are
frequently embedded in iteration-based agile methods. Moreover, the course toward promoting active user participation and involvement has been frequently documented in
recent reports and reviews that discuss agile requirements
engineering [47], [49], [50].
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B. AGILE REQUIREMENTS ENGINEERING (ARE)

Agile has been widely adopted by software vendors [51],
and other organizations [3], [46], [52] To point out the reasons explaining the shift from traditional to agile methods,
literature reports show that adopting agile methods results in
higher team productivity and morale [53], less rework [54],
and more efficient defect fixing rates [55]. The current
most popular agile method is Scrum, followed by Kanban,
Scrumban as well as the practices of eXtreme Programming
(XP) [22], [56].
Agile requirements engineering (ARE) is known to be
effective and to reduce many requirements engineering problems, but at the same time, there are specific challenges
associated with it [8].
The topic of ARE has attracted the attention of researchers
and as a result a substantial body of knowledge is available. The following secondary studies that can be considered related works to ours summarize the published research
studies on ARE. None of them however covers the research
questions we posed in this study.
C. RELATED WORK

Heikkila et al. [7] conducted a mapping study aimed at
identifying the main research areas concerning requirements
40460

engineering in the ASD context. They also searched for the
reported benefits of ARE as well as for problems and corresponding solutions related to ARE. Their study mentions
the problems of ‘‘Insufficiency of the user story format’’
and ‘‘Reliance on tacit requirements knowledge’’, which they
report as applicable to NFRs (among others). Moreover,
the fact of ignoring NFRs is confirmed by their study, though
not listed as a separate problem. The recommended solutions
include additional requirements documentation and managing requirements traceability. Their work does not specifically focus on NFRs, and besides the above-mentioned issues,
no corresponding practices/techniques are mentioned.
Inayat et al. [8] published the results of a SLR study dedicated to requirements engineering challenges. They searched
for agile practices that address such challenges on the one
hand, and additional challenges stemming from agile practices on the other hand. The only NFR-related item reported
by this study is ‘‘Neglecting non-functional requirements’’
(caused by insufficiency of user story format for such purpose) listed among the ARE challenges and juxtaposed with
solutions suggesting the use of structured, more detailed user
stories and associated tool support.
A systematic mapping study by Medeiros et al. [10] investigated how requirements engineering has been conducted in
projects that adopt agile methodologies. Among the more
specific research questions posed by this study, ‘‘requirements elicitation techniques’’, ‘‘requirements specification
techniques’’ and ‘‘challenges of ARE’’ can be found. Their
findings do not however specify which techniques are used to
elicit/document NFRs. The long list of identified challenges
includes only one NFR-related challenge which expresses
that ARE techniques are weak in defining NFRs.
Elghariani and Kama [29] reported a systematic literature
review on ARE practices and challenges. Their review was
not NFR-oriented and thus it cannot be determined to what
extent the reported practices apply to NFRs. Among the
challenges, ‘‘Ignoring non-functional requirements’’ can be
found, together with a suggested solution of using structured
user stories to represent NFRs.
An article by Zamudio et al. [27] reports a SLR study on
requirements engineering techniques in ASD. The authors
focus on elicitation techniques reported as used in particular
agile methodologies. Such techniques are not in any way analyzed with respect to their applicability to nor effectiveness
at eliciting NFRs. In the concluding section, the authors state
that ‘‘more empirical results are required to better understand
the impact of agile requirements engineering practices e.g.
dealing with non-functional requirements (. . . )’’.
Schon et al. [28] focused on ARE practices and techniques dedicated to requirements elicitation, requirements
documentation and requirements management. NFRs are not
explicitly considered though, therefore it is not possible to
establish on the basis of their SLR study, to what extent the
practices/techniques listed are applicable to NFRs. Moreover,
the focus of the SLR study was narrowed down to ARE in
the more specific context of User-Centered Design (UCD)
VOLUME 9, 2021
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activities, which, despite its importance, does not exhaust
the topic of ARE practices. They however present some
NFR-related problems, namely: neglecting NFRs and a lack
of formal acceptance tests for NFRs.
A systematic literature review with a primary focus on
NFRs was conducted by Alsaquaf et al. [11]. The SLR aimed
to summarize the practices used to engineer NFRs in agile
large-scale distributed (ALSD) projects, but also to identify
(for ARE in general) the NFR challenges and the solutions to
cope with the challenge of neglected NFRs. The list of solutions includes 10 practices (plus 3 additional ones dedicated
to particular categories of NFRs, e.g. security). Some of these
practices concern requirements elicitation or requirements
documentation, however this set of practices is not supposed
to include e.g. all NFR-related elicitation techniques, but only
those which address the single challenge of neglecting NFRs.
Heck and Zaidman [30] presented the results of a SLR on
agile requirements specifications. Their goal was to identify
the quality criteria of such specification mentioned in the
literature. One of the identified criteria addresses the inclusion of NFRs in the specification. The associated recommendations state that NFRs should not be overlooked and
that meetings to discuss NFRs should be arranged as early
as possible. Three documentation techniques applicable to
specifying NFRs are also mentioned. This study, due to its
different focus does not exhaust the topic of NFR elicitation
and documentation techniques nor the issue of positioning
NFR identification in the software project life cycle.
Curcio et al. [31] conducted a systematic mapping study
to identify ARE research topics discussed in the scientific
literature and the remaining research gaps. Moreover, they
summarized the challenges (obstacles) associated with ARE
activities. As no specific distinction of NFRs was made,
the research topics listed (e.g. requirements sources or elicitation techniques) consider various categories of requirements
in a joint manner. The list of challenges does not include anything NFR-specific, but a general gap of insufficient support
for engineering NFRs in agile methods is reported.
D. SUMMARY OF PREVIOUS STUDIES’ FINDINGS

To summarize, none of the above-mentioned studies except
[11] focuses on NFRs. The study by Asaquaf et al. [11] lists
ARE practices and techniques addressing the challenge of
neglecting NFRs. In the other studies, a small number of
particular NFR-related practices and techniques can be found.
No study however provides a comprehensive answer to any
of our RQs, concerning: the timing of NFR identification,
the NFR elicitation practices and the NFR documentation
techniques.
The quoted literature points out the issues that provide
a rationale for our research though. A general research
gap on NFRs in ARE is identified [27], [31]. Moreover,
several ARE challenges related to engineering NFRs are
reported [7], [8], [11], [28]. In particular, the problem
of NFRs being neglected, while focusing on functionality, is frequently mentioned [7], [8], [11], [28], [29].
VOLUME 9, 2021

Also, too-minimal requirements documentation to capture
NFRs [8], [30] and insufficiency of the requirement documentation techniques used in ARE [7], [11] are often reported
as encountered challenges. It shows that engineering NFRs in
ASD is a problematic task and that ARE practices addressing
such task are not sufficiently recognized.
Some solutions to problems regarding NFRs have been
described in the literature, e.g. [8], [9], [11], [57], but no study
has yet provided a comprehensive analysis of the practices
and techniques used to deal with NFRs and related challenges
in an agile context.
For this reason, we designed our research study. We aim
to identify when ARE activities related to NFRs should start
and what particular elicitation practices and documentation
techniques are applied to engineer NFRs. We start with a
systematic literature review to identify the proposals published in the scientific literature and then conduct a series
of interviews with experienced practitioners to get a more
in-depth understanding of how NFRs are addressed in the
industry and find out which proposals found in the literature
are used in industrial projects and how their effectiveness is
perceived.
III. METHODOLOGY

In order to answer the RQs defined in Section I, we chose
a qualitative approach which encompassed two subsequent
steps - a systematic literature review (SLR) and a series
of interviews with agile practitioners. In the first step,
we intended to identify and record the practices described in
the literature. The results of the SLR served as an input to
the second step - we used them to develop the guidance protocol for semi-structured interviews with agile practitioners.
A. SYSTEMATIC LITERATURE REVIEW

The SLR study was aimed to identify the relevant
NFR-related practices and techniques reported in the literature. We planned this study using the guidelines by
Kitchenham and Charters [58].
1) PLANNING THE REVIEW

The process we planned (depicted in Fig. 1) comprised of
3 main phases:
1) Selection of a publication database to be used and definition of the keywords and search criteria. Execution
of the search.
2) Manual review of the titles, keywords and abstracts of
the articles retrieved from the search to exclude those
not related to the topic of NFRs in an agile context.
3) Manual review of each remaining article’s full text,
and the final decision on whether to include it or not.
Identification of information pieces relevant to the RQs
and assigning codes to them.
As part of planning activities we also defined the inclusion
and exclusion criteria.
Inclusion criteria: (I1) peer-reviewed articles; (I2) articles
in English; (I3) articles published since 2008 (to include all
40461
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TABLE 1. The General Search Query Criteria.

TABLE 2. The Inclusion Criteria for Document Type.

TABLE 3. The Inclusion Criteria for Subject Area.
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FIGURE 1. SLR phases and included sources.

works published in the 12 years before the conduction of the
SLR, as we aimed to identify the current state of the art and
not to analyze its evolution over time); (I4) articles related
to the software engineering domain; (I5) articles concerning
agile requirements engineering (ARE) and NFRs.
Exclusion criteria: (E1) articles not providing any information about ARE activities concerning NFRs; (E2) articles not available for download; (E3) articles dedicated to
secondary studies (systematic literature reviews, systematic
mapping studies); (E4) articles reporting the same results
covered by another included source (in such cases the most
comprehensive article was included).
2) PHASE 1

We chose to rely on a single publication database, as the SLR
was not supposed to provide final answers but intermediary
results to be used in the interview study. We used Elsevier’s
Scopus database for this purpose.
Being aware that sources dedicated to this topic of interest
are rather scarce, we performed some initial searches before
planning the SLR. This led us to a decision to cast a wider net
and try to identify all of the sources focusing on NFRs in ASD
context, thus we used more generic keywords instead of those
exactly matching our RQs (e.g. ‘‘elicitation’’, ‘‘gathering’’,
‘‘obtaining’’, in the case of RQ2).
The following search string was used (explanation of its
parameters and mappings to the inclusion criteria is given
in Table 1). As Scopus does not allow to search full texts
we had to choose the most comprehensible one from the
available options (titles, keywords and abstracts of articles).
The types of the documents (Table 2) match peer-reviewed
articles. The specification of subject areas (Table 3) resulted
from our knowledge of how some sources (especially series
40462

that include conference proceedings as their volumes) are
classified by Scopus.
Search string:
TITLE-ABS-KEY ((agile OR scrum OR lean OR xp OR
kanban) AND (‘‘non-functional requirements’’ OR ‘‘quality
requirements’’ OR nfr)) AND (LIMIT-TO (DOCTYPE, ‘‘cp’’)
OR LIMIT-TO (DOCTYPE,‘‘ar’’) OR LIMIT-TO (DOCTYPE, ‘‘ch’’)) AND (LIMIT-TO (SUBJAREA,‘‘COMP’’)
OR LIMIT-TO (SUBJAREA,‘‘ENGI’’) OR LIMIT-TO (SUBJAREA, ‘‘MATH’’) OR LIMIT-TO (SUBJAREA,‘‘BUSI’’)
OR LIMIT-TO (SUBJAREA,‘‘DECI’’)) AND PUBYEAR >
2007 AND (LIMIT-TO (LANGUAGE, ‘‘English’’))
The search was executed on November 28th 2019. Despite
the use of several alternative keywords, the search returned
only 159 articles. This confirmed our initial suspicions that
the topic of ‘‘NFR in ASD’’ is seldom addressed in the
scientific literature at least as the main theme, because we
are aware of articles that mention NFRs as one of numerous
aspects of ASD (e.g. those presented in Section II).
3) PHASE 2

The results retrieved by the Scopus search engine (which
include the title, keywords and abstract of each article found)
were manually reviewed. This task was conducted by the
first author. It allowed the findings to be verified against the
I5 criterion more precisely than in the case of the automated
search, and articles that reported nothing on ARE, but, e.g.
on an architectural design satisfying a particular NFR, to be
VOLUME 9, 2021
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rejected. Also, several articles referring to ‘‘quality requirements’’ turned out to interpret this term as ‘‘well-documented
or valid requirements’’ instead of ‘‘requirements regarding
system quality’’. The examples of articles rejected in Phase 2
are given in Table 4. At the end of this phase, 71 articles were
retained.
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TABLE 4. Examples of Articles Rejected in Phase 2.

4) PHASE 3

In this phase, the articles were checked against exclusion
criteria. All articles (except unavailable ones – E2) were read
independently by both authors. Their decisions were later
discussed and subject to consensus. Finally, 31 articles were
qualified to extract information. During the review, apart from
just deciding on a article’s final classification, each author
identified the sections relevant to the RQs and extracted
the corresponding data, in particular: practices aimed at initial NFR identification (and their assignment to the phases
of project life cycle), NFR-related requirements elicitation
practices and techniques, and NFR-related requirements documentation techniques. The individual findings were later
compared and merged into a final set, resolving the discrepancies in the consensus-based mode. For the majority
of sources, our findings were very similar. It can probably
be attributed to the fact that the search concerned particular practices and techniques which can be identified in a
relatively easy manner. Differences in our individual findings were identified for three articles. Further investigation
revealed that, in each of these cases, one author overlooked
a practice mentioned in the article’s text, while the other
was more perceptive. The resolution of such differences was
VOLUME 9, 2021

straightforward, as it only required finding the proper part of
the article and verifying that it refers to a practice relevant to
one of the RQs posed.
The extracted information pieces were grouped into
higher-level themes. For example, the following quotes:
‘‘Once the micro-business owners have enumerated their
business goals and diagrammed their business processes,
they may proceed with a requirements definition meeting
(. . . ) with the software developer.’’ [59] and ‘‘The MEDoV
provides use of business models and process approach, and
participants in RE are elected to the role in the process. Process owners are responsible for accuracy and completeness
of elicited business data.’’ [60] resulted in the ‘‘On the basis
of business process models’’ requirements elicitation practice
included among the findings provided in Section IV-A.
We also conducted a quality assessment of the 31 qualified
articles and documented its results. We did not use the quality
assessment as a basis to reject any articles though, as the
purpose of the SLR was rather exploratory - to identify inputs
to be used in the interviews.
For the purpose of quality assessment, we adopted the criteria elaborated by Curcio et al. [31]. Their criteria are based
on the checklist developed by Dybå and Dingsøyr [61] and
facilitate the collection and analysis of information which is
valid from the point of view of the defined research questions.
However, we introduced one modification. The approach
by Curcio et al. assumes that articles of types other than
‘‘research paper’’ (e.g. experience reports or expert opinions)
have to automatically receive a negative assessment and be
excluded from further processing. We believe that in the case
of our SLR study, which aimed to identify the practices and
techniques used by ASD practitioners, there was no reason
to exclude, e.g. practices mentioned by industrial experience
reports. For this reason, we substituted this assessment criterion with a simple classification of the article’s type. The
other criteria by Curcio et al. were adopted as the following
list:
QC1. The aims and objectives were clearly reported.
QC2. There was an adequate description of the context in
which the study was carried out.
QC3. The design was appropriate to address the aims and
objectives.
QC4. The study provided clearly stated findings with credible results and justified conclusions.
QC5. The study provided an explicit discussion of its value
for research or practice.
Each qualified article was reviewed, classified and assessed
in accordance with the QC1–QC5 criteria. For each criterion,
the following rating was used: 0 – ‘‘no’’; 0.5 – ‘‘partially’’; 1
– ‘‘yes’’. The results of the quality assessment are included in
Appendix C, which presents the list of the qualified articles.
B. INTERVIEWS

We planned a multi-case study that adopted a semistructured interview strategy, following the guidelines by
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Wohlin et al. [62]. In order to collect empirical data, we used
purposive sampling techniques which are used in qualitative
research, and may be defined as selecting interviewees based
on specific goals that are associated with answering research
question [63]. In particular, considering the fact our research
gathers specific knowledge from individuals that have particular expertise, the adopted sampling technique falls into the
assumptions of expert sampling.
First of all, expert sampling requires individuals with a high
level of knowledge and skills relating to the subject of study.
Secondly, their level of expertise must meet requirements
regarding their education, position, years of professional
experience, and the type of projects they have participated in.
In this extent, Table 5 presents the assumptions taken equally
for granted.
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TABLE 5. Interviewees’ Inclusion Criteria.

In our opinion, adopting all of these values should guarantee a reasonable level of the expert’s expertise. Having
prior knowledge, we targeted the sample from our social
network members. This strategy paid off, and in a relatively
short period of time, we were able to perform the in-depth
interviews with ten individuals who met the inclusion criteria.
We prepared an interview guide beforehand, which
included the main topics and questions addressing our RQs.
The interview guide is included in Appendix A. The interviews were however conducted in an open-ended manner,
the order and exact form of questions could be modified
by the interviewer as long as all the issues included in the
guide were covered. It also allowed the interviewee to suggest
and follow up additional topics he/she found relevant. At the
beginning, each interviewee was informed about the purpose
and manner of the interview, guarantee of confidentiality,
as well as of the estimated time necessary to conduct it (about
90 minutes). The interviews were documented by writing
down the responses or by recording the conversation in digital format using a mobile device, since not all interviewees
agreed to be recorded.
The study was launched on January 2020 and finished in
April 2020. Each of the ten interviews lasted from 60 to
120 minutes. While only some interviewees agreed to be
recorded, all answers were written down using a predefined
template. In practice, this let us structure the obtained data
and facilitated the analysis process. Ultimately, the notes from
each interview were between 3 and 7 pages long.
After all interviews were conducted, both authors independently analyzed the open text responses resulting from the
interviews. Following the qualitative data analysis guidelines
40464

developed by Charmaz [64], each author conducted the initial
coding. Later, the initial codes were compared and discussed
together by both authors to develop higher-level categories
and assign final codes that led to the findings presented in
Section IV-B. The example of initial coding applied to the
interview text is shown in Appendix B.
IV. RESULTS
A. SYSTEMATIC LITERATURE REVIEW

The SLR resulted in reviewing the finally qualified 31 articles
and extracting from them the pieces of information relevant
to our RQs. Our findings with respect to each RQ are presented separately. It is worth noticing that about half of the
articles (14) were published in or after 2017, which indicates
the growing interest in this topic. The list of the qualified
articles is provided in Appendix C.
RQ1. When are non-functional requirements identified
in the project life cycle? The findings relevant to RQ1 are
summarized in Table 6. The most common practice is the
identification of NFRs in each iteration of agile development.
Some other solutions are proposed though - recognition of
NFR importance results in efforts to capture them early in
the software development process. Some of such proposals
still follow the iterative approach typical for agile (high-level
NFRs identified during initial iteration but then refined in
further iterations), but others seem to resemble the Waterfall
approach (identification of NFRs at the beginning of the
project). Also, cases where NFR identification starts in the
late phase of the project are mentioned, but usually together
with information that it caused problems and additional
rework later.
TABLE 6. SLR Findings for RQ1.

RQ2. How are non-functional requirements elicited?
Surprisingly, not many particular elicitation techniques are
explicitly mentioned in the reviewed sources (see Table 7).
Among such techniques, interviews, meetings and training
sessions with stakeholders as well as group-work (workshops, brainstorming) seem to be most popular. Document
circulation (that seems not to be in line with direct communication practices) is also proposed. Also, some resources
like pattern catalogs, business process models, standards and
other sources on NFR classification are reported as tools used
in requirements elicitation.
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TABLE 7. SLR Findings for RQ2.

RQ3. How are non-functional requirements documented? A significant number of requirements documentation techniques used to specify NFRs was found by the
SLR. The popular techniques, commonly used in Scrum,
eXtreme Programming and other methods (user stories, features, acceptance criteria, definition of done) are utilized
not to represent FRs only, but NFRs as well. There is however a number of techniques proposed with explicit intent
to better represent NFRs e.g. technical stories, Agile Loose
Cases, Semi-Structured User Stories, structured story cards
and extended acceptance criteria (AC+). Some simplified
solutions like wiki pages or whiteboard sketches are also
mentioned. NFRs can also be defined in relation to particular FRs using e.g. constraints or traceability matrices. The
full summary of SLR findings related to RQ3 can be found
in Table 8.

TABLE 8. SLR Findings for RQ3.

TABLE 9. Characteristics of the Interviewees.

B. INTERVIEWS

A summary of the interviewees’ characteristics is given
in Table 9. With a slight majority of males over females, all
interviewees except one declared having at least 7 years or
more in ASD projects. We were able to collect data from
professionals holding various job positions and working in
diverse sectors.
In the following subsections, we first provide the contextual information we learned from the interviewees regarding their projects and the significance NFRs have in such
projects, then we report the main findings with respect to each
of the RQs posed.
1) CONTEXTUAL INFORMATION

Software development processes. An important observation
stemming from such a consideration is that, despite using
the agile approach to software development, this approach
is hardly the only method followed by the team, department
or organization as a whole. Some interviewees explicitly
VOLUME 9, 2021

stated that they use a hybrid approach (integrating agile
and plan-driven practices), others claimed that they use a
specific agile method (most often Scrum), but at the same
time, at the management level, some other method is applied
(e.g. PRINCE2, ITIL).
Perception NFR importance. No single interviewee
neglected the importance of NFRs, nor claimed that they are
not identified in their projects. Naturally, depending on the
business sector, different categories of NFRs were considered as crucial or important (4 or 5 on a 1–5 scale). For
example, usability was crucial for public and commercial
services (accessed by end customers), while in the case of
back-office banking systems, it had a low or medium priority.
Reliability and fault tolerance was essential to banking and
automotive, while less important to other sectors. Similar
differences regarding the perceived importance applied to
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performance, availability, portability and maintainability. The
only exception was security, which was considered crucial
by virtually all interviewees (however to some extent, this
was influenced by the recent adoption of the General Data
Protection Regulation by EU countries).
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2) RQ1: WHEN ARE NFRs IDENTIFIED IN PROJECT LIFE
CYCLE?

Early attempts to identify NFRs. Only one out of ten
interviewees claimed that NFRs are identified in an iterative,
ongoing manner, while meeting with stakeholders and presenting them working versions of the software. All others
insisted on early identification of NFRs, some even literally expressing that ‘‘the sooner, the better’’. Three main
approaches could be distinguished here. The first one is to
roughly identify NFRs at the beginning of the project and then
to capture more details in later iterations. The second one,
treats NFRs in a Waterfall-like manner (though FRs are still
established iteratively) - an attempt is made to explore NFRs
as much as possible at the beginning of the project. The third
approach deals with NFRs even earlier - before the project
is even established. NFRs are identified, their feasibility is
assessed and if the risk of failing to meet an NFR is too high,
the contract will not be signed.
Managing NFR expectations. Many interviewees mentioned a potential problem regarding customer representatives who ‘‘overspecify’’ NFRs in a way that challenges their
technical and economic feasibility. The usual solution is to
address this issue as soon as possible and to negotiate with the
customer representatives and provide them information about
the consequences of their demands. The interviewees noticed
that face-to-face meetings and direct communication (common in ASD) facilitate reaching consensus in such matters.
However, two interviewees revealed that the strategy of their
organizations to cope with overspecification is to identify
NFRs early, possibly before the project even starts, but at the
same time discourage customer representatives from expressing them explicitly e.g. by avoiding this topic during the
meetings. This results in a situation where, on the one hand,
NFRs are identified very early by the supplier organization,
but are not explicitly recognized as ‘‘official’’ requirements,
or such recognition is delayed until later stages of the project.
As this strategy seemed to contradict the agile principle of
close collaboration with customers, we specifically inquired
the interviewees about it. Both interviewees confirmed the
use of such strategy in their organizations, explained that
it originates from a risk management approach taken and
claimed that the strategy is effective.
3) RQ2: HOW ARE NFRs ELICITED?

Analysts in agile teams. Despite the fact that most agile
methods do not explicitly distinguish such a role, a frequent
practice is to include an analyst in the agile team. Six of our
interviewees mentioned business analysts or system analysts
as the team members mainly responsible for requirements
elicitation. In some cases, the analyst was also assigned the
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Product Owner (PO) role, in others, such roles were separated
and the analyst’s main task was to support the PO and, e.g.
elicit additional requirements from other stakeholders. The
involvement of qualified analysts facilitates the elicitation of
NFRs, as their skills and experience make them aware of the
NFR categories essential to the IT products developed for a
given business sector. They are able to take a more proactive
approach and query stakeholders about such NFRs instead
of simply recording stakeholders’ needs. The interviewees
considered the presence of an analyst as a factor contributing
to more thorough elicitation of NFRs.
Sources of requirements. Who or what is considered a
source of requirements and how many of them are relevant in a given project? Such issues are strongly dependent
on the project context (in-house or contract development,
a standalone or an integrated system etc.). Some interviewees
claimed that a single person (a business domain expert, often
acting as a Product Owner) was able for providing the majority of the requirements. In other cases, multiple stakeholders
and their viewpoints had to be considered and requirements
elicited from each of them. This often included non-human
stakeholders (other IT systems, standards).
What is interesting, is the fact that developers are also
considered a source of requirements, as they discuss generic
requirements, refine them and suggest some features for business stakeholders’ consideration and acceptance. This seems
to be consistent with agile values and practices promoting
the attitude of responsibility for the product and intensive
communication between stakeholders and developers. As for
NFRs, the interviewees noted that their effective elicitation
often required the involvement of additional stakeholders,
namely technical experts, who provide input within their area
of expertise (e.g. security). Also, the input from developers is
considered important in the case of NFRs, as their questions
or/and proposals lead to refinement of the NFRs expressed by
business stakeholders.
Effort to elicit. As mentioned above, all of our interviewees recognized the significance of NFRs due to their experience, and recalled projects where NFRs were important to the
stakeholders. Unfortunately, it does not necessarily mean that
the stakeholders are always aware of their needs regarding
NFRs. Almost all interviewees mentioned challenges with
eliciting NFRs and the significant effort required to do this.
Typical problems reported included: a lack of stakeholders’
initial awareness about NFRs and a focus on FRs only; very
generic (non-verifiable, non-measurable) NFRs; and partial
coverage of NFRs (some categories, e.g. usability, are recognized, but others not). To summarize - the interviewees
claimed that elicitation practices in their projects were effective, but an active approach of the development team and
guidance provided to the stakeholders were necessary.
Requirements elicitation techniques. The techniques
most commonly used are interviews and workshops (including brainstorming sessions and other kinds of group work) virtually all interviewees mentioned them. This finding is in
line with the agile approach relying on direct communication.
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Other techniques, less frequently used, but still mentioned by
multiple interviewees are: prototyping, document analysis,
analysis of existing systems, and observations. There were
no reports on elicitation techniques dedicated only to NFRs,
apart from one mention of usability tests. All techniques listed
are used to elicit all kinds of requirements, not just NFRs.
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4) RQ3: HOW ARE NFRs DOCUMENTED?

Documentation techniques and their level of detail. The
Agile Manifesto endorses development of the working software over comprehensive documentation, but on the other
hand, poorly documented NFR can be misinterpreted and
cause rework. The interviewees seem to apply different strategies to cope with this issue. They mentioned numerous specific requirements documentation techniques, but in general three approaches can be distinguished. The first, ‘‘most
agile’’ one applies lightweight requirements documentation
techniques (epics, features, user stories, etc.) which are also
used to represent generic, simplified NFRs. Such a NFR is
treated as a ‘‘to do’’ list item and, when the development
team starts working on a given item, it is explained through a
face-to-face discussion. The second approach uses detailed
NFR representations, which usually exist in parallel with
typical agile artefacts like a Product Backlog and its contents
(features or user stories). NFRs, unlike FRs, are specified in a
precise, measurable form as, e.g. structured descriptions and
included, e.g. in the Software Requirements Specification or
Master Test Plan. Developers mainly use a Product Backlog
in their everyday work, but when necessary, they refer to
such an external document. The third, ‘‘hybrid’’, approach
makes use of typical agile artefacts and documentation techniques, but ensures that NFRs are specified on a sufficiently
detailed level. For example, a Product Backlog consisting of
features is used, but in the case of NFRs, the corresponding
feature is not a short, informal statement, but a longer expression, including hard numbers and unambiguous acceptance
criteria.
Maintaining documented NFRs. In general, the interviewees do not consider documenting requirements (and later
maintaining them) as problematic tasks. Their teams adopted
suitable tools that support collaborative work in this area,
thus requirements can be disseminated to all interested parties as well as updated when a change occurs. Only one
interviewee complained that the simplified documentation
techniques used to specify NFRs in their project turned out
to be insufficient and caused problems. All others, regardless
of which approach (among the ones described in the previous finding) they followed, claim that the documentation
techniques they use are sufficient for their projects and no
significant problems are observed.
V. DISCUSSION

Our study has several implications for both researchers
and practitioners, which are outlined in subsections V-A
and V-B, respectively. Also, several possible limitations to
this study are discussed in the end.
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A. THEORETICAL IMPLICATIONS

This study combined two qualitative research methods (SLR
and interviews) to investigate the issue of NFRs in ASD
projects, and provide reliable answers to the RQs. We argue
that the existing literature on the subject has documented the
knowledge similar to the know-how explicitly obtained from
the interviewees. We also provide new insights into when
NFRs are identified in the project life cycle, and how they
are elicited and documented.
In the case of the first issue, while some recognize this need
almost immediately, others choose to wait until the project is
advanced. The remaining ones argue for dealing with NFRs
in an incremental way. Therefore, there is no consensus in this
area.
In case of NFRs elicitation, few techniques were explicitly
reported by the authors from the conducted studies. Therefore, the existing literature in this area still remains limited.
However, this article enriches the research of examining agile
practitioners’ cognition in agile NFR elicitation techniques.
In fact, the obtained findings revealed a gap which might be
further investigated since over last years considerable effort
has been undertaken to efficiently and accurately understand
stakeholders needs (e.g. collaborative games).
In the case of NFR documentation practices, we have identified twenty different techniques. While some are embedded
in the agile methods by design, others seem to be introduced to ARE processes with the sole purpose of documenting NFRs. Furthermore, we acknowledge that there are
some remarkable differences between typical and specific
requirements which in turn determine the use of particular
technique(s).
The results from the SLR and the interviews are
mostly consistent with each other. Certainly, not all practices/techniques found in the literature were declared by the
interviewees as the tools they apply to NFR engineering, but
at a higher level of abstraction, the more general strategies
or approaches to elicit and document NFRs were confirmed.
The main differences between the existing research described
in the literature and the interview findings are: (i) the fact that
the interviewees almost unanimously declared that they make
attempts to identify NFRs in the early phases of software
projects; (ii) the interviewees’ feedback that despite their
perception of NFR engineering as a non-trivial task requiring
significant effort, they do not consider NFRs as a problematic issue that threatens the outcome of the project and
they declare that the NFR-related practices and techniques
they currently use are sufficiently effective; and (iii) despite
several NFR-dedicated requirements elicitation techniques
proposed in the literature, our interviewees reported that in
their organizations, the same elicitation techniques (mostly
based on face-to-face communication) are used to elicit both
FRs and NFRs.
The findings of our study provide a contribution to the
existing knowledge. As reported in sections II-C (Related
work) and II-D (Summary of previous studies’ findings),
the number of studies directly related to our work is rather
40467
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limited. With respect to the more general studies focused on
identifying NFR-related problems, we could not confirm the
significance of the frequently quoted problem ‘‘Neglecting
non-functional requirements’’ [7], [8], [11], [28], [29] as our
interviewees expressed vital interest in identifying NFRs and
reported that they focus on NFRs early in their projects. As for
the problems related to requirements documentation techniques (‘‘Too-minimal requirements documentation to capture NFRs’’ [8], [30] and ‘‘Insufficiency of the requirement
documentation techniques’’ [7], [11]), our findings indicate
that they are encountered, but effective solutions are used
by practitioners (e.g. if an NFR is difficult to express as a
user story in the Product Backlog, it is specified in a separate
document using a structured description). Such solutions can
however raise questions about how they fit into existing agile
methods and practices.
As for NFR-related practices and techniques that can be
found in the literature, the following proposals were confirmed by our study: early identification of NFRs [28], [30],
using additional requirements documentation techniques [7],
[11], [29], adjusting the user story format to express NFRs
in a more precise manner [7]. In most cases, it is not possible to directly compare our findings to results reported by
others, as they do not explicitly focus on NFRs and thus it is
not possible to tell which reported practices/techniques were
applicable to NFRs (e.g. [27], [28], [31]). Also, some sources
mention practices related to software project organization like
division into teams or a customer-supplier cooperation model
(e.g. [8], [28]), which also makes comparison difficult.
As our study was designed with the intent to i) focus
specifically on NFRs; ii) identify particular elicitation and
documentation practices/techniques, our findings are much
more detailed in comparison to the previously available body
of knowledge and provide a contribution to the ARE research
area.
The review of the existing body of knowledge found during
the SLR study and the comparison of the findings obtained
from the SLR and from the interviews led us to some additional considerations. We were able to identify a number
of theoretical implications for software engineering research
and related open questions.
We were quite surprised that the interviews did not confirm
the occurrence of the problem of neglecting NFRs, which
was reported by several SLR sources. Such a difference can
possibly be attributed to the observation that our interviewees represented more mature organizations. The interviewees were selected and invited through our social networks,
which mostly included professionals interested in requirements engineering (e.g. attendees of postgraduate courses on
this topic). It is thus possible that a higher level of awareness
and maturity can be attributed to our sample (practitioners and
their organizations) than the general population. This however prompts an open question about the factors leading to the
described problem. We believe that research studies dedicated
to the root causes of the ‘‘Neglecting NFRs’’ problem can be
recommended.
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Several alternative approaches to the early identification
of NFRs were found using both research methods, SLR
and interviews. In particular, some proposals advocated the
attempt to establish NFRs in the initial phase/iteration, while
others relied on rough identification of NFRs at the beginning and their later refinement in the subsequent iterations.
In our opinion, this implies some open questions and research
directions. The first question is: to what extent can NFRs be
captured early in an agile project? The answer is probably not
the same for all projects but dependent on some contextual
factors, thus the next research direction would be to identify
such factors. Another issue worth exploring is a more detailed
investigation of the influence the approach advocating early
NFRs identification has on agile processes and practices, as it
seems not to be entirely consistent with ‘‘standard’’ ASD
processes that assume continuous requirements identification
or update in each iteration.
The observation that the SLR identified several requirements elicitation techniques dedicated solely to NFRs
(e.g. NFR elicitation workshops or support of NFR pattern
catalogs), while the interviewees denied that their organizations used such techniques, has another possible implication.
It provokes an open question about the effectiveness of such
dedicated techniques and the added value they bring despite
the effort and cost associated with their usage. We identify a
need for the empirical studies to investigate it. In the case that
such studies demonstrated the effectiveness and efficiency of
particular dedicated NFR identification techniques, it would
provide arguments for the industry to adopt the considered
techniques.
Another interesting research direction is dedicated to
NFR documentation techniques. Both of our research steps
(SLR and interviews) reported that several alternative strategies to documenting NFRs are used – some practitioners are
able to make use of lightweight documentation techniques
like user stories, while others apply alternative documentation techniques or even create separate documents/registers
for NFRs only. The question arises, whether such a difference arises from the inability to use the agile techniques in
an effective manner or from the fact that such techniques
are insufficient (at least in the case of some projects and
their requirements). The NFR-related problems reported in
the literature (‘‘Too-minimal requirements documentation
to capture NFRs’’ and ‘‘Insufficiency of the requirement
documentation techniques’’) suggest the latter option, but
still further investigation would be beneficial. In particular,
it would be worthwhile to identify what factors (e.g. category of NFRs, conformance to norms/standards) determine
whether lightweight requirements documentation techniques
are sufficient or not for a particular IT project/product.
Last but not least, in our opinion, the unexpected finding of
the revealed strategy of the software supplied to identify the
NFRs but ‘‘hide’’ them by avoiding explicit communication
with the customer representatives, also requires attention.
We have not encountered a similar solution in the literature,
thus it should be verified if such behavior is exceptional and
VOLUME 9, 2021

A. Jarzębowicz, P. Weichbroth: Qualitative Study on NFRs in ASD

not encountered in the general population or that it is not
revealed (as something potentially inconvenient to share).
Also, as such an approach seems to clearly contradict the agile
principle of close collaboration with customers, a more thorough investigation about its consequences on the whole IT
project and customer-supplier cooperation would be advised
as a possible direction of future research.

though an additional study comparing the effectiveness of
such practices would be desirable.
C. LIMITATIONS

The limitations of the systematic literature review and interviews are considered separately.
1) SLR
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B. PRACTICAL IMPLICATIONS

We found that practitioners recognize the significance of
NFRs, which confirms the results of earlier studies [21], [22].
The practitioners undertake effort to identify NFRs as soon
as possible, even if such an approach can be challenged as
deviating from core agile practices. The reported reason is the
potential risk of omitting an NFR that can impact the architecture of the developed system and the outcome of the whole
software project. Some practitioners work in a more iterative
and incremental manner by limiting the initial NFR activities
to identifying them only and postponing the exploration and
refinement until later iterations. Others however try to capture
detailed NFRs at the beginning of the project or even before.
Nevertheless, this seems to prevent the frequently mentioned
(e.g. [6]–[8]) challenge of key NFRs omission (in the literature e.g., as our interviews except one did not reveal such
a problem. This may be a clue to practitioners that several
strategies are possible and each of them can work).
Despite their significance, NFRs are not easily elicited
from stakeholders, who may not be aware of all of their
needs or may have difficulty articulating them. This is not
surprising, as such challenges are commonly reported by
RE practitioners [37], [84], regardless of the approach used
(agile, plan-driven, hybrid). What we learned however is that
our respondents make an effort to learn all stakeholders’
needs, not just those explicitly expressed. Direct communication (encouraged in agile approach) and related requirements
elicitation techniques like interviews and workshops are the
right tools for this purpose, since no other elicitation techniques specifically aimed at NFRs are used. It seems to confirm observations about the effectiveness of ARE elicitation
techniques, based on face-to-face communication [6], [8].
The focus on FRs and simplified requirements documentation are often attributed to agile methods and listed as
potential challenges [7], [9], [11], [21], leading to unclear
and unmeasurable NFRs. What we found out, however, is that
our interviewees claim that they cope with such challenges,
even though they use different solutions. For some of them,
simplified documentation techniques like features or user
stories are applicable to NFRs, as the main way of explaining
the requirements to developers is through direct communication within the project team. Others try to adopt simplified techniques, mainly by extending them to ensure more
measurable NFR descriptions. Finally, some practitioners use
detailed documentation in parallel with typical agile artefacts.
This finding can also provide practitioners with ideas on
how to handle requirements documentation in their projects,
VOLUME 9, 2021

A limitation of our SLR study is the fact that only one
publication database was searched (Elsevier Scopus). Scopus
was selected because it indexes a large number of journals and
conferences [85] and provides a single search query access
to items from a broad variety of publishers [86]. Several
SLR studies that we identified as related work, e.g. [10], [11]
followed a similar strategy and relied on Scopus only.
A limitation of any systematic literature review is the
possible selection bias caused by a non-optimal search string.
We made an effort to define the search string in an iterative
manner that also included running searches and assessing
the results. The search string included several synonyms and
alternative terms used by software engineers. We cannot however completely exclude the possibility that some authors of
the relevant articles could have used other, less common terms
and as a result, such articles were not found.
Another possible limitation concerns invalid choices
regarding a article’s inclusion/exclusion. We minimized this
threat by following the established guidelines [58] and by
ensuring that each decision made in Phase 3 (review of fulltexts) was a consensus made by both authors of this article.
Similarly, to avoid risks related to data extraction, this task
was conducted independently by both authors, who later
compared their findings.
2) INTERVIEWS

The first possible limitation is the selection of interviewees.
By design, nonprobability purposive sampling, and in particular expert sampling is a form of non-random technique that
does not rely on a particular theory indicating the number
of respondents. Therefore, the subjective and nonprobability
nature of their selection impose the limitation to perform
inductive generalization of the obtained results. However,
considering the variety of inclusion criteria to be simultaneously met by the interviewees, covering areas such as
education, position, and years of professional experience,
this technique is claimed to deliver relevant information
if the questions precisely correspond to the interviewees’
expertise [87].
The second limitation found during this research concerns
the size of the sample used. The total number of interviewees
is 10, and therefore its representativeness is limited. Their
responses thus cannot be synthesized in order to formulate
definitive, general conclusions. Additional research is needed
to compare our findings with those resulting from larger or
different samples.
In the case of many interviewers present, they are
claimed to have the opportunity to discuss and verify their
40469
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understanding [88]. In our case however, each interview was
a one-on-one meeting. We argue that involving two interviewers per meeting would be double the workload, while
each of us had sufficient knowledge and experience to act as
interviewer.
The threat of a possible lack of an interviewee’s honesty
(caused, e.g. by the intent to make their company look better)
was minimized by interviewing volunteers only, assuring
the anonymity and confidence of all information provided,
encouraging them to provide accurate examples, and allowing
the refusal to answer any question without giving a reason.
Despite all the attempts to mitigate this threat, we cannot
entirely eliminate it, especially in cases that involved more
subjective matters, e.g. the perception of the effectiveness
of practices/techniques applied. It is a common limitation of
the research method applied (interviews) and to overcome it,
another method would have to be introduced. For example,
the effectiveness of requirements engineering techniques can
be evaluated on the basis of the data stored in software tools
supporting development activities [43], but in the reported
research study, we had no access to such data.
Moreover, the threat of bias introduced by a single point of
view was minimized as both authors conducted independent
reviews and interpretations of the interviews, which were
later compared to reach a consensus.
External validity is difficult to achieve in the case of
interview-based studies as interviewees provide information
regarding particular settings (in this case – their organizations
and projects) and their own opinions/viewpoints. Such findings cannot simply be generalized for any organization and
any project. To some extent, we minimized such limitation
by inviting practitioners from various industry sectors and
representing different project roles/ job positions. On the
other hand, all interviewees were from one country (Poland),
which can be considered a limitation with regard to external
validity.
VI. CONCLUSION

In our study, we intended to recognize the importance of
NFRs in ASD projects, as well as to identify the up-to-date
practices and techniques used in this area. To explore these
topics, we conducted a systematic literature review which
represents a rigorous and transparent approach to synthesizing the existing body of knowledge that eliminates human
bias. Finally, to explore and strengthen the obtained findings,
we conducted an additional qualitative study consisting of ten
in-depth interviews with industry experts.
Our findings concerning the timing when NFRs are identified in the project life cycle indicate that there is no consensus
on that matter among the practitioners. Only one interviewee
(and a minority of literature sources identified in the SLR
study) claim that NFRs are identified in a strictly continuous
manner, in each iteration and in conformance to the iterative
agile development processes. The majority of interviewees
reported that their organizations opt for early identification
of NFRs, but still their strategies were significantly different,
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e.g. attempts to capture all NFRs at the beginning of the
project (or even before) vs. rough identification of NFRs at
the beginning and continuous refinement in the following
iterations. The only consensus we observed concerned the
perceived importance of NFRs and the attitude to comprehensively identify them, in order to mitigate significant risks
to the software project.
In order to elicit NFRs, in total, 14 techniques applicable to ASD have been reported by SLR sources. Most of
these techniques seem to strongly rely on close collaboration
with stakeholders. By design, agile expands the role of the
user/stakeholder in software development by involving them
on a regular basis. Such collaboration has been recognized as
a key element in most agile NFR-related processes. Despite
the fact that several techniques dedicated to the elicitation
of NFRs were found in the SLR study, the findings from
the interviews indicate that the interviewees’ organizations
do not use such techniques and rely on universal elicitation
techniques applicable both to FRs and NFRs.
NFRs are commonly documented in natural language.
In fact, the most frequent practice is to agree on the acceptance criteria regarding the particular facets of the software
product. Secondly, Definition of Done is used to provide a
shared understanding between the development teams and
stakeholders by utilizing checklists. It is worth noting here
that enriched user stories are used as a form of NFR documentation, containing related acceptance criteria and/or Definition of Done. Our findings indicate that the documentation
of NFRs is often conducted in a more detailed manner than
FRs. In some cases, it is enough to use documentation techniques common to FRs, but make extensive use of acceptance
criteria and Definition of Done, while in others, NFRs were
documented in different ways than FRs or even stored in
separate documents/registers.
Our future research will cover an evaluation of the effectiveness of the identified NFR elicitation and documentation
techniques and practices. Eventually, the outcome will let us
assemble a generic framework, intended to facilitate NFR
management. Secondly, we will investigate the factors related
to NFR practices stemming from the adoption of agile methods across software development organizations.
APPENDIX A
INTERVIEW GUIDE

Introduction. Introductory information provided to the
interviewee.
•
•

•

Ask for the consent to record the interview. In case of
refusal, proceed without recording.
Inform the interviewee about the purpose and objectives
of this research study and how interviews with practitioners contribute to it.
Assure the interviewee about confidentiality issues (the
information revealed will only be used for the purpose of this research study, the interviewee will remain
anonymous, the published results will include clustered
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information that prevents identification of individuals
and organizations).
• Inform that the interviewee can refuse to answer any of
the questions asked (without providing any justification
of such refusal) and can conclude the interview at any
time he/she chooses.
Contextual information. Establishing the context for further questions by learning about the interviewee, his/her
organization and the organization’s software development
processes.
• Interviewee’s professional profile – job position; experience in the current job position; total experience in the
IT industry; experience in using agile methods.
• Organization the interviewee currently works for – size;
sector; types of IT projects (single customer, multiple customers, in-house development, outsourcing etc.);
organizational structure (and how project teams fit
into it).
• Methodologies - software development methods used in
the organization; adoption/tailoring of known methods
to the organization’s specific context; use of managerial
methodologies; size and structure of project teams.
NFR categories. Questions to determine which NFR categories apply to software projects developed in the interviewee’s current organization and how important they are
considered to be.
• Which categories of NFRs are explicitly considered for
the products developed in the organization’s software
projects? Note: first allow the interviewee to answer
freely, later ask about the following categories: performance, usability, security, availability, reliability/fault
tolerance, flexibility/maintainability, portability.
• What is the relative importance of the NFR categories
discussed in the previous question? Note: ask the interviewee to evaluate them on a 1–5 scale (1 – lowest,
5 – highest).
NFR identification. Questions about initial NFR identification in software projects developed in the interviewee’s
current organization.
• When are NFRs first identified in the software project
life cycle (e.g. at the beginning of the project; in a
dedicated initial iteration/phase; in a continuous manner
during each iteration; in later phases of the project)?
• Does the project team undertake actions to identify
NFRs important in the context of a given project
or do they consider it a responsibility of customer
representatives?
• Is the approach to NFR identification used by the organization considered to be effective or does it result in
problems encountered by project teams?
NFR elicitation. Questions about elicitation practices in
software projects developed in the interviewee’s current
organization.
• Which project team member(s) are responsible for
requirements elicitation?
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•
•

•

•
•
•

•

Which project team members participate in requirements elicitation activities?
What does the collaboration with customer representatives and other stakeholders look like (one representative
or more, the availability of representatives/stakeholders,
involvement of non-human stakeholders e.g. documents,
business models or existing IT systems; involvement of
technical experts)?
Which requirements elicitation techniques are used?
Note: first allow the interviewee to answer freely, later
ask about the techniques uncovered by the SLR study.
Are there any dedicated techniques used for elicitation
of NFRs (other than in the case of FRs)?
Which techniques are most effective in NFR elicitation
based on the interviewee’s experience?
Are customer representatives/stakeholders aware of
NFRs and express such requirements or do they need to
be specifically asked about them?
Are there any activities preceding NFR elicitation necessary e.g. providing training courses to stakeholders,
explaining the meaning of particular NFR categories?
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TABLE 11. List of Qualified Articles With Quality Assessment Results.

•

Are the NFRs expressed by stakeholders generic/
ambiguous (e.g. ‘‘the system must respond quickly’’) or
specific/verifiable?
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•

How do project team members participating in requirements elicitation respond to generic/ambiguous NFRs?
What do they do to clarify such requirements?
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Can the NFR elicitation practices used by the project
team be considered effective? Or perhaps they result in
some problems uncovered later (e.g. product presentation, acceptance tests)?
NFR documentation. Questions about documentation
practices in software projects developed in the interviewee’s
current organization.
• How are requirements documented? Which requirements documentation techniques are used? Note: first
allow the interviewee to answer freely, later ask about
the techniques uncovered by the SLR study.
• What tool support is used to document requirements?
• Are different requirements documentation techniques
used for the purpose of: a) eliciting requirements from
stakeholders and validating them; b) communicating the
requirements to developers, testers and other project
team members?
• Are NFRs documented using the same techniques as
other requirements or are there any techniques used
solely for the purpose of NFRs specification?
• Is traceability between FRs and NFRs established and
maintained? How?
• Is any informed choice regarding documenting NFRs
made e.g. a) Documentation techniques which allow
NFRs to be specified in a detailed and unambiguous way
are selected; or b) ‘‘Lightweight’’, less detailed techniques are selected to document NFRs, but clarification
is made by means of direct face to face communication?
• Can the NFR documentation techniques used by the
project team be considered effective? Or perhaps they
cause problems, e.g. the developers are unable to understand the documented NFRs or the product does not meet
the customer’s expectations?
Conclusion and closing remarks.
• Conclude the interview and thank interviewee for their
participation.
• Ask if there are any additional questions or remarks.
• Notify the interviewee that a summary of this interview
will be sent to him/her for authorization purposes.
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APPENDIX B
AN EXAMPLE OF CODING APPLIED TO INTERVIEWS

See Table 10.
APPENDIX C
SLR STUDY - THE LIST OF QUALIFIED ARTICLES

See Table 11.
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