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Preface

Digital Living

Our societies, organizations, and personal lives have been profoundly affected by
information and communication technologies (ICTs). ICTs are embedded into
everyday appliances, constitute core tools for organizational work, and are cen-
tral mediators for our social life, both on the small, personal scale and on a
political and societal scale. In this year’s conference we invited participants to
discuss experiences of “digital living” within a multitude of empirical settings.
How are ICTs implicated in daily practices of care for elderly and frail people?
How do organizations deal with their increasingly complex systems’ portfolios?
How can basic human capacities be utilized in interaction and collaboration with
digital devices? How do people relate to each other when interaction is mediated
through social networks? What are the societal effects of ICTs becoming ubig-
uitous in everyday situations, such as travel, shopping, everyday logistics, and
community work?

The conference’s keynotes were invited to present different takes on “digital
living” and widen the scope of the discussion. Erik Fosse describes how medicine
has been dramatically changed as a result of the introduction of digital tech-
nologies. Ulrike Schultze’s research has addressed opportunities and challenges
that digital technologies present for customer co-creation and peer-production.
Specifically, she studies how “synthetic worlds,” e.g., online games and virtual
reality environments, function as media for organizational communication. Tom
Igoe is known for his research on physical computing, and argues that when dis-
cussing the Internet of Things, we need to consider not just the things through
which we communicate, but also the activities afforded by (and often impeded
by) the capabilities of the networked ecology that we bring into being.

In response to the call for papers, distributed both on mailing lists and
through personal networks, we received 18 submissions. Members of the Pro-
gram Committee were invited to review the papers, and as a result of this review
round, three papers were accepted directly. The authors of seven other papers
were invited to revise and resubmit their papers according to the reviewers’
comments. The resubmitted papers were reviewed by the editors, who decided
to accept three more papers. The six accepted papers address “digital living”
from different perspectives.

In the first paper, Netta Iivari addresses the role of usability specialists in
commercial mobile application development. Specifically, she studies how the
roles of both users and designers are changed when Open Source Software is
being used. Software practices are also the topic of Lise Heeager and Peter Axel
Nielsen’s paper. They have studied learning among software developers who
employ agile software development methods, and address knowledge transfer and
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barriers for sharing knowledge between software teams within a company. In the
third paper, Ellen Christiansen and Pernille Andersen question whether living
with digital technologies implies “digital living.” A study of use and non-use of
digital home control systems led them to suggest a “design-with-users” discourse
built on the collective resource approach. Alma Culén and Maja van der Velden
also reflect on how to design with users, more specifically on how to practically
include users who are easily left out of design work, like the elderly, children, and
patients. In the fifth paper, Ivan Aaen examines the values that can facilitate
and drive software innovation, i.e., software development that seeks to go beyond
meeting requirements and aim to create novel, high-value solutions. In the sixth
and final paper, Elena Parmiggiani and Marius Mikalsen offer a literature review
of the emerging understandings of sociomateriality within information systems
research.

We are grateful to all the authors who submitted their work to the SCIS
2013, and to all the Program Committee members who delivered detailed and
constructive reviews. We hope you too will experience the resulting collection of
papers as an interesting read.

June 2013 Margunn Aanestad
Tone Bratteteig
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‘Configuring the User and the Designer’ — A Critical
Inquiry on Usability Work in the Company Open Source
Software Development Context

Netta livari

Department of Information Processing Science,
University of Oulu, P.O. BOX 3000, 90014 Oulu, Finland
netta.iivari@oulu.fi

Abstract. This paper examines the complex interplay between Human
Computer Interaction (HCI), open source software (OSS) and commercial
mobile application development practices through a case study on usability
work in company OSS development setting. The case company started using
OSS in their products few years ago. There are usability specialists
‘representing the user’ in the development. The paper examines how the
emergence of OSS affected the design process and outcome in the case. Specific
focus will be on how the emergence of OSS contributed to the dynamics
involved with ‘configuring the user’ and ‘configuring the designer’. The results
show that usability specialists and developers collaboratively ‘configured the
user’, but the emergence of OSS allowed users to participate earlier and have an
increased prominence. Emphasis on users and usability as well as OSS
ideology, on the other hand, in part ‘configured the designers’. However, non-
computer-savvy users remained neglected.

Keywords: Open source software, human computer interaction, user-centered
design, mobile application development.

1 Introduction

Information and communication technologies (ICT) have become an integral part of
our everyday life. Web-based, mobile, ubiquitous, consumer and off-the-shelf ICT
solutions have entered all spheres of our life, bearing important implications, among
other issues, on the theory and practice of user participation, a decades old concern in
Information Systems (IS) research. These recent developments have made it more
difficult to work with users during development. Users may be scattered around the
world or the user population may be even unknown until the product is in the market.
One remedy has been to hire usability specialists to ‘represent the users’ in the
development [10]. They are expected to ‘know the users’ and to ‘speak for the users’
during development [20]. This paper examines their work. On one hand, their work
has been under empirical scrutiny for decades: empirical studies have been published
already during 1980s. However, also recently a lot of studies have reported on
usability work in practice in different kinds of development settings (see e.g. articles

M. Aanestad and T. Bratteteig (Eds.): SCIS 2013, LNBIP 156, pp. 1-J[7] 2013.
© Springer-Verlag Berlin Heidelberg 2013
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in [24, 25, 26]. New in this paper will be the emergence of open source software
(OSS) in the commercial mobile application development setting where usability
specialists are working, among other specialists.

This paper will examine the complex interplay between Human Computer
Interaction (HCI), OSS and commercial mobile application development practices.
The case company has traditionally had a strong usability focus and in mobile
application development in general, the importance of users, usability and usability
specialists have been acknowledged long ago [19, 27, 28, 29, 36]. On the other hand,
the use of OSS is also becoming a common practice in commercial software
development (see e.g. [13, 18]). OSS refers to software whose source code is
‘available for anyone who wants to use or modify it’ [35: 131], defined by its license.
There is an increasing interest in OSS in the commercial setting, and it is expected
that OSS will become highly influential in the future [13], due to which this study
addresses a highly relevant development context, i.e. company OSS development
context. There are, however, different ways companies can integrate OSS with their
development. Companies may only use OSS as development tools or as part of their
commercial products, but they can also release their source code for OSS
communities to develop further. The OSS community can be an existing one or
launched by the company. [13, 18, 35, 42].

The paper provides a critical examination of the process of ‘configuring the user’,
i.e. of defining the identity of the future users and establishing the parameters for their
future use practices [16, 41] during development. As in critical research the overall
aim should always be the empowerment of the oppressed ones, this paper focuses on
the design process from the viewpoint of the power-weak group of users. It has been
warned that developers usually have the sole authority to ‘configure the user’ [1, 16],
while HCI research strongly maintains that usability specialists should be allowed to
do that [20, 45, 47, 44, 38] or at least to actively take part in that. The ability of
usability specialists to make, or at least to influence, design decisions is a critical
concern for HCI research, as it has been revealed that usability specialists have had
difficulties in having any impact on the actual design solutions even though they were
taking part in the development (cf. [2, 6, 14, 20, 33, 34, 40, 43]). Moreover, the
emergence of OSS can be assumed to impact the process of ‘configuring the user’.
OSS brings along associated OSS communities who collaboratively create and further
refine the solution. Therefore, it may not be only the usability specialists and
developers inside companies anymore who are striving for the authority to ‘configure
the user’. In OSS development, the core developers usually have the authority to
decide what to include in the code base [21], but when OSS enters commercial
setting, OSS developers do not necessarily have that authority anymore. Altogether,
OSS communities and companies are very different worlds due to which findings
derived from OSS communities may not apply very well in companies. In commercial
world there is a desire for profit maximization, while in OSS the emphasis is on
“collectivist, public-good community values’, there being a tension between ’value for
money’ and ’acceptable community values’ [13: 596] that may also have an effect on
the design process and its outcome. Additionally, in OSS context the source code is
available for everyone to use and modify, so one could assume that also users could
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more actively take part in ‘configuring the user’ in the case of OSS [21, 23, 33, 34].
Finally, research has brought up that the ‘configurers of the user’ are also
‘configured’, by their organizations as well as by users, customers and networks
extending outside their organizations. This paper will examine the dynamics involved
with ‘configuring the user’ during the design process, while acknowledging also the
dynamics involved with ‘configuring the configurers of the user’, i.e. the designers.

Some HCI studies have already reported on usability work in mobile application
development [15, 19, 27, 28, 29, 36]. Also OSS development has gained increasing
attention in the HCI community. Some studies already report on the benefits and
challenges involved with integrating OSS development and usability work [2, 3, 4, 6,
8, 9, 23, 33, 34, 39, 40, 43]. Some studies have even touched upon the relationship
between OSS development, commercial software development and usability work [2,
6, 9, 23, 31, 33], indicating that companies can use data gathered from OSS
communities in their development and that companies may provide HCI resources for
OSS communities. This paper will contribute to this line of research through a critical
inquiry on the matter, asking “How does the emergence of OSS shape the dynamics
involved with ‘configuring the user and the designer’ in the company OSS
development context?” The existing research has not concentrated on the complex
interplay between the divergent practices of HCI, OSS development and commercial
mobile application development in any depth nor has it examined the actual influence
of the emergence of OSS on the design process and outcome. In addition, there is a
lack of critical research within the field of HCI [20], this paper trying to advocate
critical technology research within HCI research.

The next section discusses the theoretical framework utilized in this paper. The
third section reviews the existing research on usability work, including reviews in the
mobile application and in the OSS development contexts. The fourth section presents
the research method utilized, the case involved in this study and the procedures of
data gathering and analysis. The fifth section presents the empirical results, the final
sections discussing their implications.

2 Theoretical Lens

The paper relies on science and technology studies (STS) in the critical analysis of
usability work in company OSS development context. Within this approach, it is
assumed that technology developers always inscribe ‘predictions about the world’
into technological artifacts. Technologies are viewed to include scripts produced
during development in which the envisioned users and use are realized. In these
scripts, developers define projected, anticipated users with specific characteristics,
competencies, motives, tastes and aspirations [1, 17, 41, 46]. Therefore, it is assumed
that developers ‘configure the user’ during the development, i.e. they define and
delineate the identity of the future users and establish parameters for their future use
practices [16, 41]. In this paper the interest will be on who actually gets to act as the
‘configurer of the user’, the usability specialists and/or the developers as well as on
how this gets accomplished in the new company OSS development setting. Who is
allowed to act as the ‘configurer of the user’ in this setting?
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Moreover, interestingly, it has been emphasized that not only are the users
configured during development, but also the ‘configurers of the user’, i.e. the
designers. Researchers have argued that the locale and processes of encoding need
also to be considered, and the designers seen as configured — by users, by their own
organizations’ rules, regulations, methods and power structures as well as by broader
actor networks extending outside their organizations [32]. The intra-organizational
constraints that might be configuring the designers, i.e. shaping their identity and
work practices, include company’s methods and practices that need to be followed as
well as the power relationships between different departments and between people
inside particular departments. Users and customers may also have a lot of influence
during the development: even though users in the research literature are typically
viewed as the power-weak group, they are not necessarily such, but instead they
might be quite influential in configuring the developers — as buyers, consumers or the
ones making the final adoption decision. [32, see also 21] In this paper the focus will
be on the dynamics involved with ‘configuring of the users and the designers’ in the
company OSS development context, placing specific focus on how the emergence of
OSS has shaped those.

3 Usability Work

The discipline of HCI, altogether, has been postulated as necessary as it ‘represents
the users’ - an ignored group in systems design and computer science [10]. Initially,
HCI research had strong background in the tradition of psychology. HCI work was
laboratory-based experimental research, researchers focusing on general design
principles contributing to user interface design and on evaluating existing systems. [5,
14] Users’ role was consultative [11] at the most, i.e. they were allowed to comment
on predefined design solutions in these evaluations, or usability specialists were
‘representing the users’ in their evaluations relying on general HCI principles and
models without any contact with actual users. [5, 11, 14].

However, during 90s the focus shifted to the earlier phases of the development life
cycle, i.e. to requirements specification and design that were claimed to be in need of
usability specialists’ contribution. It was claimed that it is not enough that users are
represented during the last part of development, but instead they as well as usability
specialists should earlier and more actively take part and have some decision-making
power in the development [11, 20, 14]. At that time, the interest turned to
anthropology and sociology as reference disciplines, and consequently the
complexities of social, organizational, and cultural issues become more evident, and
field studies and ethnographic inquiries in user population more popular, allowing
users also informative role [11]; to act as providers of information in the
development. [5, 10, 14] In addition, it was claimed that usability specialists should
be given more authority to define the user group and their future use practices, and for
these tasks they were provided with tools such as personas, scenarios, prototypes, and
mock ups (e.g. [45, 47, 38]). Also users were to be invited into a more influential
position in the design process through participatory design (e.g. [45, 38]).



‘Configuring the User and the Designer’ — A Critical Inquiry on Usability Work 5

Currently, usability work incorporates traces of all these historical developments.
Usability evaluations of different kind are still popular, in laboratory settings as well
as in the field (e.g. [44, 38]). Empirical inquiries in the potential or actual user
population are also carried out during the requirements construction, not only during
evaluation (e.g. [45, 44, 38]). In addition, the HCI literature recommends that
usability specialists should be given authority to define the target user group and their
future use practices based on their empirical inquiries and their state-of-the-art HCI
knowledge [20, 14]. It is also acknowledged that users should be included as partners
in the design process. However, this development has not been seen to remove the
need of usability specialists’ contribution and authority during development.

3.1 In Mobile Application Development

Research related to usability work has been carried out also specifically in the mobile
application development context, in which it has been argued that mobility and tight
development schedules pose challenges for usability work — the application will be
used in mobile context with a mobile device with certain limitations and the
development needs to be very fast in order to survive the harsh competition in the
mobile application market (e.g. [15, 19, 27, 28, 29].

The studies have described what usability work entails in mobile application
development. It seems that especially Contextual Design method [45] is widely used.
The development has been started with contextual inquiries to understand users, their
needs and the context of use [19, 29, 36]. Another widely used method seems to be
paper prototyping, which is carried out together with users to improve the design
solution during early phases of the development [19, 28, 29, 36]. Usability testing
involving users as test participants in the later phase of the development is also
mentioned in numerous studies [15, 19, 28, 29, 36].

Also new or modified methods have been suggested for mobile context: for
example, diary and experience clip methods are mentioned as well-suited [27, 29]. As
mobile applications are to be used in mobile context, they need to be evaluated in
such a context as well [27]. Laboratory usability tests are not suitable for that reason,
but instead users’ experiences and feedback should be gathered in the mobile settings
[15, 27, 29]. It is also recommended to tailor the methods used to fit the mobile
context; for example contextual inquiries are recommended to be used in a light
weight way to gain insights but not spending too much time or resources [19, 29, 36].

3.2 In OSS Development

Some research touching upon usability work in OSS development also exists. As the
source code of OSS must be available for anyone to use and modify, everyone needs
to be considered as potential user and developer of OSS. Users can freely contribute
to OSS development through bug trackers, discussion forums, mailing lists and such.
Traditionally, OSS users have been developer-users, technically competent people
capable to contribute to the development through coding. Nowadays, nevertheless, a
large proportion of OSS users may not be capable or willing to contribute to
development by utilizing the above mentioned means. [6, 9, 33, 34, 39].
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To take care of the needs of these less-technically-competent' uses, some usability
methods have already been recommended for OSS development. Empirical usability
testing has been suggested [2, 33, 34, 39, 43]. It is suitable as there might be a large
user base in OSS projects reachable for testing purposes [43]. On the other hand,
usability inspections based on general HCI principles have also been brought up [43],
as well as usability discussion lists [8, 33] and design areas for brainstorming and
discussing the evidence from user studies and design guidelines [4, 40].

The literature also brings up the importance of usability specialists’ participation in
OSS development [2, 4, 6, 9, 23, 33, 39, 40, 43]. They should define user
requirements and user profiles [9], analyze and condense user contributions in the
discussion forums as well as engage in design discussions in OSS projects [33].
However, it has been noted that usability work might be challenging in OSS projects,
as there might be very few usability specialists and those few might be isolated,
alienated and without any decision-making power [4, 6, 8, 9, 34, 40].

It has also been brought up that the companies involved in OSS development could
provide professional usability specialists and HCI guidelines for OSS projects [2, 6,
22, 23, 34]. The usability specialists hired by companies could take the responsibility
to carry out usability tests and user studies [23, 34]. However, it has been warned that
there might be difficulties in combining corporate and heavyweight usability
processes with ‘open source culture and ideology’ [6, 8, 9, 33, 43], indicating that
these two practices — OSS and HCI development— do not necessarily very easily mix.

4 Research Design

The paper reports results from an interpretive inquiry within which the research
concepts and problem statements should be local and emergent rather than elite/a
priori ones [12] and researchers should attempt to understand and make sense of the
world, not to explain in the predictive sense [30: 69]. Research subjects are to be
considered as active meaning makers just like the researchers, who should
collaboratively work out the key understandings of the case [12, 30]. The paper
examines a case that is a software development unit of a large, global corporation.
The unit is responsible for the OSS development in the company. The unit has also a
strong background in usability work: there are usability specialists hired to ‘represent
the users’ (cf. [10]) in the development, and the number of them has even increased
during recent years as the importance of satisfied users and high level usability have
become more important. The unit mainly uses OSS as part of their commercial
products; OSS is used as a basis on top of which applications are developed, the user
interface remaining closed source. In some cases the source code of the whole product
has been released. The user interface code is kept closed source as user interface
solutions are perceived to provide the competitive edge and a legal check would
otherwise be needed that is perceived complicated and expensive.

This case was selected; as it offers a rich setting to analyze the interplay between
commercial mobile application, OSS and HCI development practices. There are
usability specialists and developers taking part in the design process and it is
interesting to inquiry whether the emergence of OSS has changed the dynamics
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involved with it. Access to the unit was gained through negotiating it with the unit
managers. Different kinds of empirical data have been gathered from the unit. This
paper relies specifically on data gathered by interviewing the personnel of the unit.
The already finished company OSS projects had consisted of developers, usability
specialists, testers and project managers. A unit manager searched for suitable
interviewees, and found two knowledgeable developers, two knowledgeable usability
specialists and one knowledgeable project manager to be interviewed. In the
interviews, characteristics of the company’s OSS projects were discussed as well as
issues related to OSS development inside the company and usability work in the
projects. Additional material contains field notes from three meetings organized with
the unit management. The notes include same issues as those discussed in the
interviews but on a more general level and in a less systematic manner. Moreover,
blogs the personnel of the unit had kept related to OSS development and usability
work and some OSS communities’ websites were included as research material.

All the material was transformed into written form; the interviews were
transcribed. Afterwards, the material was analyzed by focusing on the following
aspects: 1) how did the emergence of OSS shape the dynamics involved with
‘configuring the user’; and 2) how did the emergence of OSS shape the dynamics
involved with ‘configuring of the designer’.

5 Empirical Insights

5.1 ‘Configuring the User’

In the beginning of the OSS projects inquired in this study the usability specialists
were in a relatively influential position. The projects started by settling the user group
for which the solution was to be developed. This was done by the usability specialists:
“The first (phase) (...) tries to understand the people involved, the customers’ needs
and clients’ needs. (...) We try to do some benchmarks and a persona, at least a
simple persona, just to keep track of everything; we don’t go too much deep in
personas.” (Usability specialist) However, actual users were not contacted, but
instead the usability specialists relied on their own expertise: “This was, let’s say
technically quite challenging case and a challenging one from the viewpoint of user.
It requires certain kind of interest in technical issues to start to use it. So, we did not
carry out a traditional user study in the beginning to figure out the characteristics of
the end user. We had to assume that they are technically quite capable.” (Usability
specialist) ”Well, at first we sat down and thought that we are now making this kind of
(an application) and thought that the display is this kind of (a display). (...) So, this is
the starting point and otherwise we have a lot of freedom to do what we want.”
(Manager) It was assumed that the target user group was “super geeks” but the goal
was to move towards “mass market” (Field notes). Overall, the personnel inside the
development organization imagined and afterwards briefly described what kind of
users (i.e. ‘technically capable, super geeks’) the target users would be.
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After settling the target user group, design solutions were iteratively produced by
the usability specialists. The work started by defining the users’ future use
practices, after which user interface solutions were designed. "We started by
building use cases in a user centered way. We described the normal use situations
that can be related to the software like this. After that we moved to producing the
rough user interface.” (Usability specialist) There was active collaboration among
the usability specialists and developers during this phase: “We sat there together for
an hour and brainstormed and then they (the usability specialists) left and came
back within a couple of days and asked that would it be like this?” (Manager)
”Always, when we were able to produce something finished by our opinion, we went
to present it to the developers and asked that is this possible ?” (Usability specialist)
The usability specialists had the authority to produce the initial designs, however,
the developers having the right to check them afterwards. The collaboration was
characterized as unofficial and active: "There were fewer meetings. It was with the
implementation team like we just went there and asked. We did not produce a list to
be discussed in a meeting. It was like active communication all the time.” (Usability
specialist).

Evaluations from the users’ point of view were also carried out. Both expert
evaluations relying on the HCI knowledge of the usability specialists and empirical
user testing with actual or potential users were carried out: "First we produce a rough
user interface (...) and afterwards (...) we carry out expert evaluation. In them we use
one or more usability specialists and modify the user interface according to them, and
then move it to a more detailed level. After that we make a simulation of the user
interface and carry out a traditional usability test in a laboratory with a sufficient
amount of users, from six to ten per iteration.” (Usability specialist) During empirical
evaluations also the OSS communities entered the scene. They were utilized as
providers of user feedback and design ideas in a fast and easy way: “These open
source software, they create a lot of communities, so it’s a really, really rich place to
gather user feedback. (...) What we try to do is to use open source users, even the
developers, as partners in the beginning and in the design phase.” (Usability
specialists) “Actually what we did was: hi, let’s do a prototype in, for example, couple
of weeks and see how it goes. The user interface is very, very, very simple. What we
did was to make it and release it. (...) Involvement was all through emailing
community: what do you like to see, what do you like to have? (...) We did use the
community to find out more and to find out improvements.” (Usability specialist) OSS
users were contacted through mailing lists and discussion forums: “We gained
comments of it, when we read the Internet forums afterwards.” (Usability specialist)
Through these means, users were mainly allowed to provide feedback to the
predefined design solutions. However, in cases the source code had been released,
users had also contributed code to the application: “We gave all the code to the
community and gained their acceptance. (The application) has been made
expandable. Users can make plug-ins. The infrastructure has been built.” (Developer)
Usability work was argued to benefit from the emergence of OSS in commercial
setting — user involvement became faster and cheaper: “In the open source project



‘Configuring the User and the Designer’ — A Critical Inquiry on Usability Work 9

you actually get the final users much faster for you from all around the world. For
usability perspective, I would say that it’s simpler and cheaper to do in the open
source.” (Usability specialist).

5.2  ‘Configuring the Designer’

A manager identified two types of developers in the company: “There is a clear
differences between an OSS coder and (a closed source operating system) coder. The
OSS coders are excellent.” (Field notes) For some developers OSS “is just code that
is available there (laughing)“ (Manager). Therefore, not all developers were
influenced by the emergence of OSS in the company. Some, on the other hand,
embraced OSS development and defined it as “some sort of charity work” and
separated “actually open source” from the work they did in the company. Related to
that, they said “of course you can find all these firms over the sea, whose names I'm
not going to mention, who have their offices in Redmond (laughing), who try to be
supporters of OSS. It makes me laugh to a certain extent.”” (Developer) Among the
OSS savvy employees, learning and knowledge sharing were emphasized as
characteristics of OSS development: “One great thing is that when you are using open
source, you always learn. I can see other people code. I can learn from their ideas, if
there is expertise with the given language and so on.” (Developer) “I would describe
it as learning and collaboration. (....) It’s a place where you can learn: (...) It’s like a
social network of knowledge. It’s quite nice how it goes. Quite nice that you can
actually be part of it, teaching a little bit and learning a lot more.” (Usability
specialist) Therefore, there were employees working inside the company who
emphasized that even though they worked in the company, they were ‘true OSS
developers or advocates’ by heart, adhering to the OSS ideology that argues for free
software, free information, sharing, gift giving and altogether ’collectivist, public-
good community values’ (e.g. [7, 13, 37, 42]).

This part of the personnel preferred releasing the source code. For instance in a
blog post after a release of the source code of an application, a usability specialist
rejoiced that “We managed to do it! After this huge amount of work that has been
mainly connected with persuading people to believe that it is important to open
source it, now the source code of (the application) is released with (a OSS license).”
(Usability specialist) This post was commented by a user announcing that now;
finally, he could start fixing its bugs. Related to a connected blog post, there also were
numerous comments congratulating the development team for releasing the source
code, i.e. succeeding to ‘free (the application)’, the management being blamed for the
delay in doing so. However, not always was the source code released and it was
acknowledged that this might cause anger for some OSS users, but it was not seen as
an issue for those appreciating high quality design solutions: “If the user interface is
closed, of course it generates a little bit of anger in some people, but I think
sometimes they are also ok,” if you guys do a nice job, we don’t care as much as the
features are being implemented.”(Usability specialist).
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It was perceived that the emergence of OSS had made the development faster,
allowed more freedom in the projects and enabled putting even more time and effort
on producing quality design. The development was faster as: “I do not need to create
everything from scratch. So this is why I can concentrate on creating new things, 1
don’t need to bother about the old things that everybody knows how to do. (...) If we
created something that was closed, traditional process, we could never have
achieved, probably it would have taken too much time to achieve what was achieved.”
(Developer) The personnel also perceived that they had more freedom to do their
work in OSS projects compared to their traditional projects: “We have had pretty
much freedom to do the user interface. It is a pretty rare situation (in the company).
(...) We carried out usability work and user interface design process the normal way,
there was no difference, but the restrictions and starting point for the users interface,
there was freedom.” (Usability specialist) The company had allowed the developers to
adopt some aspects of the open OSS development model: some OSS tools (Bugzilla)
and practices (distributed code review): “There is a small community inside the
company, who accept code to the public main tree. If it is not good, it is discussed.
Many people review the same code. (...) The aim is not to spend a lot of time on that.
(...) The review concerns other projects’ code, not own. Outsiders tell whether there
is something that needs to be fixed; it is not own code. Then there is also feedback
from the community* (Developer) Finally, the use of the OSS had given more time for
producing quality designs for users. The personnel could evaluate the finished
solution earlier, to spend more time on design and to make late changes based on the
feedback: "We were able during much earlier phase to handle the finished software.
(...) Usually it takes pretty long time to make a simulation of it. (...) Here we were
able to experiment in practice what it looks like and how it feels like in real use. (...)
This way it affected, positively.” (Usability specialist) "The ability of doing late
changes that of course the open source project provided us, because they give us
ground work that is solid and mature. Then we can just build the experience on top.
So actually in the product competition, we have time to do more testing or more
designing and more late changes." (Usability specialist).

6 Discussion

This paper critically examined usability work in company OSS development context
by utilizing a STS oriented framework. Table 1 summarizes the empirical results
revealing how the emergence of OSS in the company context had influenced the
dynamics involved with ‘configuring the user’ as well as with ‘configuring the
configurers of the user’, i.e. the designers.
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Table 1. Configuring the User and the Designer in the Company OSS Development Context

Empirical Insights

Configuring - Usability and users perceived as important in the company, giving authority to

the User Usability specialists, making developers sympathetic to users and usability

and the Usabl@lty spemahst's hlrgd to ‘represent the users.’: defining users in personas
i and their work practices in use cases based on their HCI and/or domain

Designer knowledge and imagination, and iterate them with mock ups

- Developers iterate the designs with usability specialists and implement them

afterwards

- Usability specialists comment on the designs in expert evaluations relying on

their HCI expertise

- Users comment on the designs in usability testing and OSS forums

- Users contribute through coding in the OSS environment

Influence of OSS on ‘Configuring the User’

- Emphasis on freedom for users to contribute: OSS users comment on the

‘configurations of the user’ in OSS forums and contribute to the ‘configuration

of the user’ through coding

- Emphasis on ‘configuring the user’: more time spent on early and fast

evaluation as well as design and iteration

Influence of OSS on ‘Configuring the Designer’

- Emphasis on freedom for users to contribute: OSS oriented designers demand

releasing the source code so that OSS users can contribute

- Emphasis on freedom for designers to contribute: less restrictions placed on

‘configuring the user’ by the case company

- Emphasis on ‘configuring the user’: more time spent on early and fast

evaluation as well as design and iteration

- Emphasis on open and participatory development: more extensive user and

designer collaboration, while no power over designers by users

6.1  Critical Remarks on the Practice of Usability Work

This paper offered a critical account of usability work in company OSS development
context by utilizing a STS oriented framework, filling in the gap of critical HCI
research by examining from the viewpoint of the power-weak group of users how the
design gets done. The paper examined the dynamics involved with ‘configuring the
user’ in the development, acknowledging that also the configurers of the user get
configured. Existing STS as well as HCI research has warned us that users are the
power-weak group in technology development, developers having the authority to
‘configure the user’ [10, 16, 47]. Usability specialists have been positioned as needed
for representing the ignored users [10], but usability specialists have encountered
difficulties in their work having any impact on the actual design solutions [2, 6, 14,
20, 33, 34, 40, 43]. Regarding the case analyzed in this paper, there were usability
specialists hired to ‘represent the users’ in the development, which is quite typical in
companies operating in the product development context [20, 14]. In this case as well
as typically in product development organizations, usability specialists were allowed a
consultative role, i.e. they provided feedback to the already made design decisions
through expert evaluations and empirical usability testing (cf. [20, 14]). Interestingly,
the usability specialists were also allowed a participative role in the development
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(cf. [20]), i.e. they were allowed to define the future users and their future use
practices, the developers then commenting on them and implementing the solutions
afterwards. In these instances the usability specialists clearly had authority to
‘configure the user’, which is not always the case in commercial software
development setting [20, 14].

Users were also allowed the consultative role to comment on these predefined
design solutions. Typically this takes place in empirical usability evaluation sessions,
which was the case also in this case. In this case, moreover, OSS users had entered the
scene by utilizing OSS means available, i.e. mailing lists and discussion forums (cf.
[23, 31]). These users, assumingly the “super geeks” and “nerds”, were also allowed
the consultative role, i.e. to provide feedback to the existing design decisions, and
occasionally even a participative or designer role, i.e. to take active part in producing
the solutions, therefore having increased ability to influence the ‘configuration of the
user’. In this case, furthermore, it was highlighted that due to the use of OSS, users
were able to take part earlier and more easily through OSS forums, and even late
changes based on user feedback were possible. However, through these means one
usually contacts rather computer-savvy (“super geek, nerd”) users. As mentioned, in
these projects the target user group was defined to consist of this type of users, due to
which it is not such a problem. Nevertheless, for the non-computer-savvy user
population, there were no efforts to allow them any ability to influence the outcome of
the design process — even though future plan was to reach the ‘mass market’. Reliance
on OSS users to give feedback and to contribute code might create an illusion of
active user participation; however, OSS users may resemble developers too much.
Cooper [47] reminds us that developers represent a particular kind of species, homo
logicus, who is nevertheless designing for homo sapiens. Thus, it is important to be in
contact with homo sapiens during the development, i.e. to prevent the developers
designing the solutions for them and for the like-minded. In OSS communities there is
a great risk of finding mainly homo logicus people to comment and to contribute. All
in all, one can say that in connection to those solutions that were released as OSS, the
computer-savvy users were empowered to modify and further develop the solutions
although without any actual influence on the solution developed by the designers.
Furthermore, not all solutions were released as OSS and the less-technically-
competent users were neglected, altogether.

Moreover, not only are the users ‘configured’ during development, but also the
designers, which might have also some implications on the design process and
outcome. In this case, high quality design for users seemed to be in rather important
position and everyone seemed to accept this. Therefore, users and usability can be
argued to define the designers’ identity and work practices to a certain extent. Hence,
usability work was carried out in the projects and nobody seemed to resist that. OSS
can also be argued of having configured some of the designers in this case. There
were developers labeled as ‘talented OSS developers’ and some usability specialists
also positioned themselves as advocates of OSS. They wished to emphasize that they
were ‘true’ OSS developers or advocates by heart, knowing the limitations of
company OSS development and associated rhetoric. They celebrated the release of
their source code and therefore emphasized the freedom for users to contribute to
development. They relied on open and participatory development model and
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experienced also themselves as having more freedom to do their job as well as more
time for ‘configuring the user’ compared to company’s other projects. However, users
were not positioned as decision-makers in the design process, but only as OSS
expanders after the release. The case arouses the question of to what extent these OSS
oriented employees feel comfortable to strive for the company and management
goals, while explicitly emphasizing the basic OSS values such as free software, free
information and gift giving [7, 37, 42]. It would not be surprising to find out that these
kinds of employees experience some difficulties in coping with the tension between
’value for money’ and ’acceptable community values’ [13: 596, see also 42].

6.2  Practical Implications

There are also some practical implications for usability work identifiable from this
study. The emergence of OSS had resulted in many positive aspects from the
viewpoint of commercial mobile application development and usability work. It had
resulted in the projects having more time for innovating new things and for designing
quality solutions for users. More time could be spent on design and iteration, as OSS
solutions speeded up the development work. The emergence of OSS, however,
seemed mainly to contribute to the evaluations that were carried out in a faster and
easier manner when using OSS solutions. In addition, user feedback was gathered
even earlier than had been the case. These issues, on the other hand, are very
appealing for the mobile application development context, in which tight schedules
might otherwise inhibit usability work [19, 28, 29, 36].

The OSS forums made it easy and fast to contact users in their natural (mobile)
settings. These forums, altogether, can be used for alleviating the problem of the lack
of time and resource in fast-paced mobile application development as well as the
problem of gathering user feedback to mobile applications in laboratory settings
instead of in mobile field settings [15, 23, 27, 29]. Of course, OSS forums are not
available in every relevant mobile setting. If they nevertheless are available (e.g. in
mobile devices having internet access), their use context surely resembles more
natural mobile context than a usability laboratory. Therefore, OSS forums might be
highly useful in evaluating mobile applications. Through them, users can
spontaneously provide user feedback in their actual context of use.

A positive issue in the case from the viewpoint of HCI research is also that the
developers seemed to appreciate usability and users a lot, which is not necessarily the
case in OSS projects (cf. [2, 6, 33, 34, 40, 43] nor in commercial software
development (cf. e.g. [20, 24, 14]). The use of OSS had contributed to usability work
by allowing more time to be spent on it. This study, among others, indicates that
companies indeed can provide useful resources and know-how to OSS communities
(cf. [2, 6, 22, 34]). A problem is that the contribution of the usability specialists might
affect only that part of the solution that is kept closed source. In this situation the OSS
communities naturally cannot benefit from the usability specialists’ work.

However, the emergence of OSS did not seem to help much in enabling users’ to
take part in the requirements construction or in the design phase (see also [23]).
Problematic from the viewpoint of usability work is that in the beginning there was no



14 N. Iivari

contact to any user group, but the usability specialists instead simply imagined and
afterwards briefly described the intended users. In the projects of the case unit the
target user group was defined to be technically-savvy ‘nerds’ and this kind of
‘developer-user-pool’ available in the OSS communities was utilized during
evaluations and some this kind of users had even contributed code, but not even this
kind of users were involved during requirements construction and design. Moreover,
the less-technically-competent users were neglected, altogether.

7 Conclusions

This paper offered a critical examination of the practice of usability work in company
OSS development context by utilizing a STS oriented framework. The analysis
sensitized us to the constant construction of user and designer (usability specialist and
developer) identities and work practices that inevitably takes place during software
development. The emergence of OSS influenced the way how the design process took
place. Especially positive consequences were identified. The results showed that the
usability specialists and developers hired by the company collaboratively settled the
user group and designed users’ future use practices. The use of OSS allowed users to
participate earlier and have an increased emphasis. The OSS users were relied on
during evaluations and in some cases even allowed to contribute code. OSS also in
part defined the identity and work practices of these designers, by allowing them an
identity of an OSS developer or advocate, by placing emphasis on the freedom for
users to contribute and by enabling these designers also to have more freedom to do
their job, to utilize a more open and participatory development model and to put more
time and effort to design and iteration. However, it was warned that the involvement
of OSS users might give the designers an illusion that there is extensive user
participation taking place, although in OSS communities the user population tends to
be quite technologically-savvy and for that reason resemble more the developers’
mindset than that of the users’. An interesting path for future work would be to
analyze how the above-discussed group of ‘OSS developers’ and like-minded
usability specialists cope inside the companies: are there value conflicts and conflicts
of interest that they feel disturbing (cf. [42])? Interesting would also be to include
more empirical cases into the analysis to see whether the aspects identified in this
study appear also in other development settings.

Acknowledgements. This research has been funded by the Academy of Finland.

References

1. Akrich, M.: The De-Scription of Technical Objects. In: Bijker, W., Law, J. (eds.) Shaping
Technology/Building Society. Studies in Sociotechnical Change, pp. 205-224. MIT Press,
Cambridge (1992)

2. Akrich, M., Latour, B.: A Summary of a Convenient Vocabulary for the Semiotics of
Human and Nonhuman Assemblies. In: Bijker, W.E., Law, J. (eds.), pp. 259-264 (1992)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

‘Configuring the User and the Designer’ — A Critical Inquiry on Usability Work 15

Andreasen, M., Nielsen, H., Schrgder, S., Stage, J.: Usability in Open Source Software
Development: Opinions and Practice. Information Technology and Control 25(3A), 303—
312 (2006)

Bach, P., Carroll, J.: FLOSS UX Design: An Analysis of User Experience Design in
Firefox and OpenOffice.org. In: Proc. 5th International Conference on Open Source
Systems, Skovde, Sweden, June 3-6, pp. 237-250 (2009)

Bach, P., DeLine, R., Carroll, J.: Designers Wanted: Participation and the User Experience
in Open Source Software Development. In: Proc. Conference on Human Factors in
Computing Systems, pp. 985-994. ACM Press, New York (2009)

Bannon, L.: From human factors to human actors: The role of psychology and human-
computer interaction studies in system design. In: Greenbaum, J., Kyng, M. (eds.) Design
at Work: Cooperative Design of Computer Systems, pp. 25-44. Lawrence Erlbaum,
Hillsdale (1991)

Benson, C., Miiller-Prove, M., Mzourek, J.: Professional usability in open source projects:
GNOME, OpenOffice.org, NetBeans. In: Extended Abstracts of the Conference on Human
Factors in Computer Systems, pp. 1083—-1084. ACM Press, New York (2004)

Bergquist, M., Ljunberg, J.: The power of gifts: organizing social relationships in open
source communities. Information Systems Journal 11, 305-320 (2001)

Beyer, H., Holtzblatt, K.: Contextual Design: Defining Customer-Centered Systems.
Morgan Kaufmann Publishers Inc., San Francisco (1998)

Bgdker, M., Nielsen, L., Orngreen, R.N.: Enabling User Centered Design Processes in
Open Source Communities. In: Aykin, N. (ed.) Usability and Internationalization, Part I,
HCII 2007. LNCS, vol. 4559, pp. 10-18. Springer, Heidelberg (2007)

Cetin, G., Verzulli, D., Frings, S.: An Analysis of Involvement of HCI Experts in
Distributed Software Development: Practical Issues. In: Schuler, D. (ed.) HCII and OCSC
2007. LNCS, vol. 4564, pp. 32-40. Springer, Heidelberg (2007)

Cooper, A.: The Inmates Are Running the Asylum: Why high-tech products drive us crazy
and how to restore sanity. Macmillan, Indianapolis (1999)

Cooper, C., Bowers, J.: Representing the users: Notes on the disciplinary rhetoric of
human-computer interaction. In: Thomas, P. (ed.) The Social and Interactional Dimensions
of Human-Computer Interfaces, pp. 48—66. Cambridge University Press, Cambridge
(1995)

Damodaran, L.: User involvement in the systems design process — a practical guide for
users. Behaviour & Information Technology 15(16), 363-377 (1996)

Deetz, S.: Describing Differences in Approaches to Organization Science: Rethinking
Burrell and Morgan and Their Legacy. Organization Science 7(2), 191-207 (1996)
Fitzgerald, B.: The Transformation of Open Source Software. MIS Quarterly 30(3), 587—
598 (2006)

Gallant, L.: Ethnography of communication approach to mobile product testing. Personal
and Ubiquitous Computing 10, 325-332 (2006)

Grint, K., Woolgar, S.: The Machine at Work. Technology, Work and Organization. Polity
Press, Cambridge (1997)

Heikinheimo, H., Kuusisto, T.: The use of embedded open source software in commercial
products. In: Proc. of the 13th European Conference on Information Systems, Turku,
Finland, June 14-16 (2004)

Holtzblatt, K.: Customer-centered design for mobile application. Personal and Ubiquitous
Computing 9, 227-237 (2005)



16

21.

22.

23.

24.

25.

26.
27.
28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

N. Iivari

Iivari, N.: Understanding the Work of an HCI Practitioner. In: Morch, A., Morgan, K.,
Bratteig, T., Ghosh, G., Svanaes, D. (eds.) Proc. 4th Nordic Conference on Human
Computer Interaction, Oslo, Norway, October 14-16, pp. 185-194 (2006)

Tivari, N.: Empowering the Users? A Critical Textual Analysis of the Role of Users in
Open Source Software Development Al & Society 23(4), 511-528 (2009)

Tivari, N.: Culturally Compatible Usability Work - An Interpretive Case Study on the
Relationship between Usability Work and Its Cultural Context in Software Product
Development Organizations. Journal of Organizational and End User Computing 22(3),
40-65 (2010)

Tivari, N.: Participatory Design in OSS Development: Interpretive Case Studies in
Company and Community OSS Development Contexts. Behaviour & Information
Technology 30(3), 309-323 (2011)

Iivari, N., Hedberg, H., Kirves, T.: Usability in Company Open Source Software Context.
Initial Findings from an Empirical Case Study. In: Proc. 4th International Conference on
Open Source Systems, Milan, Italy, September 7-10 (2008)

Interacting with Computer 18(4)

International Journal of Human-Computer Interaction 21(2)

International Journal of Technology and Human Interaction 5(3)

Isomursu, M., Kuutti, K., Vdindmd, S.: Experience Clip: Method for User Participation
and Evaluation of Mobile Concepts. In: Proc. Participatory Design Conference, Toronto,
Canada, July 27-31, pp. 83-92 (2004)

Jokela, T., Koivumaa, J., Pirkola, J., Salminen, P., Kantola, N.: Methods for quantitative
usability requirements: a case study on the development of the user interface of a mobile
phone. Personal and Ubiquitous Computing 10, 345-355 (2006)

Kangas, E., Kinnunen, T.: Applying User-Centered Design to Mobile Application
Development. Communications of the ACM 48(7), 55-59 (2005)

Klein, H., Myers, M.: A Set of Principles for Conducting and Evaluating Interpretive Field
Studies in Information Systems. MIS Quarterly 23(1), 67-94 (1999)

Latour, B.: Where Are the Missing Masses? The Sociology of a Few Mundane Artifacts.
In: Bijker, W., Law, J. (eds.) Shaping Technology/Building Society. Studies in
Sociotechnical Change, pp. 225-258. MIT Press, Cambridge (1992)

Lewis, S.: Using Online Communities to Drive Commercial Product Development. In:
Extended Abstracts on the Conference on Human Factors in Computing Systems, pp.
2039-2044. ACM Press, New York (2008)

Mackay, H., Carne, C., Beynon-Davies, P., Tudhope, D.: Reconfiguring the User: Using
Rapid Application Development. Social Studies of Science 30(5), 737-757 (2000)
Mayhew, D.: The Usability Engineering Lifecycle: A practitioner’s handbook for user
interface design. Morgan Kaufmann Publishers Inc., San Francisco (1999)

Nichols, D., Twidale, M.: The Usability of Open Source Software. First Monday 8(1), 21
p- (2003)

Nichols, D., Twidale, M.: Usability Processes in Open Source Projects. Software Process
Improvement and Practice 11, 149-162 (2006)

Niederman, F., Davis, A., Greiner, M., Wynn, D., York, P.: A Research Agenda for
Studying Open Source I: A Multilevel Framework. Communication of the Association for
Information Systems 18, 129-149 (2006)

Olsson, T., Lehtonen, M., Pavel, D., Viininen-Vainio-Mattila, K.: User-Centered Design
of a Mobile Application for Sharing Life Memories. In: The Proc. of Mobility, Singapore,
September 10-12, pp. 524-531 (2007)



41.

42.

43.

44.

45.

46.

47.

‘Configuring the User and the Designer’ — A Critical Inquiry on Usability Work 17

Rolandsson, B., Bergquist, M., Ljungberg, J.: Open source in the firm: Opening up
professional practices of software development. Research Policy 40(4), 576-587 (2011)
Rosson, M., Carroll, J.: Usability Engineering: Scenario-based Development of Human-
Computer Interaction. Morgan-Kaufman, San Francisco (2002)

Stewart, K., Gosain, S.: The Impact of Ideology on Effectiveness in Open Source Software
Development Teams. MIS Quarterly 30(2), 291-314 (2006)

Terry, M., Kay, M., Lafreniere, B.: Perceptions and Practices of Usability in the Free/Open
Source Software (FOSS) Community. In: Proc. Conference on Human Factors in
Computing Systems, pp. 999-1008. ACM Press, New York (2010)

Twidale, M., Nichols, D.: Exploring Usability Discussions in Open Source Development.
In: Proc. 38th Hawaii International Conference on System Sciences, HICSS. IEEE
Computer Society Press (2005)

Woolgar, S.: Configuring the User: the case of usability trials. In: Law, J. (ed.) A
Sociology of Monsters. Sociological Review Monograph, vol. 38, pp. 57-102. Routledge,
London (1991)

Zhao, L., Deek, F.: Improving Open Source Software Usability. In: Proc. of the 11th
Americas Conference on Information Systems, Omaha, USA, August 11-14, pp. 923-928
(2005)



Agile Software Development and the Barriers
to Transfer of Knowledge: An Interpretive Case Study

Lise Heeager and Peter Axel Nielsen

Socio-Interactive Research Centre, Department of Computer Science
Aalborg University, Denmark
{liseh,pan}@cs.aau.dk

Abstract. Agile practices to systems development are believed to depend
largely on the developers’ competences, experience and knowledge and to a
lesser degree on formal development processes and methods. In this paper we
investigate the knowledge transfer and barriers to the transfer of agile
development practices in an interpretive case study. The case company is a
pharmaceutical firm where we studied how they develop software and how they
transfer their own experience. Based on the literature we develop an initial
framework of barriers to knowledge transfer and apply it to interpret the case
study. From this case study we are able to discuss the initial framework and
extend it to a framework of knowledge transfer of agile practices. The
framework provides a better understanding of the barriers to knowledge transfer
of agile practices. The paper contributes with (1) an application of the
framework to explain knowledge transfer and barriers, and (2) specifically
explicate potential barriers hindering knowledge transfer of agile practices. This
has implications for the implementation of agile development practices.

Keywords: knowledge transfer, agile software development, barriers.

1 Introduction

Information systems development has for more than a decade been concerned with a
change of approaches and perspectives towards more the more agile [1], [2] and the
agile ideas, methods, and practices [3], [4]. The adoption of agile ideas by one team in
a software company is only a first step in a more widespread diffusion and adoption
where many teams in a company and even whole companies are applying agile
approaches. In this paper we focus on the transfer of knowledge and experience with
agile practice from one team in a company to another team in the same company.
Inside organizations reside much unknown and untapped knowledge that can be
helpful for the whole organization [5]. Identifying and transferring knowledge across
boundaries in an organisation and between teams is a powerful mechanism for
improving the productivity of an organization and create a significant competitive
advantage [6]. The transfer of knowledge within organizations is however often
laborious, time consuming and difficult [7], [8], [9]. In software development
transferring experience from one project to another is especially difficult [10].
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A software organization’s main asset is its intellectual capital [11] and software
development is highly tacit with knowledge rooted in actions [12], [13], [14], and with
developers working under time pressure, specialized requirements as well as different
cultures from the users. This is particularly the case for agile software development
[15], [16], [17]. Few studies report on practical knowledge of agile approaches being
transferred, e.g., [18] . It is clear that while knowledge transfer is desirable in agile
software development it also meets barriers — some which are easily overcome and
some which are inherently difficult [13], [19], [20]. Existing research, however, address
knowledge transfer within agile software teams and not between teams.

In this paper we therefore address how knowledge on agile practices is transferred
from one development team to another and in particular the barriers to such
knowledge transfer. We therefore pose the research question: Which barriers can
prevent the transfer of knowledge of agile practices from one team to another? No
existing research addresses this. We approach the research question from the
theoretical framing of knowledge transfer from which we create an initial framework
of barriers to knowledge transfer of agile practices. The framework is applied to a
case study of the knowledge transfer of agile practices between two software teams
within the same large organization. In this company Team A had successfully
implemented an agile software development process and integrated it with quality
management standards including standards from the US Food and Drug
Administration (FDA). The focus in the case study is on the knowledge activities to
transfer knowledge from Team A and on the adaptation of a similar agile
development practices in Team B. Based on the empirical findings from the analysis
of the case the framework was extended resulting in a framework for barriers to
knowledge transfer of agile development practices.

The remaining paper is organized as follows. In section 2 the literature on
knowledge transfer and the barriers is reviewed and the analysis framework on
barriers to knowledge transfer is presented. In section 3 the research approach is
described. In section 4 the analysis of the knowledge transfer process and the barriers
in the case study is presented. Finally the findings are discussed in section 5 and
concluded on in section 6.

2 An Initial Framework for Knowledge Transfer of Agile
Development Practices

This section presents the theoretical background and the initial framework developed
on the basis of the literature.

2.1  Knowledge Transfer and Barriers in General

Within research on knowledge management [21] knowledge transfer in organizations
is “the process through which one unit (e.g., group, department, or division) is
affected by the experience of another” [6]. It can further be defined as “the application
of prior knowledge to new learning situations” [22], [23]. What manifests knowledge
transfer are the changes in the knowledge or performance of the recipient unit.
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Thus, by measuring the changes in knowledge or performance the effects of the
knowledge transfer process can be evaluated [6].

The terms ‘knowledge transfer’ and ‘knowledge sharing’ are often used
interchangeably in the literature even though they are different [24]. While knowledge
sharing mainly refers to the exchange of knowledge between individuals, knowledge
transfer also includes higher organizational levels, for example a group or a division [6].
Knowledge transfer is not only about exploiting resources, i.e., knowledge, but also
about how to acquire and absorb it to make activities more efficient and effective [24].

The literature distinguishes between two types of knowledge: tacit knowledge and
explicit knowledge [25], [26]. Tacit knowledge is deeply rooted in the actions, the
experiences as well as the ideas, values and emotions of the individual, which makes
it difficult to share with others. Knowledge sharing takes place through people-to-
people interactions and dialogue [27], [28]. Explicit knowledge is transmittable in a
formal, systematic language [29]. This can be done through codification, i.e., using a
people-to-documents approach, where the knowledge is extracted from one person,
made independent of that person, and reused for various purposes [27]. Far from all of
an organization’s tacit knowledge can be made explicit, and far from all explicit
knowledge can be documented [11].

Recognizing potential barriers to knowledge transfer is important for the process of
understanding which barriers may occur [23] and how to overcome these difficulties
of transferring knowledge [22], [30]. Three generic types of knowledge transfer
barriers have been identified [23]: individual (e.g., general lack of time, and lack of
trust); organisational (e.g., lack of leadership, and restricted knowledge flows); and
technical (e.g., lack of integration of systems and processes, and lack of training in
new systems). In a Delphi study several barriers were identified at four organisational
levels [30]: individual, team, organisation, and inter-organisation, e.g., team climate,
organisational relationships.

These theories of knowledge transfer and barriers in general have been used to
sensitize our view on knowledge transfer and barriers in the domain of agile software
development.

2.2  Knowledge Transfer and Barriers in Agile Software Development

The perspective of knowledge management has been applied to information systems
development over the last two decades, e.g., [31], [32], [33], [34], [35], [36], [37], and
to explain the potential benefits of agile software development in particular [19] with
several proponents of agile processes, e.g., [38] , suggesting that knowledge transfer
within teams would be improved, e.g., [15], [16], [17], [39].

The initial framework is based on a literature review of the research on agile
software development to identify how agile practices are transferred. Figure 1 depicts
the knowledge transfer process schematically to illustrate how knowledge is
transferred from one team to another through a deliberate transfer process and how
that is slowed, reduced or even hindered by barriers.
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barrier

software software

team A | knowledge team B

Fig. 1. The knowledge transfer process in agile software development

The framework is further focused on barriers to knowledge transfer in agile
software development. From the literature on knowledge transfer and barriers we
have thus identified the barriers in table 1. These are all explained in detail in the
following.

Table 1. The initial framework of barriers to knowledge transfer of agile development practices

Barrier Description

Individual skills Individuals and their skills are central to the outcome of a
knowledge transfer process.

Motivation and The individuals may be more or less motivated to receive

willingness knowledge.

Time and Time is a significant factor as the process of identifying and

resources transferring knowledge is very time-consuming.

Organizational Culture is often seen as the key inhibitor of effective

culture knowledge transfer.

Trust Without trust people are unlikely to share knowledge.

Infrastructure Integrating an IT system can support the knowledge transfer
process.

Individual skills are central to the outcome of a knowledge transfer process,
without the right skills, knowledge is not likely to be transferred. If the individual is
not part of a social network, it is not possible to access the knowledge [5]. A lack of
network ties can result in ignorance on both ends of the transfer. Differences, such as
age, gender, educational levels and ethnic background between the participants can
hinder the knowledge transfer process, as power issues and problems understanding
each other may occur [18], [23]. The skills and emotions of the individual play an
important role. The communication skills, both verbal and written, are fundamental to
effective and successful knowledge sharing and transfer [23]. Without the ability to
communicate the point will not come across and the knowledge will not be
transferred. A good coordination between the participants also advances the transfer
process [7]. The absorptive capacity of the individual also varies and despite the best
intension, these are a boundary for the knowledge transfer [7], [10].

Motivation and willingness can also be a barrier. Individuals may be more or less
motivated to receive knowledge from the outside. Lack of motivation may result in
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procrastination, passivity, feigned acceptance, sabotage, or maybe rejection of new
knowledge [7]. Knowledge sharing activities can neither be supervised nor forced of
people; instead, the individuals need to see a value of the knowledge in order to share
their knowledge voluntarily [23]. Transferring knowledge also entails people to be
able to discard old practices and sustain new ones [7]. Getting people to change their
practices is difficult as they easily fall back on well-known routines; it requires a level
of willingness from the individual [40].

As the process of identifying and transferring knowledge is very time-consuming,
time becomes a significant factor. If you lack the time to identify other individuals or
groups with specific knowledge, lack the time to share knowledge or lack the time to
implement the knowledge in the practice the risk is that the knowledge transfer only
succeed partly [23]. Information overload is linked to the time issue; it becomes a
barrier because it is difficult to learn anything when there is so much to know in little
time [10]. A lack of resources to create sharing opportunities is also a potential barrier
to a successful knowledge transfer [23].

In the knowledge management literature, culture is often seen as the key inhibitor
of effective knowledge transfer [41]. It is important that the corporate culture and the
organizational design support the knowledge transfer practices [10], [23]. An
organizational design in silos creates divisions which only focus on their own
accomplishments and tend to safeguard knowledge. Knowledge flows which are
restricted in some directions are also a potential organizational knowledge barrier.
Large organizational units are unmanageable and make it more difficult to enhance
contact and transfer knowledge easily. Lack of formal and informal spaces in which
knowledge can be shared are also a potential barrier [23].

Lack of trust can also be a barrier. Without trust people are unlikely to share
knowledge. They are reluctant to give away any knowledge if they fear that the
knowledge may be misused or taken unjust credit for and they are reluctant to accept
knowledge if they lack trust in the credibility of the knowledge or the actors it
originates from [23]. Individuals may safeguard their knowledge out of fear that
sharing may reduce or jeopardise their job security [42].

Integrating an IT system can support the knowledge transfer process. Such a
system however needs an adequate level of informational and technical infrastructure
(including support and maintenance). It further needs to support the practices of the
organization otherwise actors may be reluctant to use such a system [23]. Reluctance
may also arise when people are not familiar with the system; communication about
the IT-system, training and demonstration of the system is therefore important [23].

3 Interpretive Case Study Approach

This is an interpretive case study [43], [44]. The empirical data were collected over a
period of one year (May 2010 to April 2011) in a large pharmaceutical company and
specifically with a focus on two software teams (A and B) and the context that they
are part of. Data were analysed and validated iteratively through two phases, each
focusing on respectively software team A and B. Table 2 summarizes the research
approach.
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Table 2. Summary oft he research approach

Phase Focus Data collection | Duration Data Data analysis
documentation
1 Software | 8 qualitative May Interviews Evaluation of
team A interviews 2010 and software
6 qualitative June observations | development
interviews 2010 audio process
b . J recorded and
ocumen une transcri
study 2010 anscribed
Observations August
of planning 2010
and stand up
meetings
2 Software | 1 qualitative August Interviews Evaluation of
team B interview 2010 audio the
5 qualitative October | recorded and | knowledge
interviews 2010 transcribed transfer
o process
5 qualitative March
interviews 2011
Document April
study 2011

The data collection in Phase 1 was based on an interview guide (A) focusing on
how team A developed software and on how the development process meshes agile
and traditional development. The interviews were conducted through two iterations
and included the process manager, the software architect, software testers and
software developers.

The data collection in Phase 2 was based on a separate interview guide (B)
focusing on how Team B has adopted the development practices from team A and on
evaluating the knowledge transfer process. First, an interview with the software
coordinator and the coordinator between software and hardware was conducted. The
second and third round included interviews with the two full time software
developers, interviews with the process manager from team A (in the role as transfer
facilitator) and follow-up interviews with the software coordinator and the
coordinator between software and hardware. The interview guide (B) focused on the
transfer process, which knowledge mechanisms were used, an evaluation of the
outcome and on the barriers hindering the implementation of the transferred
knowledge about the software development process.

All interviews were audio recorded, transcribed and coded using Atlas.ti V.6. The
analysis of team A’s practices mapped the agile software development practices and the
knowledge of team A. The interviewees from team A validated the analysis. The analysis
of team B mapped the specific barriers hindering the knowledge transfer process, after
which the barriers were categorized according to the framework of knowledge transfer of
agile practices. Team B and the process manager of team A validated the results.
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4 Interpretive Case Analysis

This is a case study of knowledge transfer of agile practices between two software
teams within the same pharmaceutical organization. Both software teams were part of
projects that developed medical devices with embedded software, which for the final
devices entail compliance and subsequent approval by several agencies and their
quality standards. The knowledge transfer process was established to pass on the
experience of software development from team A to team B.

The software project of software team A was the first project including software
development initiated in the pharmaceutical organization. During project A the
software practice of the organization was therefore developed and improved
gradually. After project A, several other projects with development of embedded
software were initiated. All of these projects involved several project groups;
pharmaceutical and clinical researchers responsible for the drugs, process engineers
responsible for production facilities, mechanical engineers responsible for the
product’s mechanical parts and hardware engineers responsible for the computer
chips controlling the mechanics.

Team A had focused on developing, improving and documenting their software
process. They had successfully implemented a software development process which
includes agile practices based on Scrum; an agile method that provides guidance for
efficient management of projects [38]. Scrum operates with the three roles: Scrum
master (responsible for the scrum practice), product owner (the customer) and Scrum
team (a self-organizing project team). The development is divided into iterations called
sprints. Each sprint is initiated with a sprint planning meeting in which the sprint
backlog is agreed on; the sprint backlog is a subset of the product backlog (which the
customer is responsible for updating). Every day the scrum team meets for a short status
meeting in order to keep track of the progress. After each sprint an increment of the
system has been implemented and tested and is demonstrated for the customer.

Teams A and B were different in task, size and complexity. Team A’s task was larger
and more complex than that of team B. While team A consisted of approximately 30
managers, developers and testers, software team B only consists of three developers,
one of these in the role of the software coordinator. Project A had run for several years
and was entering the stage of refining the product. So far project B had been focusing on
developing prototypes. During the Summer 2010, team B changed its focus from the
existing prototype to the overall design, developing two prototypes each focusing on a
separate design. In late 2010 the team chose one prototype for further development, and
afterwards the focus was on testing this prototype. Despite these differences there was a
genuine interest in team B to have the knowledge of agile development transferred.
First, the agile development practices were deemed theoretically and practically relevant
for team B. Second, the agile processes behind team A were already designed to suit
small teams like team B. On this backdrop team B were particularly interested in having
the experience with Scrum transferred to them.

4.1 The Knowledge Transfer Activities and Their Effect

Team A had implemented an agile development process. They experimented with the
iteration length and settled at 2 weeks, which gave the developers a steady work
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rhythm, a dedicated focus and forced the developers to break the tasks down. The
iterations were coordinated through daily stand-up meetings, ensuring a shared focus
and giving an overview of the progress of the iteration. A scrum board was used to
visualize the progress of the iterations; several advantages were associated with the
board. Team A had also gained experience with agile estimation and planning and
despite an iterative software process, they experienced that estimating tasks is
difficult and requires experienced developers. While having implemented several
agile practices Team A was, at the same time, able to comply with US Food and Drug
Administration’s quality regulations and standards. Team A had gained experience in
developing software architecture, conducting software tests, peer reviewing and
writing documentation. They had furthermore experimented with different tools to
support the development process and been through the process of having these tools
validated by various quality standards. The data analysis has resulted in summarizing
the knowledge and experience of team A in table 3.

The knowledge and experience of team A was deliberately transferred by several
means: experience workshops, facilitation, consultancy and adaptation. All of the
knowledge transfer initiatives were considered very useful by team B. This was
especially the case when the transfer activities followed a person-to-person approach
(the experience workshops, the facilitation, the consultancy and the frequent meetings
between the process manager of team A and the software coordinator of team B).
Table 4 gives an overview of the knowledge transfer activities and their content. Each
knowledge transfer activity was identified and their contents determined based on the
data analysis. The description of each activity in table 4 is a summary of the
descriptions given by the interviewees. The fourth column indicates the number of
quotes marked in the coding of the interviews. Most of the knowledge transfer
activities took place in the beginning of the project (Spring 2010); even though more
activities were planned only a few took place in from September 2010 to March 2011.

Table 3. The knowledge of team A

Knowledge area Description
Method Iteration length Sprints of 2 weeks length give a steady work
(Scrum) rhythm.
Estimation of Estimation requires experienced developers.
tasks
Product owner A product owner is important.
Stand up Daily stand up meetings give an overview of the
meetings progress of the iteration.
Scrum board A scrum board is great for visualizing the
progress of the iterations.
Software An overall architecture needs to be defined early
architecture in the project.
Software test Early and iterative tests are recommendable.
Documents Documents have been designed from scratch.
Peer reviews Peer reviews are advantageous.
Tools Using tools from the beginning of the project is
recommendable.
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Table 4. The knowledge transfer activities and the count of evidence in the coded interviews

Activities Contents Description Quotes Time
Experience about An agile consultant from software team A | 11 Spring
workshop Scrum gave a two days introduction to Scrum to 2010
(21) the developers of software team B. The
content was a mix of theoretical
descriptions and a description of the Scrum
process used by software team A.
about The process manager of software team A | 8 Spring
tools presented their line of tools and the 2010
purpose of each tool. One of the
employees in charge of the tools of
software team A had furthermore held an
experience workshop on their tool chain.
about The process manager gave a few informal | 2 Spring
experienc | presentations on the experiences of and 2010
es of challenges faced by software team A.
project A
Facilitation of the For a month an agile consultant from | 24 May
(36) Scrum software team A helped, software team B, and
process introduce a Scrum process. The agile June
consultant was present during these 2010
meetings and some of the stand-up
meetings. The facilitation process was
considered very helpful and enlightening.
of the For 2 weeks the software architect of | 12 May
software software team A helped define the software 2010
architectu | architecture of the system of software team
re B. He gave short presentations on software
architecture and developed a suggestion to
the software architecture.
Consultanc | of the The software team held 2 one-day | 19 June
y (19) software meetings with an external consultant on 2010
architectu | software architecture. The first meeting and
re took place in June 2010, while the second March
meeting took place in March 2011. In these 2011
meetings the consultant presented some
architecture patterns. Software team A has
received similar lessons by the consultant.
Adaptation of The process manager of software team A | 15 Initiated
(38) processe | and the software coordinator of software start
s and team B had since the beginning of the 2010
practices | knowledge transfer process scheduled
weekly meetings. These meetings were
however broken off for a couple of months.
The meetings were informal and contained
the subjects most urgent to the software
coordinator.
of Software team B had inherited the | 19 Start
document | documents of software team A. These 2010
ation documents not only contained knowledge
on how the software was developed in
project A, but also represented knowledge
on how to construct such documents.
of tools Employees of software team A had | 4 Start
installed a tool chain at software team B. 2010
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Team B gained much knowledge on Scrum, but had not yet been able to implement
these practices in their own team to a level where they had gained their own new
experiences. Team B did not take all experience from team A with scepticism and
critique. They had run a few test sprints of 1 week length, but did acknowledge the
sprint length of 2 weeks as suggested by team A. During these test sprints stand up
meetings were held, but were not implemented permanently. Team B had designed a
scrum board but the use of it was limited as they had not implemented sprints.
Acknowledging the importance of a product owner this role was assigned to the
coordinator between the software, hardware and mechanics groups. This role was,
however, not filled sufficiently, mainly due to time issues.

Team B experienced difficulties with the estimation of tasks; primarily due to
interruptions. They had also acquired own additional knowledge on software test,
software architecture and peer reviews, which would become useful for the
development of the software for the final device, but as they still were focusing on the
software for the prototypes, these processes had not yet come into play. Table 5
summarizes the knowledge of team B.

A comparison of the knowledge of team A and B reveals that the knowledge
transfer process only has been partly successful. Team B had not been able to
integrate and use all the relevant knowledge in their own software practices. This
issue was the subject of several questions during the interviews with team B, and the
analysis shows that despite several valid attempts and many good intentions they had
not in their own view been sufficiently successful in absorbing the knowledge and
experience from team A. The remaining analysis will therefore focus on the barriers
of the knowledge transfer process to reveal the underlying causes.

Table 5. The knowledge of Team B

Knowledge Description

Method Iteration A few test sprints of 1 week length had been run. The

(Scrum) length sprint length of 2 weeks was however acknowledged.
Estimation | Estimating tasks of the test sprints was difficult, mainly
of tasks due to many interruptions.
Product The product owner role was assigned to a coordinator.
owner

Stand up Daily stand up meetings had not been implemented, but
meetings was planning when the sprints were introduced.

Scrum A scrum board was designed, but the use was limited.
board
Software The need for an overall architecture was
architecture acknowledged, but no time was given to design one.
Software The advantages of test-driven development were
test acknowledged, but the project management had little
focus on test at this point.
Documents Knowledge on how to build documents had been
obtained. Many of the documents had been processed.
Peer Peer reviews were planned for the development of the
reviews final device.

Tools The tools had been installed, but not used yet.
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4.2

The Barriers of the Knowledge Transfer of Agile Practices

The analysis showed that several barriers hindered the knowledge transfer of agile
practices. The barriers are summarised in table 6. The barriers ‘time and resources’
and ‘organizational culture’ were in this case the main barriers and these are therefore
described in more detail below. The analysis identified an additional barrier
(management style) compared to what was suggested in the initial framework. This
barrier will therefore also be described in further detail below.

Table 6. The knowledge transfer barriers and their count of evidence in the empirical data

present during the
knowledge transfer
acts

General barrier | Specific barrier Description Quotes

Time and Focus on prototypes The excessive focus on developing | 34

resources (59) prototypes limits the time to transfer
knowledge and adopt agile practices.

Focus on overall The transfer of knowledge and the | 16

design adoption of Scrum were put on hold,
due to the focus on developing the
overall design.

Software developers The software developers were not | 9

not present during the | present during all of the knowledge

knowledge transfer transfer initiatives. Due to the many

acts urgent support tasks they were not
able to allocate the time needed.

Easier in the future The time issues resulted in an | 5
attitude: “it will be easier in the future”
among the developers.

Organizational The project The project management has a | 33

culture (64) management do not background in mechanics and are
share organizational having a hard time understanding
culture with software software development.

dev.

Disintegrated The professional practice of the | 12

organizational cultures | hardware and mechanics groups is
different than the software group.

Focus on mechanics The deadlines of the entire project | 19
depend on the development of the
mechanics.

Individual skills Not accustomed to None of the software developers had | 15
(15) Scrum any experience in using Scrum and
were not trained in this method
beforehand. As the organization is new
at software development the software
processes are not well-defined.
Motivation and Problems demotivate The problems experienced during the | 17
willingness (20) sprints had a demotivating effect on
the  software  developers, who
otherwise were very motivated to
implement Scrum.
Management not The project management was invited | 3

to the experience workshops but did
not attend. The project management
does not prioritize the knowledge
transfer and the adoption of Scrum.
This is a proof of their lack of
motivation and willingness.
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Table 6. (Continued)

Management Product owner The product owner role has been | 31
style (48) assigned to the coordinator between
the software, hardware and
mechanics teams. As this is not his
official role, he has difficulties
allocating the time needed.

Lean The top management of the | 17
organization has introduced lean
principles, which has entailed a
display of a lean board, on which the
deadlines for each project group is
displayed. Detailed deadlines are
requested, which leads to overlapping
information on the lean board and the
scrum board.

4.3 Time and Resources

"Lack of time’ was referred to as a primary reason why the Scrum practices had not
been fully adopted, yet. Simultaneously with the knowledge transfer process team B
had focused on the overall design and on developing prototypes of the system. These
foci highly influenced the daily practice. Team B was expected to support the
hardware and mechanics teams with software test script and the majority of these
were needed right away, hence difficult to plan in iterations. Supporting the
prototypes was almost a full time job for all three software developers.

“we have two projects in one, I believe that is the greatest challenge,
and will be so in the future, we are not able to say, now we have
finished that part of the system and now we get to focus on the final
product; that is the predominating challenge” (the coordinator between
hardware and software in Project B, March 2011).

The software for the final device was to comply with several medical quality
standards; but the software for the prototype had not undergone any quality assurance,
e.g., writing documentation, peer reviewing of the code and software testing. The
development of the final software would therefore become more time consuming and
the software team needed to start focusing on developing the software for the final
device in order to finish within the final deadline for the overall project. But, team B
was left with very little time for the development of the software for the final device
and little time to focus on the knowledge transfer and the adoption of new agile
practices into their software process.

I think it is aggravating that they did not take the time to work towards
being ready to start the actual software development” (the process
manager from Team A, October 2010).

While focusing on the overall design and on developing the prototypes caused the
time pressure, the specific barriers “software developers were not present during the
knowledge transfer acts” and “easier in the future” was caused due to the lack of time.
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Due to the many urgent support tasks some of the developers were not present during
the entire experience workshop and the facilitation of the agile process. An attitude
“introducing Scrum will be easier in the future,” arose among the software developers
as they awaited a decrease in the time pressure.

“We will not be able to do it before the project has quietened down”
(the software coordinator from Team B, October 2010).

The ‘lack of time’ was therefore both a barrier for the sharing of knowledge and for
the implementation of the new knowledge. The fact that some developers did not find
the time to attend all of the knowledge transfer activities limited the amount of
knowledge shared between Team A and Team B. The fact that the developers did not
find time to put the new knowledge into use and were waiting for more time in the
future hindered the implementation of knowledge.

4.4  Organizational Culture

As the organization and the project management had very limited experience in software
development, they did not share the same organizational culture as the software
developers. The project manager had a background in mechanics and had a hard time
understanding the challenges of software development. The process of developing
mechanical parts is very different from the process of developing software. The
disintegrated organizational cultures also appeared as the mechanics and hardware
groups lacked the experience in software development. They did, for example, not
understand how the support tasks influenced the software team and they did not define
the tasks in advance in order for the software team to able to create these as backlog
items and include these in the iterations. Getting the hardware and mechanics groups to
follow the scrum principles was a great challenge for Team B. An excessive focus on the
development of the mechanical parts of the system was furthermore an example of
disintegrated organizational cultures in the organization and in the project.

“As mentioned before, I think there is too much focus on the
mechanics; they know how to do that” (the software coordinator from
Team B, March 2011).

The differences in the ‘organizational culture’ became a barrier for both the sharing of
knowledge and for the implementation of the knowledge. The management had little
interest in attending the knowledge transfer activities and did not prioritize time for
the software developers to share or implement knowledge. The priorities of the
management had a great influence on the work tasks of the software developers.

4.5 Management Style

The case study revealed a need for a change in management style; implementing the
roles of the scrum master and the product owner required a change from the
traditional project management. This also became a barrier for the knowledge
transfer. The project, including its management was not used to applying these roles
and experienced problems using these properly (primarily the product owner role).
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As no customer was related to the project, the product owner role had been assigned
to the coordinator between the software, hardware and mechanics groups. He had an
overview of the whole product and the needs of the three groups. This was however
not an official role which let to difficulties allocating the time needed arise.

“at least we were successful at getting him to attend a few times; it was
challenging for him to participate, because he got pulled in from other
places as well” (the software coordinator form Team B, October 2011).

The change of ‘management style’ became a barrier to the implementation of the
Scrum practices. The barrier is closely connected to both the barriers of ‘time and
resources’ and ‘organizational culture’. The difficulties implementing the product
owner role primarily arose do to the lack of time to implement it and time was not
allocated as management did not prioritize the product owner and his responsibilities.

4.6 Summary: Knowledge Transfer between Teams A and B

In summary, the analysis shows the transfer of knowledge of agile practices as a
difficult undertaking. The environment in which we have studied the case contains a
strong imperative to include quality assurance processes (QA) in the software
development process as required by the agency, in this case FDA, which has to approve
the final product. It is additionally conditioning for the development teams that they are
embedded in larger development projects that address the whole product and include
teams for hardware development, mechanical development, and clinical development.
Neither of these other teams nor the product project work in agile ways and have little
knowledge of why that can be both necessary and useful for the software teams.

Table 7. Knowledge transfer between Team A and Team B

iteration length,
estimation of
tasks, product
owner, stand-up
meetings, Scrum
board

Software
architecture

Test
Peer review
Documents

Tools

workshop (21)
Facilitation (36)
Consultancy (19)
Adaptation (38)

Motivation (20)

Time and resources
(59)

Organisational
culture (38)

Management
(48)

Trust (0)

Infrastructure (0)

style

Team A Knowledge Barriers Team B

transfer activities
Knowledge areas Knowledge areas
Method (Scrum): Experience Skills (15) Method (Scrum):

iteration length,
estimation of
tasks, product
owner, stand-up
meetings, Scrum
board

Software
architecture

Test
Peer review
Documents

Tools
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This case study of knowledge transfer of agile software practices showed that, even
though knowledge was transferred by several means, the knowledge transfer process
was only partially successful. The knowledge of Team B covers the same knowledge
areas, but is not the same as the knowledge of Team A and is not at the same level of
understanding own experience. Team B had retrieved knowledge of the experiences
and software practice of Team A, but had not been able to implement the knowledge
in their software practice, yet. Table 7 provides a generalised overview of knowledge
areas, transfer activities and barriers to knowledge transfer.

5 Discussion

The knowledge transfer literature has acknowledged the importance of focusing on
barriers [7], [23]. This claim is supported by this case study, in which several barriers
influence the effects of knowledge transfer to a high degree. The initial framework of
barriers for knowledge transfer of agile software practices (table 1) has been applied
to the case study as suggested in figure 1. This provided us with a fuller description
and understanding of the potential barriers. The case study showed how each barrier
specifically emerged and affected the results.

The case has also shown that in order to better understand the potential barriers it is
necessary to include specific barriers relevant to the knowledge transfer and barriers
of agile software development. No other research has done that. In this discussion we
will therefore address the barriers found in the case and relate these both the literature
on knowledge transfer and the literature on adoption of agile development methods.

5.1 Potential Barriers to Knowledge Transfer of Agile Development

The case study and the literature show several potential barriers; but the support in the
literature varies, and it seems specific to the knowledge transfer of agile development
that ‘management style’ is a barrier. The barriers have support in the literature and in
the case as follows.

In the literature on knowledge transfer the barriers ‘individual skills’, ‘motivation
and willingness’ and ‘time and resources’ are described as potential barriers across all
transfer activities [5], [7], [23]. In the literature on agile development there is support
for the claim that these barriers can hinder the implementation agile development
[45], [46], [47]. When the agile development literature is viewed from the perspective
of knowledge transfer there is concurrence. The case study showed how all three of
these barriers have affected the transfer of knowledge from team A to team B. Hence,
there is even stronger support for the claim.

For ‘time and resources’ in particular it is relevant to consider the knowledge
contents. The literature acknowledges that both knowledge transfer [23] and the
adoption of agile practices is time consuming [38]. It is difficult to learn anything
when there is so much to know in so little time [10]. The knowledge transfer of agile
development in team B therefore becomes very time consuming. The adoption
process of team A has taken several years and so far the adoption process of team B
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has been on-going for almost a year without much progress. Getting the project
management (and the other teams) to allocate the time needed for the knowledge
transfer and adoption process is important in order to ensure a successful transfer and
adoption of the agile practices. A lack of time and resources can therefore be a
substantial barrier. If there is no time and no resources to identify knowledge, the
transfer will not be initiated. In order to be able to share knowledge between two
parties ‘time and resources’ are needed [23]. In the case study ‘time and resources’
was to some degree a barrier to the sharing of knowledge as not all of the developers
and the management of team B had time to attend the knowledge sharing activities.
‘Time and resources’ mainly became a barrier for implementation of the acquired
knowledge; that time to do this is essential is supported by [38].

In the literature on knowledge transfer the barrier ‘organizational culture’ can
hinder the identification of knowledge[41] and the sharing of knowledge [23]. In the
literature on agile development this barrier is also claimed to hinder introducing agile
development in an entire organisation [48]. This case study supports this claim as
management and the other project groups did not share the same organizational
culture as the software developers. The adoption of the agile practices such as the
sprints were hindered or at least very difficult. It is further claimed in the literature on
agile development that the organisational culture needs to change from policy and
procedure-based to that of freedom of development and management by team
members [49]. The case study supported this as it showed how the organizational
culture was to a large degree a barrier to both sharing of knowledge of agile
development and to implementing the experience from team A in team B.

The literature on knowledge transfer does not mention ‘management style’ as a
barrier. The literature on agile development suggests that the transition from
traditional management to an agile self-organizing team proposes many challenges
[3], [47]. The case study supports this by showing how team B had difficulties
implementing the product owner role.

The literature on knowledge management pointed that ‘trust’ and ‘infrastructure’ as
potential barriers for the transfer of knowledge; but neither the literature on agile
development nor the case study supported this. They are however still potential
barriers and need to be included in the final framework of potential barriers to
knowledge transfer of agile development.

The literature on agile development advocates agile methods to alleviate problems
with knowledge sharing. Much of this literature is concerned with knowledge sharing
within a development team, e.g., [15], [16], [17], [38], and example of a practice
supporting knowledge sharing is pair programming [50]. Knowledge sharing is never
easy even within an agile software team [19], [20], [51]. The present case study
addresses not the knowledge sharing within a team but between teams. The research
literature on knowledge transfer between teams is sparse; and the exceptions are the
research on use of post-mortem evaluations and a recent case study. Post-mortem
evaluation in agile development is an attempt to systematise learning from one agile
project to another [52] through explicating experience and knowledge. Such transfer
mechanisms would go hand in hand with what we have seen in our case study — it is
very close to a post mortem that was performed by team A in the process of
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transferring to team B. The main difference was that the evaluation was directed at
team B and in a meeting. A minor difference is that the original intention with their
ideas was to improve internally and between iterations within the same team as well —
this was not an interest for teams A and B. The techniques in post mortem evaluation
are likely to be useful also for the transfer of knowledge between teams and perhaps a
systematic technique can overcome some of the barriers. This last claim is not
supported by our case study.

The case study by [18] is interesting because it is based on a framework of
knowledge transfer and it specifically addresses how this led to several benefits. The
case study is brief, but it does convey experiences with forming deliberate knowledge
transfer through moving experiences developers between teams. While teams A and B
did not have that opportunity it seems likely that the tacit nature of knowledge of agile
development can benefit from this approach to knowledge transfer and that this is
fully aligned with the knowledge sharing strategies within agile teams [19].

5.2 The Resulting Framework for Knowledge Transfer of Agile Practices

The framework presented in table 1 has been adapted and the resulting framework is
presented in table 8. This framework presents the potential barriers for knowledge
transfer of agile practices.

Table 8. The resulting framework of barriers to knowledge transfer of agile development

Knowledge Agile development | Case study
transfer literature literature

Individual skills N

Motivation and

willingness

Time and

resources

Organisational
culture

2

<
2| 2| <2 | <2 |2
2| 2| < | <2 |2

Management style

Trust N

Infrastructure N

The resulting framework (table 8) relates to the maturation of knowledge in
organisations in general. A framework of knowledge maturation [53] suggests to align
knowledge management and organisational learning and it is argued that reflection is
one of the major mechanisms that leads to maturing of organisational know-how.
They further found that reflection improves the maturity of organisational processes
and that it contributes to the development of shared know-how, organisational best
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practice, and standardisation of work processes. Reflection has previously been
applied to explain learning in software development [54], [55], [56]. This line of
research tells us that the above framework should be seen in this light as well. The
implication is that while there may be barriers to the transfer of knowledge on agile
development we should not expect that the removal of these barriers will lead to a
high level of adoption of agile development as this will also require reflection of own
practices and perhaps even reflection-in-action [55], [57] as part of agile
development.

The issues of knowledge transfer of agile development is related to the issues with
applying development methods (in general and not only agile methods) in
practice[58], [59], [60], [61], [62], [63], [64], [65], [66]. It is commonly claimed
in the research literature that software development methods are never simply applied
in practice, but they may inform practitioners nevertheless, and a reasonable way to
understand this new form is as a method-in-action [61], [62] as this also applies to
agile methods [67]. These differences between methods and practice persist in all of
software development and the framework of barriers (table 8) should be viewed on
this backdrop.

The issues of knowledge transfer barriers further relates to the adoption of software
development methods and similar process innovations [58], [68], [69], [70]. Team B
is trying to learn from the experience of team A and in the process they also try shape
their own method-in-action. It emerges gradually to them that they have to adapt team
A’s experience to their own situation and that very much resembles the ‘emergent
method’ based on innovation theory [58] that comes about over time through the
interaction between structural influences, actions of individuals, as well as the
knowledge of agile development they are seeking to assimilate.

To team B any agile development practice is a process innovation that they wish to
evaluate and possibly employ in their own project. As such it relates to how
development practices are formed and can be explained in a NIPO grid [68]. The
NIPO grid sees practice as a multidimensional concept and consists of two
dimensions: the intended scope (how widespread the practices are intended to be) and
the actual scope (how widespread the actual use of a practice is). The scopes can vary
from not enacted at all (N), enacted by individuals (I), being enacted at project level
(P) or enacted throughout the organization (O). Looking only at team B they express a
desired change with intended use of several agile practices at P (team level) and
almost all actual uses at N (no use) and additionally that the intended use never
included O (the whole organization, but only team B). The grid framework then
specifies four possible change paths: (1) tacitly through mutual learning and
interaction, (2) as other people in a project start using it (3) because it is innovated in
a project, or (4) as an alteration to a formalized method [68]. Trying to learn from
team A makes team B relying primarily on the third path. Looking back at team A
they employed all four paths in changing their actual use to P. Team B had gradually
begun applying paths 1 and 2 as well. Relative to the NIPO grid the resulting
knowledge transfer framework details path 3 and how to design transfer activities and
in particular it add much insight to which barriers might occur on path 3.
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6 Conclusions

This case study of knowledge transfer of agile software development shows that it is
not straightforward. Many potential barriers can affect the knowledge transfer. In this
paper we have developed a framework of barriers to knowledge transfer of agile
software development. The framework has proven its relevance in explaining the
case, as it provides a better understanding of the barriers to knowledge transfer of
agile software development and hereby gives a greater possibility to choose better
counter-measures to overcome these barriers.

We thus suggest that for both practitioners and researchers our framework will be
relevant and potentially useful. Having identified the barriers it is important to choose
the right counter-measure overcome the barriers.

The research has been conducted as a case study and we have emphasised how we
have collected the data and how we have analysed these. However, there are general
limitations of the case study approach and in particular limits to the generalisations that
can be made[71] we do find that much can also be learned from a single case study[72].

As for future research on this topic we suggest that two issues in particular will be
interesting: (1) To address the development of a repertoire of strategies for knowledge
transfer between agile teams and in particular counter-measures acting against
barriers as the existing literature only contains little advice on how to deal with the
barriers. (2) To address the need for more generalizable research perhaps working in
more detail with the most important barriers, and to this end we find that more case
studies will be effective, but also action research where researchers will work in close
collaboration with a client software organisation.
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Abstract. Does living with digital technology inevitably lead to digital living?
Users talking about a digital home control system, they have had in their homes
for eight years, indicate that there is more to living with digital technology than
a functional-operational grip on regulation. Our analysis of these user voices
has directed us towards a ‘home-keeping’ design discourse, which opens new
horizons for design of digital home control systems by allowing users to
perform as self-determined controllers and groomers of their habitat. The paper
concludes by outlining the implications of a ‘home-keeping’ design discourse.

Keywords: interface-design, digital living, home control, automation, design
discourse, housekeeping, home-keeping, user-centered design, collective
resource approach.

“Design strategies that go against the ecological wisdom of a culture are likely to
fail” [1: 21]

1 Introduction

Energy use in buildings accounts for almost 40% of all CO, emissions in the EU and
the building sector is identified as providing the largest potential for CO, reduction. In
order to unfold both the potential of buildings’ energy savings and to handle
fluctuating energy, user needs and behavior have to be taken into consideration. The
question is how. We have analyzed homeowners’ talk, and this analysis leads us to
introduce an alternative discourse for communication about energy consumption in
private households, which instead of a product focus on comfort, has a process focus
on housekeeping — or as we have come to call it ‘home-keeping - a perspective in
contrast to the ‘techno-optimist perspective’ presented in formulations by product
vendors of home automation'.

Digital living — what does it mean? Terms like ‘digital living’ invokes certain
discourses and silences others. Each discourse allows some problems to be visible,
while they leave other problems in the dark. So, when demonstration projects on

See eg. this website http://www.schneider-electric.com.my/sites/
malaysia/en/solutions/energy_efficiency/quick-navigation/home
-control-system.page
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low-energy buildings show that users do not understand the design intentions and
functionality of the new building systems [2] [3] [4] and have serious difficulty in
controlling the technologies, it might be because the discourse of the digital products
does not comply [sufficiently] with users’ everyday living, thinking and talking.
Consequently, despite all technical effectiveness, users may live with a poor indoor
environment and increased energy use, which result in the buildings neither meeting
their expected performance, as planned by the constructors, nor the conservation goals
that was hoped for at the political level in the overall sustainability agenda. We see
this contradiction as what Alexander [5], describes as a clash between native, situated,
unconscious design, where design choices are guided by “patterns of myth, tradition,
and taboo which resists willful change”[5: 48], and science-based self conscious
design, where choices of change are guided by ideas and materials arriving as
standard solutions, coming from far away into the actual setting of use, thereby
creating a communication problem between the problem setting of design and the
solution setting of use — a contradiction experienced every day, and well described in
CSCW contexts [6] [7] [8] although mostly from a developer perspective in a ‘design-
for-users’-discourse.

Here our aim is to establish a ‘design-with-users’-discourse meant for the design-
and-negotiation table, where stakeholders in building processes make decisions about
interfaces to home control systems. In our case the stakeholders will typically be
utility-representatives, vendor-representatives, builder-representatives, and project
engineers. Our goal is to bring life to their imagination about users and use, in a way
so that the agreements take actual user practice and actual user experience into
consideration, in a way which help the stakeholders to explain, later, when they talk to
their respective support bases back home, how users, through their everyday practice,
make sense of experiences of use. We do this in our capacity of being part of a Danish
research initiative to provide an inclusive understanding of user practices among
utilities, product developers and building contractors. Our focus is improving
communication among stakeholders about how sense-making happens, when being
confronted with new energy efficient technologies”. The reflections we present here
are meant to open our research into communication tools for designers, builders,
maintenance people, and politicians, when dealing with private households’ attitudes
to when, where and how much they want to engage in utility-conservation behavior.

Within design anthropology and related research various ways of conceptualizing
local sense-making have developed. Here we apply Bakhtin’s concept of
appropriation of language and tools as it has been developed by J. Wertsch [9].
Bakhtin, a Russian semiotician, developed the concept of appropriation to capture the
process of utterances and tools acquiring meaning:

“Language is not a neutral medium that passes freely and easily into the private
property of the speaker's intentions; it is populated —overpopulated— with the
intentions of others. Expropriating I, forcing it to submit to one's own intentions and
accents, is a difficult and complicated process... As a living, socio-ideological

2 UserTEC - User Practices, Technologies and Residential Energy Consumption funded by the
Danish council for strategic research by 17,2 mio. kr. for 2013-2018.
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concrete thing, as heteroglot opinion, language, for the individual consciousness, lies
on the borderline between oneself and the other... The word in language is half
someone else's. It becomes one’s "own" only when the speaker populates it with his
own intentions, his own accent, when he appropriates the word, adapting it to his own
semantic and expressive intention. Prior to this moment of appropriation, the word
does not exist in a neutral and impersonal language... but rather it exists in other
people's mouths, in other people's contexts, serving other people's intentions; it is
from there that one must take the word, and make it one's own” [10: 294]

Bakhtin, influential in the field of Human Computer Interaction (Spinuzzi [11],
Bgdker and Christiansen [12]), maintained that an expression in a living context of
exchange, like the data we present below, is the main unit of meaning (not abstract
sentences out of context), and is formed through a speaker's relation to Otherness
(other people, others' words and expressions, and the lived cultural world in time and
place). Subjective by nature and definition, meaning, to the extent that it can be
shared, is shared in combinations of doing and talking [10].

An utterance in context is always already embedded in a history of expressions, the
hermeneutic/semiotic analysis of which can reveal a chain of ongoing cultural and
political moments, a dialogic process between user, artifact and situation. Bakhtin coined
the term ‘appropriation’ to designate an action by the user (using the artifact or word),
overcoming a socio-cultural and physical resistance. This ‘over-coming’ is a gradual
making sense going from (1) anticipation, (2) initial familiarity, (3) development of
repertoires of routines and the (4) development of new forms of use [9: 54].

In Scandinavia we have a prominent tradition in computing for taking linguistic
expressions in context seriously [13] [14] [15] [16] [17] [18] [19] [20] [21]. This is
especially important in design, where the power of naming things is real power [22].

In Section 2 we will investigate utterances from people who live with an automatic
home control. We do it through an ‘appropriation-lens’.

In Section 3 we deal with a number of insights about how users make sense of
living with a digital home control. In section 4 we anchor our reflections in the
concept of home-keeping, in a design discourse developed out of the collective
resource approach of Scandinavia. Bjerkness and Bratteteig [20] gives an overview of
the research which has proved the gain of involving users in design, in cases where
the development of shared meaning is needed: in combinations of doing and talking.
In the collective resource approach the shared meaning is found through the joint
effort of producing prototypes while talking and conceptualizing.

In the concluding section 5 we sum up our argumentation for a home-keeping
design discourse as a way of bringing user-living into the design process from the
beginning.

2 Voices of Inhabitants Talking about Everyday Life with
Home Control

In this section we illustrate our overall point of this paper that ‘living’ - digital or not
— is a matter of peoples’ sense-making, as much as it is about engineering efficient
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solutions. We do this through a follow up study on a study conducted by Kanstrup
and Christiansen [23] in 2005 investigating eight households’ innovative potential
regarding design of home control displays. This study was initiated by a pre-study,
where three couples living in homes with IHC® (Intelligent Home Control) were
visited. All couples had newly moved into high profile apartments. The building
company had offered them a discount on installation of IHC® as part of a research
project conducted in collaboration between a vendor of electricity controls, the
building company, and the national building development board in Denmark. For the
residents, the gain was cheap installation of an IHC® software package, a so-called
‘comfort’” and ‘control’ system. The software was offered at three levels of
complexity, and the informants had chosen the basic package because of its low prize.
None of the couples had fully unpacked their moving boxes at the time, and two of
the three had not yet put up more than a few lamps, they had not determined where to
place the TV, and were yet to locate their home office environment. They were asked
about IHC® as a technology, the history of how they ended up deciding to buy this
technology, and about their expectations as to what the technology might do for them
once they were settled in their new environment. Kanstrup & Christiansen
summarized the interesting differences between the three couples according to the
activity theory framework in terms of operations, actions and overall ideas:

*  Household 1: Operations characterized by pointing at the technology.
Actions characterized by description of what they can do and excuses like
“we have not got around to the technical yet”. Motive verbalized with
term like in the “sales speech” talking about the advantages of the
technology identical to the arguments found in the manual for the IHC®
system.

e Household 2: Operations characterized by pointing. Actions characterized
by descriptions of the limits of the system e.g. “in principle yes, but you
cannot manage very much from here, in reality we can not connect TV,
Internet, and phone”. Motivation characterized by descriptions of what the
modern family need, and how they feel like “not the target group”: “we
don’t need to call our oven from work”. This couple ridiculed some of the
system’s facilities e.g. that you can program the plugs, so that you from
the bedside can light up all the way to the bathroom at night, which they
called “the pee-route”, a facility they found superfluous.

*  Household 3: Operations characterized by showing remote controls and
pulling connectors. Actions characterized by descriptions of how they
have set up the system using their intuition. Motive characterized by
descriptions of their ideas of the future home, to which the IHC® system
is hoped to be an answer to e.g. “I would like to be able to sit with my
computer on the terrace”, and “it has to be energy-efficient”.

Now, eight years later, in the spring of 2013, as part of the UserTEC project, these
authors re-visited household 1 and 3. When asked, household 2 declined our visit,
kindly stating in their e-mail reply that “we do not believe we can contribute, since we
have in no way gotten involved with this IHC-project, never went to the product
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homepage, or explored the control-possibilities offered by the IHC® system. Why?
We can only repeat what we said at your first visit: we never found that this was an
interesting project.”

Below we present key expressions from our interviews with the two remaining
households. One took place at the dinner table, and the other, while one of the
household members walked us around the house. Household 1, said at the re-interview,
that they had done nothing to set up the control system themselves, and after these eight
years they were still confused about which switch to hit when. Somewhat surprisingly
household 3, who had high hopes eight years ago, had done nothing of what they
imagined. They could not remember their optimism from back then, had never tried to
program the system, but were agnostic about apparent malfunction.

These three households seem to have not appropriated their IHC® systems at all,
although they still live with them. None of the households had familiarized with the
technology, let alone developed routines or new forms of use. In that sense the control
device they talked about was not appropriated. All it meant to the informants was
annoyance — or? In fact, we speculate, it also meant an attack on their general feeling
of being in control of their home. It did not only make them indifferent, it actually
made them feel having their power of control diminished. In what follows we
illustrate this as expressed by the user voices:

“Even though I have lived here for many years by now, I still find myself running
around and pushing the wrong buttons, because one haven’t for real... And what
bothers me is that one never know whether it is on or off this one (pointing at the
switch) And often by accident I push this one instead of this one (pointing at two
different icons on the same switch) And that means that I can not turn on the
television, then, I will have to go to ... , and then I figure that .., that this means that it
(the switch) is shot off. And so on and so forth, it’s very annoying.” (Household 1)

“Well, it is amazing, that we after eight years don’t know how to turn on the light in
the hallway” (Household 3)

“What I think that I can do is something on this (pointing at a switch at the entrance
door) Here I can shut it all off (all the lighting) (...) But I think that it’s this one, no
I’'m not sure, it’s this one (points at different icons on the IHC® switch). Oh, it was
not this one (pushes one of the icons), then I will try this one (pushes at a new icon). It
wasn’t this one either (pushes a new icon), then it has to be this one (pushes another
icon)(...) I don’t know if this will shut off the whole thing, but this light at least (the
light in the hallway and the living room). But there is some place, where I can shut it
all off. Aaghh, it was this one (pushes the last icon on the switch) And that makes
sense. That (icon) was a house with some kind of man” (Household 3)
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Fig. 1. HCI® switch and the owner’s home decoration

The fact that they do not appropriate the IHC® control technology does however
not mean that they are not interested in having an understanding of what they call the
‘logic’ of operation, which we, following the definitions of Activity Theory [24]
interpret as a state where operation has become a tacit routine not requiring focal
attention.

“I was here at the time where they programmed our light. Because of that there is a
certain, because I corrected the guy, because he hadn’t thought of, I don’t know what
he had thought of. But I have in any case made a systematic, where okay, the first
switch is controlling this light (in the living room), and the middle one is in control of
the light in the kitchen, and the last one in the hallway. In that sense there is a logic.
And it is important as well, that the people who install the units, have thought through
the logics” (Household 3)

What, however, also became clear was that going about switching on and of light was
part of a larger and very meaningful process, namely that of grooming and caring for
their habitation:

“We have tree power outlets, and the last one of them is connected in a way so that it
can be controlled centrally. And I was considering ... But I find that it is very nice to
stroll around and then push that one, ‘now there will be light’ by pushing this (Points
at different lamps in the living room) It’s also because whether or not I turn
on all lamps is dependent on how much light or how much darkness there is.”
(Household 3)

In this analysis, what we take away is that the anticipation, although negative, give a
hint about what these users want regarding digital home control:
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e they do want to be in control of their environment, but if they do not see a
way to take immediate action, they live with handing over the action to
the system and having their power of control diminished.

e they want there to be their logic behind a function.

e they do not want to automate the grooming and nursing and caring, which
they relate to dimming and switching the light at home.

With point of departure in these findings we propose a shift in discourse when talking
about energy consumption in private households in relation to design of home
automation, from that of functional engineering, to that of living, from a product
focus on smart controls to a process focus on housekeeping, from conception of
people as users to conception of people as co-producers of quality of life. This last
point is inspired from Tim Ingold in ‘Design and Anthropology’ [25] where he states
that designers should; “look for a move from devising solutions that constrain
practitioners to play by their own rules, to a position in which these rules are open to
negotiation, and in which the improvisatory interventions of practitioners present an
opportunity rather than a threat?” [26: 32]. In the following section we expand on
the implications of taking a housekeeping focus with regard to design.

3 A Design Discourse of Home-Keeping — What, Why and How

These findings, as presented in section 2, which we take as a designerly probing into
users’ living with the technology in question, and the collective resource approach,
have led us to propose a strategy of design with users for digital living in the form of a
home-keeping design discourse, for our case in point, communication about design of
digital home control systems in the UserTEC project.

At first however we explain what we understand by ‘design discourse’. Then we
argue why a design discourse is a key to develop a design strategy in case of digital
living with home automation.

A design discourse is the way in which designers — through their professional
training — learn to explain to others what they do, what they can do, what their role in
the complicated puzzle of actors building something is, and why. We find, that in order
for designers to engage in design processes based on the collective resource approach, it
is important, that they articulate what they, themselves bring to the table. In case of
digital living, we as designers of home automation interfaces want to claim that we must
(a) articulate user voices in ways which catch the attention of all stakeholders, (b) stage
dialogues between all stakeholders, through which they see the value in their own
context of taking user voices into account, and (c) argue convincingly for the business
case of taking user voices into account from the very beginning.

Krippendorff [26] describes how design has moved from improving what is -
Simon’s definition of design in his seminal book the ‘Design of the Artificial’ [27] -
to changing the meaning of what is. In an earlier account of a design paradigm of
product semantics, Krippendorff characterizes the old design paradigm as one seeing
design as making form follows required function, while the new he proposes, sees
design as enabling users to make sense of things. In the old paradigm emphasis is on
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simplicity and efficiency, while in the new emphasis is on self-evidence in identity
and understandability — “enables users to center themselves in a symbolically
meaningful world” [1:13]. This position moves the overall goal of design in the
direction of designers seeing themselves as enablers of identity formation, enablers,
who either make users’ identity shrink, because they feel helpless, or grow, because
they feel that they master the technology.

The fact that the two paradigms are confronted in today’s design world, brings use
and users, together with all other stakeholders, to the forefront, and creates, as
Krippendorff notes, endless battles between technical oriented designers and user-
centered designers. Krippendorf sees the outcome as a trajectory of focus shifts from
utility, functionality and universal aesthetics, to marketability, symbolic diversity, and
folk and local aesthetics, to natural interactivity, understandability and re-
configurability, further on to informativeness, connectivity and accessibility, on to
social viability, directionality and commitment. He claims that generativity, re-
articulability and solidarity are on today’s design agenda more than ever [27: 6].

We are inspired by Krippendorff’s position that user-centered designers of today
are motivated by challenges, opportunities to change something for the better, and
possibilities to introduce variation, and that they must consider possible futures.
Today designers’ work is very much about formulating and altering discourses, an
endeavor, which in itself forms a discourse, according to Krippendorff characterized
by its artifacts and textural matter, its discourse community, its institutionalization of
recurrent practices, its boundary, and its justifications [27: 32-37].

In Table 1 below we have systematized these characteristics of the user-centered
semantic design discourse inspired by Krippendorff.

Table 1. Characteristics of a user centered design discourse inspired by K. Krippendorff

User-centered design discourse

Artifacts and textual matters: Research in user-centered design has in resent years
moved towards the negotiation between stakeholders, inspired by the user driven
innovation research [27][28] experimenting with the building of tangible models as
communication tools for stakeholders

Discourse community: Instead of focusing solely on end user practices, more and
more attention is given to the dialogue between mutual and conflicting interests of
all stakeholders influencing the design outcome

Institutionalization of recurrent design practices: There is a growing awareness of
the necessity to professionalize user-centered design, not as an ad on, but as
discourse in its own right — in Krippendorff’s words: “ ... a concerted effort to
improve the language and practice of design, its capacity to generate new
proposals, to justify them to those who matter, their stakeholders, and above all, to
make the redesign of design discourse a routine obligation”[27: 35]

Boundary and justification: The boundary is expanded to include all stakeholders
with a growing focus on dialogue between stakeholders and stakeholder discourses
the justification of which being the ability of the user centered designers to
formulate and reproduce user-centered design methods




48 E. Christiansen and P.V.K. Andersen

However, in his approach, Krippendorff comes troubling close to marketing, and
with his focus on design competencies he seems to cling to the idea of designing for
users. And more importantly even, in our case, is the emphasis on language
expressions. This means, that while we agree to turn away from ‘changing what is’
towards a joint explorations of ‘what could be’, we find the focus on language too
limiting. Instead we build on Bakhtins position that meaning, to the extent that it can
be shared, is shared in combinations of doing and talking, manifested in the collective
resource approach in Scandinavian systems development in the joint effort of building
prototypes, and also in the effort to involve all stakeholders in such activities, as has
been developed in the research center SPIRE [27].

In Table 2 we modify Krippendorff’s characterization of a user centered design
discourse, in the spirit of the collective resource approach, not only in the interest of
democratization as was the initial idea of the founding mothers and fathers, but also
because todays quest for innovation makes listening to multiple contexts and allowing
for self-regulated self-determining solutions mandatory.

Table 2. A collective resource approach to user-centered design

A collective resource approach to user-centered design

Artifacts and textual matters: Putting end-user practices and end-user innovation on
the negotiation table in front of stakeholder-decision makers is the heart of
collective resource approach to user-centered design.

Discourse community: The collective resource approach must include insights from
the whole value network of a given design project, with openness to the possibility
of finding new ways to solutions.

Institutionalization of recurrent design practices: At least in Scandinavia
participatory design practices have been exercised over the last thirty years, and a
canon of research almost always sited in participatory design research papers have
developed, example being Schon’s [29] work about the designer as a reflective
practitioner. Also the building of tangible models as communication tools for
stakeholders, incorporation of user-ideas and presentations of user practice has
become commonplace in today’s user-centered design practice.

Boundary and justification: The boundary circumscribe all stakeholders and
requires that designers develop competencies in mediation and negotiation in local
languages, but also that they take the responsibility to maintain focus in
communication on end user practices

In the UserTEC project we will apply a collective resource approach to user-
centered design, to guide our development of a communication strategy for keeping
user practices in focus, and make it understood by all stakeholders in the project. This
implies, that the democracy aspect becomes relevant in another way in the present
context. Democracy research argue that for democracy taken in the political sense to
live, it need a shared idea to fertilize the joint activities [27].
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4 Home-Keeping and the Implications for Design

In the following we first elaborate on the choice of using the expression ‘home-
keeping’, and then we argue why a collective resource approach in combination with
a home-keeping discourse is a key to develop a design strategy in case of digital
living with home automation.

The expression, presented in section 2;“I find that it is very nice to stroll around
and then push that one, ‘now there will be light** alerts us to a common human trait:
the need to continuously, but in one’s own pace and time, nurse and groom our
dwelling, in order to feel truly at home.

Looking at this expression in a historical perspective reveals how having a
dwelling, and maintaining it to be worth dwelling in, has been a key to survival, from
ancient times to this day. We can sketch out a semantic net around the word
‘dwelling’ comprising location, being contained, safe, a point of departure/return,
identity, sense of belonging, knowing enough, have choices, trophy-display - to name
a few of the qualities of ‘dwelling’. The most important point in relation to design
work is that dwellings must be reproduced through continuous maintenance. It is this
very act of maintenance, which produces the sense of containment, identity, and
belonging, all emotional qualities, which new designs should try to match, should
they become included in the everyday living in a household. We call this maintenance
‘home-keeping’, whereby we denote the intuitive drive to groom a place, make it your
own, a place you build, rebuild, clean, and repair with what you have at hand, which
by and large are important because of the maintenance of containment, identity, and
belonging.

This is in line with the descriptions we find in Christopher Alexander’s pattern
language, pattern 79 “Your own home”, where he quotes Martin Buber: “...in the
imperishable primal language of the human heart house means my house, your house,
a man’s own house. The house is the winning throw of the dice which man has
wrested from the uncanniness of universe; it is his defense against the chaos that
threatens to invade him. Therefore his deeper wish is that it be his own house, that he
not have to share with anyone other than his own family. “ [31: 393]. We see here a
close cobbling of house as home, and identity building and maintenance.

We take it, that one explanation why the inhabitants we talked to could live next to
their IHC® control system without appropriating it, was that it did not prohibit them
from appropriating their home in general, and that it did not spoil their sense of
dwelling. If we are right, the important conclusion to draw is that, while home-
automation is about doing away with routine tasks, and let the machine take over,
home-keeping is about allowing inhabitants to interact with the machinery, groom
with it, control with it, and develop it. These qualities of home-keeping can not be
articulated only by the semantic turn suggested by Krippendorff. We must look for
what is not already there, in language. We must first experience what the dwellers
experience, and the formulation has to be a joint enterprise between all stakeholders.
The difference between home-automation and home-keeping we see is parallel to
what the design anthropologist Ingold describes in his work on lines [31], where he
distinguishes between two well known ways of travelling: either we choose the most
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efficient way of getting from a to b based on routine and prior knowledge, or we
choose a causal adventurous modus, meandering our way forward, taking clues from
the here-and-now environment, or in the words of the Norwegian anthropologist
Fredrik Barth: we are looking for surprises [32].

We need to look for surprises because the solutions are yet unknown. Shared
surprises are the source of a common ground for conceptualization of experience, as
we referred to by quoting Bakhtin in the introduction: the main unit of meaning (not
abstract sentences out of context) is formed through a speaker's relation to Otherness
(other people, others' words and expressions, and the lived cultural world in time and
place). Subjective by nature and definition, meaning, to the extent that it can be
shared, is shared in combinations of doing and talking[10]. To operationalize this
insight in design, we learn from the collective resource approach, as it has emerged
out of the Scandinavian tradition in systems development.

5 Conclusion

In this paper we have discussed the problem of designing for digital home control, a
prominent part of what we see as digital living, or living with digital technology.

Interviews with homeowners of IHC® show that users want to be in control of
their environment, but if they do not see a way to take immediate action, they live
with handing over the action to the system and having their power of control
diminished. In other words the wish of the users is to be able to find their logic in the
system; they do not want to automate the grooming and nursing and caring, which
they relate to dimming and switching the light at home. This leads us to suggest a
design discourse we call ‘home-keeping’. In order to find a way to make user voices
to influence a starting point for the design process we borrow the concept of design
discourse mostly from Krippendorff’s theory, combined with the Scandinavian
tradition in systems development called the collective resource approach, and
Bakhtin’s theory of discourse as appropriation. The overall goal of a design strategy
regarding home control devices, should then, as a minimum, not prevent inhabitants
from appropriating their home, and ideally it should support the amalgamation of
technology and living.

In more practical design terms user voices like the quotes presented here can be
part of a toolbox supporting the development of a local shared vocabulary for design
of home automation control displays, together with tangible prototypes, videos
showing user practices, design game material, and workshop recipes. The toolbox —
drawing on von Hippel’s research in user driven innovation [33] facilitates a
collective resource approach without requiring professional facilitators, hence it, in
line with the toolbox developed in the DAIM project [28], can improve understanding
between tech-companies and utilities and house-hold representatives about end user
perspectives and enable end user perspectives to become drivers of innovation in
smart technology development.

In conclusion we find Griet Scheldeman to be right, when she proposes that
humans do not wish to glide effortlessly through life. That’s what a lot of our
technologies is offering, but she proposes that we might in fact need or like the
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obstacles, play, bumps and effort to feel that we live: “We should not just be
concerned with how to reach the end but the means, practices and gestures as means

to the end” [26: 66].
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Abstract. Vulnerability is about being at risk and it is often understood as the
effect of limited physical or cognitive capabilities, such as age, frailty or illness.
Vulnerable people are frequently excluded from the design of technologies that
could in fact support them in tackling these risks. This paper explores designing
with three vulnerable groups: children with special needs, chronically ill
teenage patients, and isolated, or afraid of being so in the near future, elderly
adults. We choose three distinct groups in order to show the breadth and
variations in the ways in which people may be vulnerable. We looked at their
digital lives and possible new risks and dependencies created by the use of
digital technologies. Designing with vulnerable people is practically,
methodologically, and ethically challenging. We show how methodological and
reflexive sensibilities help to address these challenges and keep the design
process on track.

Keywords: Vulnerable users, interfaces, teenage patients, children with special
needs, elderly, design of privacy, reflexivity, social networks.

1 Introduction

Information and communication technology (ICT) is no longer limited to desktop
computers. It is ubiquitous and pervasive, permeating everyday objects and activities.
The increasing availability and use of digital technologies in our daily lives — at home,
in our neighborhoods, at work, in school, etc. — suggests a new form of digital living.
Living the digital life brings new opportunities, possibilities, and challenges. It also
brings new dependencies, such as the fear of losing access. In the case of the elderly,
we see also the fear for having to use these technologies [1].

Not everyone is equally served by the opportunities and possibilities of digital
technologies. In the 1990s, the term the digital divide was used to describe the
people(s) and countries excluded from access to digital technologies, in particular the
Internet. In the early years of the 21st century, a more sophisticated view on the
digital divide developed. It was not simply about ‘haves’ and ‘have nots’, but about
social inclusion and effective use [2, 3].

In HCI, a similar development is described. The first wave of HCI focused on
better human-machine fit, on usability. The second wave, originating in cognitive
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science, emphasized theories of what is going on not only within a computer, but also
in a human mind. HCI is currently in its third wave with its focus on experience
design and situated design [4]. There is more talk about socio-materiality,
phenomenology, design thinking, dialogue, values, social issues etc. and much less
talk about the design-as-engineering approach of the earlier waves of HCIL.

Similarly, interface design has moved from design for the average user [5] towards
recognition that there is no such thing as an average user. This line of thinking has
continued and culminated in “design for all” [6] and universal design [7]. Such
technology design for all strives to design for human diversity, social inclusion, and
equality.

There are people and groups of people who are still excluded from the digital life.
Digital exclusion is often described as related to age, gender, and/or socio-economic
status. In this paper, we take a closer look at vulnerable users and their use of digital
technology. In the literature, vulnerable users are often described as people at risk
because of their age, frailty, diagnosis or limited capacities, both physically and
cognitively. In our view, the term ‘vulnerable user’ is an inclusive term. All of us may
become vulnerable users at one time in situations such as illness, temporary disability,
or inability to deal with some new technology in our environment.

Vulnerable user groups provide additional challenges for designers, due to the lack
of appropriate design methods, difficulty in communication or the difficulty to
empathize with vulnerable users’ experience of the world [8], given their often
reduced motor skills or cognitive and/or social abilities.

In this paper, we consider three groups of vulnerable users: young learners with
developmental, cognitive, physical or emotional impairments, chronically ill teenage
patients, and elderly adults living alone. The aim of the paper is to discuss how
technology or interface design processes with and for vulnerable users can look like in
practice. We present a design case involving each of the selected vulnerable user
groups. We discuss 1) some of the challenges in uncovering the needs of these user
groups; 2) challenges in applying known methods for designing with users, in
particular participatory design; 3) challenges in modifying known methods or finding
new ones that work better for these specific groups; and 4) some of the ethical
challenges involved in working with vulnerable users.

Other researchers and research communities have been concerned with vulnerable
users. Prior work included research into homeless persons, elderly suffering from
dementia, children with special needs, and others. For example, [9] considers children
to be vulnerable online and classifies them as vulnerable due to economic, social,
psychological, or physical factors. However, much of the prior work does not
consider vulnerability through the lens of designing technology with these users. One
noteworthy and recent exception is the CHI 2013 workshop on “Designing with and
for Vulnerable People”, see [10], in which papers covered different aspects of
addressing vulnerability through design were presented. The workshop papers
addressed vulnerable groups such as homeless, isolated elderly, bereaved, demented
elderly, vulnerable women in secure hospital settings, children with special needs,
people with low health literacy and others at risk socially, physically, cognitively or
economically. The workshop’s focus was similar to that of this paper (we participated
with a position paper on children with special needs), bringing forth challenges of
designing in sensitive contexts with people at risk. In spite of challenges, studies with
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vulnerable users are much needed. In particular the development of methodologies,
addressing ethical challenges, and ways of evaluating effectiveness of design
solutions on vulnerable users’ lives.

The structure of the paper is as follows: the next section describes designing for
vulnerable children, illustrated by a learning app design for a special education class in a
primary school. Section three describes a case of designing social media privacy settings
with teenage hospital patients. This section is followed by design for elderly, where
design efforts aim to reduce the sense of loneliness and increase the understanding of
how elderly view technology in their lives at present. In section five, we discuss the
methodological and ethical challenges we experienced in our studies, including parallels
and differences between our groups, followed by some concluding remarks.

2 Designing with and for Young Learners with Special Needs

Today’s children are often called the ‘millennials’, digital natives and the like.
However, many millions of children and students between the age of 6 and 17 have a
condition that impairs their ability to participate in a typical classroom environment
[11]. Many researchers have considered new technologies and their impact on
disabilities, e.g. [12]-[14]. Pervasive, mobile classroom technologies have been
integrated into the classroom ecology [15]. Papers describing the use of the tablets in
education, and how they help children with special needs, appeared both in scholarly
venues [16]-[18] and mass media [19]. Literature on designing applications especially
for and with these children is still scarce, although there are some examples, most
frequently of children with ADHD and autism [20].

Designing technology with children [21] is always a challenging task. Designing
for and with children who have special needs is particularly challenging [22, 23]. For
these children, the combination of power relationships, often reduced communication
skills, and additional stakeholders such as parents, teachers or caretakers, results in a
very complex situation. Participatory design, seen from the Scandinavian perspective,
implies involving the children as equal partners in the design process. In the case of
vulnerable children, being equal may be difficult. Thus, they risk being excluded from
participation in the design of technologies that will be used by them. If they are
included in participatory activities, high ethical standards are needed to protect
children and to prevent negative consequences [24, 25]. Designing, even adapting a
piece of technology to a student’s need [16], is challenging, as techniques may need
to change in order to accommodate for the particularities of student’s needs. The work
is more time consuming and may require other specialists as part of the team. Design
solutions are rarely cost-effective because they often need customization and are used
by a small number of children. At the same time, this user group may benefit greatly
from new educational assistive technologies.

2.1  Research with Young Learners with Special Needs

The part of the study described in this paper took place from January — June of 2012.
The iPad was considered as a cool piece of technology, and Norwegian schools were
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just starting to adopt it as a learning tool [26]. An elementary school was interested in
assessing the iPad as a tool to stimulate learning in their special education class.

The group we worked with consisted of a small class of 6 boys aged 8-12, a
teacher, and two assistant teachers, one of whom was dedicated to one of students
with extra needs. Each student had received an iPad equipped with the same
applications as the rest of the children at school. However, none of the apps could be
used for teaching as our group of children had different abilities and competence
levels. The teacher was interested in finding out if an app could be designed that
would fit all the students in the class.

We had prior experience with app design for a whole class [27] in a regular
classroom. On our first visit to the class, we engaged the children in simple and fun
iPad games, observed what they did with the iPad on their own, and talked to their
teachers. All the children could use the iPad as a device: they could open apps,
regulate volume, size of images and text, etc. On the other hand, problems related to
understanding of what a selected app does or actions available to them were
immediately apparent and prevented the children from using the apps according to
their goals. This visit was followed by a long interview with the main teacher about
specific issues and problems for each student, as well as how the class functions as a
whole. The main finding from this interview was that in spite of the fact that the boys
have been going to the same class for years; there was little feeling of being a group.
Information about cognitive, social and physical development levels of each student,
to the level pertinent to our project, was given to us. We categorized the issues we
heard about and found out that they are comparable to those in Livingstone [9, p. 22].
The students had education/economic disadvantage, psychological disadvantages,
disabilities (some of them) and social disadvantages. Further, they exhibited
behavioral problems, impulse control problems, social problems and, according to the
teacher, most relevantly, concentration problems.

2.2 Methodological Challenges

We usually use participatory design (PD) methods in designing with and for children.
As mentioned above, the teacher told us that the children in this special class did not
work or communicate well together. That was also what we saw during the initial
session with the children. Thus, the usual teamwork involving two to four children
was replaced by working with one child at a time. Furthermore, each child presented a
unique design challenge. One could see that our overall goal of designing one app for
the whole group was going to be much more challenging than our previous work [27].

In order to find out if the iPad could be used as a learning tool for the class, we
organized two workshops aimed at gaining insight in how the iPad and game based
learning function as motivators for learning mathematics or improving language
skills, see Fig. 1. The workshops were divided into ca 30 minutes sessions. Each
session involved one child, one of the authors, the teacher and a graduate student. In
other situations when designing with children, we match the number of adults with
the number of children so that the children do not feel even less power due to the
sheer number of adults present. In this situation, the boys were very comfortable with
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their teacher, and we have done our best to establish good contact during the initial
visit. Still, the sessions involved three adults and a single child. In an attempt to
compensate a bit for this fact, the sessions were made as playful as possible.
Children’s eagerness to work with the iPad and curiosity as to what kind of games
they get to play was helpful as well. We were interested in the amount of time a child
could concentrate on a game without interruptions. We were also interested in having
the children complete at least one cycle of the game, even if it required extra time and
assistance.

Fig. 1. A child with strongly reduced sight is trying a spelling app. He normally uses special
assistive technology for people with reduced vision. The student says that the iPad is way
cooler than his equipment. All apps tested with children were from the Apple app store.

The analysis of data collected from these workshops showed large diversity in
abilities among the children. Some had cognitive difficulties and could not read or
write, some could not do any math, and others could not memorize musical tones. We
were challenged by this diversity. Additionally, it was clear from what we observed
during workshops that the children could not represent themselves and their needs
well, if at all. The teacher was acting on children’s behalf, by both stating what their
needs are and interpreting their actions and behaviour.

All the children and the teacher were very positive during the workshops. We
could identify learning opportunities for every child, but failed to do so for the class
as a whole. Encouraged by the teacher, we made a decision to shift towards mastery
of some daily task rather than learning math or language. Inspired by [28], we decided
to engage more actively with values in the design process, and focus less on the
method itself, PD and representation of stakeholders.
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Consequently, a new workshop was organised, with the same duration and
participant organization as earlier. This time, we used physical objects (lots of coins
of different denominations, beans etc.) and role-played purchasing scenarios. Some
iPad apps with shopping games were tested as well, followed by a short interview
session where the children were asked about their experiences with physical vs.
digital shopping and game preferences. This did give us some ideas about the types of
games they like to play as well as visual style preferences. We obtained some insights
that were helpful in further design. The challenge was how to organize all these
activities so that a child remains an active participant, given concentration issues that
were common for all. We found that, even though we were starting out with role-play,
games or questions in the same way with each child, the sessions were different.
Some children needed these activities to be interlaced, while others would carry them
out one after the other. Some level of improvisation was needed with every child in
order to keep them interested and focused. Occasionally it was difficult to interpret a
child’s behavior, e.g. it was difficult to correctly identify the source of excitement:
was skipping between apps an expression of excitement and desire to show what they
can do, or a reflection of concentration difficulties? We also found out that, if this was
a project larger than an app design, other experts e.g. occupational therapist or a
special pedagogue, should be included as part of the design team.

Interviewing the children was also interesting. As Teachman and Gibson conclude
in [29], the quality of data gathered through interviews is always depending on the
interviewer and a good toolkit. In our case, the time before the children would lose
interest and concentration was short. In the case of vulnerable children, we felt that
we needed a stronger, perhaps more versatile toolkit than usual. The challenges in co-
designing with vulnerable children are in part due to communication difficulties and
difficulties in interpreting children’s behavior correctly. For example, when a child
exited the room under a conversation, we were unsure if the child found the interview
to be boring, or was acting on an impulse. Thus, the sessions required additional
awareness, sensitivity, willingness to improvise and adjust techniques, find new ones,
invest more time and possibly other resources.

After the third workshop with children, the final concept for the app was
developed, and the prototyping phase started. The app and the design are further
described in [30]. The initial design phase presented here illustrates the issues and
challenges for researchers when working with this vulnerable user group.

3 Designing Privacy with Teenage Patients

Chronically ill teens (12-18 years old) have a long-lasting or persistent health
condition, which requires continuous treatment, often for the rest of their lives. From
developmental and disease management perspectives, chronically ill teenagers are
considered a distinct group of patients. The teenage period is viewed as preparation
for the transition to the adult-centred healthcare system; they take increasingly more
responsibility for their health and treatment [31, 32]. At the same time, this period is
characterised with decreasing compliance with treatments and therapy [33]-[35].
Teens may have the impression that their therapy or treatment may make them feel
different from their peers or even feel defective [36]. They may experience that they
are treated as children while they want to be treated as young adults [37, 38].
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In our research with teenagers, we focus on how interactive technologies are, and
can be, used to support their information and communication needs as patients. We
are especially interested in their online privacy management. One of the aims of our
study is to contribute to the development of methods for including teenage patients in
the design of technologies that matter to them, and that alleviate some of the risks
associated with their vulnerabilities. In this paper, we report on the ethical and
methodological challenges of working with teenage hospital patients as participants in
design for privacy settings that will enable them to distinguish clearly who gets to
know what about them. Apart from being socially vulnerable, these patients also may
suffer from physical or psychological vulnerabilities. In addition to looking at
designing privacy for this group, we also look at the physical body positioning and
limitations on the use of technology while, for example, being in horizontal position
during long periods of time.

Including young patients in the design of interactive technologies is an import
requirement for patient centered design and participatory design [39]-[41]. Designing
with young patients is perceived as difficult because of the extra challenge involving
ethical issues and consent [42]. Secondly, they may have self-esteem issues or not
associate their personal identity with their diagnosis, and may therefore not want to
participate on the basis of being a patient [43]-[45].

3.1  Research with Hospitalized Teens

There is a large body of work on teenage users of social media and privacy, but none
of it addresses young patients. We therefore implemented in 2011 a study among 20
teenage patients in a children’s hospital in Canada [43]. The analysis of the qualitative
interviews showed, among other things, that all teens were active on Facebook and
implemented a wide range of privacy strategies. Facebook was, however, not used to
share or discuss their diagnosis. It was important for these teens to keep their patient
identity separate from the social identities they present and explore online. On the
other hand, several teens expressed their desire to meet other teens with the same
diagnosis in order to exchange experiences and to support each other.

In a follow-up study, in 2012, 16 teens participated while receiving treatment in the
hospital. We implemented a new version of the 2011 study, this time based on a card
sorting exercise. This study confirmed our earlier findings on teenage patients and
online privacy. They also participated in the re-design of the visibility of Facebook’s
privacy settings, using paper prototyping, and were asked to describe their ideal
patient social network. As a result of the findings in these two studies we began to use
the ‘cool wall’ [46, 47] in interviews with Norwegian teens, non-patients and non-
hospitalized patients. The latest iteration of the ‘cool wall’ is now being used in
design research with teenage patients in a Norwegian children’s hospital.

Teenage patients receiving treatment in a hospital are often isolated from other
patients and are immobile because of their treatment or as an effect of their condition.
Our contact time with the patients had to be organized between doctor visits,
treatments, family visits, visits to physiotherapy, hospital school attendance, and
homework. It was almost impossible to have non-interrupted time with the
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participant. Thus, the context of the study imposed some limitations. Secondly, the
majority of the participants were lying in bed, frequently with one arm connected to
hospital equipment, thus limited in their movements and in what they could
accomplish during a session. In addition, hospital equipment, e.g. a dialysis machine,
affected the quality of the audio recordings during the interviews and design work.

Another practical issue, with consequences for our choice of design methods, was
that materials used in the workshops had to use the limited space available for display.
They had to fit a hospital tray table and they had to be mobile — so that all the props
could easily be picked up and moved whenever necessary. The design process itself
needed to be flexible — so that the discussion was easily picked up after an
interruption; and privacy aware — so that private information didn’t get disclosed
accidentally to third parties. Also, the choice of materials was affected: everything
that was shared between the patients needed to be disinfected. The cards and other
paper props were therefore plasticized.

3.2  Methodological Challenges

During the second study in the Canadian children’s hospital we used two methods:
card sorting and paper prototyping. In Norway, we are using a third method, the ‘cool
wall’. We discuss each approach in turn.

3.2.1 Card Sorting with Thinking Aloud

The card sorting technique was used to find out what teenage patients think about
online privacy. They were asked what they share on Facebook and with whom. We
created a set of 52 plasticized cards, based on the interviews with teenage patients in
the first study [43]. We asked the participants to associate the word on the card with
Facebook and to sort the cards over three piles: positive, negative, and neutral. While
they sorted the cards, we asked them to think out loud. We then asked them to select
the top 3 positive and negative associations. Almost all participants were eager to
explain the reasons for sorting cards in a particular way. Of the 16 participants in the
card sorting exercise, two were not able to sort the cards themselves. One participant
had to lie flat and could therefore not use her bedside table to sort the cards. One
participant could not use either arm. Some movements in the card sorting game easily
triggered the alarm from the intravenous system. This would prompt a visit from the
medical stuff, leading to an interruption in the process.

3.2.2 Prototyping

The prototyping exercise was based on a set of plasticized cards with design
alternatives for the visibility of privacy settings in a social network. We then worked
on the personalization of one alternative design, using paper, markers, and a pen on
the hospital tray table. The example in the prototyping exercise was based on
Facebook. All participants were experienced Facebook users and therefore felt
familiar with the task at hand. In order to work on the paper prototype, the participant
had to be able to sit up fairly straight in bed in order to have a good view on the paper.
This was uncomfortable for some patients and impossible for the participant who was
lying flat. In these cases, we asked the participants to tell us how they would do it.
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The researcher would implement it and make sure this was the way the participant
had in mind. We felt that this way of working was not particularly inspiring for the
participants. The quality of their prototyping was lower than in the case of
participants doing it themselves.

3.2.3 ‘Cool Wall’

Looking for other and maybe more appropriate ways to include teenage hospital
patients in design work, we were inspired by the research on ‘cool’ and the ‘Cool
Wall’ [46, 47] (see Fig. 2 for an earlier iteration of the ‘cool wall’ made out of a metal
panel, magnets, sticky tacks, and paper icons (see Fig. 2), The ‘cool wall’ is used to
find out which social media applications are considered cool and what are cool things
to do on a patient-centered social network. The concept of ‘cool’ is of large
importance to this age group, and for understanding of what matters to teens in
general, and this patient group in particular. ‘Cool’ may be a determining factor in use
patterns of any piece of technology or any interface designed for teenage use.

Fig. 2. A ‘cool wall’ inspired by [47]. The figure shows the first iteration of the design, where
focus is on being able to detect what about social networks is considered to be “cool”. The
latest iteration can be mounted on a flexible arm, using magnets that are strong enough when
the wall is hanging over the patient’s bed.

This section illustrates how the usual tools for uncovering patients needs such as
paper prototyping are of limited use to patients, in particular if they are in bed. We have
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further shown how the cool wall technique was adapted to just such situated use. The
challenges for us as researchers were strongest when it came to ethical issues and
the question of ongoing consent. This issue is further discussed in section five. As the
teenage patient’s vulnerabilities most often are unrelated to cognitive or communication
problems, methodological challenges were related to adaptation of tools and techniques
to their situation and environment. Both card sorting and prototyping examples point out
the difficulties in applying these methods, as well as the need to carry out these
techniques with materials that are easy to sterilize. The cool wall example, re-designed
for teenage patients, was on the other hand a great tool for understanding young
patient’s privacy needs and it served as a starting point for an excellent master thesis
[48] on a closed social networking site for teenage patients.

4 Designing with Elderly Living Alone

In contrast to children and teenage patients, the digital natives, elderly adults are often
not comfortable with new technology, even when they are healthy. This is especially
true of low education and low-income older elderly (age group over 80) [49]. At the
same time, one should be careful not to assume that all shy away from technology or
are unable to learn how to use it. Diversity among elderly in the use of technology, as
well as motivation to adopt it when offered, is large. They are often depending on
technology to extend their stay in own homes eventhough their abilities deteriorate
with ageing. Gero-technology is a research area that refers to the design and use of
technologies that promote independence and autonomy, enabling elderly to live
longer in their own homes, as well as providing the support networks for social
inclusion [1]. One of the largest gero-technology projects in Europe is the Ambient
Assisted Living (AAL), focusing on enabling active living and social support for
Europe’s aging population. According to the Norwegian Ministry of Health [50],
three main causes of moving elderly from their own homes to health care units are:
falls, cognitive decline and loneliness. The elderly just starting to experience these
problems can now opt to live in Care Plus homes, where active living is encouraged,
and living units have some smart-house technologies such as light and heat sensors
and touch screens [51] for communication and entertainment. In addition, Care Plus
homes often offer a smart gym [52], for collective or individual training, as well as
other social and cultural activities.

Gradual decline in visual and auditory perceptions, motor skills and cognitive
abilities make elderly into a highly non-homogeneous user group in terms of physical
and cognitive abilities. This affects their motivation, ability and self-efficacy in using
ICT. This has implications for technology and interface design [53]-[57]. No solution
fits all. Multimodal interactions and interfaces are an emerging field and include, in
addition to touch interfaces and mouse/keyboard, interactions with a system through
voice [58], gestures [59], tangible objects or the whole body interactions. Technology
design processes used to include participants who are less vulnerable and still active,
if they engaged elderly at all. Recently, there is an effort in the CHI research
community to design with intended users [60, 61].
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4.1  Research with Elderly Living Alone

We narrow our focus on design and use of communication technologies by elderly
living alone. Even when still vital and active, elderly often suffer from fear of social
isolation and loneliness. As mentioned above, loneliness is one of the three main reasons
for elderly living alone to move to a care unit. In [62], the authors conclude that
loneliness is a predictor of functional decline and death. Loneliness is defined as the
subjective feeling of isolation, not belonging, or lacking companionship. Living alone
does not necessarily imply loneliness. It is fully possible to live alone and not feel
lonely, as well as it is possible to be surrounded by others and still feel lonely. However,
we have chosen participants for our study among those living alone since they are at
higher risk of feeling lonely the older they get. In [63], the authors show that living
alone predicted lower psychological well-being and loneliness worsened the effects of
living alone. In this sense, elderly living alone are considered to be vulnerable users.

During the fall semester of 2012, two student-based design projects [64, 65] were
carried out in two suburban elderly centers. Both projects focused on the sense of
loneliness among the elderly. The issue came in focus in part from the centers’
leadership, and in part from the literature and the elderly themselves. The students have
discovered that elderly living in the centers had low technological literacy and both
projects ended with design and implementation of a solution similar to Skype, but with
larger icons and in general, simpler and better suited interface for this user group.

Seeking to get a richer picture of both communication needs and technologies used to
carry them out, we reconsidered the approach to the problem and decided to look at
somewhat younger, still active elderly aged 67 and up to 80, living alone in own homes.
The age of 67 is the usual retirement age in Norway. Our aim was to explore the issue of
loneliness and the role and possibilities existing, and future technology has to alleviate
the risk of feeling alone. This research is ongoing. In this paper, we present a tool we
developed, the communication wall, along with some initial findings.

4.1.1. ‘The Communication Wall’

Inspired by social mapping, and in particular [66], we have developed a
communication wall to help us explore communication patterns of elderly and
technologies they use. We considered their social lives, service needs, communication
patterns at present, issues with these, desires for other things and finally, free fantasy
about future products and technologies.

The tool kit for the Wall consist of three maps, colored pens, eraser, and many
icons representing different communication possibilities, both platforms and
communication channels: Skype, email, mobile phones, smart phones, tablets,
desktop computers, chat, social media, land-line phones, as well as images of future
technologies such as holo-phones displaying holographic images of a person one talks
to, chips embedded under the skin on the inside of an arm, with dialing possibilities
etc. The participants also had an option of drawing anything else they could think of
and include in the Wall. The first map, ‘Friends and family communication’, shows
the people they are close to, as well as means of communication with them.
Participants are instructed to place the people who are physically closest to them in
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the first circle, people in the same country in the second, and then those in the rest of
the world. Alternatively, they could arrange the contacts by frequency of
communication. The second map, contacts and services needed, shows the services
they use, such as health services, travel services, libraries, cultural places, restaurants
etc. and technology they use to contact the service providers. The last map, the
‘Future technology’, shows the same information, but participants are asked to place
the future technologies if any are seen as desirable. The constructed maps and patterns
were an excellent starting point for discussion about future technologies, while the
process itself enabled discussion on the subject of loneliness and the sense of
connectivity to others, with and without technology.
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Fig. 3. An elderly woman, age 73, is using the iPad to take the photo of her own Wall. On the
right, top row shows a Wall of a 75 year old women, while the bottom row shows the Wall of a
67 year old man.

4.2  Methodological Challenges

When working with healthy and active elderly, it is common to use focus groups or
workshops. However, we wanted a tool that would enable the collection of a much
richer and perhaps more intimate data than it is possible to do in a group setting.
Thus, the communication wall was developed for working on the one-to-one basis
with participants. While working with a participant, we opened a space for talking
about isolation, loneliness, ethical problems in this kind of research and dialogue on
present and future technology use in every session. The communication wall has
facilitated this conversation in a very nice way. As a participant considered and talked
about those people that are close to him/her, for some participants, very personal and
powerful memories from the past and/or concerns about the future were brought forth.
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The challenge in the aftermath of the data collection process is to find appropriate
analytic tools that would enable some of these reflections to be kept through
discussion of findings rather than losing them in categorizations and coding.
Furthermore, the intended use of this data was to enable us to better understand
patterns of use and needs of active elderly in order to better address needs of elderly
in care units and elderly centers. Thus, the active elderly were a kind of proxy users
for those who are older, lonely and in many cases, have reluctance towards,
sometimes even fear of technology. However, we were not necessarily interested in
simple solutions such as proposed in [64, 65], but rather solutions that reflect values
of elderly and extend beyond voice based communication. Some of the data collected
may be used for that purpose, but further work with the communication wall and users
that are closer to this user group is needed.

5 Discussion and Concluding Remarks

The three cases represent some of the design work we have initiated with people whose
age, frailty, diagnosis or limited capacities, both physical and cognitive, often excluded
them from participation in technology design processes. Involving these vulnerable
users as designers in the design of their digital lives requires, however, considerable
adaptation of existing design methods as well as the development of new methods,
including better methods of working with proxy user groups, as in the case of elderly.

In all three cases, we experienced that the participants were eager to participate in
our study. The technology designs - learning games with the school children, privacy
settings with teenage patients, and video conferencing and the communication wall
sessions with elderly adults living alone — were perceived as relevant to their lives.

The first challenge, and one of the major we experienced, was related to finding
out about the technology needs of vulnerable users. In the case of the school children,
these needs are often formulated by other stakeholders, in particular the teacher and
the school management. Teenage patients were able to express their own technology
needs. The elderly adults living alone in nursing homes couldn’t express their
technology needs. Their lack of familiarity with technology hinders them to verbalize
what they might want or need. On the other hand, the younger, active elderly living
alone were highly eloquent in talking about technology and even thinking about their
future needs. Thus, in some ways they do and in some ways they do not adequately
represent the group living in care units. How to bridge this gap is a challenge we need
to address through future research.

It became clear, in all three cases, that designing with vulnerable users often needs to
take place on a one-to-one basis. We could not create a proper participatory design
process with the three groups of users. Each school kid had such particular challenges,
that we had to relinquish the idea of designing one learning application with the whole
group of children. The hospitalized teens were separated from each other because they
were confined to their individual rooms — some of them in isolation. The active elderly
needed the private space in order to get an opportunity to look into their very private
feelings of loneliness and communication patterns. The number of connections shown
on their communication walls could not be taken as indicators of their well-being, and
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we could see that clearly through working with them. The communication wall was an
enabler for expressing the feelings around the topic of loneliness.

Another methodological challenge was the cognitive and physical ability of the
participants. Attention span is an issue in designing with children, but becomes
especially challenging when designing with children with special needs as a result of
ADHD and other cognitive disabilities. This was also an issue with some of the
teenage patients because of the medication they were receiving, which often made
them drowsy. Other physical challenges that affected the design work included the
inability to use their arm/hand or to sit up, in the case of the teenage patients and
tremors and callous fingers in the case of the elderly.

Ethical challenges are a major issue when working with vulnerable users. The most
important one concerns consent. This consent needs to be informed and ongoing. Our
consent forms provided information about the study, what kind of information was
collected, and how the information gathered was going to be used. The consent form
also stressed the issue of voluntary participation.

The research with young patients was particularly challenging. While the hospital’s
Research Ethical Board took care of the procedural part of the consent process, by
approving the text of the consent form, the issue of ongoing consent remained
unaddressed. How to confirm consent and voluntary participation during the course of
the interview and design work? The issue of power plays an important role in a
situation in which an adult interviews or works with a child. This issue gets an extra
dimension when the child, in our case a teenage patient, is lying in bed and can’t walk
away from the situation or may find it difficult to express being tired.

Reflexivity, being aware of one’s position and role as an adult and researcher and
continuously reflecting on this role in the meetings with the teenage patients, became
our main approach to this challenge, e.g. [57, 67]. We tried to be attentive to changes,
such as changes in the patient’s position in bed, the patient’s voice and facial
expressions, as well as changes in the treatment. A change could result in questions such
as: Are you not too tired? Do you want to take a break? Also, a change in the research
set-up, which created a transition, presented a good opportunity to re-confirm consent.

Design research with vulnerable users requires a large amount of flexibility and
improvisation. Our own experiences and capacities as researchers were often
challenged, as we needed to adapt to new situations for which there was no standard
method or approach. Instead of a leading a participatory design process, we began to
follow the participants: What do they enjoy doing? What is possible? What do their
answers or activities tell us about how to proceed? At the same time, we realized that
we needed to develop this methodological sensibility [68, 69] into a more reflexive
sensibility [69]: Why do we interpret the participants’ use and design practices in this
particular way and not that way? These sensibilities helped us to keep us focused on
the aim of our research, namely how to design with vulnerable users for vulnerable
users, not solely designing for vulnerable users.

The three cases also show that a high level of ethical reflexivity is required.
Unequal power relations, ongoing consent, and voluntary participation needed our
constant attention. In particular because we met our participants in locations which
they were not expected to leave, e.g. at school, in a hospital, or in their own home.
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We had to confirm regularly if our presence was still appreciated and their
participation was still consented. This was particularly difficult in the case with the
school children with special needs. We were often not able to explain the impulsive
behavior of some of the kids: did they tell us that they were no longer interested in
participating or was this part of their usual behavior?

Designing with vulnerable users didn’t only challenge us methodologically and
ethically. Our emotional responses to these experiences, and the physical
environments in which they took place (special education classroom, hospital, care
homes), brought out our own vulnerability. We were sometimes unsure if our
responses to unanticipated situations were the right ones. In some cases, we shared the
fact that we needed to improvise with our participants. This opened up for dialogue,
which we experienced as positive and supportive and not necessarily a weakening of
the position of the researcher or of the design process as a whole.

5.1 Concluding Remarks

In this paper, we conceptualized vulnerable users as particular groups of people who,
because of their physical or cognitive abilities, are also not able to make their voice
heard in the design of their digital lives. We presented participatory design work with
three groups of vulnerable users and described some of the methodological and
ethical challenges we experienced. The particular design contexts of our study
required us to adapt our participatory design approach. In order to make sure that we
would continue to ‘hear the participants’ voices’ — to design with them, not only for
them — we needed to develop a reflexive sensibility. This sensibility focused our
design efforts as well as broadened our interpretative frame when we were confronted
with situations and behavior that we found difficult to explain.
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Abstract. Innovation is a recurrent theme in public as well as academic debate,
and software development plays a major role for innovation in about every sec-
tor of our economy. As a consequence, software innovation will play an increa-
singly important role in software development. The focus in this paper is on
how to make innovation more likely to happen in software development at the
level of the software team or project. At this level it is important to identify op-
portunities to create added value in ongoing projects. Changes in software tech-
nologies over the last decades have opened up for experimentation, learning,
and flexibility in software projects, but how can this change be used to facilitate
software innovation? This paper proposes a set of values to guide the develop-
ment of a methodology to facilitate software innovation.

Keywords: Software innovation, creativity, software development, Agile Mani-
festo, values, Hegelian dialectic.

1 Introduction

Just about everybody is for innovation, everybody talks about it and finds it vitally
important, but there is a shortage of methodological advice on how to make innova-
tion more likely in software development — at least at the level of the team or project.

Software innovation represents a class of problems including the development of
innovative software products, designing software support for innovative business
processes, transforming known solutions to innovative uses in new contexts, and sti-
mulating paradigmatic changes among developers and customers concerning the
framing of use context and the discovery of potential game changers on the market.

Neither traditional nor agile software development methods offer much advice on
software innovation. The classic challenge for software development is to combine
quality and efficiency; and software engineering — whether traditional or agile — is
concerned with delivering quality solutions in a predictable and effective way. But
today’s world is different. We need more than just meeting requirements effectively
to stay competitive; we need to create high value solutions.

In light of globalization and the increasing commoditization of IT providing a
shared and standardized infrastructure [9], we need to move from mainly operational
considerations towards more strategic ones: Software development in high-cost coun-
tries must achieve more valuable results than overseas software development [3], and
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we should therefore look for principles for software development beyond the tradi-
tional efficiency and quality focus: How can software teams deliver high value solu-
tions? This is the topic of this paper.

The paper starts out by outlining software innovation as a concept and surveys con-
tributions within the field (Section 2). Section 3 suggests four values for software
innovation based on a discussion of traditional and agile development from an inno-
vation perspective. Section 4 applies these values to a simple example to illustrate
how these values may drive innovation in software development. Section 5 discusses
implications of these values for a methodology for team-based software innovation.

2 Software Innovation — Concepts and Contributions

Software innovation is not really established as a term yet, and existing contributions
to this emerging field are scattered over several organizational levels and stages of the
development process. Some contributions are generic and have little focus on either
organizational level or particular stages [33]; some have a strong focus on the compa-
ny level [30]; some on picking and improving promising project proposals [19]; some
on ideation in the requirements stage [24, 25]; and some on innovation as part of an
ongoing project [1, 2, 8, 12].

This paper is aimed at the methodology level for software teams. It is part of build-
ing a foundation to help software teams increase the value of what they build as they
go about building it. There are numerous techniques and tools for creativity and many
insights on how to stimulate creative thinking and innovative work, but very little
work has been done on methodology for software teams.

Hirschheim et al. define information systems methodology as an organized collec-
tion of concepts, methods, beliefs, values and normative principles supported by
material resources [22]. As software innovation is close to information systems de-
velopment, we use this definition as inspiration for developing a software innovation
methodology. Such a methodology must stand on a set of values, and in this paper we
will discuss and suggest one such set of values.

We focus on innovation as part of the software development project. We see soft-
ware innovation as part of everyday life in a team, and thereby as part of what the
designer and in fact any stakeholder engaged in a software development project does.
We focus less on what happens before a project is decided and more on what takes
place from the decision to start a project until the end of it. The aim is to find ways to
help a team develop, mature, and implement ideas as part of a development project.
We assume that modern development techniques will be used to allow for iteration
and experimentation within reasonable levels of risk. In other words, we see software
innovation as a learning process where experiences and insights during a project may
change its course.

We understand software innovation as concerned with introducing innovation into
the development of software intensive systems as defined in the international standard
ISO/TIEC/IEEE 42010, i.e. systems in which software development and/or integration
are dominant considerations. Our focus is on innovations that offer something new to
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known users or customers, or something known to new users or customers. Specifi-
cally, we do not include changes in the software development process itself into our
understanding of software innovation. Software innovation here refers to the user or
customer side only.

Innovation usually extends creativity in the sense that ideas are developed and ma-
tured in the context of implementation. Basically ideation is concerned with the gen-
eration of socially acceptable ideas [37], whereas innovation by definition implies
change in the real world [40].

Whereas the interest in software innovation is fairly recent, there has been some in-
terest in ideation and creativity since the early and mid 90ies. J. Daniel Couger
worked on creative problem solving [14] and creativity techniques [15, 16] for infor-
mation systems development. More recently, Ben Shneiderman worked on creativity
support in the same field [36]. Within software engineering, Neil Maiden has worked
on creativity workshops [26] and stakeholder collaboration [25].

Contributions with a direct bearing on software innovation are still relatively few.
Within information systems development, innovation research tends to focus on the
business context and adoption of innovations. For example Burton Swanson [39]
advocate mindfulness when innovating with IT. Within software development, there
is some interest in innovation as a goal for software development. Jim Highsmith and
Alistair Cockburn point to the potential for agile development to support innovation
[21], but as Conboy et al. [13] observe based on a number of studies on the relation-
ship between agility and innovation or improvisation: These have tended to focus
more on the agile practices themselves as the innovation and not the extent to which
the practices facilitate agility and innovation.

In the last few years a growing number of writers have published very varied work
on software innovation.

Jeremy Rose [33] proposes eight work-style heuristics for software developers, and
Pikkarainen et al [30] offer eight fundamental practice areas for innovation with soft-
ware, each containing a number of activities at the company level to master that par-
ticular practice.

Misra [28] presents a goal-driven measurement framework for software innovation
processes linking these metrics to business goals. The processes per se are not part of
this framework. Also at the business level, Gorschek [19] suggests Star Search, an
innovation process using face-to-face screening and idea refinement for software-
intensive product development. This process has particular focus on ideation and
selection prior to actual development.

Focusing on the team level, Aaen discuss how to facilitate software innovation [1]
and suggests using roles in innovative software teams [2]. At a similar level, Conboy
and Morgan [12] discuss the applicability and implications of open innovation in agile
environments using two examples from industry, and Mahaux and Maiden [24] sug-
gest using improvisational theater as part of requirements elicitation to support team-
based innovation. The main focus is on improving stakeholder communication,
increasing mutual understanding, and generating ideas that can be expressed as
requirements.
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These very varied contributions generally focus on methods and normative prin-
ciples for software innovation, whereas concepts, beliefs, and values still seem to be
missing in this field. Consequently there seems to be no methodological framework
available for developers and other stakeholders facing the challenges in software in-
novation. Proposing a set of values is therefore one step in building such a methodo-
logical framework.

3 New Values for Old: Bridging Two Paradigms

In 2001 the Agile Manifesto [4] presented a critique of the traditional paradigm for
software development. The manifesto marks a milestone in software development and
reflects important developments in software technologies. It was indeed a new para-
digm and it has impacted strongly on software practices around the world.

The manifesto held promise for innovation by changing focus back to software it-
self more than elaborate requirements and processes. The four values and twelve prin-
ciples in the manifesto promoted iterative, agile, and evolutionary development and
marked a fundamental departure from traditional software engineering [32]. This
change opened up for experimentation, learning, and flexibility in software projects.

The manifesto emerged from remarkable developments in software technologies and
developer competencies after the traditional software engineering paradigm was estab-
lished in 1968 [29]. Developments such as patterns, refactoring, automated testing, ob-
ject orientation, software libraries, IDEs, self-organizing teams, and more all support
flexibility and reduce overheads related to change. These developments allow for alter-
native ways to work effectively and achieve quality results in software projects.

The clash between the two paradigms was succinctly presented in the manifesto by
expressing agile values over traditional ones:

o Individuals and interactions over processes and tools

o Working software over comprehensive documentation

e Customer collaboration over contract negotiation

e Responding to change over following a plan

Although these traditional values were never stated in this exact form, they neverthe-
less express core ideas in traditional software engineering curricula. Overall, both
paradigms aim for efficiency and quality in software development and the conflict
expressed in the manifesto is largely about how to develop software. The purpose of
software development itself — why to develop and what to achieve — is not addressed
much in either paradigm. These questions, however, become increasingly urgent
when focus change from production to innovation. Software innovation implies that
software development must aim for more than efficient delivery of quality solutions
to known requirements.

In this section we will try to move beyond the two paradigms in search for values
to stimulate and steer software innovation. We will focus on what unites the two, and
based on this unity focus on innovation. This discussion will be inspired by Hegelian
dialectics.
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Hegel (1770-1831) saw knowledge as constantly changing; coming about via a
perpetual struggle between contradictions — tensions and paradoxes. Any initial thesis
(position), when analyzed, has confusions, flaws, or deficiencies, which in time will
lead to the formulation of an antithesis (negation). This antithesis in substantial ways
contradicts the original thesis. The confrontation between the thesis and antithesis
leads to new tensions, and from these tensions a synthesis (negation of the negation) is
formulated in an attempt to resolve the original contradiction while preserving and
maintaining insights from this contradiction into a new understanding.

Essentially, Hegelian dialectics asserts that knowledge must pass through a phase
of negation to arrive at a synthesis where useful portions of an idea are preserved
while moving beyond the limitations of it.

The following discussion will move from the struggle between two production
paradigms towards a synthesis to support software innovation.

3.1 New Value: Reflection over Requirements

The Agile Manifesto values Customer collaboration over contract negotiation. This
value is about customer requirements: How do we know what to deliver?

Traditional development focuses on creating stable and known conditions to make
it possible to deliver on time, within budget, and according to requirements. Contracts
therefore are based on requirements specifications, and these specifications in turn are
used to verify quality [31].

Agile development expects needs to change with circumstances [6]. Therefore de-
velopment is incremental and requirements are determined and prioritized at the be-
ginning of an iteration to ensure relevance at this moment in time.

Despite their differences, the traditional and agile approaches are in full concert on
purpose: To comply with customer requirements. Compliance basically is about doing
what one is asked to do. To software development projects, this implies ideas to be
essentially external to the development process - more so in the traditional than in the
agile world. Both approaches are about conforming to customer requirements effec-
tively, irrespective of whether they are detailed in specifications or handed over by a
customer representative. Both approaches strive to answer the same challenge: How
can software teams live up to customer requirements?

Software innovation must answer a different challenge: How can software teams
deliver high-value solutions? This challenge obviously includes meeting require-
ments, but goes beyond this traditional goal. Innovation is about learning; about
discovering what could or should be done; about exploring new technological possi-
bilities and application options. Innovation is about reflecting on needs and discover-
ing opportunities, and by that token about exceeding customer expectations via joint
exploration.

Therefore, software innovation replaces the principle of customer collaboration
over contract negotiation with a new value: Reflection over requirements. Reflection
combines customer insights from the application domain with the technological ex-
pertise of the developer to excel customer expectations. Reflection corresponds to a
process where working on a solution cannot be separated from developing a deeper
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understanding of the problem itself and its use context. For this reason, we should not
become prisoners of previously stated requirements, but continuously reflect on their
relevance.

3.2 New Value: Affordance over Solution

The Agile Manifesto values Working software over comprehensive documentation.
This value is about what is produced in a project: Which artifacts are important?

Traditional development use elaborate models to ensure precision in the product, to
make products maintanable, and to be able to settle disputes in case the outcome is
questioned [31].

Agile development is based on a simple observation: Such models are usually not
what customers want [6]. Most customers value software over documentation, and
they want solutions to meet current needs. Partnering contracts, incremental delivery
of useful solutions, and recurring testing in realistic settings all serve to ensure that
customers get what they need most without spending too much on things less wanted.

Both paradigms understand development as essentially about delivering solutions
requested by the customer. In this sense, project deliverables essentially are what
developers are asked to deliver, i.e. solutions to stated needs.

In software innovation the relation between problem and solution is often complex.
Most designs have the potential to offer more, and as we work on the problem in the
use context, we discover untapped potential in our solutions that we may choose to
exploit [27].

What a given design offers — its affordance — therefore comes into focus. Gibson
[18] defines the affordance of a thing as a specific combination of properties with
reference to a particular being. Affordance is what a thing can be used for more than
what it was designed for. A software designer may therefore consider what a design at
any given moment can afford to the user beyond what was required precisely to solve
those particular needs that caused the design to come up in the first place. In other
words, any design might afford features beyond what was anticipated at the time of
design. Such features invite to discover new perspectives in the use context.

Innovation that synthesizes application domain potential with technological poten-
tial is not a natural part of either paradigm. Therefore, software innovation replaces
the principle of working software over comprehensive documentation with a new
value: Affordance over solution. The response to a given challenge for a software
project may neither be derived from known requirements and models nor from user
stories. Instead, the solution may emerge as the project develops and options and po-
tentials are discovered through a continued dialogue between application domain
needs and potentials afforded by technology.

3.3 New Value: Vision over Assignments

The Agile Manifesto values Responding to change over following a plan. This value
is about adaptation: How can a project adapt to changing business needs?
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Traditional development value comprehensive planning. Detailed plans facilitate
resource allocation and task assigments [31], but obviously plan-based projects ex-
perience problems when conditions are dynamic.

Agile development embrace change via continuous customer interaction and itera-
tive development to suit customer needs as they change. This is why agile projects
employ adaptive or rolling wave planning [23]. Allocation of resources and tasks are
taken care of by self-organizing teams.

The two paradigms use different ways to plan and assign tasks to team members.
Traditional project management is formal and explicit, while agile project manage-
ment is informal and based on personal commitment. Still, both approaches are con-
cerned with task assignment derived from customer requirements.

Assignments will always be handed out, one way or other. They are given, and
thereby the person receiving the assignment is largely excluded from the innovation
process; the innovation process is essentially over at the time of assignment. If we
want to allow for innovation throughout the project, we must redefine project man-
agement to one of developing and maturing a vision of the project. Innovative project
management must refine both scope and goals of the project as it unfolds, and the
vision must inspire the team and stimulate creativity [38].

Therefore, software innovation replaces the principle of responding to change over
following a plan with a new value: Vision over assignments. If we want to pursue a
fleeting target while still being able to know where we are heading and work together
towards a shared goal, we must replace the traditional requirements-based plan with a
project vision. As we learn from working on problems and solutions, our vision at a
given time — what American pragmatist John Dewey called the end-in-view [17] — is
transformed itself by our work. We therefore need a representation that can be shared
and easily revised.

3.4 New Value: Facilitation over Structuration

The Agile Manifesto values Individuals and interactions over processes and tools.
This value is about team organization and work processes: How can work processes
support a team?

Traditional development focus on processes based on standardization, control, and
metrics, where the software process tends to become an object in itself. The process is
detailed in business manuals on corporate webpages, and the process structures the
overall project as well as what individual team members do [10, 11].

Agile development processes are communities of practice [43], where individuals
and teams develop their processes incrementally via interactions and personal compe-
tencies. Processes may be just as stable as is the case in traditional development, but
they are developed through daily practices and constantly adapted to the current situa-
tion. Such processes are often referred to as empirical processes [23].

Both approaches focus on structuration - on stabilizing work processes either via
externalization in defined processes, or via learning in communities of practice. They
both focus on stability and repeatability and are therefore essentially conservative.
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In software innovation, the software process must facilitate innovation. It must of-
fer flexible support for learning and for developing solutions, and our focus must
change from the process itself and how to make it stable and repeatable, to supporting
improvisation and reflection under fleeting conditions. The process must support and
promote lateral thinking, discovery processes, open up for building new paradigms,
growing unconventional ideas, and so on.

Therefore, software innovation replaces the principle of individuals and interac-
tions over processes and tools with a new value: Facilitation over structuration. This
facilitation includes techniques for creativity as well as for evaluating and maturing
ideas and visions.

4 An Illustration

We will use a very simplified example to illustrate how these values could drive soft-
ware innovation. The example is inspired by an ongoing project and concerns a sys-
tem to support rehabilitative physiotherapy for newly operated patients. We assume
the patients to do part of their rehabilitation training at home.

Could we design a system to help patients and therapists collaborate virtually? A
system where patients exercise in their home under therapist supervision using an
Internet connection?

We will use this example to illustrate how a software development team could de-
velop innovative solutions combining technological expertise with application domain
insight. This development is described in four prototypes, where each prototype is
described from four points of view. Each view in turn is related to one of the values
described above. The four views furthermore represent four fundamental concerns in
software projects [7].

The four views are:

1. Paradigm — representing the problem from a user/customer perspective. The
view is called paradigm because it reflects underlying mental models of the
application domain, including who the users are and what the market is or
wants. This view represents the use context of the system: An understanding
of the domain the system is meant be part of. This understanding reflects us-
ers and needs combined with options and it may change in the course of the
project.

2.  Product — representing how solutions could be implemented. The product
view sees the product from the ‘inside’ with a focus on architecture and
possible ways to build features. This view is used for designing the system
configuration, the platforms and components used to build features for the
use context. The hardware platforms may or may not change much between
prototypes, whereas the features built on these platforms can change consi-
derably over time.

3. Project — representing plans, status, and priorities in the project. This view is
for project management. In lieu of a requirements specification, project man-
agement here is based on a project vision to set the course for the project and
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represent a shared goal. For the sake of brevity we will use simple metaphors
[5, 44] to represent visions here.

4.  Process — offering a range of tools for idea generation and indeed idea evalua-
tion. This view is used for process facilitation to help generate ideas in the
project via creativity techniques, or improve and mature ideas via evaluations
[42]. Using creativity techniques is straightforward so we will focus on evalua-
tions here. Evaluations aim at identifying potentials in simple ideas or more
comprehensive visions, and at supporting decision-making in the project.

Using these four views, the following four sections describe the development of pro-
totypes, where one prototype inspires the next. This development is driven by the four
values for software innovation described above. The parallel development in four
views are shown in Fig. 1. Driven by the values proposed above, the prototypes
change as we learn about the use context and about what is afforded by the platforms
used for building the product.

I Prototype: X-ray

The first reflection on the use context could be one where the system is used for real-
time interaction with therapists giving instructions on how to do exercises to IT-savvy
patients in their home. Scenarios for this could include:

e Repertoire management: Register the repertoire of exercises for the patient.
e Exercise instruction: Instruct and monitor the patient doing a given exercise.
e Therapist’s log: Exercise history, patient repertoire, status and progress.

The prototype could consist of a Microsoft Kinect camera in combination with a vid-
eo link, a laptop in the patient’s home, and a cam-equipped PC in the therapist’s of-
fice. The Kinect would compensate for some of the limitations of the video-feed by
highlighting bones, joints, and movements of the patient. This would help the therap-
ist see how the exercise is performed and give instructions to the patient. Similarly,
the patient would be able to see the therapist demonstrate the exercise and ask ques-
tions for clarification.

The metaphor describing the initial vision for this prototype could be X-ray. This
vision reflects the initial motive for using a Kinect: To compensate for limitations in
patient-therapist interaction based on a video feed. The Kinect is used to enhance
those parts of the feed that are most important for a therapist in order to assess how an
exercise is performed.

An evaluation of the qualities of this version could facilitate the development of
the next. In our example, an evaluation could identify as a strength, that this prototype
would indeed allow the therapist to instruct patients. The system serves as a simple
medium between the therapist and the patient, and a weakness therefore is that the
contribution to the users is limited. The present design is threatened by poor economy
due to the limited benefits, and vulnerable to competition due to low entry barriers.
On the other hand, the system may afford more due to unused potential in the technic-
al platform.
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Paradigm Product I Project | | Process |
Reflection Affordance Vision Facilitation
1st Prototype IL
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Scenarios Configuration
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Metaphor:
Biofeedback
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-
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Configuration
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A
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Save time Data aggregation : Time savings

4ih Prototype e

Scenarios

Use context

Configuration

Metaphor:
Timestretch

Y

Quality time

Fig. 1. Prototype development as seen from four viewpoints

2" Prototype: Biofeedback

The system could monitor the patient’s exercises and compare in real time with a model
of how these exercises are supposed to be performed. Reflecting the addition of such
features, the use context for the second prototype could shift to one of learning.

Information on the patient’s screen might indicate whether a performed exercise
match with prescription. This way, the patient may improve via self-observation as a
supplement to therapist monitoring. Scenarios added for the modified use context
could include visualizations of a performed exercise versus the prescribed version,
quality indicators for the exercise, indicators on moments in an exercise where im-
provement is needed, etc.

Changing the use context to one of learning calls for more reflection on the patient
side of the system. How can the patient receive better feedback and help on how to do
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the exercises correctly? The second prototype could employ augmented reality on the
patient side, for example by synthesizing skeleton points on screen as they would
move in a perfect exercise and show the patient’s actual movements for comparison.
Alternatively, the patient’s skeleton points could change colors and/or have arrows
added if movements deviate too much from prescriptions. A third option could be to
synthesize a colored region on the screen to indicate the zone of a correct exercise.
Skeleton points within the region would indicate a correct exercise. These are all ex-
amples of how to provide the patient with immediate feedback to stimulate the learn-
ing process.

The vision for the second prototype could change to Biofeedback, adding more
benefits to the patient side of the system without sacrificing the therapist side. This
vision sees the patient as empowered and engaged. The system provides information
to the patient on the relevant parts of the motoric system under rehabilitation.

Facilitating further development, an evaluation of this prototype could identify as a
strength that the patient works more independently with this system and may require
less support from the therapist. A weakness could be that there is quite limited support
and benefits for the therapist. There are still quite low entry barriers and competitors
may therefore threaten the system. There seems to be untapped potential in integrating
data from the patient side with data from the hospital side and healthcare in general;
affording such a combination could allow the therapist to give better advice to the
patient.

3" Prototype: Trend analyst

Having added features to detect the quality of exercises performed by the patient and
thus also the quantity of them, it would seem relevant to reflect on the therapist role
again and change the use context to coaching. By aggregating data from the patient
into a rehabilitation history it would be possible to analyze progress over time. Such
records could help the therapist decide on when to adjust an exercise — for example
adding more weight — or when to change to other exercises.

Features added in this prototype would combine data from the patient side with
historical and standard data on the therapist side. These data could support predicting
the performance in current session and comparing these predictions with actual data
to see if the patient trains too much or too little between sessions, or if problems with
e.g. scar tissue from surgery seem to impair rehabilitation. Such features might help
prevent overtraining syndrome and setbacks, and possibly also predict the duration of
the rehabilitation process.

This prototype has trend analyst as vision to support the therapist as a coach for the
patient. A coach has a longer time perspective and looks for improvements and prob-
lems between sessions.

To facilitate further development, an evaluation of this prototype could help identi-
fy options and affordances. A strength of this prototype could be that the combination
of patient data and hospital and healthcare data will increase functionality and heigh-
ten entry barriers to protect against competition. A weakness could be that the system
mainly gives quality improvements. A threat to the system could therefore be
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economy as productivity gains are small. An opportunity might be to use available
computer power on the patient side to aggregate exercise data and visualize these in
condensed form. This could afford servicing more patients.

4" Prototype: Timestretch

Having changed the use context to focus more on the therapist and added features for
analyzing exercises as performed by a patient, we may look for affordances to im-
prove therapist performance. The therapist is engaged in timesharing — moving from
one patient to the next, monitoring performance, and communicating with the patient.
The monitoring of a patient prior to coaching takes time if performed in real-time, but
the aggregated data makes it possible to compress the time spent on monitoring. This
could allow the therapist to start coaching sooner. As a reflection of this, the use con-
text could focus more on quality time with the patient, spending less time on prepara-
tions. From the patient’s perspective, this solution could give automated feedback
from the system in-between therapist interactions, and help the patient identify issues
to discuss with the therapist.

Scenarios for this context could include visualization of recent exercises aggre-
gated on the screen, aggregation of quality indicators, problem indicators, fatigue
warnings, patient history, and more.

Seeing the use context as one of quality time necessitates focusing less on triviali-
ties and more on essentials in interactions. Features in this prototype would contribute
to higher productivity and stronger support for the patient. Apart from features sup-
porting the use scenarios described above, new features for the prototype could
include wizards to help the patient stand in a correct position vis-a-vis the Kinect
camera to ensure quality input to the system. Other features could advice the patient
on likely topics for an upcoming talk with the therapist. Such advice could come from
indicator data derived on the therapist side of the system.

The Timestretch vision suggests productivity gains. If the therapist can coach a pa-
tient effectively and use less time doing so, there are possibilities for either improving
rehabilitation effects for a patient, or for rehabilitating more patients with the same
number of therapist hours.

Decisions on whether to use the features afforded by the fourth prototype is facilitated
by another evaluation. A strength of this prototype is that it adds productivity gains to all
the benefits offered in the previous prototypes. A weakness might be an increased risk of
occupational stress, as the therapist will be able to service more patients. An opportunity
could be to design data aggregation carefully to offer easy-to-use indicators for the the-
rapist to use when working with a patient. A threat might be that the system is less useful
for atypical patients, where standard data and indicators might not apply.

5 Discussion

This paper suggests four values for software innovation and illustrates their implica-
tions in a small example. The values are thought as part of a methodology for soft-
ware innovation at the level of team or project.
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Working on prototypes using these four values and their respective viewpoints
supports the exploration of use context and helps identify options and challenges. The
use of prototypes for experimentation and exploration is similar to Donald Schén’s
ideas on designing as a reflective conversation with the materials of a situation [34].
Such conversations often involve dialogues across fields of expertise. As we build
them, we may discover features on the platforms that allow for richer solutions, or
discover available data that could improve the quality and scope of a solution. Look-
ing opportunistically for affordances [41] in and around the configuration may add
value to the solution.

The four visions are really extensions from the first to the last. The features defined
as part of the X-ray metaphor are useful in any of the later prototypes. This fortunate
situation may be common, but obviously a change in project vision will sometimes be
disruptive and perhaps costly. As the vision develops in a project, it will usually grow
increasingly stable as the product is tested with customers and users. Still, it remains
changeable and allows the project to adapt to changes by guiding without excessive
detail [20].

Using evaluations is an important way to improve the design of a solution. Indeed,
feedback can serve as a stimulus to creativity in software design [27]. Evaluations and
judgments may be according to predefined or ad hoc criteria, and they may even be
tacit and intuitive [35]. In software innovation we use evaluations and other process
elements to facilitate idea development as we work on solutions while reflecting on
the problems we try to solve.

The prototypes discussed here illustrate some practical implications of the values.
In incremental development projects and in particular in agile projects organized in
sprints or similar, the deliverables after each sprint may serve as prototypes. Such a
prototype corresponds to a perceived use context and a project vision, and it consists
of a configuration of features and platforms. This can be evaluated in connection with
a sprint review meeting, and context, vision, and configuration may change if the
team chooses to search for more valuable solutions.

The values presented in this paper serve as a basis for an ongoing effort to develop
a methodology for software innovation called Essence. These values drive the devel-
opment of views, roles, vision representations, evaluations, use of affordances, etc.,
that form part of Essence.
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Abstract. Sociomateriality is gaining momentum and is by now characterized as a
research stream in the information system field. Although some definitions
emerged, there is still uncertainty about how to conceptually and analytically
address sociomateriality. The debate ranges from understanding sociomateriality
as just a fancy word for technology to treating it as a de-facto theory of the
human-technology relationship. To bring the field forward, a common basic
understanding of what sociomateriality entails is needed. In this paper we set out
to contribute to such an understanding. We do this by conducting a systematic
mapping study of emerging concepts and definitions in the current empirical body
of literature on sociomateriality. Our analysis finds three key resulting facets:
mutuality (what is a sociomaterial assemblage?), performativity (how does it
perform?), and multidimensionality (When and where does it perform?). Our
findings outline how sociomaterial studies analytically and methodologically
address performativity spanning across time and space.

Keywords: Sociomateriality, Systematic Mapping, Mutuality, Performativity,
Multidimensionality.

1 Introduction

Since Orlikowski and Scott’s call for studies that address the “constitutive
entanglement” of the material and the social [1], the concept of sociomateriality has
gained momentum in the information systems (IS) literature, and constitutes by now a
significant “wave of research” [2]. The term has, in the other variants “socio material”
or “socio-material”, been around for a long time. In 1979, @sterberg and Vale [3:75]
explain “sociomatter” as consisting of “human beings and things in a useful context”.
While @sterberg and Vale’s analysis is on the level of society and the crucial
distinction between those who own (“matter” and consequently lives in a
"sociomaterial society”’) and those who do not own, another even earlier stream of
research focused on the role of technology in organizational change. Socio-technical
theorists argued already in the 1950s that technological change implicated both the
material and the social [4].

By building on these early insights on the relation between technology and
organization, IS research has long recognized the importance of both the material and
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the social aspects of the human-technology relationship. Ample empirical evidence
shows the way new technologies alter the “social dynamics” of organizations [5], be
that change in organizational structures, decision-making, and power relationships in
formal organizations [3], or change in informal communication networks [6]. Seminal
work by Orlikowski [7] indicates technology as a crucial amplifier for restructuring
organizations. The other way around, research also documents that technology is not
“written in stone”, and rather shows the malleability of technology, explaining how
technologies emerge as products of a social process; negotiations, human agency, and
personal interest [8]. Information systems, when put in use, are also subject to a great
deal of local workarounds, improvisations, and tinkering [9].

The bi-directional relationship between the material and the social is properly
established. But we have as of yet not revealed all of its subtle nature; “what is
lacking is a satisfactory account of the interwoven relationship between IT and
organizational transformation (...) we need to learn more about how this interplay
works, not only that it exists” [10:326] and resolve “the epistemological and
ontological nature of the relationship between the material and the social” [8:160].
The research wave on sociomateriality aims to do just that.

In this paper we report the first findings from our systematic mapping study of the
growing body of literature on sociomateriality. Our motivation to do such a study was
that in order to release the potential explanatory power of sociomateriality we need to
have a base definition and understanding of the term. To do so, we explored how
sociomateriality is used in empirical studies. Currently, the debates range from some
characterizing sociomateriality as simply (yet another) fancy academic word for
technology, to others treating it as a de facto theory of human-technology
relationships. We have no wish or intention on concluding this debate. Rather through
a systematic mapping study of the body of literature, we aim to add to Leonardi’s
initial definition of sociomateriality [11] (see section 2). We do so by inductively
deriving three possible themes (or facets) characterizing empirical sociomaterial
research that should be part of the future sociomaterial discourse and form parts of a
base definition that can bring more understanding to the field.

This work does not aim at taking sides in a debate on sociomateriality. We are not
arguing in favor or against the need to take a sociomaterial approach rather than
building on different research agendas. Rather, we register that a growing body of
literature in IS subscribing to this approach, and therefore we make an effort to depict
its characteristics and implications. We are aware that other strands of research are
also looking at the same challenges (e.g. materialist theories and technology studies in
feminist technoscience — see e.g. [12]) with different terminologies. However, for the
purposes of this review we chose to focus on the literature that explicitly addresses
sociomateriality within the IS field.

The rest of this article is organized as follows. In section 2 we explore the origins of
sociomateriality, its status, and explain the rationale for studying it. In section 3 we
introduce the systematic mapping method we use in our study, and how we through a 5-
step procedure with defined exclusion/inclusion criteria went from a total of N=937
studies to N=51 studies subject for analysis. In section 4 we analyze the studies and map
out three facets that are emerging in the literature: mutuality, performativity,
multidimensionality. Finally we conclude with some considerations on future research
directions.
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2 The Sociomaterial Rationale

Arguably being at the center of IS attention, explaining the relationship between the
social and material is an intriguing challenge, but it has proven to be a difficult one.
The same way that socio-technical theorists soon begun to focus purely on social
interventions [4], working on explaining the nature of the sociomaterial relationship
has led researchers to tilt towards either focusing on the social (organization and
process) or the material (technology and other objects). Leonardi and Barley [8:160]
suggest that the reason for us tilting in either direction is because we “conflate two
important but separate, philosophical distinctions: the difference between determinism
and voluntarism, on one hand, and the distinction between materialism and idealism,
on the other.” The challenge at hand then is to acknowledge that materiality matters,
while still assuming that humans perform agency and execute free will, and that this
can and is used to also shape and form the material.

Sociomateriality has gained popularity by challenging the separation between
technology, work, and organization altogether. Contractor et al. [5] sees
sociomateriality as an “analytical break™ that can help us avoid the dichotomy that
exists between the social and the technical. A sociomaterial understanding ... asserts
that materiality is integral to organizing, positing that the social and the material are
constitutively entangled in everyday life. A position of constitutive entanglement does
not privilege either humans or technology (in one-way interactions), nor does it link
them through a form of mutual reciprocation (in two-way interactions). Instead, the
social and the material are considered to be inextricably related — there is no social
that is not also material, and no material that is not also social.” [ibid., p. 41].

Many scholars have contributed to the understanding leading up to the notion of
sociomaterial constitutive entanglement. Crinson [13] explains how Orlikowski [14]
in formulating the sociomaterial agenda builds on Latour’s actor-network theory
(ANT) [15], Knorr-Cetina’s concept of object-centered sociality [16], Bijker’s
concept of sociotechnical ensemble [17], Law’s concept of relational materiality [18],
and Beunza et al.’s concept of material sociology [19]. The ANT affiliation of
sociomateriality is also established by Bjorgvinsson et al. [20:102] explaining how
“these kinds of socio-material assemblies that Bruno Latour so strikingly has
characterized as collectives of humans and nonhumans”. However, ANT is grounded
on the assumption that humans and nonhumans pre-exist the establishment of
collectives. There is a fundamental ontological distinction with e.g. Karen Barad’s
notion of agential realism [12], where humans and nonhumans do not pre-exist, but
are rather constituted as the entanglements are configured. Matter therefore becomes
an active agent in that, by materializing, it performs an action.

Barad [12] explains how the observation of the constitutive entanglement between
phenomena and material arrangements influence research on sociomateriality, but she
also notes that most of sociomaterial empirical work has focused on the constitutive
entanglement of computers and work, as postulated by e.g. Suchman [21].

As intriguing as it may be to study, analyze, and theorize within the sociomaterial
research stream, it is a tall order no doubt, to not only bridge determinism and agency,
and the material and social, but to build a new understanding where social and
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material are “constitutively entangled”, becoming sociomaterial ensembles
(paraphrasing Bijker [17]). The challenging nature of the task has led to ontological
confusion [11] where the terms sociomaterial and socio-technical for instance have
been used interchangeably, and the term sociomaterial has been used to simply signify
that there is a bi-directional relationship without properly exploring it. Taking a first
step towards finding a clarification, Leonardi [ibid.] suggests a “rough and tentative”
glossary of terms that aims to “...begin a movement in the direction of clarity so that
scholars use the terms productively to theorize the complexity of collective
endeavors, generally, and organizational dynamics specifically”. In particular,
Leonardi differentiates a socio-technical system from a sociomaterial one. The former
is defined as the “recursive (not simultaneous) shaping of abstract social constructs
and a technical infrastructure that includes technology’s materiality and people’s
localized responses to it”. The latter is instead characterized in terms of the
“enactment of a particular set of activities that meld materiality with institutions,
norms, discourses, and all other phenomena we typically define as “social.””

Taking such first steps towards ontological clarity is certainly a prerequisite to
theorize. But as Constantinides and Barret [2:291] explain: “there is still the problem
of how to study the constitutive entanglement of the social and the material; where
does one start, methodologically and analytically, to trace the entanglement”. The
diverse origins of sociomateriality, the first attempts at definitions of the term, and the
greenfield area of methodology and analysis taken together is what motivated us to do
a systematic mapping study of this emerging research field.

3 Method

3.1 Systematic Mapping

To the best of our knowledge (we have searched and talked to experts), no systematic
mapping study has been undertaken on the topic of sociomateriality. The systematic
mapping method we have applied is a combination of a literature review as known in
the IS field [22, 23] and a systematic mapping process. The latter is a protocol known
from the domain of software engineering [24]. The stages of the methodology are the
following: first we defined the research question. Based on that, we set a search string
and query a selection of major databases available online. We then selected articles
through a set of defined steps by applying predefined exclusion criteria. For the sake
of traceability, we created separate EndNote database at each step. See Fig. 1 for an
outline of the process steps and outcomes (figure adapted from Petersen et al. [24]).

3.2  Definition of Research Questions

Our main goal is that of gaining a clearer overview of the evidence around
sociomateriality. We therefore seek to answer the following broad research question:
What is empirically known about sociomateriality?
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Exclusion Extraction
criteria form
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Fig. 1. The systematic mapping protocol applied

3.3 Database Querying

Based on our research question, the following search string was defined:
sociomaterial* OR 'socio-material®*'" OR ''socio material*', to fetch all the
literature addressing sociomateriality.

We adopted an open search to find all articles addressing the topic. Titles,
abstracts, keywords, and full texts were searched. We chose a range of well-known
scholarly databases from the list provided by Levy and Ellis [23], in order to include
contributions from all relevant IS journals and conference proceedings (see Table 1).
We selected all the conference and journal papers published until 01.01 2013.

Table 1. Online source and number of articles retrieved

Source # of results
ISI Web of Knowledge 114

AIS Electronic Library (AISeL) 121
JSTOR 193
ProQuest - ABI/INFORM 283
ScienceDirect 179
SpringerLink 152
TOTAL 1042
TOTAL after duplicate removal 937

3.4  Filtering of Papers and Data Extraction

From the results of step 2, we manually analyzed the article set through a sequence of
pre-defined steps (see Fig. 2). In step 1, we created an EndNote database schema to
collect the titles, authors, reference type, abstracts, and (if available) keywords
resulting from the above search. We gathered a total of 937 entries after we
automatically removed duplicate records. At step 2, 3, and 4, we selected papers
eligible for inclusion in a process of increasing levels of granularity. We first
considered the titles, then the abstracts and finally the full texts. If abstracts were not
available, we read the full text of papers.
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v
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Step 5 full texts —>| N=51
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Fig. 2. Steps of the article filtering process (zooming into steps (3) and (4) of Fig. 1)

At each stage, studies were excluded by meeting one of the two following criteria:

e [Relevance] Contributions must clearly belong to the research areas of information
systems, software engineering, or computer science;

e [Rigour] Contributions should provide empirical findings (e.g. by describing case
studies) of the concept of sociomateriality. For instance, those studies that
explicitly declared to be literature reviews in the abstract or that were lacking a
proper paragraph describing the empirical methodology adopted were discarded.

At step 5 we extracted data from 74 studies according to a pre-defined extraction form
adapted from systematic reviews in software engineering [25]. This step enabled us to
further filter the corpus of relevant articles. While extracting, we applied an additional
criterion based on the relevance of the studies for the research stream on
sociomateriality. We excluded those articles that either:

¢ Did not provide an explicit definition of sociomateriality;
e OR did not refer to relevant sociomateriality literature in information systems;
e OR did not relate to primary results/findings.

This was done to remove articles that used the term sociomateriality without defining
it or pointing to earlier sociomaterial research, indicating that they use the term
assuming it to be well understood and agreed upon, or simply as an indicator that the
social and material is entangled (which is known). The outcome of this stage was a
final corpus of 51 primary studies.
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3.5 Keywording and Mapping Process

Based on data extraction forms, as Webster and Watson [22] recommend, we adopted
a concept-centric approach that is likely to better synthetize the literature and thus
achieving a mapping framework. We identified a set of concepts by means of a
keywording strategy (as discussed by Petersen et al. [24]) applying an open coding
technique [26] to the abstracts of the relevant papers found in the previous step. We
then clustered the keywords in order to define categories. In line with an interpretivist
research tradition [27], our gradual understanding emerged through an iterative
creation of categories. To increase validity, the categories were discussed between the
two authors and with other members of the research group. The interpretive approach
led to a classification scheme — a systematic map — made of three facets investigating
the what, how, and where/when of sociomateriality.

1) Facet 1 — What: What definition of sociomateriality is provided? Which
theoretical or conceptual backgrounds are leveraged to inform it?

2) Facet 2 — How: How are the sociomaterial entanglements understood to
perform in practice? What does it mean concretely for researchers to follow
up on a case through a sociomaterial lens?

3) Facet 3 — Where/When: When and where do sociomaterial assemblages
stretch and shape across time and space?

Using these top levels as a map, the relevant articles were analyzed and interpreted
into our classification scheme.

4 Results

4.1  Sociomateriality as an Ex-Post Label

As Monteiro et al. assert [28:91] “rather than an independent set of concepts,
sociomateriality summarizes and highlights salient aspects and insights gained in
information systems research over the last couple of decades”. However,
“sociomateriality states that use/technology is entangled” (ibid., p. 92, emphasis in
original), but not how. Along the same lines, Contractor et al. [5:685] state that the
sociomaterial approach “does not provide much guidance in specifying how
researchers might depict sociomaterial relations empirically” . What is to be searched
for is a thorough vocabulary to describe what constitutes the entanglements (facet 1);
how they play out in practice — or perform (facet 2); and under which circumstances
(facet 3). We therefore divided the primary studies into two metacategories (see Table
2). This revealed that almost 51% of the studies (metacategory 1) are actually using
the term “sociomaterial” as an ex-post label. They could be filed under the “nominal”
category used by Orlikowski and Iacono [29] to collect those studies invoking the
relevance of the technological element, but not theorizing or conceptualizing it. 49%
(metacategory 2) examine the concept of sociomateriality by going further than citing
Wanda Orlikowski and Lucy Suchman’s milestone pieces of work [1, 14, 21, 30]. As
a result of the keywording and mapping process described in section 3.5, we
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inductively derived three conceptual categories (facets) and finally grouped the
contributions that belong to metacategory 2 accordingly (see Table 3).

Table 2. Distribution of studies on the two metacategories

Metacategory | Description # of articles

1 Ilustrating an empirical phenomenon under the label of ~ 26/51 (51%)
sociomateriality.

2 Providing a theoretical or methodological contribution 25/51 (49%)
to the understanding of sociomateriality.

4.2  Facet 1: Mutuality — The WHAT of Sociomateriality

Mutuality. Baptista et al. [31:172] write: “More recently the IS literature has
suggested that as technology becomes more intricate to the functioning of
organizations and to the routine behaviors of employees, the social and technical
dimensions develop to mutually constitute the ‘sociomateriality’ of an organization
[14]. This new conceptualization in IS research has raised subtle but relevant
questions, for example about the ontological separation between technology and the
social context that influences its use”. Kuk and Davies [32] put a stress on the element
of mutuality and define the sociomaterial lens as one that “draws attention to the
mutually constituted nature of both human and material agency [33:4], and the roles
that social and material artifacts play”. Barley et al. [4] add on to this definition by
considering the properties of technology as entangled also with social norms,
individual interpretations, and work flows. Riemer and Johnston [34] describe mutual
influences in sociomaterial entanglements as a circularity of reference.

Symmetry. Five articles are explicitly grounding a definition of sociomateriality in its
actor-network theory (ANT) roots [35, 36, 37, 38, 39], for instance by extensively
referring to the work of Bruno Latour or John Law [15, 40]. ANT represents a
powerful — perhaps overly exploited — vocabulary at analyzing sociomaterial
constitutive entanglements [2, 36, 39, 41, 42]. Al-Mahmood [39] focuses on the
Latourian bases of ANT to introduce sociomaterial assemblages as networks of
people, nature, and things. In order to underline the relational perspective of a
technology, Almklov et al. [9] draw the trajectory of sociomateriality from research in
science and technology studies, social informatics (highly inspired by ANT and
anchored to Monteiro and Hanseth [10]) towards Orlikowski and Scott [1]’s
developments over structuration theory.

Imbrication of Agencies. Other studies take Leonardi’s work as a starting point by
drawing on his notion of “imbrication” [11], for instance [42, 43, 44]. This concept is
more geared towards the role of the interweaving agencies that produce a result (the
term is borrowed from the names of the interlocked roof tiles used in ancient Roman
and Greek roofs). Imbrications are illustrated as networks of human and nonhuman
elements. This aspect is also at the core of the definition of information
infrastructures provided by Star and Ruhleder [45], who present infrastructures as a
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relational concept that emerges in situ through organized practices, a feature explicitly
indicated in two studies we retrieved [9, 43]. Adding on the definition of imbrications,
Bratteteig and Verne [43] make an interesting attempt at bridging the concepts of
“sociomateriality” and “imbrication”. The authors add to the view of sociomaterial
entanglement of heterogeneous aspects the concept of “imbrication”, to analytically
“disentangle” the knots within sociomaterial assemblages at different levels of
complexity. Zorina and Avison [44] instead address the influence of inter-
organizational imbrications in Web 2.0 communities. Introna and Hayes [42:120]
reshape notions of “formative context” from Ciborra [46] and “technological frames”
from Contractor et al. [5] under the interpretive research tradition and an ANT
perspective, to underline how technology and humans constantly frame each other
within a sociomaterial nexus: “In our imbrications with technology we are their
constitutive contexts as much as they are our constitutive context”.

4.3  Facet 2: Performativity — The HOW of Sociomaterial Assemblages

Analytical Disentanglements. According to Orlikowski and Scott [33] it is possible
to untie the knots of sociomaterial assemblages only analytically. Bratteteig and
Verne [43] contribute by suggesting a matrix of concepts to solve a sociomaterial
entanglement in complex daily situation. But how does the analytical
“disentanglement” of sociomaterial assemblages happen in literature? From the
previous facet we found a clear emergence of a strong ANT root in how
sociomateriality is defined in empirical case studies. Some studies make a step
forward by adopting an outlook based on the later versions of ANT. The work by
Thompson [37] is relevant in that it uses ANT to explore online work-learning
practices. Influenced by Mol [47], the author describes the different ways through
which learning practices are enacted thanks to heterogeneous ‘“socialities” and
“materialities” that however lead to the same final outcome. Introna and Hayes [42]
subscribe to the interpretivist tradition that sees a co-constitutive relation between the
context as a whole and the parts as the “texts”. According to these authors, it is
however fundamental to underline how technical elements are not necessarily “texts”
to be studied with a “context” made of human values and assumptions. This complies
with Latour’s claim that there is no clear-cut distinction between subjects and objects.
A subset of the primary studies that we took into consideration contribute by figuring
out the role of elements that are neither strictly human not technical, but have been
often taken for granted or left lingering in the background in previous literature. For
instance, a few studies underline the role of norms [48], human motivations in action
[32], historical and cultural traditions [42], local/global contingencies [35, 48, 49].

The Performativity of Sociomateriality. So far, we have tried to delineate how
literature addresses the elements of a sociomaterial assemblage. However, one of the
tenets of sociomateriality is performativity, explained by Barad [12] as the enactment
of a specific configuration of a reality. A few articles explicitly address the
performative aspects of sociomaterial entanglements [2, 9, 28, 32, 50]. Monteiro et al.
[28] dismiss a representational view of the entangled technological elements in favor
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of a performative one: the relevance of this piece lies in its provision of a set of labels
to depict the practices through which the operators of an oil and gas company cope
daily with the entangled representations of the ICT elements. The same perspective is
also adopted by Almklov et al. [9], that show how technologically-enabled
representations are actually the result of empirically driven representational practices
rather than passive readings of sensors. The information modeling activities, together
with the role of experience, are finely illustrated as pragmatic sociomaterial construct
that emerge in practice. Another interesting contribution is given by Kuk and Davies
[32] in a study following the process involved in the liberation and use of Linked
Open Data. Open Data are seen as having their intrinsic value that emerges through
the practical interlocking of both human and artifact’s agency. The authors argue how
not only the performativity of artifacts (e.g., Open Data themselves), but also human
motivation can be leveraged to drive innovation in public services. A novel approach
to address sociomaterial entanglements in practice is proposed by Constantinides and
Barrett [2], who adopt a methodology based on narrative networks to investigate the
multiple possibilities of enacted coordinated practices.

Empirical Methodology: Data Collection. A sociomaterial perspective can be
innovative at least at two different levels: as a theoretical concept and as a research
method. The choice of a specific research design affects the way the researcher is able
to account for the performativity of an object of study as a sociomaterial assemblage
in its unfolding. One of the emerging characteristic of the empirical studies conducted
with a sociomaterial approach is the way data collection is carried out. All the
contributions we found were designed as qualitative case studies, mainly based on
ethnographies. As such, they mostly rely on interviews, documentation, and
observations. In addition, we registered an emerging variation in the typologies of
data retrieved. For instance, Kuk and Davies [32] consider Twitter messages in their
analysis of the development of Linked Open Data. Al-Mahmood [39] and Van Osch
and Mendelson [51] take instead multimedia into account.

4.4  Facet 3: Multidimensionality —- The WHERE and WHEN of Performativity

A number of studies among those that we gathered also contribute to the notion of
sociomateriality by expanding the concept along the dimensions of time and space.
The motivation for this shift follows directly from the analysis of the practical
performances of sociomaterial assemblages.

Local vs. Global. In most of the cases found in the primary studies, the observed
empirical phenomenon is a longitudinal stretching of work practices. Observations
often unveil that modern work flows are spanning across several geographical
locations but must follow either too generic or context-specific norms and process
models [42, 49], and are ultimately performed through situated, ad-hoc local practices
[2, 35]. The result of these observations is that a continuous “bouncing” effect is
created between local and non-local (or global) concerns and the sociomaterial
entanglements are therefore augmented not only along the space dimension, but also
that of time. Among the studies trying to provide an explanatory framework to this
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further complexity is that by Nicolini [38]. Here, the author presents a lexicon (based
on zooming-in and zooming-out practices) for “recursively navigating between local
instances and their connections” (p. 1412). Zorina and Avison [44] argue for the need
to address the external context of inter-organizational imbrications to understand
contemporary organizations. In his application of the narrative-network approach to
the analysis of sociomaterial assemblages, Constantinides and Barrett [2] demonstrate
how different interconnected practices can be traced in time and space. Johri [35] uses
the concept of “sociomaterial bricolage” by gathering Orlikowski and Scott [1]’s
definition and that of bricolage [46] as a perspective to understand situated routines
during location-spanning work practices. Other studies set instead the magnifying lens
on the unfitting of social and technical assumptions inscribed with a model or a
technology, that thus struggle to adapt to either local emerging realities or to more
global factors. Introna and Hayes [42] tell how the development of a software to
detect plagiarism within British educational institution misinterprets the learning
habits of Greek students (geographical dimension) that are due to their studying
practices traditionally developed (time dimension) in their home country. Monteiro
and Rolland [49] specifically tackle the space dimension by introducing the concept
of commensurability, to trace the similarity between trans-situated sociomaterial
practices. Along the same lines, Monteiro et al. [50] analyze how similarity between
technologically mediated work practices is achieved as a political, pragmatic, and
performative process.

Settings of Case Studies. The shift to the performative nature of practices entailed by
sociomateriality leads to the re-definition of the traditional concept of “space” as
commonly conceived in longitudinal case studies. Typical case studies in the
information system literature have been carried on inside organizations — or hospitals
— within working settings. Even though the majority of the studies we gathered are
still oriented towards the workplace, a relevant discovery of our review is the
widening spectrum of heterogeneous cases that scholars have recently started to
follow. A sociomaterial perspective seems therefore to enable the enlargement of the
research scope to scenarios that were previously ignored. For instance, Kuk and
Davies [32] conduct an ethnography of the data liberation process by the British
government, and of the way hackers got hold of the data to trigger a process to turn
them into Linked Open Data. The Web 2.0 is also emerging as a natural scenario for
adopting a sociomaterial lens. Scott and Orlikowski [56] aim to understand what they
call the “sociomateriality of accountability” in the context of social media,
specifically the TripAdvisor website. The learning experience of workers though
online communities is investigated by Thompson [37], whereas Nicolini [38]
addresses the field of telemedicine. Sociomaterial interactions embedded in
multimedia technologies are also addressed by Van Osch and Mendelson [51] within
a community and a primary school.
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Table 3. Overview of the studies in metacategory 2 and the facets they present. Relevant

features in brakets.

Article Facet 1 Facet 2 Facet 3
(What) (How) (When/Where)
Constantinides and X x (performativity) X (narrative networks to trace in
Barrett [2] time and space)
Contractor et al. [5] X x (multidimensional networks)
Almklov et al. [9] X x (performativity of
representations and models)
Orlikowski [14] X X
Monteiro et al. [28] X x (performativity)
Kuk and Davies [32] X x (performativity; Tweets as X (Case study: Linked Open Data)
data)
Johri [35] X (ANT and X X (sociomaterial bricolage; local
other) vs. global)
Gasson [36] x (ANT) x (political attachment and

local group mobilization in

misalignments)
Thompson [37] x (later ANT) x (performativity of learning x (Case study: online learning)
practices)
Nicolini [38] X (ANT and X X (zoom-in/zoom-out)
other)
Al-Mahmood [39] x (ANT) X (multimedia as data) X (online learning; spaces
emerging relationally)
Awazu and Newell [41] X x (knowing through practice) X (implementation as cultural and
historical practice)
Introna and Hayes [42] X x (historical and cultural X (global practices vs. local
traditions) contexts)
Bratteteig and Verne [43] X X (entanglements +
imbrications)
Zorina and Avison [44] X X (inter-organizational
imbrications)
Leclerq et al. [48] X X (norms)
Monteiro and Rolland X x (performativity) X (trans-situadedness)
[491
Monteiro et al. [50] X x (performativity) X (family resemblance of
distributed practices)
Van Osch and X X (multimedia as data) X (Case study: multimedia)

Mendelson [51]
Orlikowski [52]

Osterlie et al. [53]

X (materiality
as scaffolding)
X

X (dual materiality; knowing

emergent from different levels

of materiality)
Baptista et al. [31] X X (institutionalization of
technology)
O'Farrell et al. [54] X
Riemer and Johnston [34] | x (circular
reference)
Svahn et al. [55] X

5 Discussion and Concluding Remarks

There is a long tradition among sociotechnical scholars to acknowledge the role of
technologies within society and in particular organizations. Sociomateriality emerged
as an agenda to gather the streams of research aiming to account for the emergent
interplay between social and material aspects. We queried six major online scholarly
databases to retrieve articles providing and discussing empirical findings related to the
concept of sociomateriality. After a filtering process, we were left with 51 primary
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studies. 25 of them were considered to go beyond acknowledging the entanglement of
the social and the material and to flesh out the conceptual and analytical details of
sociomateriality. Our analysis yielded three main facets to outline the emerging core
characteristics that extend the tentative glossary of terms by Leonardi [11]. From a
first analysis of the attributes of the three facets, we derive the following connections
with adjacent IS research streams.

First of all, the key feature of sociomaterial assemblages is their performativity.
Subscribing to a sociomaterial agenda means addressing them as emerging in practice
within a specific context. Actor-network theory (ANT) has provided a powerful
vocabulary to do this, by ad-hoc opening or closing the black boxes inside an actor
network. Researchers applying this perspective draw on a long tradition of
acknowledging the importance of describing assemblages (or actor networks) through
their performative stance. Such appraisal is keen on recognizing the malleability of
materiality and the workarounds enacted by humans in situated settings and has
therefore a consequence on the way the elements of an assemblage are treated
analytically (see facet 2). However, studies that are taking this view tend to drift along
the peculiar symmetry that the first ANT imposes on the elements of an actor
network, by bringing social and the material elements to the same level (see facet 1).
The tendency to foreground the role of the technological element is, at least partly, in
line with the arguments raised almost two decades ago by Monteiro and Hanseth [10],
and a few years later by Orlikowski and Iacono [29] and Orlikowski [52] asking for a
deeper comprehension of the specific role of technology and more in general of
materiality in order to understand how knowledge flows within organizations. The
few studies that are able to adopt the insight of the later versions of ANT [47] better
account for the mutable interplay between more or less visible actors and their
relationships distributed in time and space.

Second, sociomateriality has also consequences on the design of empirical
research, in terms of the settings where studies are conducted (facet 3) and the data
collection process (facet 2). ANT-based perspectives still play a major role, primarily
due to ANT being a more mature theoretical scaffold that has been evolving during
the last 30 years. Researchers adopting an ANT outlook are thus more accustomed to
its tenets. Moving forward, we depicted the recent shift from workplace-oriented case
studies towards more heterogeneous settings, embracing e.g. multimedia and social
networks (facet 3). It is a recent trend registered in literature also outside the scope of
our review, see for instance Nardi’s ethnographies of online gaming practices [57],
Knorr-Cetina’s study on the encounter between energy physics and molecular biology
[16], and Barad’s account for social and natural meanings in the universe [13]. The
acknowledgement of the performativity of an assemblage broadens the notion of
“space” from the physical location to encompass virtual or distributed settings. In
addition, what is considered as data has expanded, to include e.g. messages on social
networks and multimedia. Indeed, the adoption of a sociomaterial lens implies the
need to reconceive the understanding of “objects” (also when intended as
technologies). This is consistent with Barad’s claim that materiality does not always
equal computers, as the IS field has traditionally related to workplace settings [13].
The notion is compatible with that of the Internet of Things, intended as networked
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heterogeneous devices and tools. This wider view underscores the role of context:
each artifacts is applied inside different material and cultural practices [29].

Third, the definition of sociomateriality provided by Leonardi [11] is very close to
that of information infrastructure [10]. The latter is indeed characterized by features
that go beyond the technology and stretch at different practical, institutional, and
organizational scales with different temporal concerns [58]. A sociomaterial account
might offer a tool to embrace these elements if it successfully applies all the facets
outlined above. This is in line with the recent literature in IS. For instance, Barley et
al. [4] call for an improved temporal and spatial understanding of workplace
technologies, often too bond to the implementation and design dynamics. Karasti et
al. [59] also demonstrate how the long-term matters are equally important to the
short-term one. By exploring the temporal dimension (facet 3), sociomateriality
focuses on how knowing in an information infrastructure is not only a situated
performance, but also emerges as a performative accomplishment. It arises from the
interplay between particular configurations of not only material phenomena, but also
the material arrangements set up by humans to discover these phenomena and the
knowledge practices established in time [53].

We have in this work taken another step towards a definition of the sociomaterial
agenda. Our mapping of emergent concepts suggests that future studies should focus
on aspects of mutuality, performativity, and multidimensionality. Then they will
provide a base to account for how associations of humans and nonhumans are
dynamically articulated [60]. In so doing, sociomaterial studies can be relevant also
towards notions from agential realism and feminist technoscience.
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