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� � � � � � � � 

Background: Experiments are often used as a means to continuously validate user needs and to aid in making software development decisions. Involving users in 
the development of software products bene�ts both the users and companies. How software companies e	ciently involve users in both general development and in 
experiments remains unclear; however, it is especially important to determine the perceptions and attitudes held by practitioners in di
erent roles in these companies. 

Objective: We seek to: 1) explore how software companies involve users in software development and experimentation; 2) understand how developer, manager and UX 
designer roles perceive and involve users in experimentation; and 3) uncover systematic patterns in practitioners� views on user involvement in experimentation. The 
study aims to reveal behaviors and perceptions that could support or undermine experiment-driven development, point out what skills could enhance experiment- 
driven development, and raise awareness of such issues for companies that wish to adopt experiment-driven development. 

Methods: We conducted a survey within four Nordic software companies, inviting practitioners in three major roles: developers, managers, and UX designers. We 
asked the respondents to indicate how they involve users in their job function, as well as their perspectives regarding software experiments and ethics. 

Results and Conclusion: We identi�ed six patterns describing experimentation and user involvement. For instance, managers were associated with a cautious user 
noti�cation policy, that is, to always let users know of an experiment they are subject to, and they also believe that users have to be convinced before taking 
part in experiments. We discovered that, due to lack of clear processes for involving users and the lack of a common understanding of ethics in experimentation, 
practitioners tend to rationalize their perceptions based on their own experiences. Our patterns were based on empirical evidence and they can be evaluated in 
di
erent populations and contexts. 
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. Introduction 

Software development companies are increasingly utilizing user
nd product data to guide their development decision-making [13,15] .
xperimentation with users is often used to understand user behavior
nd needs as they interact with products and services. The bene�ts
f experimentation involving users is recognized by both academia
nd industrial research conducted by well-known software companies
uch as Google [34] and Microsoft [12] . However, how and where to
nvolve users and how to run experiments with them is often shaped by
ompany contexts, existing practices and the varying perspectives and
ttitudes of practitioners. Currently, not many studies have investigated
he reality of these issues in software development companies. 
Thus, this paper presents a survey study that was conducted with

oftware companies to investigate the status of existing software devel-
pment and user involvement practices, the perspective of the practi-
ioners in involving users in their product or service development, and
ow software experiments are currently understood. The views of prac-
itioners in di
erent roles can help companies better understand and
nhance the practice of experiment-driven development. The need for
he study emerged in the context of a large Finnish research program 1 
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hat aimed to enhance Finnish ICT companies� ability to deliver value
n real time. Besides providing insights at the company level and at the
unctional role level of their sta
, this study identi�ed six patterns of
erceptions and attitudes with respect to software experiments and user
nvolvement, based on the data analysis of di
erent practitioner groups.
he patterns contribute to theory development in understanding how
ractitioners reason during the experiment design process. 
The survey included four general sections: background, current

tatus of software development, experimentation, and ethics. The
reliminary results of the ethics section, in particular the ethics of
otifying and involving users in experiments, have been reported in
he author�s prior work [38] . The full analysis of survey responses with
espect to all survey sections is reported in this publication. 
The results show that there are no mutually exclusive groups of prac-

itioners who think fundamentally di
erently about user involvement
nd software experiments, but rather several patterns that re�ect dif-
erences in perceiving and practising experiment-driven development
ith user involvement. For instance, wide data collection, i.e., collect-
ng rich and detailed data from users even without having an up-front
ssumption or hypothesis, was preferred by a large group of develop-
rs, whereas UX designers and managers tended to opt for focused data
.� (T. Mikkonen). 
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ollection. Allowing exceptions in user noti�cation in experiments, e.g.,
hat it is acceptable not to disclose some experiment details to users, was
ssociated with the perception that users would like to take part in ex-
eriments. On the other hand, cautious attitudes about user noti�cation,
.e., that users should always be noti�ed, was associated with the per-
eption that users should be convinced of the bene�ts of an experiment
efore taking part in it. 
The rest of the paper is structured as follows: Section 2 presents the

ackground and related work relevant to this study. The study�s research
ethod, including the research questions and research design, are pre-
ented in Section 3 . Results of the study are described in Section 4 ,
hich presents the results of the survey responses at both company and
ole levels, as well as patterns that emerged from the entire set of survey
esponses. Section 5 discusses the results in relation to the research
uestions, and Section 6 expands on the implications and limitations of
he study. The conclusions and potential future work are in Section 7 . 

. Background and related work 

Software companies seek methods to assess and evaluate the user
alue and success of their products. Collecting product and user data
o continually guide decision-making processes is a practice that has
eceived increasing attention, especially in the last decade [13] . Big
ompanies like Microsoft are reported to run tens of thousands of
xperiments every year across dozens of products [12] . Approaches in
hich product decisions are guided based on experiments involving
sers, while varying in detail and implementation, can be termed
xperiment-driven software development . Despite the increasing attention,
here are not many studies that o
er an understanding of organizational
ontexts and practitioners� standpoints with respect to involving users
s participants in experiments. 
Involving users in software development has a long history and has

merged in various research sub-disciplines of software engineering,
uch as participatory design, user-centric design, usability engineering,
uman computer interaction, requirements engineering, and informa-
ion systems [2,13] . For instance, participatory design has been an
mportant �eld of research in which software users make e
ective con-
ributions to re�ect their needs and perspectives [27] . Likewise, while
he emphasis in participatory design is on democratic participation
nd skill enhancement, usability engineering is the process of de�ning,
easuring and improving the usability of products, and overlaps with
ser-centric design principles [24] . Gould and Clayton proposed three
ain principles of user-centric design in the 1980s: 1) early focus on
sers and tasks; 2) empirical measurement; and 3) iterative design
17] . Similarly, human computer interaction seeks to improve the
sability of human-computer interfaces [18] . These principles are
idely followed and they have inspired other development approaches.
hey can be used as instantiations or parts of an experiment-driven
oftware development approach. 
However, the means of involving users in software development

rocesses have also been transforming in attempts to adapt to new
evelopment approaches. For instance, in their systematic literature
eview on customer feedback and data collection techniques, Fabijan
t al. [13] report that experiments, such as A/B tests, are a common
ata collection technique, especially in the domain of Web 2.0 and
oftware-as-a-service (SaaS). Yaman et al. [41] also report in their
iterature review that experiments and tests are one of the most fre-
uently used methods to collect user data, especially since 2009. With
xperiments, users are involved in shaping the software product and
ervices by being subject to software experiments. 
It is important to note that experimentation in software engineering

s not a new topic of interest; research sub-disciplines such as evidence-
ased software engineering and empirical software engineering have
een emphasizing the need for empirical studies to develop or improve
rocesses, methods, and tools for software development and mainte-
ance since the1970 �s [5,22] . However, experimentation as a term
 o  
as been used inconsistently by software engineering researchers and
ractitioners. Sjoberg et al. [33] in their survey study on experimenta-
ion in software engineering, reveal that the term experiment has often
een used to refer to any empirical studies in general. In recent years,
ontrolled experiments, mostly in the form of A/B tests, have been used
y web-facing companies to continually improve their systems [26] , as
hey help companies to establish a causal relationship between a vari-
tion, such as a new feature or a change, in their system and observed
ser behavior [23] . While these experiments often take place at the post-
eployment stage of a product, there have also been attempts to enable
xperimentation at early stages of software development, especially to
est business ideas, models and concepts early on. For instance, the con-
inuous experimentation approach emphasizes the need to support re-
earch and development (R&D) decisions through iteratively conducting
xperiments, in which hypotheses are closely linked to business goals. 
Continuous experimentation has been receiving increasing atten-

ion as a software development approach in which R&D activities
re driven by iteratively conducting experiments and collecting user
eedback [15,31] . Fagerholm et al. [14] emphasize the need to observe
ser behavior continuouslythrough �eld experiments that are derived
rom business strategies and �nding out what the user wants. A recent
apping study by Ros and Runeson [32] provides a general de�nition
or continuous experimentation: �conducting experiments in iterations �.
hey add that it is �a general term for a wide variety of experiments
nd the implications of experiments on the whole software engineer-
ng process �. In continuous experimentation, users are consequently
nvolved in the decision-making process as experimental subjects,
roviding data by interacting with the experimental materials, such as
he software features being developed or related design artifacts. The
roduct value is tested by observing actual user behavior rather than
elying on secondary sources, opinions, or assumptions. This leads to a
ransformation from agile software development to continuous business
xperiments and business model evaluations [21,28] . In addition,
&D as an experiment system is then driven by real-time customer
eedback [28] . 
Several experimentation models have been proposed in the software

evelopment literature. Fagerholm et al. introduce the RIGHT model,
hich builds on the build-measure-learn (BML) loop as a means to test
roduct assumptions iteratively [15] . In each BML iteration, experi-
ents derived from business vision are conducted, and thus business
alue is evaluated through each iteration. Olsson et al. introduce a qual-
tative/quantitative customer-driven development model and view user
equirements as hypotheses that need to be validated with experiments
uring the development cycle [29] . These hypotheses can emerge from
arious channels such as business strategies or customer feedback.
imilarly, other models such as the innovation experiment systems
odel [7] and early stage software startup development model [6] also
ollow the BML principle introduced by the Lean Startup approach
30] � testing hypotheses in BML loops. The loop starts with identifying
 hypothesis to be tested, and continues with building minimum
iable products (MVP) for data collection and learning from what is
easured [30] . 
Furthermore, Yaman et al. [40] identi�ed core elements of exper-

mentation arising from experimentation models including feedback
oop, hypotheses, MVPs, data collection methods and analysis. Short
eedback loops enable data collection in order to evaluate the assump-
ions rapidly. Assumptions are formed as testable hypotheses, and they
an be derived from business strategies or an ongoing validation cycle.
VPs refer to the smallest possible set of functionalities of a product
hat is to be tested against pre-de�ned hypotheses. In order to perform
he experiment, di
erent data collection methods can be followed, such
s qualitative, qualitative or mixed methods. The data collected should
e analyzed with respect to hypotheses to see if they are validated or
alsi�ed. 
On the other hand, continuous experimentation is a software devel-

pment approach that involves experiments targeted at users of software




































