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Abstract. The development of software within short timeframes calls for
concepts like minimum viable products with lean development. An agile devel‐
opment setting allows software products to be put on the market in time. Never‐
theless, quality, especially in terms of user requirements, suffers when the focus
is on the speed of the development. Therefore, we have developed the approach
Opti4Apps, which considers user feedback automatically. This automation
enables rapid user feedback to be revealed, which is needed for lean development
in order to achieve high software quality in accordance with the users’ needs. This
paper shows how the approach can be applied smoothly in agile development
settings by analyzing common agile practices with regard to our user-centric
feedback approach Opti4Apps. It turned out that with most practices, the addi‐
tional effort is low, and the positive influence can be highly beneficial.
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1 Introduction

With the rise of applications that have a short time to market, quality has often become
subordinated to features. Since it is both relevant for companies to be the first on the
market and to increase the quality of mobile applications, ensuring high quality is
moving into the focus of development to help companies remain competitive. To achieve
this quality, companies need to invest in quality assurance strategies and define new
priorities [1]. This requires the investigation of product and process quality in the context
of agile and rapid software development.

To improve current practices for quality assurance in agile settings, we focus on early
feedback from users in this publication. According to our observations from practical
environments, but also in line with other researchers, users are often not given the
priority they deserve, and companies struggle when it comes to gathering and analyzing
user feedback efficiently [6]. However, on the other hand, feedbacks are a rich source
for improving the software products. In order to make this efficient, automation should
play a role. A reasonable instrument for realizing such a procedure is a semi-automated
feedback elicitation, analysis, and processing framework, so the effectiveness and
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efficiency of early user feedback consideration during further development can be
examined with the goal of assuring the quality and acceptance of a mobile application
developed in a minimalistic way [2].

While MVP development enables early feedback and very fast time to market, the
quality of the resulting product suffers in comparison to traditional development. In
contrast, with traditional development, there is no early feedback and time to market is
longer.

Our approach Opti4Apps for automated consideration of user feedback could realize
and extend the benefits of MVP development through the development and use of a
framework based on the automatable elicitation and analysis of feedback as well as
through the use of an effective and efficient quality assurance methodology. This rapidly
focuses the lean development on the user’s requirements. Furthermore, the feedback and
the insights from one development could be reused in parallel or subsequent develop‐
ments.

Nevertheless, in order to reap the benefits of automated consideration of user feed‐
back, compatibility with existing agile processes is required. Therefore, we show the
compatibility of a selected set of common agile practices with our Opti4Apps approach.

This article is structured as follows: Sect. 2 describes the related work, in particular
basic concepts, prior work, and an agile references process. Section 3 presents top-down
the feedback-based lean UX development process followed by the assessment of
selected agile practices. Section 4 wraps up the results and experiences followed by ideas
for future work.

2 Related Work

2.1 Lean UX

The development of mobile apps calls for concepts like minimum viable products
produced in lean development due to short timeframes. The Lean UX approach is a
concept that combines three development methodologies: design thinking, agile devel‐
opment, and Lean Start-up [5].

1. The principles of design thinking show that design methods can be used in every
phase of a project from any discipline. Non-designers should be encouraged to use
design methods based on this approach, as it supports teams in collaborative design
across roles. Furthermore, it is a customer-centered approach as it takes not only the
user needs into account but also the technological possibilities and the business view.

2. The second methodology in Lean UX is agile development. It has been an important
approach for software developers for a long time, especially the Scrum process. The
important elements of Lean UX are the iterative and incremental approach, which
enables the team to respond to change immediately (compared to the waterfall
model), collaboration in teams and with the customer to ensure continuous feedback,
and a strong communication culture.

3. The third methodology is Lean Start-up. The basis of this approach is the “build-
measure-learn” loop, which helps teams to minimize project risks and supports quick
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feedback and faster completion of projects. This faster completion results from the
Minimum Viable Products (MVPs) that the teams are building to get user feedback
as soon as possible with the help of rapid prototyping. According to Lean UX [5],
an MVP is, on the one hand, the smallest thing that helps to test assumptions with
the help of a prototype or other product developed by the team. In this case, the MVP
is built to learn something and the team benefits from it, but there is no immediate
benefit for the user. On the other hand, an MVP in Lean UX is defined as the smallest
version of the end product that is delivered to the users and addresses a problem or
need the user has. In this case, the focus of the MVP is on the benefit for the user.
In the Opti4Apps context, we define MVP in the latter way: a product that is usable
and valuable for the user who benefits from it.

The Lean UX approach of continuous learning and testing leads to the following
principle, which also defines the start of a Lean UX project: Assumptions before require‐
ments! The first step in the Lean UX process is to declare assumptions that should be
validated along the process.

2.2 Prior Work

Figure 1 provides a conceptual overview of the previously defined user feedback
approach [2]. There is a mobile application as an MVP on a mobile device and users
who use the application. The users can give feedback. This feedback comprises the
application’s usage data (e.g., usage frequency, duration, or misentries), state (e.g.,
installation and online state), and explicit user feedback (reviews, bug reports). Such
feedback can be provided by the user automatically (e.g., via a specific agent running
on the mobile device), semi-automatically (e.g., some data is tracked by the mobile
device and has to be sent manually to a backend), or manually (e.g., users provide some
written feedback in the app store). In other words, feedback can be provided explicitly
by the user or implicitly through measurement by technical means.
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Fig. 1. Automated user feedback consideration in the Opti4Apps approach.
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The feedback then has to be edited, analyzed, and provided in a suitable way so that
the company developing the application gets information it can use to improve the
application. A framework is used for this purpose. It uses, for example, the data provided
by the agent integrated into the mobile application, direct feedback, or feedback gathered
by performing data mining analyses to detect existing deficiencies or reveal improve‐
ment ideas. All such data is consolidated by a backend and classified to generate a more
suitable overview.

The analysis of the collected information in the backend via data mining is intended
to enable a fast learning effect with respect to existing deficiencies. Thus, it can provide
a baseline for effective further development as well as for focused quality assurance.
Identified failure patterns (based on mobile-specific failure classes [3]) can increase the
effectiveness of the quality assurance of the current development. Because of the reus‐
ability of failure patterns, these can also be used for parallel and subsequent develop‐
ments.

One of the main aspects of the framework could be the recognition of usage patterns
that may be considered as failures as part of the mentioned failure patterns, which
constitute a collection of typical failure causes and impacts in the area of mobile appli‐
cations.

The control of the framework and the utilization of the produced information result
in several role-specific tools, which form the frontend. A dashboard with different views
depending on the data analysis is used by a test manager. This role is responsible for
taking further actions based on the results of the feedback analysis. The main tasks
include controlling quality assurance (i.e., deriving new test cases based on the identified
problems) or sharing the results with a requirements engineer in case new feature wishes
are identified.

By using the failure patterns during the inspection of the requirements specification
as well as during testing of the mobile application, focused quality assurance is estab‐
lished, thus optimizing the mobile application. Based on the user feedback, the optimized
mobile application is again distributed to the users. This is realized by a distribution
software installed on the device (e.g., HockeyApp, TestFlight).

2.3 Agile Reference Process

Mobile applications are typically developed in short, often agile, development cycles [4].
The agile development process is often performed according to the project management
framework Scrum. The overall objective of Scrum is to enable the development team
to react quickly, simply, and appropriately as part of the development process. Short
time to market can be achieved better than if classical development approaches are used.
Time-consuming activities like updating outdated plans should be avoided.

As part of Scrum, all known requirements are stored in a product backlog. This
provides the input for the sprint backlogs. Development with Scrum occurs in iterations.
These iterations are called sprints. The output of each sprint is intended to be a working
product increment, respectively a potentially shippable product.

Scrum does not prescribe which techniques have to be used during development.
This is mostly up to the development team [7]. Neither does Scrum dictate the types of
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tests that have to be performed [4]. Independent of the specific technique selected as
part of Scrum (e.g., Extreme Programming, Test First), testing in agile development can
be assigned to the fundamental test process, just like testing in classical software engi‐
neering.

3 Process Integration

3.1 Conceptual Picture of Feedback-Based Lean UX Development

The Lean UX framework is our starting point. The UX team starts an MVP project with
a pre-process. Elements of the pre-process are, e.g., Scoping, User Research, Conceptual
Design, and Design Engineering Workshops. The exact content of this pre-process is
not determined by this model; rather, the objective is to derive user stories from user
needs, which will be the working basis in the following sprint process. Hence, it is
necessary to clarify user needs that are evaluated based on real user feedback. Those
user stories that are most relevant for the current scope are taken into the following
sprints and form the basis for the resulting MVP. It is possible to run parallel processes
for multiple MVPs with different teams as well as to operate sequentially. In addition,
it is possible to develop the same user story in different ways on different tracks, e.g., to
do A/B-testing later on. Of course, it is important to continuously consider the “big
picture”, i.e., the project as a whole, to ensure that it will be possible to consolidate the
results of different MVPs in one overall product or system.

The objective of the lean process for Opti4Apps is to gain user feedback at any time
of the process, which is shown in the area below the model, despite the short timeframe.
The classical feedback approaches make heavy use of concept testing (which serves the
designer) and mostly will not work in this timeframe, as there are too many iterations.
With Opti4Apps, the user feedback is gathered during product testing by a tracking agent
that automatically obtains relevant usage data from users.

Nevertheless, this model is initially an idealization and does not consider all “real-
world circumstances” of projects. The process must be adapted depending on diverse
influencing factors, for example team size and constellation, project domain, “type” of
customer (internal, external), and the take-off point of the project (an all-new develop‐
ment vs. a refinement of an existing product). Many other influencing factors are
conceivable. All these factors determine what a more detailed view of the model would
look like. In order to understand how different instances of agile processes behave when
such a user-centric approach is considered, we analyzed common agile practices with
respect to invasiveness and benefit. The results are presented in the next section.

3.2 Assessment of Selected Agile Practices

In order to make the lean UX process more concrete, we analyzed how common agile
practices cooperate with Opti4Apps and what the potential benefit is when Opti4Apps
is applied in an agile process (i.e., if agile practices are followed). Two experienced
researchers (more than 10 years of experience) performed an evaluation of the most
common agile practices. We addressed 11 top-level topics from Diebold and Dahlem
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[7] (some of the 18 originally mentioned ones have no connection to user feedback, such
as refactoring), and considered a total of 21 concrete agile practices. We evaluated
invasiveness and benefit on a four-point scale (see legend in Table 1):

• Invasiveness: When Opti4Apps is applied, how much is the agile practice influenced
(under the assumption that the agile practice is applied) and how much adaptation
may be necessary (which might result in higher effort to apply the agile practice)?

• Benefit: How strong does the agile practice (and indirectly the overall agile devel‐
opment process) benefit when Opti4Apps is applied?

Table 1. Invasiveness and benefit rating of using agile practices with Opti4Apps

Let’s consider the topic “Quality check” as a first example to understand the rating:
During pair programming, a second person watches what is being programmed, and can
give direct feedback. When the feedback cannot be implemented directly, it can be
documented in the Opti4Apps framework. This requires little effort (=low invasiveness),
but the benefit from such feedback is also rather limited as the amount of such additional
feedback is expected to be low. For a code review, experiences regarding typical issues
stored in the Opti4Apps framework can be used and checked. However, their number
is again expected to be low. During a usability review, defect patterns might be used to
control the review, which makes it more effective. The level of invasiveness is again
low, as just some information is consumed, but the benefit is, on average, medium.

Besides crowd testing, customer involvement is the only agile practice that has a
high level of invasiveness. The reason is that either a new role is needed (a user
researcher who controls the Opti4Apps tasks) or that a role such as the product owner
has to perform it, which also results in some effort. However, the benefit of such a
dedicated role, respectively the product owner who owns the relevant tasks, is highly
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beneficial, and to a certain extent forms the core of Opti4Apps, as this role controls, for
example, how to handle all the feedback and determines consequences resulting from
the analyzed feedback.

There are also agile practices that have no influence (and usually no benefit), for
instance burn charts. It is simply a mechanism for visualizing the current status, but new
feedback has no direct influence on this practice.

Certain practices support the same benefits. For example, a retrospective, a jour fixe,
and a standup meeting are all influenced in a minimal way by Opti4Apps (mainly due
to some more feedback which needs little extra time to mention), but have at least a
medium positive influence due to new feature ideas or bug indications that may be
revealed. There also exist further agile practices that we did not consider in our analysis;
however, we picked a set of the most common practices [7] to start our analysis.
Table 1 shows the complete evaluation results together with a short explanation of every
agile practice.

Of course, the individual ratings can be further discussed and might lead to adapta‐
tions depending on the concrete context. On purpose, we did not use a number schema,
but tendency arrows, which indicate the general evaluation direction for every agile
practice. The agile practices should also be assessed by other researchers and practi‐
tioners in order to get a more stable evaluation. Moreover, Opti4Apps should be applied
in concrete agile development settings in order to get higher confidence in the initial
rating. The current evaluation is mainly based on arguments and on our own experience
from several development environments, and serves as a starting point for initial discus‐
sions and further evaluations. However, though slight adaptations are reasonable, the
trends will probably mainly remain.

The evaluation results show that Opti4Apps is compatible with many agile practices,
and that the additional effort or need for changes (expressed as invasiveness here) is
rather low. Of course, any new methodology requires some investment effort, but
considering the benefit that customer feedback provides in terms of new features and
features that are really expected by customers, as well as in terms of indications about
quality issues, it is worthwhile the effort.

Practitioners might use the evaluation of these agile practices to check how much
Opti4Apps influences their concrete agile development process, and to get further ideas
regarding which practices to use in order to gain an even higher benefit and get concrete
feedback from customers for further development. Researchers can further analyze agile
practices and check whether our rating fits in other settings.

4 Conclusion and Future Work

In this article, we again took up the challenge of how software-developing companies
can consider user feedback more strongly. To this end, we provided an overview of our
Opti4Apps approach, which gathers user feedback from several sources automatically.
Modern software development tends to become ever faster, with trends such as contin‐
uous delivery and DevOps. At the same time, it still has to ensure high quality and
develop those features that users really demand. To deal with this situation, we
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introduced our Opti4Apps approach and showed its compatibility with several agile
practices. The approach does, of course, require some investment; however, it turned
out that the challenge of really considering the user during development can be highly
supported by our approach without large investments or changes in the agile processes.

In the future, we will substantiate our initial classification and rating of agile practices
by discussing them with more experts, but also by observing real applications of the
Opti4Apps framework in agile developments. We are convinced that this will contribute
to stronger consideration of the user during development, as intended by the Agile
Manifesto, and that our approach will provide specific guidance for practitioners.
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