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ABSTRACT Agile software development (ASD) aims to deliver high-quality software. However, software
quality often receives less attention in ASD due to focus on functionality. Elicit requirements for, design,
validate, implement, and evaluate an evidence-based quality-aware ASD process that organizations can
use for better integration of quality management. Using design science research, we collaborated for
over 1.5 years with four organizations applying ASD. Involving a total of 35 practitioners, we designed
new evidence-based quality-aware ASD processes, which were validated through simulated scenarios,
implemented, and evaluated by the practitioners. A general ASD process model, derived from the company-
specific models, was created; it shows activities, artifacts, roles, and development phases where evidence
can be used to improve software quality. The new process model contributed to higher quality awareness,
improved bottleneck identification, release readiness, and quality issues prioritization in the studied
companies. We also learned that companies must be mindful of the rules that determine the use of evidence.
Integrating the use of quality related evidence into the ASD process can make it quality-aware, support
software quality management, and enable timely reaction through fast feedback loops. The evidence-based
quality-aware ASD process is applicable in any Scrum-like ASD process. Applicability in other forms of
ASD, however, requires further research.

INDEX TERMS Agile software development process, evidence-based, software process improvement,
quality-awareness, quality requirements.

I. INTRODUCTION
Managing software quality within agile software devel-
opment (ASD) is an important industry concern, where
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the trade-offs between speed and quality can dictate the
success or failure of software projects [1], [2]. Despite
enhanced quality being a key reason for adopting ASD
methods, only 45% of adopters report a positive impact
on software quality [3]. Because ASD focuses on rapid
delivery of functionality [4], quality often receives less
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attention [5]. There is a need to better integrate quality
requirements (QRs, also referred to as non-functional require-
ments that characterize software quality [6]) better into
ASD.

One possible way to achieve this integration is to utilize
data. A characteristic of ASD is that it produces a lot of
data. Because of the iterative nature of ASD and focus
on automatizing through tools (e.g., Gerrit, Jenkins, Jira)
which produced data constantly [7], [8], the data can be used
for decision-making [9] as companies are turning toward
data analytics to become more data driven [10]. In fact,
considerable research has been done during the past two
decades regarding the utilization of data and measurement
for quality management in ASD [11]. However, utilizing
data and becoming a data-driven organization is not straight-
forward. A lack of understanding on how to integrate data into
the software development process has been identified as one
problem [12].
The goal of our study is to design an ASD process that

integrates the management of QRs and software quality
into the ASD process alongside with management of
functionality where decisions regarding quality are based
on evidence. By ‘‘decisions regarding quality,’’ we mean
decisions about both QRs and software quality in general
(attributes like, reliability or efficiency). In our earlier
study [13], [14], our focus was initially on management
of QRs; however, we found out that practitioners preferred
not to separate management of QRs and management of
software quality. Therefore, in the remaining text, we use
the term ‘‘quality’’ to mean both ‘‘QRs and software
quality.’’

To achieve integration, we utilized design science research
(DSR) [15] to design an evidence-based quality-aware ASD
process represented as a general ASD model. The practices
of the model are adaptable in various ASD processes, either
in full or in part, contributing to improved software quality.
To evaluate the utility of the model, it must be implemented in
the real world. However, software development organizations
in the real world follow their own specific ways of working,
not a general description of ASD. Therefore, we studied
the phenomenon of quality management in the real-world
contexts of the software development organizations of our
study and designed, validated, implemented, and evaluated
the new processes. In doing so, we generalized these
experiences to create the evidence-based quality-aware ASD
process.

The present study is a continuation of our earlier work [13],
[14] in the Q-Rapids project,1 and we have worked together
with the same four software development organizations as
in [14]. For the current study, altogether, 35 practitioners
participated in 17 initial interviews, seven design workshops,
four validation sessions, five evaluation workshops, and
15 final interviews.

1http://q-rapids.eu

Our contributions are the following:

• The evidence-based quality-aware ASD process model
that can be used by practitioners for improved quality
management in any current ASD process.

• Requirements to consider when transforming an ASD
process to an evidence-based quality-aware ASD pro-
cess.

The background and related work can be found in the next
section. Section III gives an overview of DSR and describes
how it was applied in our study. Section IV introduces the
problem context, the requirements elicited for the processes,
and explains the design of the solution. Section V presents
the solution. In section VI, we describe the implementation
and evaluation of the new process. Section VII discusses the
findings with implications for practitioners and researchers
together with the validity considerations of the study. Finally,
section VIII presents the conclusions.

II. BACKGROUND AND RELATED WORK
We divide this section into several parts in which we present
findings from earlier research on the related areas and present
the problem context and Q-Rapids project, in which the
current study was conducted.

A. AGILE SOFTWARE DEVELOPMENT AND CHALLENGES
WITH QUALITY
One of the core principles of ASD is to focus on ‘‘working
software over comprehensive documentation’’ [4], that is,
deliver working software to the customer soon and frequently.
The iterative nature of ASD and incremental discovery of
requirements enable this [16]. However, as a result focus
tends to shift toward functionality rather than quality. Even
though the practitioners of ASD are aware of the importance
of quality, studies about QRs in ASD show that there is
not enough time for properly considering QRs [17]. Other
identified challenges include: the limited ability of ASD to
handle QRs [18], limitations in testing QRs [19], neglecting
QRs [20], lack of overall picture of QRs [19], customers
overlook QRs [20], customers not being aware of important
QRs [21], and limited experience of QRmanagement in ASD
teams [22], to name a few (full list in [13]).

B. DATA-DRIVEN SOFTWARE DEVELOPMENT AND
SOFTWARE ANALYTICS
Because of the short iterations of delivering working
software, practitioners need to make frequent and fast deci-
sions [23]. These decisions tend to be based on experience,
intuition, opinions, and various criteria [24]. Several other
shortcomings in decision-making include the following:
decisions are often based on a limited understanding of
functionality; the quality measures of decisions are invisible
to teams; decisions are made via poor communication
and documentation methods; support for the automatic
presentation of data is lacking; and decisions made during
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iterations may not be tracked and documented [25]. Because
ASD produces large amounts of data, it has been proposed
that there is great potential for data-driven decision-making
in ASD context [26].

The emergence of artificial intelligence andmachine learn-
ing has increased interest in the better utilization of evidence
in decision-making. This is done through software analytics,
the aim of which is to ‘‘empower software development
individuals and teams to gain and share insight from their
data to make better decisions’’ [10]. This insight includes
learning from previous decisions to provide predicting
capabilities [27]. Software analytics could automate the
analysis of the vast amount of data and enable evidence-based
support for the decision makers [28]. This approach ensures
decisions are traceable back to their underlying data and
reasons. Decision-making is becoming more data driven, and
evidence based.

C. EVIDENCE-BASED DECISION-MAKING
Many studies have shown the potential of evidence-based
decision-making [29]. Many of these studies tend to focus
on specific aspects or stakeholders [30]. For example,
Lou et al. [31] develop a system to aid developers in incident
management, Cito [32] works on how to support developers
in anticipating runtime problems with runtime information,
and Stroulia et al. [33] provide managers with insights about
team performance. Augustine et al. [34] focus on multiple
stakeholders highlighting the importance of drill-down capa-
bilities and visualization of a support system for data-driven
decision-making. The work by Figalist et al. [35] presents a
generic model for software analytics to provide insights for
a broader range of stakeholders to support decision-making
on operational, tactical, and strategic levels. Our focus, while
considering multiple stakeholders, is on managing quality
with the help of data in the ASD process. One of the
challenges is the lack of understanding how data can be
integrated into the software development process [12]. Our
process model shows how the data can be utilized as evidence
in the ASD process, that is, in what activities, by whom, for
what decisions, and in what frequency.

D. THE PROBLEM CONTEXT
Already in an earlier study [14], We studied the problem
context and validated the need for an improved, more
inclusive process from the point of view of quality. The
work carried out in the previous study is continued in
these same organizations in the present study. In the earlier
study, we found that, despite having notable differences in
details of their development processes, on a higher level
of abstraction, the studied organizations worked in a very
similar manner. One organization managed development
according to Scrum [36] ‘‘almost by the book.’’ Another used
a mix of Scrum and Kanban. An organization that developed
software on a large scale applied Scrum practices in
development on team level. One organization did not follow

any predefined agile method, but Scrum like practices were
still identified. The organizations are described in detail in
Section IV.
In our previous study [14], we identified a set of challenges

in the management of quality, many of which had been
identified in the literature. These include prioritizing the
functional requirements over QRs; difficulties in including
QRs in user stories; unclear QR specifications; delayed
feedback on QRs; uncertainty in measurement parameters;
and the generally fuzzier nature of QRs compared with
their functional counterparts. Although not all organizations
faced every challenge and the extent varied among them,
practitioners were aware of these issues. Recognizing the
significance of QRs and software quality, they sought to
improve proactive quality management rather than reacting to
issues. As the organizations were already using development
data to their advantage, these data were also used to aid in the
management of quality. However, QRs still seemed somewhat
detached, and we identified opportunities to utilize evidence
even further to integrate management of quality better into
their ASD processes.

E. Q-RAPIDS
The work of the current study has been done in the Q-
Rapids project [37]. As the goal of Q-Rapids was to develop a
data-driven solution for managing QRs and software quality
in ASD, it provided us with an opportunity to study the
phenomenon. The solution runs on a quality model based on
the quality needs of the company and helps the development
organization to focus on the quality perspective [8]. ISO
8042 and ISO/IEC 25010 standards [38], [39] were used
as a starting point for defining a common understanding of
‘‘quality’’ and to find the quality aspects important for the
organizations. Later, goal question metric approach (GQM)
[40] was used to find the factors, metrics, and data to make
qualitymeasurable in a qualitymodel that enabled continuous
and reliable assessment of software quality.

Fig. 1 presents the idea of how Q-Rapids helps manage
quality. Data can be collected when the software is developed,
when it is running, and when users are using it. The data are
analyzed according to the quality model and presented on a
dashboard as evidence. Decision makers and developers alike
may utilize the evidence in management of QRs and software
quality. The outcome of the present study shows in detail
how evidence provided by a solution such as Q-Rapids can
be integrated into the ASD process for better management
of quality, thus making the process more quality aware and
evidence based.

III. RESEARCH METHOD OVERVIEW
As our aimwas to design a process, we chose to follow design
science research (DSR) [15]. DSR is the design and study
of artifacts in context with the goal of improving something
in the context when interacting with the artifact. The design
is informed by the knowledge context and social context.
The social context provides design problems, constraints,
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FIGURE 1. The Q-Rapids solution integrated into ASD to help manage QRs and software quality (from [37]).

and requirements for the solution and the knowledge context
related previous knowledge. The design science project
iterates between the design and investigation of the artifact.
Wieringa [15] refers to this as the design cycle. In this cycle,
the problem is investigated, the treatment is designed, and it is
validated. Here, validation means predicting how the artifact
would interact with its context if implemented. Knowledge
questions about the artifact can provide answers to further
improve the design in a new cycle. The evaluation of the
artifact is part of a larger engineering cycle after it has
been implemented in the real world. In the implementation
evaluation, we can empirically investigate whether the
requirements for the artifact have been fulfilled. This can feed
back into a second engineering cycle. In the end, the design
provides solutions for the social context and new knowledge
for the knowledge context.

The artifact in the present study is the new process repre-
sented as a model that has the goal of improving management
of software quality in ASD by increasing use of evidence
in quality-related decisions and making ASD more quality
aware. The knowledge context consists of the scientific
literature about ASD processes, management of QRs and
software quality in ASD, evidence-based decisions-making
in ASD, and related existing problem-solving knowledge.
The social context consists of the organizations of our study
applying ASD methods.

In our study, we executed one iteration of the design
cycle, as described above, in each organization. How-
ever, we applied two iterations within the design activ-
ity before validation. The design activity resulted in
organization-specific process models. In validation, we used
simulated scenarios of decision-making based on the
designed process models. Expert opinion was used to
justify that the artifacts would contribute toward filling the
requirements for the processes and goals of the project.
Implementation and evaluation were conducted as one
integrated and iterative activity over a longer period. Because

implementation would affect several areas of the ASD
process, it was done gradually by implementing smaller
changes at a time to avoid disrupting software production.
The results of the iterations were used to further improve and
update the process models. The general model was designed
along these activities by abstracting from the organization-
specific models. The DSR process is presented in Fig. 2, and
Table 1 gives details about timing and how many participants
of which organization participated in each activity.

The list below gives a brief description of the activities.
The following section describes them in detail.

• Problem identification involved studying the state of the
art in the form of a literature review [13] and study
of practice in a multiple case study [14]. The collected
data of this activity consisted of existing quality-related
management practices, challenges, solution proposals,
and general requirements for the new process. The
relevant findings of these studies are reported in
Sections I and II, and the companies are presented in
Section IV-A.

• Definition of objectives were partly drawn from the
previous two studies and partly from the present
study. We collected specific process requirements by
interviewing practitioners; that is, the data consisted
of interview data that then resulted in the specific
requirements. In this activity, we also formed an initial
idea about what should be included in the final artifact,
that is, the general evidence-based quality-aware ASD
process. The requirements are presented in Section IV-B.

• In design and development, we studied how evidence
can be utilized for quality management together with the
practitioners in the context of their own ASD processes.
As our focus was on the process, we examined the
aspects of who was doing what, where in the process,
and for what reason. We worked together with the
practitioners in two focus group sessions [41] separately
in each company. The data consisted of the activities
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FIGURE 2. Design science research process followed in the study.

TABLE 1. Cycles of design, validation, and evaluation and number of participating practitioners.

of the processes, the flow of activities and artifacts in
the processes, and proposals of improved quality man-
agement. The goal was to design the new quality-aware
processes for each organization. The design started with
the software development organizations’ current way
of working (later referred to as ‘‘as-is processes’’) and
resulted in process models specific to each organization.
The details of the models were used to add components
to the general process model. This is described in
Section IV-C1.

• Validation of the process models was done in validation
sessions separately in all organizations. The collected
data consisted of practitioners’ perceptions regarding
the feasibility of the new processes and data to further
improve the processes. The goal was for the practitioners
to inspect the designed specific process models and
assess whether they were implementable before attempt-
ing actual implementation. Through these validation
sessions, we confirmed what should be included in
the general model as well. A detailed description
is presented in Section IV-D, while the solution is
presented in Section V.

• Implementation and evaluation of the quality-aware
processes were done after the validation sessions.
A big-bang approach was avoided in implementation
because the development organizations could not risk
disrupting the development of real products. Instead,
the organizations took the new process into use in an
explorative manner gradually, focusing on the activities
that made sense at the time. Evaluation was done
during this implementation. Evaluation was conducted
in three different workshops and additional follow-up

interviews. The data consisted of usages reported by
the practitioners through an online form and interview
data. Data included who did what in what activity
for what reason and what was the outcome. Details
were confirmed and adjusted in the evaluation sessions.
These data and those from the final interviews answered
whether the requirements for the new processes had
been met. The goal was to concretely evaluate whether
the requirements of the processes had been fulfilled
and whether they contributed to the goals of increased
quality awareness and utilization of evidence in quality-
related decisions. The details are described in Sec-
tion VI.

• Finally, Communication refers to this publication.

IV. PROBLEM CONTEXT AND OBJECTIVES
In this section, we describe the companies of our study and
identify requirements for the new evidence-based quality-
aware process.

A. FOUR ORGANIZATIONS INTEGRATING QRS INTO ASD
The problem context consists of four software development
organizations, that is, the industrial partners of Q-Rapids
project. The organizations are summarized in Table 2.
We have used Petersen and Wohlin [42] to characterize
the organizations according to different context facets. The
organizations differ in the domain of the product and product
type, size and structure of the development organizations,
and target markets. They all develop software utilizing agile
methods, while also wanting to improve the management of
QRs and software quality of the product in general.
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TABLE 2. Companies and context adapted from Petersen and Wohlin [42].

Company A is a middle-sized software house. The
organization develops a modeling tool for global markets
targeted for professional use. Development is based on
agile practices following the principles of Scrum in a
company-specific adaptation and on bi-annual releases of
new functionality. The practitioners in this organization found
QRs and software quality elusive many times, challenging
to know what to measure, and did not have any prescribed
method for managing them. They felt the need to manage
them better to plan releases better and avoid surprises in the
late stage of development.

Company B is a middle-sized organization developing
product families of complex embedded devices utilizing
Scrum almost by the book. The products are offered
to institutional customers, who set both regulatory and
customer-specific functional and quality requirements on the
products, including the embedded software. Some of the
products are safety and security critical and, so Company B
needs to have well-documented processes, which include the
management of QRs. With these products, there is a need for
full traceability of every decision from customer request to
final product.
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Company C is a very large, international organization
developing large systems of complex embedded devices.
The products are targeted to institutional customers, who
set both regulatory and customer-specific functional and
quality requirements for the products. The organization
has a long tradition of continuous process development.
The actual process status differs, however, from the other
organizations because there are several legacy processes in
use in different parts of the organization, which is divided
by both geographical locations and technical disciplines. The
organization was in the process of transforming development
activities according to SAFe (scaled agile framework) [43].
The practitioners felt that they could improve the process
with respect to some decision points regarding QRs because,
sometimes, problems may arise very late in development.

Company D is a smaller software house (compared
with previous organizations) developing customer-specific
software solutions on a contract basis. The development
projects are typically short and separate from each other.
The functional and quality requirements of the solutions are
in principle set directly by the customers. The organization
has a well-established Scrum-type software development
process. The activities for functionality planning and setting
of functional and quality requirements are conducted together
with the customers, as well as the final validation of the
systems to be delivered. The organization wanted to find a
way for more precise control of the development process and
improve root cause analysis.

All the organizations develop several products or work on
several projects. Different products dictate different kinds
of requirements and might have different types of quality
concerns. Even though the study focused on the development
of a single product per organization or the specifics of the
individual organizations, we sought commonalities across
the organizations. During the study, some common quality
concerns were found, including maintainability, reliability,
functional suitability, and productivity [44]. By generalizing
and focusing on commonalities we aimed to demonstrate the
applicability of the findings in varying ASD contexts.

From these organizations, we involved 35 practitioners.
The participants, their roles, and their experience are included
in Table 3 together with data on who participated in which
activity. Our aim was to get different roles involved to collect
all relevant details of the activities relevant from a quality
perspective in software development. The practitioners were
selected by the companies based on their own evaluation of
who had the best understanding and knowledge about their
way of working. A contact person, acting as a champion for
the study within each company, mediated our requirements
regarding practitioners.

B. REQUIREMENTS FOR THE NEW PROCESS
The goals of this activity were twofold. First, we aimed to
verify our understanding of the development organizations’
as-is processes from our previous study [14] and, second,

collect requirements for the new process. The collected
requirements served as a starting point for the design of the
new process.

Based on our earlier study of the literature [13] and
in line with the objectives of the Q-Rapids project [37],
we formulated three main objectives for the process:Quality
awareness - Because ASD is prone to focus more on
functionality, the new process should enable reaction to
quality issues; Evidence-based decision-making - Because
evidence is abundant in ASD, it could be utilized better in
the quality-related decision-making process; andAgility - As
one of the key drivers of agile adoption is the adaptability to
change, the new process should not be too rigid.

To fulfill these objectives, we needed more detailed
requirements from the practitioners. The two first authors
conducted 17 individual semi-structured interviews with
the practitioners (Interview I column in Table 3). First,
we confirmed our current understanding of their as-is
software development processes and quality management
practices. Then, we focused on utilization of evidence in the
management of quality.

All interviews were recorded, and the recordings were
transcribed by professionals. Process-related data were
extracted into an Excel file and categorized under the three
objectives. The first author analyzed and summarized data
from three companies, while the second author did the same
for one company. We compared and reviewed each other’s
results since both authorswere present in all interviews. Later,
the practitioners also reviewed the results when designing
of the new processes started, setting the foundation for
organization-specific models and the goals for the evidence-
based quality-aware ASD processes.

To avoid biasing interviewees, the interviews focused on
the specific elements of their existing ASD processes rather
than the three objectives. This allowed the practitioners to
focus on the details of their ownASD processes. For instance,
when organizations were considering the adoption of the Q-
Rapids solution, our questions centered on its usage rather
than evidence utilization in general. We asked about how
they were using it or were planning to use it, challenges
preventing usage, and any possible observed or expected
benefits or challenges. In our analysis, we generalized from
usage of Q-Rapids solution to usage of evidence in general.
For example, if they preferred using Q-Rapids outputs in
a specific development activity, we inferred that similar
evidence from other tools could be used for the same purpose
in that activity.

The elicited requirements are listed at the end of this
section. Here, we will show a few examples of the data
collected through the interviews. Especially in the larger
organizations, several interviewees expressed the importance
of being able to react to quality issues in a timely fashion.
They explained that, sometimes, quality issues arise very late
in development. Experience showed that addressing quality
issues after-the-fact can be costly. From this, we elicited the
requirement that the process should highlight and enable fast
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TABLE 3. Practitioners participating in the study (Exp = Experience, D = Design focus group, E = Evaluation focus group, SW = Software, dev =

Developer).

reaction on quality issues. This means that quality issues
should be available in activities where they are relevant and
where the practitioners can react to them as soon as possible.

Some interviewees anticipated that access to more accu-
rate and timely quality information would enable more
precise estimation, planning, and prioritization. The prac-
titioners expressed their need for supportive evidence in
decision-making. Although not explicitly an activity in
process models, this requirement—should support experts in
decision-making with timely evidence—influences the flow
of artifacts and should be detailed in activity descriptions.
Key activities include planning and reviewing development
results. In larger organizations, access to all development data
is not always granted to everyone, implying a consideration
of different access to different roles. However, to avoid
overemphasis on high-level indicators without considering
the underlying details, it is beneficial to provide all roles
access to comprehensive evidence on quality issues.

The interviewees in all organizations expressed concerns
related to the introduction of new processes. There is a
risk that the new process would interfere with their current
agile way of working and may slow down development.
In addition, after the introduction of the example support

system, Q-Rapids, the practitioners were concerned that the
system and the new process would be too ‘‘rigid.’’ That is,
a new system should not force them towork in a different way.
From this, we arrived at the requirements of not introducing
major changes to their current ways of working and that
the new process should be lightweight and easy to adapt.
In addition, as the largest organization was in the process of
organizing development according to SAFe, they expressed
that the new process needs to be compatible with SAFe. For
the process model, this meant that levels of SAFe should be
considered.

Based on the analysis of the interviews, we formulated the
following requirements for the new process according to the
three objectives defined earlier:

• Quality awareness.

- - No compromising on quality aspects.
- - Should highlight and enable fast reaction on quality

issues.

• Evidence-based decision-making.

- - Should support experts in decision-making with
timely evidence.
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FIGURE 3. As-is software development model of Company A. (WBM - whiteboard meeting).

- - Should support different roles on different levels
in the organization with relevant evidence for that
level and role.

- - Should grant access to all relevant evidence regard-
ing a quality issue, despite the level of role.

• Agility.

- - Should not impede agility.
- - Should not slow down development.
- - Need to be lightweight and easy to adapt.
- - Should not require major changes to current ways

of working.
- - Need to be compatible with SAFe.

C. DESIGN
The goal of this activity was to design and validate the
new organization-specific, evidence-based, quality-aware
ASD processes. We designed the processes together with
the practitioners as models specific to each development
organization. These models were to be used in validation of
the new processes before implementing changes in the real
processes. At the same time, we, the researchers, designed
the general evidence-based quality-aware ASD process with
the help of the details from the organization-specific models.

The new process design was conducted in two workshops
in all organizations except for Company D, in which we
conducted only one workshop. The practitioners in Company
D already had a clear understanding of how and for what they
wanted to utilize evidence. The practitioners participating
in the workshops are presented in Table 3 in columns D1
and D2. The population sample included developers, a tester,
a DevOps specialist, a process expert, and managers with
various areas of expertise. A criterionwas that the participants
have knowledge about the software development process and
management of QRs or software quality. The two first authors
participated and moderated all of the workshops.

In the first part of the first workshops, we confirmed
and corrected details of the as-is process models of the
organizations’ software development, here with a special
focus on the management of quality. These models were
based on the previous case study [14] and findings of
Interview I.

Based on relevant literature, our knowledge about the
Q-Rapids project, and our understanding of organizations’
development processes, we proposed where in the process
QRs and evidence regarding software quality could be
utilized and how. This was done in the second workshop. The
practitioners, with their expertise about their own processes,
provided their input by confirming, proposing changes,
declining proposed changes, or proposing new tasks in the
activities or even new activities. Finally, the practitioners
voted on those activities that they saw as bringing the most
benefit for improved quality management. The details of
those activities were collected in a data collection form and
later integrated into the process descriptions and utilized
for the design of the general model. The second workshop
was conducted in the same way, with the results of the first
workshop serving as the starting point.

1) INTEGRATING USE OF QUALITY-RELATED EVIDENCE
To keep the text shorter, we present here only the as-is
model and final outcome before evaluation. Fig. 3 shows a
simplified process model of Company A, which we use as
an example. The model focuses on those activities where
decisions regarding quality take place together with the
relevant artifacts from a quality perspective.

The development process starts with the executive board of
the company defining feature strategies based on a company
roadmap and analysis of the market needs. These and
customer feedback are used as input to define features on
a higher level for the next six-month release plan. Quality
aspects of the product are an important consideration when
deciding on the future direction of the development of
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FIGURE 4. New evidence-based quality-aware ASD process in Company A.

the product. In particular, customer feedback may contain
many quality-related items. The list of features is inspected
during a whiteboard meeting (WBM), where it is decided
what features should be implemented in the next sprint.
Quality-related concerns are included as separate items in the
backlog if it is clear how the quality can be measured. After
integration and validation, which includes quality targets for
the product, the output is a new release that in turn, is used as
input in the planning of the next release.

Fig. 4 shows the result of the work conducted together
with the practitioners in Company A. The activities that were
deemed to be the best candidates for making the process
quality aware by utilizing evidence are listed below. In the
figure, new activities have blue gradient filling, new artifacts
have blue filling, and previously existing activities that can
benefit from utilizing the new evidence have blue borders.

• Defining feature strategies - It was deemed important
that the integration of quality starts as early as possible
when planning new features. The new evidence makes
sure that quality aspects are not overlooked in this early
phase.

• Defining high-level features - Following previous activ-
ity, the evidence related to quality needs to be taken into
consideration when deciding about features that will be
implemented during the next six-month release. Both
POs and managers are involved in this task.

• Evaluating sprint results - An activity that was missing
from the simplified process model but was deemed
important to allow for faster feedback on quality issues

provided by the evidence. POs, testers, and developers
may reflect on the work done from a quality perspective.

• Monitoring status of development - An activity that is
triggered when something is blocking development and
requires ameeting to inspect the status more closely. The
new evidence would indicate if any aspect of quality is
decreasing to such an extent that immediate reaction is
necessary. The severity of the triggering event is usually
of such a degree that it may require the attention of
managers, POs, and developers alike.

• Managing development infrastructure - An activity that
was existing, although not explicit, in the example
organization, was added to the model. It includes
the management of the complete development infras-
tructure, and in this case, the development organi-
zation had clear roles for this. As with any other
tool, the Q-Rapids solution needs management as
well.

• Q-Rapids continuous quality monitoring - A new
activity that practitioners deemed a task belonging inside
existing activities, in which the roles would depend on
those activities. In this task, the relevant role would
monitor the status of software quality by monitoring the
indicators, factors, and metrics relevant for that role.
It was decided that this activity would be included as
an ‘‘extra’’ activity because the exact contents were not
perfectly clear yet at this stage.

• Q-Rapids automated QA - A quality assurance activity.
Although the name implies that it does not include a
human role, it was decided to be included in the process
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FIGURE 5. Simulation scenario 1 in the validation session in the example organization,
Company A.

model to highlight the role of the support system,
especially in quality assurance.

The quality management support system was added as two
activities at the bottom of the figure:Q-Rapids data gathering
and analysis takes input from development and processes it to
produce the evidence, and Q-Rapids quality aware reporting
provides access to the evidence and different features of the
support system. The inputs Product data and Development
data encapsulate the different raw data produced during
development that are required by the Quality model. These
are included as outputs of the general activity Sprint
implementation. The Quality model is also an input, from
Managing development infrastructure, because the support
system needs it to know how to process data. Moreover,
the process model was updated with the artifact Prototype,
a working prototype that will eventually be released as input
from Sprint implementation to Evaluating sprint results. This
was missing in the initial process model.

Other changes compared with the as-is model includeCon-
tinuous integration and testing and Fixing issues, an activity
triggered by faults in, for example, testing. Due to time
limitations, we did not work on the details of potential
use of evidence in these activities; they were included as
possible activities relevant for managing quality and to
be worked on in the future. ‘‘Integration,’’ which came
from Integration and QA, was dropped because integration
happens in development. The artifacts of Company roadmap
and Market needs were removed because their scope was of
too high a level and they did not provide anymeaningful input
to be utilized currently.

The results in the case of the other development organiza-
tions were similar. Quality should be taken into consideration
early on, and evidence would enable taking quality properly
into account when prioritizing the content of a release.
Likewise, evidence would be critical for including quality
properly in the prioritization of backlog items for the sprints.
Monitoring the status of quality on a daily basis was deemed
a necessary practice to enable fast reaction on ‘‘slipping’’

quality. These results served as takeaways for the general
quality-aware process. These results also meant minimal
changes to the current development processes. The activities
or flow of activities would not need to be changed but only
changes of the tasks within the activities.

D. VALIDATION
The goal of the validation was to have practitioners assess
whether the designed company-specific processes would be
implementable before evaluation in the real world. That
is, the practitioners assessed whether the proposed changes
in the process would fit into their ASD processes without
compromising agility or speed of development while being
more inclusive from a quality perspective.

Two scenarios were created that would be run as
simulations with the help of the process models in the
validation sessions. The scenarios were kept the same for all
organizations except for changes in details according to their
respective individual processes. The scenarios are presented
below.We devised a script to follow in the validation sessions
to ensure equal treatment among different validation sessions
and reduced researcher bias. Henceforth, we refer to the
simulated scenarios as simulations.

The validation sessions were conducted separately in
the four organizations and were moderated by different
researchers. The three first authors moderated the validation
sessions in Company B and Company C, the seventh author
moderated the validation session in Company D, and the
eighth author moderated the validation session in Company
A. The population sample consisted of managers, product
owners (POs), and developers. The participants can be found
in Table 3 in the column Validation.
The simulations focused on the diverse workflows of

the processes with the goal of analyzing whether the new
processes satisfy the agility requirement. The focus in the
workflows was on activities identified when designing the
new processes. This would indicate whether the requirement
of quality awareness has been fulfilled. The simulations
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FIGURE 6. Simulation scenario 2 in the validation session in the example organization, Company A.

focused also on the usage of the different evidence provided
by the example support system in decision-making. This
would indicate whether the new processes could satisfy the
requirement of being evidence based. If all these require-
ments are fulfilled, the new processes would contribute
toward better integration of quality.

The workflows consisted of the activities in simulations
‘‘Follow the process model to monitor software quality’’ and
‘‘Follow the process model to inspect a generated QR and
simulation of quality.’’ We provide the simulations here as
presented in the example organization, Company A.

In the first simulation depicted in Fig. 5, a PO monitors
quality during a sprint using a dashboard (1). The PO notes a
declining trend in the Product quality strategic indicator (2)
and, upon further analysis, identifies a concerning decrease
in the Code quality product factor and Complex files metric
(2). Utilizing the prediction feature indicates these trends
will continue if unaddressed (2). Consequently, the PO
decides to address the declining product quality in the next
Evaluating sprint results activity (3). A decision is made
to inform developers about the situation, urging them to
reduce the number of complex files and consider this in their
implementation (4 and 5).

In the second simulation, in Fig. 6, a PO gets an alert
saying that the Product quality strategic indicator is out of
the accepted range and requires attention (1 in Fig. 6). The
support system proposes a QR to be included into the backlog
to mitigate the situation (2). The QR follows a predefined
template and states the following:

• Goal: Improve code quality, increase the density of non-
complex files

• Requirement: The density of non-complex files should
be above 80%

• Description: This pattern expresses the need of decreas-
ing the number of complex files

The PO knows that there are other factors contributing to
product quality than code quality and wants to explore the
option of adjusting another factor (2). The PO utilizes the
simulation feature before deciding whether to include or not

the proposed QR. If included or addressed in any other way,
it might require the PO to update certain acceptance criteria
or create a new task. Hence, in the process, it would mean that
the PO evaluates the situation in the task of Evaluating sprint
results (3). Following this, the content of the sprint is planned
before resuming implementation (4 and 5).

The QR in the simulation is made up and may not be a
realistic one. The purpose was not to focus on the details of
the QR but rather on the process model to find whether the
workflow was realistic.

In both simulations, the participants inspected the process
model and its description in detail by answering the following
questions:

• Is the flow of activities appropriate and complete?
- - If not, why?

• In your opinion, is the workflow agile enough?
- - If not, why?

• In your opinion, is the workflow rapid enough?
- - If not, why?

• In your opinion, does the workflow include QRs better?
- - If not, why?

All answers were collected with a data collection form
and were used to further modify and improve the process
models. Comments were also allowed for ‘‘Yes’’ answers.
The recorded number of yes and no answers gave a
general overview of the practitioners’ perceptions regarding
whether the proposed process would bring any improvement.
Elaborations for no answers were important for refining the
processes before implementation and evaluation, ensuring
they did not impede software development. The validation
results, which are summarized in Table 4, show the number
of participants with positive versus negative perceptions.
This includes assessments of the process’s suitability for the
organization, its impact on the agility of QR management, its
effect on the speed of QRmanagement, and the integration of
QRs into the process.
Appropriateness: Most practitioners found the process

suitable for their existing workflows. Only in Company D
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TABLE 4. Summary of validation replies (Sim = Simulation, Company B had five participants, but one of them took part in simulation 1 only and another
participant in simulation 2 only).

FIGURE 7. Modified model of the evidence-based quality-aware ASD process adopted in Company A.

did both participants feel that the workflow of simulation
2 did not fit well. The written feedback revealed that it was
due to the details of the example QR rather than the process.
Similar feedback came from Company A; while agreeing
on the process’s appropriateness, they noted that a new QR
cannot be an input to implementation directly. Instead, the
inclusion of the QR should be decided in the Whiteboard
meeting (WBM) to plan features for sprint, where a task is
derived from the QR. Thus, the QR artifact was linked to
the WBM activity, and a QR task artifact was added as the
output of that meeting and input for Sprint implementation.
We updated the process model with the required changes,
which are presented in Fig. 7 and are highlighted in yellow.
Agility: The proposed workflow was considered agile by

most organizations, except Company C, where a majority in
simulation 1 viewed it as less agile. In Company C, certain
quality-related decisions were made in activities equivalent
to those of program or large solution levels in SAFe, in less
frequent activities. The practitioners suggested delegating
some decisions to development teams to enhance agility.
This was particularly evident in the feedback about the

speed of development, where making quality decisions in
infrequent meetings was seen as inefficient compared with
handling them in daily activities. Consequently, the process
for Company C and the general process were refined based
on this feedback.
Speed: As noted above, the score for speed was low in

the case of Company C. Other practitioners deemed that
the process could increase speed, but it could slow down
development initially if the number of quality issues is high.
Inclusion of QRs: Most of the practitioners found that

QRs and quality in general would be better integrated in the
proposed workflow.

The details from the process in the example organization as
well as details from the other organizations were added into
the general model, which is presented in the next section.

V. THE SOLUTION—EVIDENCE-BASED QUALITY-AWARE
ASD PROCESS
The solution is an enhanced general ASD process model that
integrates software quality artifacts and decisions, including
QRs, metrics, factors, and indicators, into ASD. As the
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FIGURE 8. General evidence-based quality-aware ASD process overview.

largest company required the process to be compatible with
SAFe [43], the model uses three levels of abstraction beneath
the general overview. This did not conflict with the other
organizations. However, SAFe is not a requirement for
adopting any or all of the details presented in the model.
The details are merely represented at different levels of
abstraction, in which team-level details can be found in the
lowest level and project management details in the highest
level. The following sections present the general overview
and each level of the model.

A. PROCESS OVERVIEW
Daily development activities produce results that are
reviewed at progressively higher levels in the hierarchy,
with less frequent reviews as the level increases. This
hierarchy does not necessarily equate to the hierarchy of
decision-making. Regardless of company or product size,
the organizations of our study developed small product
increments daily, with integration results reviewed weekly or
bi-weekly. Ultimately, the results were also reviewed before
release in, for example, a six-month interval. Thus, we chose
to use a layered architecture.

The evidence-based quality-aware ASD process model,
which is shown at the highest level in Fig. 8, consists of
three sub layers represented as subprocesses in the process
model and referred to as such in the text. These are Products
subprocess, Releases subprocess, and Sprints subprocess.
All companies implemented a two-level structure—sprints
and releases. Moreover, Companies B and C, which were
developing large solutions, utilized a third level to plan and
execute activities for a full product. Company A deployed a
similar kind of higher level for customer cooperation.

The management practices in the Products and Releases
subprocesses are highly specific to each case, being influ-
enced by factors such as company size, release complexity,
concurrent technologies being developed in case of embed-
ded products, business and customer cases, and various
constraints. Therefore, the quality-aware ASD process sum-
marizes the management structures through the principle of
periodic status meetings, leaving the actual implementation
up to the organization implementing the process. The
continuous and agile nature of these subprocesses is realized
by assuming that management activities are conducted
continuously.

The key principles of each subprocess are as follows:

1) subprocesses are organized in a continuous, incremen-
tal, and agile manner.

2) Planning and execution items’ abstraction levels vary
with the subprocess, from product ideas to code.

3) Each subprocess splits into planning, execution, and
validation activities, where Releases and Sprints serve
as the execution forProducts andReleases respectively.

4) Each subprocess has its own validation activities, with
lower level subprocesses delivering tested software
packages and higher levels performing final integration
and validation.

5) The pace of subprocesses is adjustable based on
product and company needs.

6) Sprints subprocess follows Scrum principles, while
Releases and Products are less formal, being based on
organizations of our study.

7) Quality management in each subprocess focuses on the
quality issues relevant for the abstraction levels of the
planning and execution items.
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FIGURE 9. Products subprocess of the evidence-based quality-aware ASD process.

8) Roles in Releases and Products subprocesses are
generally defined, leaving the companies to decide the
actual roles and responsibilities, whereas the Sprints
subprocess follows Scrum-defined roles.

The data relevant for quality management support are
proposed to be used in each subprocess by all personnel
relevant for decision-making, quality monitoring, and correc-
tive action planning and execution. Although stakeholders in
different subprocesses may have different areas of interest,
as we saw in the example organization, the process model
proposes full utilization of all evidence in all subprocesses.
In the following sections, we present each of the subprocesses
starting from the higher level going down to lower levels.

B. PRODUCTS SUBPROCESS
The Products subprocess outlines the development phases
for high-level planning and validation of new products
or releases, representing top management’s contribution
to development. It is assumed to be continuous, even
though it can be one-shot in cases of customer-specific
products requiring distinct planning and customer approval
testing phases. This subprocess is divided into planning
and validation activities, with its structure being depicted in
Fig. 9.

The planning phase in the Products subprocess is trig-
gered by a customer request or business opportunity being
discovered internally, hence leading to the Initial scoping.
Due to such early planning phases being extremely case
specific, it is summarized as Identifying feasible solutions.
It includes finding solutions to identified functionality and
possible problems of the new product or release. Quality-
related evidence is valuable in these early phases. Upon
successful identification of the most feasible solutions in all
relevant areas, more detailed planning commences, including

documenting the business case, product or release targets,
technical solutions and constraints, time and personnel
constraints, and other information required for the Releases
subprocess to start detailed planning.

Utilization of the quality status of the products or releases
under development, when planning new products or releases,
depends on the similarity of the earlier products or releases.
The bigger the similarity, the more of the evidence supports
the quality-related planning of the new product or release.

QRs or software quality-related evidence provides the
Products subprocess with several scenarios for the new
product or release planning:

1) While searching for feasible solutions for the new
product or release, top managers of relevant business
and technology areas monitor the quality status of the
products or releases under development. The identified
quality issues are taken into account and may trigger
such corrective actions for the new product or release
that need initiatives from the top management.

2) While searching for feasible solutions, top managers
of the relevant technology areas monitor the quality of
the products or releases under development to evaluate
the feasibility of the potential solutions from a quality
perspective.

3) While searching for feasible solutions, the top business
and technology managers monitor the quality of the
products or releases under development to set feasible
targets for the new product or release by considering
the quality perspective.

4) While deciding for a new product or release, the
company-level quality managers set the high-level
quality targets to the new product or release.

5) The final quality status of the product or release to be
delivered is monitored by the managers in charge of the
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FIGURE 10. Releases subprocess of the evidence-based quality-aware ASD process.

product or release and used as a criterion for the final
approval and delivery decision.

6) A company can decide to implementmanagement-level
Periodic quality status meetings to stay informed about
the quality of the developed product and, if needed,
steer resources toward work on quality issues.

The Products subprocess performs formal validation
of new products or releases provided by the Releases
subprocess, making final delivery decisions. Quality-related
information assists in assessing whether the desired quality
level is achieved. Due to the highly case-specific nature of
validation activities, the process model outlines them broadly,
leaving detailed implementation to the organizations using
the process.

C. RELEASES SUBPROCESS
The Releases subprocess defines the development phases and
activities for delivering software in the form of preplanned
functionality bundles, that is, releases. Typically, a release
contains functionality increments, error corrections, and
value-adding modifications. It details how the releasing
of new functionality is planned and how the releases
developed in Sprints subprocess are validated. Serving as
the implementation engine for the Products subprocess,
it leverages the Sprints subprocess as the implementation
engine.

The Releases subprocess consists of continuous planning
and validation activities, which are generally faster paced
than those in the Products subprocess. The quality-aware
ASD process model allows organizations to determine the

timing of the Releases subprocess based on case-specific
constraints. Its overall structure is shown in Fig. 10.
TheReleases subprocess, which is guided by the high-level

product definition from the Products subprocess, plans the
functionality for new products or releases. Planning details,
like prioritization and breaking down epics into imple-
mentable parts, vary among companies and are typically left
to their discretion. Corrective actions from previous quality
issues should be considered in the planning, and any potential
QRs may be added to the product backlog through a Backlog
link. The quality-aware ASD process advises maintaining
separate logical repositories for planning items like epics,
features, and user stories, which is in line with the practices
used in the organizations of our study.

In the Releases subprocess, new functionality accumulates
at the pace of sprints, with specific integration and validation
tests conducted. The extent of variation in validation environ-
ments and tests from the Sprints subprocess is flexible, being
tailored to case-specific constraints.

The QR and software-related evidence provides the
Releases subprocess with several scenarios for the planning
of new functionality:

1) While planning new functionality, the key stakeholders
(product or release managers, quality managers, POs)
monitor the strategic indicators and QRs of the release
under development to plan corrective actions for the
new release.

2) While planning new functionality, the product release
managers and POs monitor the QRs generated for
the release under development to set quality-related
requirements for the new release.
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FIGURE 11. Sprints subprocess of the evidence-based quality-aware ASD process.

3) While prioritizing the epics, features, and user stories of
the new release, the release managers and POs monitor
the quality status of the release under development
to understand how quality-related matters impact the
priorities.

4) While planning the new release, the release managers
and the POs monitor the quality status of the release
under development to balance the plan between
new functionality, refactoring, and quality-corrective
actions.

5) During the sprint-based development of a release, the
release managers and release quality managers monitor
the quality status continuously to keep track of the
maturity of the release and decide on potential correc-
tive actions in the Periodic quality status meeting.

6) While planning and conducting validation testing, the
release quality managers and test managers monitor the
quality status of the release to focus testing on the areas
that need special consideration.

7) While deciding for an approval of a release in Moving
release to delivery, the release managers and release
quality managers utilize the total quality status and
open quality issues, such as quality alerts and open
QRs, as acceptance criteria.

D. SPRINTS SUBPROCESS
The lowest level of the process model includes task planning,
software implementation, and unit testing activities. The
Sprints subprocess implements the plans defined in the
Releases subprocess. It utilizes a straightforward implemen-
tation of Scrum, as presented in Fig. 11, because this process
represents the way of working of the studied organizations the
closest and because it is the most adopted agile method [3].

In addition to standard Scrum elements, we propose an
Optional quality status meeting, as implemented by several
organizations in our study. Integrating these meetings into
the layered process model, specifically within the Releases
or Sprints subprocesses, proved challenging. Therefore, it is
suggested as an optional component in the Sprints subpro-
cess, giving organizations the discretion to implement it. This
meeting can be omitted if quality decisions are effectively
addressed in standard meetings. However, an aperiodic
meeting in the Sprints subprocess, like in Company A, allows
for quicker feedback, as called for in Company C.

The Sprints subprocess involves developing software com-
ponents and sprint-based continuous integration and testing.
The quality-aware ASD process does not fix any specific
sprint length but refers to the well-known recommendations
of the scrumming-type agile methods. Work items for sprints,
such as user stories and tasks, originate from the Releases
subprocess planning activities and are stored in a product
backlog managed by a PO, as per Scrum. These items also
include corrective actions and QRs generated by the quality
management support system.

Sprints incrementally deliver functional software, with
continuous testing within the Sprints subprocess. However,
final validation and approval occur in the Releases subpro-
cess, adhering to the principle that a higher organizational
level, rather than the implementing teams, oversees and
approves the work results.

The QR and software quality-related data provide the
Sprints subprocess with several scenarios:

1) Developers and testers can monitor the software’s qual-
ity, focusing on product and process quality metrics and
factors.Quality monitoringmay be triggered by quality
alerts or based on individuals’ own initiatives.
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TABLE 5. Usage until first evaluation workshop in Company A.

2) QR and software quality data monitoring can be part of
Sprint review and Sprint retrospectivemeetings, where
the team may reflect on how successful the way of
working in the sprint was from quality perspective and
use the evidence as support for planning of actions for
solving possible quality issues in the next sprints.

3) The POmay use the evidence in Sprint planning to bal-
ance refactoring and development of new functionality
and for setting priorities of the backlog items in the
next sprint from the perspective of product and process
quality.

4) The POs, test engineers, and quality engineers over-
seeing quality in Sprints subprocess may conduct
Optional quality status meetings together with the key
stakeholders from Releases subprocess to monitor and
manage the total product and process quality utilizing
all the QR and software quality-related data.

VI. THE EMPIRICAL EVALUATION OF THE SOLUTION
The goal of this activity was to both implement the new
processes and evaluate whether they fulfill the requirements
for the process (Section IV-B). To avoid disrupting software
development, implementation was gradual, integrating new
practices exploratively. The evaluation exercise, which was
conducted in three stages over a five-month period with
follow-up interviews after three to four months, was qual-
itative and focused on the new process adoption from the
practitioners’ perspective. Because implementing the entire
general process was not feasible, organizations adopted parts
of it based on their specific ASD models, allowing for an
evaluation of the general model through its implemented
parts.

During implementation and evaluation, the practitioners
from Companies A and B reported their use of the new
support system through an online form, detailing what new
evidence was utilized, by whom, for what purpose, when,
in what activity, and outcomes. In Company C, due to
unforeseen changes, the support system was reallocated
to another project and was not used for decision-making
within the time frame of the study. The practitioners in
Company D had a clear view of how they would utilize

the example support system already early on in the project.
Evidence was mainly utilized for identifying weaknesses in
the development process, and they did not see the need to
explore further utilization at the time. After all, the intention
was that a companymay adopt the whole process or only parts
of it according to their needs.

In Companies A and B, three workshops led by the
first three authors were conducted to verify data from the
online form and gather additional information for evaluation.
The workshops took place in February, April, and May
(columns E1, E2, and E3 of Table 3). Follow-up interviews
(Table 3, last column) were conducted by the two first authors
during September–October time frame in companies A, B,
and C. These one-hour individual semi-structured interviews
focused on continued evidence utilization, adherence to
the process, additional activities, impact observation, and
fulfillment of new process requirements. In Company D,
a group interview that was led by the seventh author took
place in June.

For Company C, where quality management support
system integration was unsuccessful, interviews aimed at
gathering insights into research cooperation with a large
software development organization, but they are not included
in this report. The following sections describe the outcomes
of the evaluation workshops and final interviews, briefly
covering Company B’s reported usages and focusing in more
detail on Company A, the example organization.

A. EVALUATION I
By the first evaluation workshop in February, six usage
instances were recorded in CompanyA and three in Company
B. In Company B, the developers mainly used the system
during Sprint implementation to verify that changes in
the metrics were reflected correctly in quality factors and
strategic indicators. A project manager monitored metric
updates during a daily Scrum meeting, seeking software
quality improvements. Company B’s focus was on building
trust in the evidence provided by the quality management
support system. The six instances of usage recorded in
Company A are summarized in Table 5, showing what
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TABLE 6. Usage after first evaluation workshop until second evaluation workshop.

activities of the general model the reported usages correspond
to.
Quality Awareness: The reported usages reflect increased

quality awareness, with stakeholders receiving appropri-
ate quality-related evidence during relevant activities. For
instance, a developer reviewed the Bug correction perfor-
mance metric (Usage #1) during development to track task
progress. A product manager utilized Q-Rapids’ simulation
in WBM to plan features for sprint activity (Usage #3) to
explore ways to enhance the Product readiness strategic
indicator. Additionally, the Evaluating sprint results activity
involved four instances of usage, focusing on monitoring
development status and identifying improvement opportu-
nities. These instances demonstrate that quality aspects are
both highlighted and readily accessible to practitioners, even
though they do not conclusively show if the process enables
a rapid response to quality issues.
Evidence-Based Decision-Making: The reported data sug-

gests a shift toward more evidence-based decision-making.
The practitioners noted the strength of using evidence to
plan and prioritize tasks for upcoming sprints, here by
focusing development efforts to enhance product readiness.
This indicates support for evidence-based decision-making
by supplying the necessary evidence to relevant practitioners
during appropriate activities.
Agility: The practitioners did not yet see any impact on

the requirements related to agility. The use of evidence
aligns well with their current practices without affecting
the development speed. In Company B, usage focused on
building trust in the system, making it premature to assess
its fulfillment of the process requirements.

B. EVALUATION II
Between the first and second evaluation workshops, three
usages were collected in both Companies A and B.
In Company B, usage focused on building trust: a developer
inspected trends of quality factors in sprint implementation,
a DevOps engineer utilized evidence to assess software
quality while defining tasks in sprint planning, and a project
manager looked for ways to improve software quality. The
main outcomewas an increased emphasis on software quality.
In Company A, usage was more goal driven (Table 6) and
confirmed during the workshop to occur in the activity
Evaluating sprint results, corresponding to the general
model’s Sprint review or Retrospective. However, Company

A did not separate these activities, so usage could not be
distinctly attributed to either.
Quality Awareness: The data again highlight the impact on

quality awareness and usefulness of evidence. A developer
reviewed the historical trends of Bug correction metrics at
sprint’s end to verify planned bug corrections. Additionally,
the developer found monitoring these metrics beneficial
during implementation for achieving a bug-free release, even
though this was not formally reported as a usage.
Evidence-Based Decision-Making: A project manager

monitored Timely feature delivery2 strategic indicator and
its details at the end of a sprint, verifying that new feature
implementation was on track for the next release. The same
manager also reported the third usage (usage #9) aimed at
gaining an overview for the upcomingWBM to plan features
for sprint. This quick, informative overview was noted as
a significant benefit, facilitating discussions on quality in
whiteboard meetings more effectively than before.
Agility: Regarding agility requirements, the process

appeared not to hinder agility or slow down operations.
One requirement is minimal change to existing processes.
The usages indicate that the practitioners now review new
evidence in or while preparing for meetings, a minor change
that has not been perceived negatively.

C. EVALUATION III
Between the second and third evaluation workshops, nine
usages were recorded: three from Company B and six from
Company A. In Company B, usage was limited because
the underlying support system’s integration was immature,
making the data unreliable for decision-making and only
indicative of software quality. A developer evaluated quality
during sprint implementation, a project manager checked
actual development progress in a daily Scrummeeting against
system outputs, and another developer’s usage was related to
management of the system itself to check that trends were
reflected correctly.

In Company A, usage started to be more widespread,
and the evidence was used for real decision-making. This
provided stronger proof for whether the new process meets its
requirements. Workshop discussions indicated that reported
usages led to increased evidence utilization. The usages in
Company A are summarized in Table 7.

2A strategic indicator measuring project management performance [45].
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TABLE 7. Usage after second evaluation workshop until third evaluation workshop.

Quality Awareness: When inquired about usage #10
(Table 7), the practitioners said they noted unexpected
changes in metrics during daily development (Continuous
integration within Daily development of the Sprints subpro-
cess). Although not blocking normal operations, whichwould
trigger Company A’sWhiteboard meeting to monitor status of
development, they opted for an unscheduled meeting during
sprint implementation to address the issue. This corresponds
with theOptional quality status meeting in the general model,
illustrating practitioners’ ability and decision to respond to
quality issues immediately.

In the meeting, they discovered a malfunction in the
connector linking a development tool to the new support
system. Restarting the connector normalized the metric
values. Therefore, in fact, this led to an unreported instance
of managing the development infrastructure (Data analysis
subprocess in the generalmodel), corresponding toManaging
development infrastructure. Usage #11 involved updating the
threshold values of the metrics to align with the company’s
revised quality policy. These usages highlight the focus on
quality and the process’s capacity for immediate quality issue
response.

Usages #12 and #13, conducted by a quality engineer
during theQA activity in Integration and validation, involved
responding to alerts about three quality metrics—Critical
issues ratio, Non-blocking files, and Comment ratio—
exceeding the threshold values (usage #12). The system
suggested creating a QR, which the engineer then generated
and forwarded to the project manager with additional
information (usage #13), demonstrating heightened quality
awareness.
Evidence-Based Decision-Making: In usage #14, a project

manager reviewed two generated QRs during Evaluation
of sprint results, concerning the Ratio of open issues and
Ratio of properly commented files. A task was created to
address the first QR, while the second was dismissed, with

the manager opting to remind developers about coding rules
instead. This instance illustrates the use of evidence in
decision-making.

Usage #15 marked the first reported instance within
the new Q-Rapids continuous quality monitoring activity,
which was part of the preparations for the next WBM to
plan features for sprint. Although similar activities were
previously reported under Evaluating sprint results, this
instance was distinct. The project manager and a quality
manager jointly investigated a sudden drop inmetric values to
zero. Drawing from prior experiences, they opted for a quick
review rather than a full meeting, leading to notifying the
integrator who restarted a connector. Restarting the connector
was not reported in the data collection form. Once again,
evidence helped make informed decisions.
Agility: The above usages demonstrate that the support

system and process collectively enabled the practitioners to
respond to quality issues in an agile way, allowing for imme-
diate decision-making activities upon issue identification.

D. FINAL INTERVIEWS
We briefly summarize here the status of each organization
at the time of the final interviews but focus mostly on
Company A.
Company D: In Company D, the integration of the system

stabilized early but was not as extensive as in Companies A
and B. The organization had gone through the same steps
of identifying needs; defining indicators, factors, and metrics
for the quality model, and setting up the data collection and
processing. However, their primary focus was on monitoring
the development process, with a PO being the main
user of the system for tracking process-related indicators
and metrics. One PO identified a development bottleneck,
initially perceived as a testing issue, but later traced this
to resource constraints in the code review and merge phase
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before testing. This insight enabled targeted improvement
actions. The POs appreciated the system’s contribution to
more accurate planning and estimation at both individual
and sprint levels, process performance enhancement, and root
cause analysis for process delays.
Company C: In Company C, the system was not actively

used. Company C’s strict rules on development data access
hindered the acquisition of data initially deemed necessary,
leading to the decision to pilot Q-Rapids in another project.
During the interviews, they had just begun piloting the system
in this project.
Company B: In Company B, evidence was mainly used

in sprint planning, implementation, and review, but not for
decision-making to the extent seen in Company A. The
support system’s maturity did not allow for full integration.
Strict safety and security requirements necessitated verifica-
tion of all development tool data; a goal not achieved during
the study. Efforts were ongoing to build trust in the data.
Consequently, no impact on agility or development speed was
observed. However, the interviewed practitioners noted a shift
toward a more quality-focused and data-driven development
culture.
Company A: In Company A, usage continued as earlier,

with an additional activity involving planning for the
next release. Quality evidence was helpful in prioritizing
unresolved blocking issues and agreeing on features for the
upcoming release. Evidence utilization remained prominent
in planning, development, review, and monitoring activities.
The practitioners reported daily use of evidence for quality
monitoring and decision-making, both in meeting prepara-
tions and during meetings. This led to more informed and
quicker task prioritization as development status became
clearer, simplifying the identification of next steps for quality
improvement.

Company A saw significant improvement in its rapid
response to quality issues. A project manager noted a 20%
increase in theProcess performance indicator when including
data from before the project. The system also proved effective
in more accurately predicting the readiness of the next
release.
Meeting the Requirements: The practitioners from Com-

pany A reported that integrating quality evidence pos-
itively influenced agility, development speed, and qual-
ity management. Despite changes in decision-making and
meeting preparations, they felt the requirement to main-
tain the existing process was met, with the product
manager noting the process was enriched rather than
changed.

A common challenge across all companies was setting
up the support system, particularly connecting the various
tools that lack existing connectors, hence requiring in-house
development. This and anymodifications to the qualitymodel
require manual intervention. Although Company A viewed
this as a standard development task, it may be seen as an
additional burden because it does not directly advance the
product.

VII. DISCUSSION
This section explores the impact of the integrated
quality-aware processes on the present study’s organizations
and examines the usefulness of the general quality-aware
process model.

A. EFFECTS OF THE EVIDENCE-BASED QUALITY-AWARE
PROCESS
The evaluation findings highlight improvements in both
quality management and the software development process
itself, which can be summarized in the following five points:

1) Agility: Company A found that the new process and
support system data enabled quicker, more informed
meeting preparation and decision-making.

2) QR management: Generating QRs and deriving tasks
for development was started in Company A. This also
raised awareness of quality.

3) Process performance: Company D saw improved
understanding of several aspects of the Scrum process.
Company A reported an improvement in process
performance of 20%, signifying contribution to the
stakeholder goals.

4) Planning: Company D experienced enhanced planning
accuracy and issue management, while Company A
observedmore precise planning of release launch based
on better testing and build stability insights.

5) Bottleneck identification and resolution: Company D
identified root causes of development bottlenecks, and
Company A prioritized unresolved issues for agreeing
on the features for the next release.

Additionally, some organizations began addressing the
challenges identified in the initial case studies [14]. Company
A improved QR specification with greater detail and on
several levels of granularity, and the solution aided in
identifying key QRs. Company B, despite full integration
not being achieved, saw that the value of QRs was easier to
see, due proper attention early on. Company A also reported
increased visibility of QRs during development and received
real-time feedback on QRs, aligning with their areas of
interest for improvement.

The evaluation results allow us to conclude the following
about meeting the initial requirements:
Quality awareness. The quality-aware ASD process sup-

ports quality awareness from three perspectives:

• Continuous quality assessment and monitoring.
• Incremental and semi-automatic elicitation of QRs
based on a continuous analysis of quality-related data.

• Offers a real-time, both holistic and detailed, overview
of software quality status.

The tool and its integration into the ASD process alone are
not solely responsible for the observed benefits. Although it
increases awareness, effective use of the provided evidence
still depends on the decision-makers.
Evidence-based decision-making. Quality-related deci-

sions rely on insights from a data analysis engine, visualized
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on a dashboard for diverse roles. Information about the
relevance of evidence for specific roles, activities, and
purposes can be detailed in the process model descriptions.
Although the model does not dictate what evidence to use,
it may guide how to identify relevant evidence.
Agility. The quality-aware ASD process offers lightweight

quality management support. Initially, usage might be more
intensive, but once integrated, it seamlessly complements
agile practices, facilitates quick responses to quality issues,
and allows organizations to choose relevant quality aspects
rather than relying on predefined indicators.

Agile prioritizes ‘‘individuals and interactions over pro-
cesses and tools’’ [4], and our approach might initially seem
contradictory. However, agile methods often emphasize func-
tionality at the expense of the focus on quality. Implementing
this system, alongside its usage practices, not only heightens
quality awareness, but also assigns quality as a responsibility
to the relevant stakeholders, like POs. The evidence provided
by the system can help justify a higher priority of quality
items in the backlog.

B. IMPLICATIONS FOR PRACTITIONERS
Based on our collaboration with the industry partners of Q-
Rapids, we propose the following recommendations:

• Efforts to better include QRs and software quality into
the ASD process should be made. An evidence-based
support system can be integrated into ASD, particularly
in Scrum. Few extra activities or roles are needed beyond
those already existing in agile frameworks.

• Because ASD already utilizes tools for collection and
analysis of data, these should be used for monitoring
development progress from a quality perspective. It can
guide decisions on adding tasks and QRs to backlogs,
guide testing activities, and in process improvement by
identifying weaknesses.

• Consider appointing a role focused on ensuring that con-
nectors gather and store relevant data. The responsibility
is similar to managing development infrastructure.

• Update descriptions of work tasks to guarantee the
production of all relevant data.

• Integrate the support system into weekly monitoring,
daily stand-ups, and planning activities for continuous
quality monitoring, quick quality issue responses, and
prioritizing quality aspects.

• Incorporate process-related metrics into sprint retro-
spectives to track progress toward quality goals and
identify development bottlenecks.

• POs, test engineers, and quality engineers should
use evidence from sprints as lessons learned, such
as balancing refactoring with new development and
prioritizing backlog items, to infuse quality insights
from previous sprints into the planning and execution of
future sprints.

Integrating a system like Q-Rapids is a nontrivial task,
requiring commitment from managers, team leaders, and

developers. Identifying the relevant quality indicators, select-
ing correct quality factors and metrics, and collecting appro-
priate raw data require cooperation. Connector development
for various tools can be prone to error, as seen in CompanyA’s
initial connector issues. Building trust in the evidence may
also be time-consuming.

More recent publications present similar findings [46],
[47]. Becoming data driven is not merely about plugging
in new tools and hiring experts. Meaningful indicators
need to be defined, availability and completeness of the
required data need to be guaranteed, and there is a need to
build trust in the data analysis. It requires a change in the
mindset of all involved stakeholders and in the organization’s
culture. This change needs to be managed properly, which
means commitment from stakeholders of all levels of the
organization. As we did in our study, and as Figalist et al. [47]
proposes, starting small helps with building trust and with
cultural change.

Eventually, in our study, the efforts led to a system
that integrates smoothly with the ASD process, providing
valuable quality insights and positively affecting agility,
development speed, and quality management. The system’s
adaptability allowed for updates aligning with Company A’s
internal quality policy, without necessitating major changes
to their existing ASD process.

C. IMPLICATIONS FOR RESEARCHERS
Despite the present study’s duration of over one and a
half years, the use of the Q-Rapids solution for manag-
ing QRs and software quality remains at an exploratory
stage. Not all activity details were fully developed in the
participating organizations, suggesting that many poten-
tial evidence applications remain unexplored. Future stud-
ies in these organizations, particularly after extended
use of the support system, could uncover additional
practices.

A key lesson is the importance of trust in data. In Company
B, while recognizing the benefit of data-driven decisions over
subjective judgments, the practitioners emphasized verifying
data accuracy themselves. Their production of security and
safety-critical products, which require traceable decisions,
further underscored this need for trust. Exploring how
practitioners can build trust in data emerges as a crucial
research area.

Recognizing the limitations mentioned in the validity
threats section, the utility of the evidence-based quality-
aware ASD process should be examined in organizations
falling beyond the present study’s scope. Initially, Q-Rapids
was intended to use both system and user data during
software operation. However, due to project constraints and
confidentiality issues around user data, the current study
concentrated only on project and development data. Given
that system and user data can offer crucial insights into
software quality, future research is recommended to explore
this aspect.
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In addition, further research should also incorporate
findings from more recent studies that were not available
to us during our study. For example, Sdiri et al. [46] have
complied a set of impediments for transitioning to a data-
driven organization. A subset of these are organizational
impediments, which were not fully explored in our study
and could provide further insights into the transition.
Figalist et al. [47] explore key drivers that prevent successful
integration of analytics tools, and they also propose solutions.
The integration of Q-Rapids into the ASD process could
benefit greatly from these findings.

D. THREATS TO VALIDITY
As DSR is still maturing as research methodology, there is
yet no common agreement on what aspects of validity should
be considered [48]. Therefore, we choose to use Runeson and
Höst’s [49] guidelines, originally for case studies, to reflect
on validity threats.

To ensure rigor, meticulous planning was applied in data
collection and analysis. Interviews and focus groups were
designed by one set of researchers, another set reviewed and
enhanced them. Data collection was consistently conducted
in pairs to minimize researcher bias and enhance reliability.
However, a more significant threat to validity lies in the
selection of organizations, participating practitioners, and use
of the Q-Rapids support system.

Basing the requirements for the evidence-based quality-
aware process on the organizations’ current way of working
presents a threat to construct validity. A wider set of
organizations could provide a wider set of requirements,
leading to a wider range of practices to utilize evidence in the
management of quality. Additionally, focusing interviews on
the Q-Rapids solution may have biased interviewees toward
its capabilities, potentially overlooking alternative outcomes
that different tools might offer.

External validity is also a concern. The design of the
quality-aware processes was tailored to each organization’s
specific methods, focusing on their existing workflows.
Although we generalized these into a final process model,
different organizations could result in different workflows.
Additionally, exploring agile methods beyond Scrum is
recommended, because all studied organizations used ASD
approaches closely resembling Scrum.

Even though we aimed to include different practitioners
at different times, some of the participants were the same
throughout the study. It is possible that some degree of
maturation took place, which might affect the findings of
the final evaluation. Therefore, this is a threat to the internal
validity. Also, because the aimwas to raise quality awareness,
we cannot rule out that the project itself may have raised
awareness of quality, not just the process.

The case companies did not implement the entire evidence-
based quality-aware ASD process from the general model,
instead adapting relevant parts to fit their specific processes.
Although this approach allowed for evaluation of the general

model through its implemented parts, further studies in
diverse companies are needed to assess the model’s utility
across a broader spectrum of development organizations.

An additional limitation was the unsuccessful integration
in two cases. In Company B, the maturity of the system
hindered trust in the data. In Company C, internal restrictions
on data access complicated implementation of the system.
Although these are notable findings, the potential benefits
of successful integration in situations like Companies B
and C remain uncertain. Future research should include
organizationswith characteristics similar to B andC to further
explore this.

VIII. CONCLUSION
Using design science research (DSR), we developed an
evidence-based quality-aware ASD process to enhance the
management of QRs and software quality. The phenomenon
was studied over 20 months across four different software
development organizations, involving 35 practitioners from
various development roles who engaged in two rounds of
interviews and six focus group sessions.

The major takeaways and results of our work are as
follows:

• the designed general quality-aware ASD process with
its subprocesses, that is, products subprocess, releases
subprocess, and sprints subprocess,

• the elicited requirements for the quality-aware process
from the scientific literature and the practitioners,

• guidance on how to implement the quality-aware ASD
process,

• the evaluation of the new quality-aware processes
showing a positive impact on ASD, and

• the designed new quality-aware ASD processes individ-
ually for the organizations.

Using one development organization as an example,
we have demonstrated the design, validation, implemen-
tation, and evaluation of its specific quality-aware ASD
process. Alongside this, we created a generic evidence-
based quality-aware ASD process model for other ASD
organizations to adopt. This model features three abstraction
levels: products, releases, and sprints, encompassing standard
ASD practices and activities. An optional quality status
meeting can be included to address quality issues, but it is
not mandatory.

The process fulfills quality awareness through continuous
and automatic assessment and monitoring of quality aspects,
enabling evidence-based decision-making through data col-
lected from development. The quality aspects are defined
based on the needs of the development organization.

We observed increased quality awareness, enhanced
agility, and better process performance. The practitioners
noted quicker responses to quality issues, improved back-
log prioritization, and more precise planning for upcom-
ing releases. One organization successfully identified and
resolved development bottlenecks. However, infrastructure
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installation can be complex in large organizations that have
many different tools, and trust in the evidence is important,
particularly for secure and reliable systems.

Additional research is needed to assess the evidence-based
quality-aware ASD process in various contexts, potentially
enriching our model with new practices. Larger organizations
and those using ASDmethods different from Scrumwould be
particularly valuable for these studies.

Furthermore, we believe that our approach of creating and
evaluating the processes can be reproduced and reused by
other organizations willing to add quality aspects into ASD.
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