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Abstract
Quality requirements are vital to developing successful software products. However, there
exist evidence that quality requirements are managed mostly in an “ad hoc” manner
and down-prioritized. This may result in insecure, unstable, slow products, and unhappy
customers. We have developed a conceptual model for the scoping process of qual-
ity requirements – QREME – and an assessment model – Q-REPM – for companies
to benchmark when evaluating and improving their quality requirements practices. Our
model balances an upfront forward-loop with a data-driven feedback-loop. Furthermore,
it addresses both strategic and operational decisions. We have evaluated the model in a
multi-case study at two companies in Sweden and three companies in The Netherlands.
We assessed the scoping process practices for quality requirements and provided improve-
ment recommendations for which practices to improve. The study confirms the existence
of the constructs underlying QREME. The companies perform, in the median, 24% of the
suggested actions in Q-REPM. None of the companies work data-driven with their quality
requirements, even though four out of five companies could technically do so. Furthermore,
on the strategic level, quality requirements practices are not systematically performed by any
of the companies. The conceptual model and assessment model capture a relevant view of
the quality requirements practices and offer relevant improvement proposals. However, we
believe there is a need for coupling quality requirements practices to internal and external
success factors to motive companies to change their ways of working. We also see improve-
ment potential in the area of business intelligence for QREME in selecting data sources and
relevant stakeholders.
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1 Introduction

Quality requirements (a.k.a. non-functional requirements) is one of the most researched
areas within requirements engineering (Ambreen et al. 2018). Several studies conclude that
quality requirements are essential, but not systematically handled (Berntsson Svensson et al.
2012; Ameller et al. 2016). Our previous work brings supporting evidence that addressing
deficiencies in quality requirements take a long time (Olsson et al. 2019). The main reasons
are a lack of explicit handling of quality requirements on a strategic level (also highlighted
by Ameller et al. (2013), Eckhardt et al. 2016) and a lack of a feedback-loop in the scope
decision process, which is one possibility to understand better the user experience and per-
ception of the quality requirements. Companies working agile also struggle with managing
quality requirements when looking at the big picture (team coordination challenge) and
making unstated assumptions (conceptual challenge) (Alsaqaf et al. 2019).

This study continues our previous research efforts on understanding and supporting deci-
sion making about quality requirements. We have previously performed a longitudinal case
study of one company’s quality requirements decisions (Olsson et al. 2019). We empiri-
cally identified constructs underlying the scope decision process for quality requirements.
Based on those constructs, we developed the QREME conceptual model (Olsson and Wnuk
2018). In this paper, we present Q-REPM, an operationalization of the QREME conceptual
model for the scoping process of quality requirements. Furthermore, we validate Q-REPM
and confirm QREME constructs’ presence in a confirmatory multi-case study with five
companies in Sweden and The Netherlands.

QREME is a conceptual framework (Olsson and Wnuk 2018) for decision making about
quality requirements. The aim is to improve the integration of data-driven requirements
engineering (Maalej et al. 2015) into the scoping process by clarifying which roles should
be involved in the decision process. Scoping are the activities performed to identify which
requirements should be part of a software release and the decision process around it (Wnuk
and Kollu 2016). The idea with QREME is to bridge plan- and data-driven principles
by utilizing competencies across roles in the companies. Q-REPM provides a benchmark
instrument for decision-making about quality requirements that supports the introduction
of more data-driven decision-making. Q-REPM is intended to help software companies
understand the current practices and possible improvement areas.

We have conducted a multi-case study (Runeson et al. 2012) with five companies from
Sweden and The Netherlands from different domains. The objective is to validate Q-REPM
and the QREME constructs (Olsson and Wnuk 2018). We performed semi-structured inter-
views to understand how the companies work and workshops to validate our findings from
the interviews and evaluate the usefulness of Q-REPM.

The paper is structured as follows: In Section 2, we present a summary of empirical stud-
ies on quality requirements. QREME and Q-REPM are presented in Section 3. We elaborate
on our research questions and the case study protocol in Section 4. We interviewed 25 per-
sons and held workshops with 30 participants at the five companies. The cases are presented
in Section 5. Section 6 presents the results from the interviews and workshops. In Section 7,
we discuss the results, lessons learned, and the improvement areas we see for QREME and
Q-REPM. The main improvement area is the connection to business intelligence. We also
discuss a rationale for using QREME, especially to broaden the input used for elicitation by
using a data-driven approach – even if a company does not have direct users as their cus-
tomers. The main threats to validity are construct validity, generalizability, and confirmation
bias. Our analysis of validity threats and limitations are found in Section 8. Lastly, we con-
clude in Section 9 that our results with immature handling of quality requirements from the
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case study are in line with other research. We conclude, however, Q-REPM can both reliably
uncover this and provide guidance to improve the quality requirements practices.

2 RelatedWork

The presence of quality requirements varies, as reported in several empirical studies (Bernts-
son Svensson et al. 2013; Olsson et al. 2019; Calazans et al. 2019; Shahrokni and Feldt
2013). However, we see no clear trend nor clear analysis explaining the variation in differ-
ent contexts. Furthermore, surveys of personal opinions arrive at similar results (Berntsson
Svensson et al. 2012; Benslimane et al. 2007; Ameller et al. 2012; Daneva et al. 2014; De
La Vara et al. 2011; Ameller et al. 2016; Garcı́a-Mireles 2016; Caracciolo et al. 2014). An
extensive interview study on quality requirements in the context of model-driven devel-
opment finds that about half of companies prioritize quality requirements as important as
functional ones and that 3 out 4 of those come from the embedded systems domain (Ameller
et al. 2019). The related work implies that presence and opinion on the priority of differ-
ent quality requirements vary. This further implies that there is a need to steer and evaluate
the scope of quality requirements continuously. Sveningson et al. conclude that there is a
relationship between the road map, distance to the users, and experimentation (Sveningson
et al. 2019), which is in line with our model (Olsson and Wnuk 2018). This paper presents
a case study on how companies steer their scope process and cope with changes in priority.

Quality requirements have different sources. Architects are sometimes involved in the
elicitation and definition of quality requirements (Ameller et al. 2012; Daneva et al. 2013).
There are several papers on using different kinds of user reviews on mobile app markets as a
potential source of quality requirements (Groen et al. 2017; Jha and Mahmoud 2019; Wang
et al. 2018; Lu and Liang 2017). This is sometimes referred to as CrowdRE (Glinz 2019) or
data-driven requirements engineering (Maalej et al. 2015). One study found that users are
not sufficiently involved in the elicitation (Grimshaw and Draper 2001). We complement
the existing work by collecting empirical data on the usage of different sources for quality
requirements elicitation.

Overall, there is not much work on how quality requirements evolve over the product
lifecycle. In our previous work, we studied the scope decision process over five years (Ols-
son et al. 2019). Ernst and Mylopolous study 8 open source projects (Ernst and Mylopoulos
2010) on the fluctuations of priorities among quality requirements throughout the projects.
The 8 projects had different trends in terms of how the priority changed over time, and
the authors could not confirm their assumption of increasing importance of quality require-
ment over time. Ho et al. have published a study on the presence of “Not a Problem” issue
reports compared to how precise quality requirements are written (Ho et al. 2008). The main
result is that the more accurate the quality requirements, the minimize the “Not a Problem”
issue reports. In this paper, we complement the existing work with empirical data on how
information flows across roles and phases in the development at a point in time.

Software architects are often not involved in scoping of quality requirements, despite
being – the primary source of quality aspects (Ameller et al. 2012; Daneva et al. 2013;
Daneva et al. 2014). Our previous work found that relying on external stakeholders might
lead to long lead-times and incomplete quality requirements (Olsson et al. 2019). We found
one study on quality requirements handling in an Agile context. Alsaqaf et al. report,
for example, that communication and unstated assumptions are significant challenges for
quality requirements (Alsaqaf et al. 2019). Even though opinion surveys indicate that sub-
jects claim to prioritize and explicitly work with quality requirements (Berntsson Svensson
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et al. 2012; Benslimane et al. 2007; Ameller et al. 2012; Daneva et al. 2014; De La Vara
et al. 2011; Ameller et al. 2016; Garcı́a-Mireles 2016; Caracciolo et al. 2014), there are
indications that implicit quality requirements handling are common, and this leads to mis-
alignment. In this study, we study different roles at different companies to understand the
alignment of the scope decision process.

3 Operationalizing QREME: Q-REPM

The terms quality requirements and non-functional requirements are the two prevailing
terms. One can claim that many “non-functional” requirements are in fact functional (Eck-
hardt et al. 2016; Berntsson Svensson et al. 2013). As pointed out by Martin Glinz in 2007,
there was no generally agreed definition of quality requirements (Glinz 2007). This paper
uses the term quality requirements in line with Glinz’s definition: quality requirements are
attributes or constraints.

QREME is a conceptual model for the scoping process of quality requirements (Olsson
and Wnuk 2018). For QREME to be used, it needs to be operationalized. We, hence, created
a framework called Q-REPM to assess the ways of working. Q-REPM is based on QREME
and UNI-REPM (Svahnberg et al. 2015).

3.1 QREME

QREME is a conceptual model for the scoping process of quality requirements (Olsson and
Wnuk 2018). QREME introduces the three constructs of the strategic and operational level,
the product and data dimension, and the forward- and feedback-loop, see Fig. 1.

At the strategic level, scope decisions across multiple products – for a product portfolio
or a product line – are made. Decisions are made for which quality requirements to include
and high-level planning for when to use a forward-loop and when to use a feedback-loop. At
the operational level, scope decisions for products and their releases are made. The decisions
refine the strategic level into quality requirements and quality levels.

Scope decisions are separated from data, e.g., which competitor intelligence or usage
data to collect. QREME introduces the product and data dimension to the scope decision

Fig. 1 The QREME Conceptual
model (Olsson and Wnuk 2018).
When combing the levels and
dimensions, four scope decision
areas are created (cf. Fig. 1):
Product portfolio strategy (PStr),
Product Scope (PSc), Business
intelligence (BI) and Analytics
(An)
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process to more explicitly connect the two. Decisions on what to include in the product are
made on the product dimension, whereas in the data dimension, decisions on what data to
collect and analyze (Olsson and Wnuk 2018). Data decisions can also include decisions on
what to experiment on, in a data-driven manner (Fagerholm et al. 2017).

The scope decision process is conventionally viewed as a top-down process from idea to
inclusion and implementation (Regnell and Brinkkemper 2005). This is referred to as the
forward-loop. QREME introduces an additional loop: the feedback-loop. Through usage
data analysis (either through experimentation or without), identify both quality requirements
and quality levels. Once candidates are identified, they are decided by a product manager
role whether to include or not. All roles involved in the scope decision process take input
from many sources and refine information and decisions. If a role, e.g. the product manager,
sees a critical quality requirement to address which is not included in the strategy, there is
a need for a process to handle this discrepancy. Both loops traverse the four scope decision
areas in opposite directions and at different speeds (Olsson and Wnuk 2018).

When combing the levels and dimensions, four scope decision areas are created (cf.
Fig. 1): Product portfolio strategy (PStr), Product Scope (PSc), Business intelligence (BI)
and Analytics (An).

3.2 UNI-REPM

UNI-REPM is a requirements engineering process assessment and improvement frame-
work (Svahnberg et al. 2015), bridging the gap between the theoretical world and practical
reality. UNI-REPM is organized in areas and sub-areas, such as requirements elicitation
and deliverable (Svahnberg et al. 2015). UNI-REPM defines actions, such as “identify and
involve relevant stakeholders” or “Baseline quality levels”. The actions are assessed in
the company’s requirements engineering practices through interviews and reviews. UNI-
REPM, furthermore, defines a maturity level on actions: Level 1 Departure, Level 2
Intermediate, and Level 3 Destination. Before addressing actions on a higher level, all lower
level actions should first be performed.

in UNI-REPM, each action is assessed as “Not performed”, “Performed” or “Satis-
fied/explained”.

– Not performed - actions that are not performed to a satisfactory level.
– Performed - actions that are considered to be performed to a satisfactory level.
– Satisfied / explained - actions that are not performed, but there is an acceptable

explanation for it (not applicable).

When all actions on a level, e.g. Departure, are either performed or satisfied/explained,
the collected rating of the organization is set to that level.

UNI-REPM is not always suitable and might also have deficiencies. This is evaluated
through Satisfied/explained. Satisfied/explained implies the underlying theory does not
apply to that company and can be seen as a deficiency or limitation in the model (Svahn-
berg et al. 2015). Hence, either the model is missing something or is not appropriate for the
organization in question.

3.3 Q-REPM

Our implementation proposal uses QREME to enrich UNI-REP with additional process
areas and actions for quality requirements decision making based on QREME. When
designing Q-REPM, we went through the following steps:
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1. We mapped the existing actions from UNI-REPM to QREME. For the actions relevant
for QREME, we put them into PStr, PSc, BI, and An. For the actions relevant for either
the levels – operational or strategic – they are put on the left side as applicable for that
level. Similarly, for the dimensions – Product and Data.

2. Some of the existing actions in UNI-REPM are made redundant and replaced with new
QREME derived actions, e.g., RE.GA.a1 Elicit Quality Requirements.

3. We identified actions in UNI-REPM that need to be changed, e.g., rename or made
more explicit.

4. We define new actions to cover the remaining QREME aspects.

The assignment of an action to a particular level in Q-REPM is a constructive con-
tribution. In Section 7.1, we elaborate a bit on the future work with respect to the level
assignment.

The mapping can be found in Table 2 in the appendix. Changed actions are italic, and
new actions are highlighted bold.

We applied a combination of inductive (open) (Pettersson et al. 2008) and prescriptive
(model-based) assessment (Svahnberg et al. 2015) to explore how companies work with
quality requirements. The assessment can be made through semi-structured interviews. The
interview guide is based on Q-REPM. Open questions are asked for the different areas,
covering the actions within the area.

Improvement recommendations are based on fulfilling all actions on the lower levels
before addressing actions on a higher level. The exact practice to introduce to address a
specific action is company-specific, based on the assessor’s knowledge and experience.

4 ResearchMethod

We have conducted a confirmatory multi-case study (Runeson et al. 2012) with 5 companies
from Sweden and The Netherlands from different domains to validate Q-REPM and to
confirm the presence of the QREME constructs (Olsson and Wnuk 2018).

Our study’s objective is exploration of the usefulness of Q-REPM and confirmation of
constructs (see Section 3) and propositions constituting QREME (Olsson et al. 2018, 2019).
We study scope decision process of quality requirements via semi-structured interviews
to understand how the companies work and workshops to validate our findings from the
interviews and to evaluate the usefulness of Q-REPM. The companies were selected using
convenience sampling with contrasting cases.

4.1 Research questions

Based on our research goal, we defined two research questions. The relationship between
the research question and concepts are found in Fig. 2.

RQ1 How useful is the Q-REPM in practice?
RQ2 Are the underlying constructs of QREME observable in practice?

Regarding RQ1, we want to evaluate both if the framework is useful to assess deci-
sion making for quality requirements and that improvement recommendations based on
Q-REPM are helpful for the companies. The former is achieved through the interviews and
workshops as well as discussions among the researchers. The latter is performed by present-
ing recommendations to the companies and discussing with them in a workshop whether the
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Fig. 2 The relationship between the QREME conceptual mode, Q-REPM, and the empirical study to answer
the RQ1 and RQ2

recommendations are relevant in the companies’ context; the improvements are actionable
and realistic to introduce.

Based on the qualitative and quantitative data from RQ1, we trace back the results from
five companies to the conceptual elements of QREME. This enables us to evaluate RQ2,
whether we can find the same constructs at the case companies in this study, as in our
previous work (Olsson et al. 2019), or whether QREME should be enriched with new
constructs.

4.2 Selection strategy

We have focused on selecting a set of software-intensive product development companies
that operate in different domains and have different years of experience within the soft-
ware business. We focused on companies offering software products in an open market
(MDRE) (Regnell and Brinkkemper 2005) because QREME constructs are grounded in the
market-driven requirements engineering challenges and characteristics. We aimed to study
companies with both short and long development cycles and various release frequency.

We focused on including strategic and operational level roles to surveying different per-
spectives (e.g., product manager and business intelligence) and several individuals from the
same position to detect inconsistencies.

4.3 Process

We treated each of the five cases as individual case studies. We followed the same principle
steps for each case.

1. On-boarding meeting – 1-hour meeting with a sponsor on the company side to get
buy-in and to get them on-board. Purpose: Agreement on what to do. Outcome: contact
person to help to find individuals and further planning and team to receive.

2. Planning – Work with the contact person to get basic information and to identify
individuals to interview. Book meetings, etc.

3. Tailor assessment material – Tailor (if needed) terminology, the number of meetings,
etc. Complement if specific topics are interesting for the companies.

4. Interviews – Elicit information on current practices.
5. Wrap-up workshop – Validate our understanding from the interviews and evaluate

Q-REPM in terms of usefulness.
6. Final report – Finalize report to the company based on wrap-up session.
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The steps 1-3 were not strict in the sense of timing and lead-time, as long as they hap-
pened before the interviews. The interviews were done in person, with one exception from
FinComp where one interview was done over the phone. All the workshops were conducted
as physical meetings.

4.4 Data Collection

We performed data collection through interviews and workshops for all five cases. The
interviews were focused on eliciting information on how the companies work with quality
requirements. The interviews were followed by a wrap-up workshop where the results from
the interviews were presented, and additional feedback was elicited regarding the usefulness
of Q-REPM and improvement suggestion proposed based on the assessment.

We performed interviews with either group of 2-4 individuals representing one role
within their organization or individual interviews. The interview sessions lasted between 1-2
hours. The sessions consisted of open questions, as part of the inductive part of the assess-
ment, as well as closed questions as part of the model-based assessment (see Section 3). We
used the predefined questionnaire to guide the interviews. It consisted of open and closed
interview questions. The interviews were structured as followed:

1. The first part focused on getting an understanding of the interviewees’ perception of
quality requirements (definition, which quality requirements are important, why, etc).

2. The second part focused on getting the context (product, maturity, process).
3. The third part focused on collecting the data related to Q-REPM (the process used to

work with quality requirements). We used a combination of open and closed questions
which cover the assessment sheet.

We gradually built up our understanding of the company’s ways of working by dis-
cussing topics and specific details from previous interviews. In this way, several roles and
interviewees could triangulate the results, improving reliability.

We summarized the interviews into a report which was sent to the companies before the
wrap-up workshop. TransComp did not receive any material before the workshop as the
interviews and workshop were held only one day apart. For the other cases, there were,
for logistical reasons, 2-4 weeks between the interviews and workshop. The participants in
the workshops were senior employees as appointed by the company and the interviewees
(though not all participated, see Table 1). The structure of the workshop was are follows:

1. The validation was done as a presentation of the results from the interviews where the
participants could comment on our findings.

2. The evaluation was done when the recommendations were presented. We elicited the
opinions about the utility of the Q-REPM-based improvements. Lastly, the overall
approach was discussed to evaluate whether the setup with interviews, workshops, etc.,
was sensible.

We sent each company a final report after the workshop, summarizing our findings.

4.5 Analysis

We performed a cross-case analysis (Seaman 1999). Qualitative data obtained during the
interviews and workshops were classified according to Q-REPM. We classified each case
individually. The classification was performed by one researcher and validated another
participating researcher. We discussed disagreements and uncertainties until we reached
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Table 1 An overview of the companies and interviewees. The scope was either a specific R&D unit, a
business unit or the entire company. Some persons only participated in the interviews (Int.) or workshop only
(WS)

ID Size Scope # Role Domain

TranspComp Large R&D unit 5 Requirements engineer Transportation

Scrum master

Product manager

Architect

Line manager (WS)

ISComp Medium Company 6 Developer Information

Line managers (2) System

Product manager

Architect (WS)

Architect (Int.)

eCommComp Small Company 6 Project leader (Int.) e-Commerce

Line managers

Line managers (WS)

Product manager

Tech lead (2)

RetailComp Medium Company 10 Line manager Retail

Line manager (Int.)

Architect

Developer (3 Int.)

Consultants (2 Int.)

Product manager (2)

FinComp Large Business 10 Line manager Finance

unit Line manager (3 WS)

Architect (2)

Developer

Project leader (2)

Product manager

a consensus. Furthermore, uncertainties in the classification of the interview notes were
brought up in the workshop for discussion. We also recorded the contextual factors market
domain, size of the company, applicable organizational scope. We complement the struc-
tured context factors with a general description of the companies to provide additional
background.

The different cases were compared, and contextual factors were analyzed. Specifically,
we wanted to understand if some actions in Q-REPM might only be relevant in a particular
context, e.g., large companies. Furthermore, we also wanted to assess if there are actions
that are not relevant. The context description is, therefore important to capture in sufficient
detail so that this information later could be used to evaluate the applicability of the study’s
results in other contexts.

However, the recommendations are company-specific and as such, cannot be evaluated
across the cases.
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5 Case companies

37 persons from 5 different companies from Sweden and The Netherlands participated in
our study. We ran 25 interviews with 31 interviewees and 5 workshops with 30 participants
– 23 participants attended both an interview and a workshop, see Table 1.

TranspComp - TranspComp is one of the large companies and also the most traditional
one in terms of how software is developed. TranspComp develops hardware and soft-
ware for the transportation domain. Furthermore, they release new software seldom, and
project lead-times are usually long. Much of the development is based on contracts with
specific customers with a specification. Therefore, TranspComp has a strong emphasis on
the forward-loop and almost completely lacking the feedback-loop. The implementation is
done in smaller teams influenced by Scrum (Schwaber 2004); essentially, the lowest level
of refinement is Agile but not the overall scope.

ISComp - ISComp develops a pure software product with a client-server architecture. The
product is deployed on both physical dedicated servers and as a cloud solution. All but one
of the interviewers mentioned ISO25010 (ISO 2011) at ISComp. Hence, the interviewees
at ISComp have a good understanding of quality requirements. Despite this, they stated that
“Quality requirements are not prioritized.” and “We’re driven by customer requirements, so
if they report a quality requirement we focus on that.”.

eCommComp - eCommComp is the smallest and youngest company in the study. Projects
are in the range of weeks and months and not that many persons involved. Due to its small
size, informal communication is utilized. Hence, more formalized practices and processes
are often not necessary.

RetailComp - RetailComp develops an embedded software product in the retail domain.
The hardware is mostly purchased, and RetailComp develops the software for the devices
as well as the server solution for the system. Installation and customization at the customer
sites are complex, and RetailComp provides a consultancy service for this.

FinComp - FinComp is a large company with a long history and global reach. However, the
business unit in question is somewhat of a company within the company. They have also
recently undergone a major reorganization and established a new way of working. They are
establishing DevOps (Hüttermann 2012) practices, which are seen in the assessment results.

6 Analysis and results

6.1 RQ1 How useful is the Q-REPM in practice?

The companies perform only a small number of the suggested actions in Q-REPM (median
24%). This is seen in Fig. 3 by many black areas. The exception is the PSc actions – see
Fig. 3. This indicates that quality requirements are handled well in the requirements scoping
process at the operational level, e.g. in the backlog or documented requirements.

The empirical findings bring strong supporting evidence that very few of the actions in
Q-REPM are irrelevant. Q-REPM contains 34 actions where 11 are part of UNI-REPM,
one is changed from UNI-REPM and 22 actions are new; see Fig. 3. We assess that three
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Fig. 3 Assessment for the companies. The new actions are in Bold and revised actions in italic. Details can
be found in Table 2

actions are “Satisfied/explained” for eCommComp and one from TranspComp, see Fig. 3.
This provides supporting evidence that Q-REPM is relevant to industry practice.

Q-REPM introduces scoping actions on a strategic level (PStr) and in the alignment
between the operational and strategic levels, see Fig. 1. The companies perform 29% of
the PStr actions and none of the general Product actions. This is in line with our obser-
vations from our previous study on quality requirements (Olsson et al. 2019). ISComp
and RetailComp recognized deficiencies in handling quality requirements that confirm our
assessment. We believe that the lack of strategic guidance in quality requirements is a root-
cause of many deficiencies. However, without a longitudinal study where we can observe
the changes from improving the strategic scoping actions leaves us with logical assumptions
of the perceived benefits. Hence, we need more empirical studies to understand this in more
detail.

Likewise, we observe that none of the companies perform the data dimension – Data, BI,
and An – to a satisfactory level. eCommComp and FinComp perform RE.DC.a7 Elicit infor-
mation about System’s measurement capability and FinComp also performs RE.GA.a13
Elicit quality requirements on data usage level. All companies except TranspComp use log
files and some analytics, albeit not systematically. Hence, we assess them as not perform-
ing the actions related to data collection at an operational level. FinComp – who is actively
trying to establish DevOps – systematically collects data for quality requirements - the only
in our study. None of the companies perform actions with data on the strategic level. Work-
ing data-driven and collecting data from product usage are practices that have gained much
interest in the last couple of years (Maalej et al. 2015). Hence, it is surprising that our
companies are not more systematic in their measurement work. In our previous work, we
observed that the scoping process evolution went from a conventional process with experts
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as input for requirements through establishing a measurement program to an updated strate-
gic process – albeit still forward-focused (Olsson et al. 2019). It seems as if TranspComp is
still to start this journey, whereas ISComp and RetailComp have started it, and FinComp is
the furthers along. We hypothesize that the combination of trying to establish DevOps prac-
tices and a revenue-sharing model are the two contributing factors why FinComp is more
systematic in working data-driven. eCommComp does not have a systematic data collection
program. However, given the small size, we assess that the strategic discussion and pro-
cesses for the data dimension do not apply to them. Therefore, the assessment is marked as
“Satisfied / explained”.

None of the companies systematically perform the BI actions, see Fig. 3. However, all
companies, except eCommComp, do have explicit business intelligence activities, but not
directly seen in the scoping work of quality requirements. Instead, the information from the
marketing organization – typically responsible for business intelligence – is communicated
to product managers and line managers. Hence, BI is only indirectly influencing require-
ments scoping. That is, there is an ad-hoc alignment, but it is not systematic nor explicit.
eCommComp, being a small company and working mostly project-based, does not have
explicit BI activities. Therefore, the actions for eCommComp are considered not applicable.
This, again, confirms our previous results where BI was not an integral part of the scoping
process (Olsson and Wnuk 2018).

None of the companies is using A/B testing to evolve products (RE.GA.a14). The com-
panies share the common concern of alienating the users or that their customers are not the
users (Rissanen and Münch 2015; Sveningson et al. 2019). The fact that none of the compa-
nies in the study sell their products directly to the end-users seems to be a mental obstacle to
engage in direct end-user interaction. One interviewee from FinComp commented that since
Company FinComp does not know the users’ business process, it is not sensible to utilize
techniques such as A/B testing. This is similar to the results of Rissanen and Münch (2015).
We believe that this is a fallacy where the companies rely too much on their customers
who might have other interests than the needs of the end-users. The companies become dis-
tant from the actual users and will have problems understanding the actual customer, e.g.
through data-driven techniques.

6.2 RQ2 Are the underlying constructs of QREME observable in practice?

The core constructs of QREME are the strategic and operational levels, the product and data
dimensions, and the forward- and feedback-loops – see Section 3. We argue that we have
identified the constructs in all the companies, albeit instantiated quite differently.

6.2.1 Strategic and operational level

TranspComp – where the ways of working are forward-focused – invests significant effort
on upfront analysis. There is also explicit work on a strategic level through a portfolio
plan. In the portfolio plan, high-level concepts are documented, which serves as input in
the customer dialogue. On an operational level, there is a combination of a conventional
requirements specification as well as Scrum backlogs. We reason that the strategic level
might be even more important in cases like TranspComp. As the lead-time from delivery to
customer and experience from usage is longer, it is imperative to get it right from the start.
Therefore, we conclude that a clear separation between the strategic and operational levels
and structured dialogue with stakeholders on the strategic level is the necessary enablers for
improved handing of quality requirements.
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ISComp and RetailComp have a product base for which they adapt and deliver customer-
specific variants. They do have explicit and systematic road map work on a strategic level.
At the same time, both companies perceive that they are highly customer-driven and adapt
the scope of releases according to customer wishes. Similarly, FinComp has a road map
and, at the same time, works with vital customers who tend to be prioritized before the road
map. The difference, however, is that the development is less contract-driven in terms of
scope. Rather, the scope is mostly decided from new requirements submitted continuously
rather than in contract-driven releases.

6.2.2 Product and data dimension

TranspComp, as mentioned, has projects with long lead-time and infrequent software
updates. Hence, it is difficult to measure product usage and have that impact the scope of
the product. This implies that the product and data dimension construct will be different
for companies in a similar situation. We speculate that for TranspComp, systematically col-
lecting product usage data is still relevant. However, instead of feeding it back to the same
product that is being measured, the data can be used for future products.

RetailComp is starting a measurement program focused on key performance indicators at
software update. However, it is still quite immature and under roll-out. An interviewee com-
mented that “If we start with analytics, we need to have a strategy”. Hence, they are aware
and thinking about working more data-driven, but is not yet moving in that direction. Fin-
Comp actively and systematically collects product usage data and is using it to define quality
requirements that are funneled back through the scope flow. For example, they have instru-
mented their products to measure response-time in various use cases. Hence, FinComp is
utilizing a basic feedback-loop. One interviewee commented that “Some inconsistencies in
quality requirements from different stakeholders”. Essentially, different customers – which
is not the same as users – have a different idea of which quality requirements are important
and what the requested levels of quality are.

There are differences in how easy it is to collect and use product usage data for different
products and services. A cyber-physical system where either capacity of the devices or the
network capabilities are limited will make it more difficult to collect usage data than an e-
commerce web site where hardware and network are rarely a limiting factor. TranspComp’s
products are not connected to the internet, which means any usage or log data can only be
retrieved when physically plugged into the products.

6.2.3 Forward- and feedback-loop

All of the companies have a forward-loop. This is judged by the presence of product man-
agers (though the name varies) and their responsibility to define a road map and steer the
direction of the implementation. The road map is refined in different ways – either by the
product manager or other roles e.g., Scrum product owners. Any missed user expectations
are funneled back to development through the issue flow and up the refinement chain if
needed. Hence, it is reactive feedback from the forward-loop.

We observe that none of the companies perform “RE.GA.a5 Use Appropriate Elicita-
tion Techniques according to Situation” and only FinComp is systematically performing
“RE.GA.a7 Create Elicitation Channels for Requirements Sources”. For the QREME exten-
sion, this is not a static decision. Rather, this decision should be made continuously and
especially whether to use the forward- or the feedback-loop.

TranspComp – which has long projects and years between software updates – is almost
entirely forward-focused. This is not necessarily a problem in their current business envi-

(2021) 26: 26Empir Software Eng Page 13 of 29 26



ronment. We speculate that the feedback-loop defined today in QREME does not apply to
TranspComp.

FinComp is the only company that systematically collects usage data. The focus is much
on the technical performance of their product rather than understanding the users. The other
companies in the study do collect various logs and usage data, but not systematically.

An interviewee from RetailComp comments that “Maintenance is a big issue for us from
a quality requirement perspective”. Essentially, as the scope of the software grows, the
quality levels e.g., performance decrease. Even though this is subjectively seen, it tends to
degrade until it reaches a critical point when customers are no longer accepting a software
release. RetailComp has introduced a measurement program to visualize essential quality
requirements.

7 Discussion

Q-REPM was developed to support the integration of data-driven requirements engineering
into decision making about quality requirements. Looking at the main goals of Q-REPM, we
believe that it delivers an efficient benchmark instrument and identifies many improvement
areas. When we consider that the companies only perform, in median, 24% (see Fig. 3)
of the actions in Q-REPM, the companies seem immature in their quality requirements
practices.

Quality requirements should be part of the product strategy scope (Kittlaus and Fricker
2017). However, the companies involved in our study are not performing strategic level
actions. We speculate that this can be caused by a combination of the product lifecycle
and market maturity. We have seen that early in the lifecycle, there will be less focus on
quality requirements (Olsson et al. 2019). If the market is immature, we believe there are
fewer but stronger customers who want their specific requirements fulfilled and who expect
the quality to be implicit. However, if either the product lifecycle is further progressed
or the market maturity is higher, we hypothesize that more attention will be paid to the
quality requirements. Lastly, in a mature market with a mature product, the quality will
play a differentiating role. We believe QREME can be a tool to initiate strategy changes.
Suppose the analysis of the product lifecycle and the market analysis is combined with an
assessment of Q-REPM. In that case, QREME can point to a wanted position in terms of
quality requirements engineering (Table 2).

7.1 Improving Q-REPM

We find the mapping of QREME onto UNI-REPM to be straight-forward. However, there
are several ways how QREME can be mapped onto UNI-REPM. We approach this by
iteratively switching between a constructive design phase and an evaluation phase where
Q-REPM is evaluated. We believe it is not possible to analytically design Q-REPM without
empirically testing it and learning from the experience. We want QREME and Q-REPM to
be useful, even though we will never be able to prove them correct1.

Due to the large number of “Not performed” actions, we could not assess whether our
assignment of actions into the three levels “Departure”, “Intermediate”, and ”Destination”
reflected what the companies and we (as assessors) judged to be the the most relevant

1As George Box put it: ”All models are wrong but some are useful”.
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actions to address first. We see a need for more empirical work to gather more data to be
able to assess this aspect of Q-REPM.

The forward- and feedback-loops are constructs in QREME. We have not yet mapped
the actions to the loops. We have not yet mapped the actions to the loops. We speculate that
this might both reveal additional actions as well as lead to revision of some of the actions.
We plan this for the next iteration of QREME.

It was no surprise that the data part of QREME required more new actions than the other
parts, as data-driven requirements engineering is an emerging topic. However, when we
reflect on Q-REPM, we see that the PSc part only has two actions, both new, see Fig. 3. Our
perception is that companies invest most in the PSc of quality requirements engineering.
Also, we argue that most requirements engineering literature also focuses on the PSc part.
Lastly, we believe that many Agile methods are focused on this part. We conclude that the
PSc part of Q-REPM needs further elaboration to be able to sufficiently assess a company’s
ways of working. We plan to study Agile methods in more detail for which actions they
propose as part of PSc in QREME to see if QREME and Q-REPM could be improved based
on them. Furthermore, we see a need to empirically explore how companies handle quality
requirements in more detail in the PSc part.

When we performed the interviews and workshops, the BI part of Q-REPM was the most
difficult for us to explain. We believe the reasons are: 1) it is the most unusual part to include
in the scoping process, 2) it is the most immature part of Q-REPM as it is the furthers away
from our research areas as well. We believe that with data-driven requirements engineering
emerging as a new area and the need to understand customers and users on a much broader
scale than simple sampling, through e.g., focus groups and expert opinion, it will increase
the importance of BI in Q-REPM. We see the need for future research in this area, from a
software engineering perspective as well as business and marketing.

Some actions in Q-REPM are easily qualified – e.g., “OS.S.as Define Product Strategies”
– whereas others are more of a judgment – e.g., “RE.GA.a13 Elicit quality requirements on
a data level”. For the former, we can simply check the presence of the artifact. For the latter,
it is more of a qualitative judgment from the interviews. We do not think it is reasonable to
make all actions easier to be judged. However, we believe that if we add example artifacts
and tools to Q-REPM, we would be able to improve the assessment.

7.2 Lessons learned

The main lesson that we learned from the low performance of the studied companies,
see Fig. 3, is that managing quality requirements remains challenging and data-driven
approaches only amplify this challenge. eCommComp and RetailComp systematically per-
form 6 of the actions, TranspComp and ISComp 8 actions, and FinComp 11 actions. We
believe Q-REPM has captured a representative picture of the companies’ ways of working
with quality requirements. Hence, Q-REPM seems able to identify deficiencies according to
the model. In that sense, Q-REPM works. The companies also confirmed that the improve-
ment suggestions, based on the assessment and our experience, are relevant in their context
and realistic to implement in their ways of working.

There are different aspects of quality requirements, such as security and usability. The
idea with QREME is to incorporate a situational aspect in how specific requirements are
handled – through a forward-loop or feedback-loop. However, when discussing with the
companies, we often discussed that different quality requirements necessitate different han-
dling. At the same time, we do not believe in large and complicated processes with numerous
alternatives. Rather, we believe in using the knowledge and experience of different roles
and supporting them in their alignment. At the same time, there might be recurring patterns
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– e.g., security benefits more from a forward-loop than a feedback-loop and the other way
around for usability – which are applicable in many contexts. FinComp, for example, had a
separate group for security-related requirements. This group is part of the scoping process
and both contribute with a review of requirements as well as proposes new requirements to
include in the scope. This warrants further research.

In the final workshop, eCommComp commented that “QREME is too elaborate for us
today, but as we want to grow, we want to change our way of working to prepare for the
future”. eCommComp is the smallest in the study. TranspComp, on the other hand, is dif-
ferent than the other companies in that they release infrequently and has long lead-time
projects. Q-REPM was more difficult to use for these two cases. For the former, a clearer
guide of which steps to take first can help. For the latter, it might simply be that the data
part of Q-REPM does not apply to the way it is defined right now. We believe the core of
QREME should be general. However, QREME might not always be useful and the levels in
Q-REPM might depend on the context. Regarding the former, in a waterfall-like develop-
ment environment, for example in a safety-critical domain, working data-driven might not
be possible. Hence, even if QREME can be used, it might not be useful. For the latter, the
order in which actions are addressed – guided by the levels – might be context-dependent.
We speculate that an adaptation of the levels could be connected to success factors from
similar companies. We plan to explore the relationship between quality requirements and
product success in future work.

7.3 Motivating QREME

A participant in the final workshop at FinComp commented that “When working B2B, it is
more difficult to work data-driven as we do not understand the complete use case, only our
part.”. By “B2B”, the participant wanted to express that the users are not the customers and
that the customers are adding other systems to the end-result the users get. Hence, FinComp
only sees a part of the use case. It is true for many companies unless there is complete
control of the value chain from end to end. It is also related to how independent the products
or services are. For example, if the product is a car stereo, your main customers will be
the car manufacturers – B2B. However, the stereo is quite self-contained in the car. Hence,
we argue that it is still very relevant for a car stereo developer to work actively with data-
driven approaches. On the other hand, engine control developers deliver a component that
might be difficult to understand in isolation. We speculate that it might be a fallacy to argue
that it is more difficult to work data-driven if you do not understand the complete use case
of the users. Rather, we believe this as a defensive reaction to changes that might threaten
the authority of the participant should they work more data-driven. This is similar to the
“assumption trap”, where actors in an ecosystem assume to understand other actors added
value (Bosch and Holmström Olsson 2018).

An interviewee from ISComp commented that “We don’t care about existing customers”
when discussing the forward- and feedback-loop. Our experience of working with other
companies is that this perception is quite common. That is, it is easy to focus on getting
new customers and thereby focusing the scoping efforts on those stakeholders (Olsson et al.
2019). Hence, we conclude that there is a lack of interest in understanding the existing users
and customers overall. We believe this is a risky and wasteful approach. It is risky because
ISComp risks losing customers. It is wasteful as the product usage is fairly inexpensive
to collect and yet has a wealth of information on the users – often a diverse group that
is difficult to holistically understand with upfront sampling methods such as workshops,
focus groups, market analysis, etc. We believe the ability to utilize product usage data and
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other analytics is highly related to the overall maturity of a company. We are confident that
Q-REPM can pinpoint these immaturities in this area of quality requirements.

We see a risk that if relying too much on stakeholders – who might have their require-
ments – there is a risk that the users’ requirements are missed. Furthermore, the stakeholder
disagreement illustrates another important aspect – the quality level will be different for
different contexts and quality requirements are prioritized differently by different users and
stakeholders. In our view, the implication is that working data-driven – by systematically
collecting and analyzing usage data and by experimentation such as A/B testing – is crucial
to get a realistic view of what the users perceive and need.

8 Threats to validity and limitations

Threats to construct validity (Runeson et al. 2012) are mostly touching upon the opera-
tionalization of QREME into Q-REPM. We have made mapping from the conceptual model
with the actions and assessment questions. There are possible other conceptualizations of
QREME into assessment questions or measures. For example, one could use only quanti-
tative measures to investigate an example company. We used interviews during the assess-
ment. This leaves us with a risk of misinterpretation (Runeson et al. 2012). We mitigated
this by always having two researchers present in the interviews and by asking clarifying
questions. The interview findings were further discussed in a workshop with the companies.

Study participation was voluntary and supported by a general interest in understanding
quality requirements. Therefore, selection bias remains a validity threat of this study and
negatively impacts the external validity of the findings (Runeson et al. 2012). We, how-
ever, argue the companies are representative of software development companies in their
domains (Seddon and Scheepers 2012). Furthermore, as we had planning meetings with a
company liaison to get suitable interviewees, we believe we have a representative sample of
people and projects (Seaman 1999). All of the companies in our case study are influenced
by Agile thinking (short iterations, close collaboration between product management and
developers, self-managing teams) in one way or another - albeit the development cycle at
TranspComp are long and not a typical Agile context. This is in line with our experience
with other companies. All companies except eCommComp have for many years developed
software based on a code-base that has evolved over many years. The software is a major
part of the engineering efforts of the products. Furthermore, as pointed out by (Flyvbjerg
2006), the threats to generalization should not be exaggerated. As we have covered differ-
ent sizes, several domains, and companies both in Sweden and The Netherlands, we believe
the findings to be, at least to some extent, relevant for software-intense companies.

The sessions consisted of open questions, as part of the inductive part of the assess-
ment, as well as closed questions as part of the model-based assessment (see Section 3).
The flexible length of the interviews may pose some validity concerns. On one hand,
shorter interviews could not provide the necessary depth into the discussed concepts and
longer interviews may cause unnecessary fatigue and saturation among the interviewees. All
researchers involved in this work have experience in performing interviews. This experience
played a key role in deciding the suitable length of the interview. We did not experience
any of the two before-mentioned issues during the interviews. However, we adjusted the
interview length according to the needs and goals of the research.

As the researchers performing the evaluation also participated in the development of
QREME, there is a risk of confirmation bias making the results less reliable. We mitigated
this by always having two researchers present in the interviews, by having predefined ways
to interpret the interviews through the model-based assessment part of Q-REPM, and by
combining interviews and workshops to capture as unbiased input from the companies as
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possible (see Section 4.5). Furthermore, the different cases were always performed by two
researchers, including the analysis (the four-eyes principle). Hence, we addressed the threats
to reliability (Runeson et al. 2012) by having multiple researchers part of all steps and by
confirming our understanding of the workshops with the companies. Furthermore, when we
experienced inconsistent on views whether an action was performed or not, we looked at
additional sources, e.g., process documents or specifications, for additional evidence.

9 Conclusion

Anecdotally, deficiencies in quality requirements implementation are causing loss of busi-
ness for companies. We see this in our results as well; ISComp and RetailComp see quality
requirements leading to problems in timely deliveries or operations. However, TranspComp
and FinCom – and to some extent eCommComp – seem to be performing well despite clear
immaturity in the way they work with quality requirements. We cannot from this study con-
clude that quality requirements practices need to improve and that a new solution called
QREME is needed. However, what we see in literature and our work, is a perception from
many companies that quality requirements are not handled appropriately, yet neither they
nor we can put a value on it.

We conclude that QREME was relevant and useful. The conceptual model guides how
companies can work with quality requirements as well as can act as an assessment instru-
ment – through Q-REPM – where practices can be benchmarked. Performing the assessment
does not cost weeks of work and yet we identified several deficiencies in the companies’
ways of handling quality requirements. Furthermore, the companies confirmed our inter-
pretations and found the recommendations useful. Especially, we believe there is a need
to broaden the scope of quality requirements to data-driven approaches. Our results indi-
cate that the constructs of QREME can be used to address that particular issue. However,
QREME needs to be validated in more cases to further improve the external validity.

We see two main streams of research going forward. Firstly, we would like to connect
success factors to QREME and Q-REPM. The challenge is to isolate the influence of quality
requirements specifically on success factors such as sales, customer satisfaction, or profit.
There might also be internal success factors. For example, employee satisfaction with the
process, internal alignment, and ability to deliver on time. However, despite many years of
research on quality requirements, the interest seems to be fading. One reason might be that
it is not clear if proper handling of quality requirements lead to tangible results. Hence, we
want to explore other possible “architectural explanations” (Wieringa and Daneva 2015)
and explore if there are conceptual constructs connecting quality requirements and success
factors.

Secondly, several parts of QREME need further work. There are several ways QREME
can be operationalized. Our approach is to iterate a constructive design phase with an empir-
ical evaluation to refine and improve Q-REPM. Connecting the constructs and associated
actions and practices from requirements engineering to marketing is an important area. We
plan to explore the relationship between the data dimension of QREME and the selection of
stakeholders and data-sources. We believe that accurately selecting the requirements sources
has implications on the quality needs of a product and thus translates into the product suc-
cess. Furthermore, we also plan to study and clarify different roles and their relationship to
the QREME constructs. Another is to broaden the ideas for additional context e.g., longer
lead-time projects. Lastly, we also need to further evaluate the data dimension of QREME.
The companies only perform, in median, 24% of the actions in QREME; we need to empir-
ically evaluate whether the actions and constructs from QREME are applicable in practice
in companies more mature in their quality requirements handling.
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