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Abstract

Background

The number of interactive digital artifacts is growing
surrounding personal lives, and individuals have an increasing
need to describe, analyze, and interpret what it means to own,
use, and live with a large number of interactive artifacts. It
becomes critical from a design perspective to better
understand the relational aspects among multiple artifacts
beyond the use of individual ones. In this article, we examine
the nature of networks of interactive artifacts and the way
people understand and handle these networks. We introduce
the concept of device landscapes as a conceptual tool for the
analysis and examination of personal networks of interactive
artifacts.

Methods

We describe previous work and discuss the theoretical
underpinnings supporting our studies. In particular, we
compare and contrast our concept of device landscape to
other models of multi—artifact systems with an emphasis on
the bottom—up perspective in which landscapes are created by
users instead of a perspective given by designers. Also, we
summarize and interpret several studies we have completed—
including personal inventory study, mapping study, survey,
and interview to examine how people perceive and manage
their personal device landscapes. Based on our findings we
propose a conceptual framework aimed at supporting
research on these device landscapes.



Results

From our studies we found that people perceive device
landscapes in many different ways and develop their own
strategies to manage multiple interactive artifacts, mostly
digital devices in use. By investigating high—level patterns from
device maps and verbal descriptions, properties and aspects of
interactive artifacts are defined to describe the concept of
device landscapes.

Conclusion

We also discuss how these personal networks—namely, device
landscapes—present new challenges and implications to the
interaction design and HCI research community by
comparing it to the perspectives of ubiquitous and pervasive
computing environments.
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1. Introduction

Our reality is becoming increasingly interactive. People’s
everyday environments are flooded by new digital interactive
artifacts and with traditional artifacts enhanced by digital
technology [1; 95 13; 33]. In many cases, these artifacts are
connected to the Internet—creating a network of interactive
artifacts communicating with each other, exchanging data
and information, and sharing functionality and features [5;
11; 30]. More recently, companies such as Apple, Google,
and Amazon have announced new services to synch content
across a variety of iDevices, Macs, PCs and the Web [36].
Even though the individual artifacts are part of our everyday
reality and are thoroughly examined by the HCI research
community, less understood are the resulting artifact
networks, namely device landscapes. Theories and approaches
such as distributed cognition [17; 18] and ubiquitous
computing [1; 13; 30; 37; 39] have provided certain
perspectives on these relationships, but the understanding of



these device landscapes are far from well developed or
comprehensive,

Today, most individuals in developed countries have a large
number of physical interactive artifacts or devices at their
disposal. But, this does not mean they fully know how these
devices interact with each other and the intricate relationships
among them, making up an individual’s personal device
landscape. Any network of interactive digital artifacts creates,
due to its dynamic and interactive nature, emerging qualities
that influence the usage and the user experience. Furthermore,
these emergent qualities are difficult to describe, analyze, and
explain [21; 35]. To live within and to make use of a network
of interactive devices is quite challenging and is a source of
frustration for many individuals since they do not feel as if
they understand or have control over their own immediate
personal information environment [33; 51]. At the same time,
most people continue to increase the complexity of their
interactive device landscape by adding more artifacts leading
to an increase of both interactivity and connectedness. Being a
user or an owner of a large set of interconnected devices is a
growing concern that, so far, has received insufficient research
attention; indeed, the Microsoft report, “Being Human—HCI
in 2020,” recognized these challenges for the HCI field [15].
Despite this lack of attention, some of these intricate and
complex relationships among artifacts have been addressed by
researchers from other fields [16; 18; 25; 33; 35].

We see the research presented here as an alternative and
complementary approach when it comes to creating an
understanding of current complex interactive environments.
For instance, even though our approach deals with the
pervasive nature of computational devices, it is distinct from a
traditional pervasive and ubiquitous computing approach.
While ubiquitous approaches commonly focus on the
environment as a coherent system of carefully managed
computational devices and resources, we focus on the
environment as a landscape of individual and physically
distinct devices as they are understood from the perspective of
an individual user.



We argue that there is a need for HCI research aimed at the
analysis and examination of interactive device landscapes with
the purpose to create knowledge about how people, over
time, experience, understand, and strategize their use and
development of their personal interactive landscapes, and to
develop appropriate approaches and methods for such
examinations. This paper brings together several studies we
have conducted to explore the conceptual and practical
dimensions of device landscapes. Some of the studies are
presented in more detail elsewhere [21; 40; 45]. The overall
purpose of this paper is therefore not to report in detail on
these studies but to make the larger argument about the need
for HCI research to recognize this particular aspect of human
computer interaction.,

2. Personal Interactive Device Landscapes — a definition

The basic unit of analysis in this research is the physical
interactive device, such as the individual laptop, cell phone,
mp3 player, desktop computer, smart phone, etc. We found
this to be a quite unusual approach in contrast to several
other approaches where the focus is on conceptual values of
individual interactive artifacts in use, such as functionality,
information, connectivity, communication, etc. In these other
approaches, devices and artifacts are only seen as providers or
carriers of functions or services and not as primary units of
analysis. However, we focus on physical devices with the
purpose to stay close to the intuitive way people think and
talk about their immediate interactive environment. Physical
artifacts are for many people the most concrete and real
aspects of their everyday digital lifeworld, that is, of their
overall and immediate experience of their reality [22 ; 48; 50].
Since our purpose is to explore how people in everyday
settings understand and strategize around their interactive
environment we chose to stay close to what we assume is their
own way of describing their interactive device landscape.
Another reason for the decision to focus on physical artifacts
is that people’s interactive environments are not usually
designed as a system or a whole. Designers only have control
of individual artifacts or parts of a network, while the final



total composition of a person’s landscape of devices is a
combination of intentional and unintentional decisions made
by the individual. The landscape is therefore in most cases not
a designed entity but a composite—something that evolves
and emerges from a day—to—day process of individual
decisions.

We argue, from an interaction design perspective, it is of
interest to examine how these compositions, these personal
landscapes, evolve and emerge. Therefore we seek to
understand to what extent and through what means the
individual ‘inhabitant’ or ‘owner’ of a particular landscape is
actively engaged in and conscious about the process. Based on
the findings from a set of our studies, we suggest that a
productive way to approach and understand these complex
physical interactive artifact compositions is to view them as
device landscapes. The notion of landscapes makes it possible
to see artifacts as elements or objects situated in a (digitally
augmented) physical environment, and it makes it possible to
focus on and analyze distances, clusters, connections, and
relationships between the physical artifacts. At the same time,
the way people perceive their device landscapes are not only
based on their proximate distance but also to what degree
artifacts have similar behavior, functions, or appearances.
Based on this realization, we have developed some models
that make it possible to analyze these relationships. These
models will be described in detail later.

In our research, we have focused on a particular form of
device landscape, which we define as: the “landscape” made
up by all physical devices with some level of interactivity,
made possible by digital technology, that one person owns or
has access to and actively engages with. There are of course
several other possible ways of framing and defining what
constitutes a landscape of devices. Since our overall approach
is guided by an ambition to further examine and understand
how people live with, understand, and strategize their actions
among many interactive devices, what belongs to a personal
interactive device landscape is identified and defined by the
person who uses and/or possesses the artifacts (Figure 1). This



is a simplified approach and definition since in reality most
people live in social contexts where artifacts are shared and
landscapes overlap. However, we made a deliberate decision
to start our analysis with a well-defined unit of analysis, that
is, personal device landscapes, with the intent over time to
broaden the analysis to also cover shared and social artifact
landscapes.

Artifact

Artifact Artifact

Artifact Artifact

<Figure 1> A Personal Interactive Device Landscape

3. Research Assumptions and Goals

The number of interactive digital artifacts is growing: for
example, here is a typical list of physical (and more or less
interactive) artifacts making up a real person’s interactive
device landscape: cell phone, desktop computer, laptop
computer, PDA, MP3 player, CD player, GPS device, alarm
clock, scanner, cable modem, router, USB memory stick,
Playstation 2, Wii, TV, calculator, microwave oven, oven, car,
washer, dryer, refrigerator, digital camera, camcorder, and
audio recorder. Also, in addition to these owned artifacts,
other objects in this person’s landscape include artifacts
owned by other family members, shared artifacts at work,
and publicly accessible artifacts. Furthermore, physical
objects, traditionally not seen as either digital or interactive,
are transformed by the infusion of digital technology into their
design. This means that what people see as belonging to their
landscape of interactive devices is constantly changing and
primarily expanding. For instance, a car has been seen as an
analog, (mainly) non—interactive artifact, but is now
transformed into a digital artifact connected to other artifacts
(such as GPS, computers, game consoles, mp3 players, etc.).
Other artifacts are going through the same change, from



really simple ones such as a digital photo frame or a key ring,
to more practical everyday home technology, such as
thermostats and exercise equipment. The same is happening
with many of our home appliances, toys, and practical tools.
(This development is well described in [33]).

The key definitional property of these artifacts is their
interactivity, that is, the ability to communicate, to share
information, and to react and act on a user’s behavior and
actions, and on each other’s behavior and actions. When these
artifacts communicate and act as one system or landscape, an
emerging behavior appears. We are getting closer to a
situation where our landscapes can almost be classified as one
unit with a particular behavior—almost “living”. To some
extent this has been anticipated in ubiquitous and pervasive
computing research [1; 135 305 37; 39] and with the advent
of intelligent system of smart objects [33]. This almost “living”
aspect of landscapes is something we have observed in our
studies. For instance, it is possible to identify, follow and
examine how artifacts “evolve” over time. In any landscape,
some artifacts survive and some “die” and become
“extinguished.” We have found that most people have
evidence of this in their homes in the form of older devices no
longer in use, but still saved in drawers or garages.
Furthermore, it is possible to examine an ongoing and
sometimes intense artifact “competition” for a position in a
landscape. In such a competition, only those devices that
provide the greatest sustained value to the owner of the
landscape will become more than temporary visitors in the
landscape. For example, the iPhone as a device gradually
made several other devices obsolete. When the iPhone takes a
place in a landscape, it influences what other new devices the
owner of the landscape can and will bring in. Each device
influences to some degree every other device’s role, status, and
place in the landscape (Figure 1).

As stated earlier, the reason behind our research is that the
growing complexity in a person’s everyday life when it comes
to dependency and involvement with technical interactive
artifacts appears to lead both to excitement and frustration



[55 135 27; 33]. Indeed, our own studies suggest the
complexity of the ever—expanding interactive device landscape
reality can cause both unease and stress [20; 21]. For a
normal, non—technical person, it is already quite challenging
to establish and manage one’s personal interactive device
landscape. It is as if each of us needs a system or landscape
administrator. We are in need for new approaches to support
and inform interaction designers, students, and professionals
when it comes to the design of new interactive artifacts. Every
new interactive artifact designed today will become a part of
someone’s personal interactive device landscape. The
challenge for today’s interaction designers is to know how to
think about, plan for, and design an individual artifact so that
it will function in an intended way in all of the different and
highly diverse device landscapes. Our research is also based on
the assumption that existing theories, frameworks, and
approaches in HCI and related fields do not address all the
issues emerging when we consider networks of interactive
artifacts instead of the relationship between a single user and a
single artifact or application. The overall goal is therefore to
present our research on personal interactive device landscapes
and discuss its implications for HCI research, and to initiate
methodological development for HCI research aimed at
studying landscapes of artifacts instead of individual artifacts
or designed environments.

4. Related Research

Traditional research approaches in HCI are in many cases
based on models with either a single user performing a well—
defined task, a single user performing several tasks, or a group
of users collaborating around one or several well—defined
tasks, all in fairly stable and well-known environments. The
focus is in most cases on the particular task and therefore on
the functions and services interactive artifacts and systems
provide. These approaches fulfill their purpose well and have
been valuable tools for design and research in the field.
However, we argue for a complementary approach, focusing
on the landscape aspects of the use of digital interactive
artifacts. A user dealing with a large number of physical
interactive devices in different contexts (e.g., home, work,



public spaces) has to cope with an overwhelming complexity
of relationships between the artifacts, functions, services, and
tasks.

There are attempts to conceptualize more complex forms of
relationships between users and artifacts within HCI (though
not so much in HCI practice, see [38])—such as situated
action [44], distributed cognition [17], and activity theory
[23], to name a few. These approaches mostly focus on the
use context, that is, on the environment where an interactive
artifact is supposed to be used and on the user(s) in that
environment. They are to a lesser degree focused on landscape
aspects as we define them. Computer Supported Cooperative
Work (CSCW) [2; 4; 43] offers a potentially relevant
approach. However, CSCW theory is mostly developed to
support the study of specific groups of people working
together on a common task using one artifact or system.
Human Robot Interaction (HRI) research [12; 33; 41], as
another approach, does focus on concrete physical artifacts
and adds the notion of “intelligence” and agency to artifacts. It
is however primarily focused on the domain of robotics.
Phenomenological approaches seem to be one stream of HCI
research related more directly to our approach but focused on
the phenomenological advancements on how people
experience technology [6; 29; 48]. They are relevant to our
perspective, providing guidance when it comes to the study of
“lived experience” or “lifeworlds” of people dealing with
technological artifacts and systems [6; 225 29; 46]. But at the
same time, this strand of research pays less attention to the
physical manifestations of technology in the form of devices
and sometimes even less on the intricate relationships between
them. Perhaps, the most relevant stream of research can be
found within the area of ubiquitous and pervasive computing
in which a lot of interest and progress has been made in this
area over the last several years [1; 13; 39]. The field has so far
been quite focused on solutions grounded in specific
perspectives, such as an information management [8; 34],
technical infrastructure [37; 42], or mobile context
perspective [28; 49]. The general philosophy in this field is
however systemic, that s, it is focused on how to develop



designed environment for users. There are some variations of
this stream of research, such as physical computing, ambient
intelligence, “internet—of—things”, etc. These approaches are
definitely relevant to our research, but at the same time they
do not clearly overlap. We will later more closely contrast and
compare our approach with the mainstream ubiquitous
computing paradigm.

We have been inspired by and used several of the theoretical
approaches mentioned above in our empirical studies;
however, none of these approaches provided us with a
conceptual foundation suitable for our purpose. The complex
relationship between one person and a number of physical
interactive devices is not at the core of any of these
approaches. In most HCI research approaches, the person
under study is called the “user.” In this context, we prefer not
to use the concept of user, since it presupposes a task and a
focused activity. Being and acting in an interactive landscape
is different; it does not imply a specific task or activity or even
a specific location. However, now and then we use the notion
of “user” for the purpose of clarity. The interactive artifact
landscape manifests and defines the context within which a
person lives, acts, and behaves, and moves around. A person
can interact with a number of artifacts at the same time,
performing a number of activities at the same time, while the
artifacts interact between and among each other. This
complex landscape is, as far as we can determine, not
addressed enough by existing research approaches.

5. Theoretical Foundation

The research presented in this article is basically about how
people relate to their immediate physical reality. It is of course
possible to study that relationship in many ways, and they all
depend on how “immediate reality” is defined. One basic
assumption of our approach is that we define reality or the
interactive landscape by the actual physical devices and the
relations between these artifacts and the “user”. It is a highly
artifactist (or object oriented) and relational approach. The
reason for adopting such an approach is demonstrated in our
studies. We have found people mainly think about their



interactive landscapes as consisting of physical artifacts and
not necessarily as abstract networks, information flows,
services, or functional features. It seems as if an everyday
intuitive way of thinking about personal interactive
environments is to see them as made up by physical objects. It
is, of course, possible to approach a person’s interactive
landscape through other “lenses”, which would lead to other
results and additional ways of understanding the same reality.

How humans relate to their reality is a core concern of most
philosophical explorations. However, there has been less
interest in the more concrete relationship between humans
and their (physical) artifacts. Over the last years, we have
however seen several new theoretical attempts bringing
artifacts, objects, and “things” into focus. Some of the more
prominent and relevant attempts can be found in the works
by Borgmann [3], Latour [25], Verbeek [46], Mitcham [31],
Feenberg [10], Krippendorff [24], and Harman [14]. These
authors all contribute to a somewhat coherent development of
a modern philosophy of technology. All attempts mentioned
above can be seen as striving towards what Mitcham [31]
labels a phenomenology of artifacts. Mitcham describes this
school of thought as dominated by the idea that technology
can be studied as consisting of artifacts, having
inherent/intrinsic designed qualities that, when placed in the
world, acts and evokes a space of possibility and limitations to
its environment and its users.

In our research we use some of the most prominent and
recognized philosophical attempts within the phenomenology
of artifacts philosophical tradition as a foundation for our
reasoning around the constitution and status of artifacts in
relation to humans. From the works of Verbeek and
Feenberg, we have been inspired by the notion that things
“act.” This is not an approach that makes artifacts “alive,” but
it does recognize the inherent behavior, particularly of
digitally enhanced artifacts, making them able to recognize
their environment and act accordingly [10; 46]. From
Borgmann, we have been inspired by his famous notion of the
device paradigm. Borgmann is concerned with an increasing



commodification of both things and services. There is,
according to Borgmann’s device paradigm, a disconnect
between the way we design modern artifacts and what people
need in order to feel grounded in their reality. Borgmann
argues such a development restricts people from having close
relationships with things (artifacts) in a way that really
matters [3]. From the work of Latour, we have been inspired
by the notion of networks as aligned actants, where artifacts
in the network work in close relationships with humans to
create combined realities shaping each other [25]. From
Krippendorff, we have been inspired to use the notion of
ecology as a model in our analysis and examination of the
network of artifacts [24].

It is obvious that these scholars cannot easily be combined
into a coherent theory, and that is not our purpose. However,
we fully recognize any examination of the relationship
between people and physical artifacts rests upon a conscious
(or unconscious) philosophy of technology. In our research
we have engaged therefore in philosophical examinations and
explorations with the attempt to better understand how
contemporary philosophy of technology approaches can
support and help us understand the way people relate and act
in their artifact environments.

In previous research, we have explored the notion of
interaction and interactivity and how the character of artifacts
influences interaction, especially with a focus on the
complexity of interactions [19; 20; 26]. These theoretical
explorations of the nature of interaction also serve as a
conceptual ground for our investigations into the complexity
of interactive landscapes. Another aspect we have explored in
earlier work is the notion of environment interaction [47]
with a focus on what the new interactive reality means from a
design perspective,

6. Interactive Landscape Studies

Below we present our empirical studies into personal
interactive device landscapes. Since most of these studies have
been presented elsewhere and this article is mainly aimed at



presenting the overall findings and implications, we will only
briefly mention the studies and the results here.

<Figure 2) Examples of Personal Device Landscape Maps

6.1. Personal Inventories and Landscape Maps

First of all, we developed and conducted two forms of studies
labeled as personal inventories and landscape maps. We
conducted several studies using these tools, some reported in
[21]. In these studies we explored possible ways to gather,
describe, analyze, and interpret personal device landscapes—
specifically by asking people to develop a list of their device
inventory and to visualize their relational values on a
conceptual map. The personal inventories and the landscape
maps were analyzed in search of patterns and similarities.
These analyses helped us form the first steps toward a
typology of interactive landscapes and a categorization of
users. The outcome of these studies has resulted in a broad
and rich set of examples of personal interactive landscape
maps (Figure 2).

6. 2. Interviews and Survey

We have also, through interviews and surveys, explored and
examined conscious and unconscious strategies people employ
in their attempts to manage their interactive landscapes—for
example, what kinds of digital devices people have and use
often, how they manage their digital files in multiple devices,
what kinds of interactive devices they synchronize or
intentionally keep disconnected, etc. We classified two
strategies in particular including the harmonizing strategy,



advocated by those who conceive the landscape as one entity
needing to be harmonized into one compositional whole, and
the isolating strategy, advocated by those who want to keep
all artifacts separated, not connected, and definitely not
synced [45]. It was obvious in these studies that most people
have conscious strategies in making decisions related to their
device landscape, typically regarding when to get a new
device, when to repair a device, how to exchange an old
device, etc.
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<Figure 3> One Personal Device Landscape Mapped by Using the Tool

6.3. Device Landscape Mapper

Based on the understanding of diverse types of device
landscapes and personal strategies to manage them from the
paper—based studies above, we designed and constructed a
computer—based tool called the Device Ecology Mapper [40],
which allows users to create device landscape maps. We now
call this tool a Device Landscape Mapper to match current
conceptual models for this study. The person using the tool
can pick devices from device lists, position or remove devices
on a “landscape”, make relationship connections between
devices of different types, and add text labels on devices and
connections explaining the relationships (Figure 3). The tool
helped us experiment different approaches to describe and
visualize device landscapes, and investigate on a “natural” way



for people to describe their everyday artifact environments.
This means the tool has not only served as an research tool
for gathering data, but even more as a tool for theoretical and
conceptual development important to our research.

7. GENERAL FINDINGS FROM THE STUDIES

Our studies of device landscapes have led to findings that are
both conceptual and methodological in nature. Although
these conclusions are based on empirical studies, they should
be read more as propositions and arguments for a new kind
of HCI research approach than conclusive results. As a result
of our studies, we have developed models to conceptualize
personal device landscapes. We will briefly present two
models here: the value—centered model and the property
model.

We found in our studies people wanted to describe the
relationships between themselves and devices and between
devices in a value—based way. Based on how they reported
and described their landscape we distilled what types of values
were frequently used. We found people commonly used three
types of values, which we derived into a value—centered
model [21]. The model characterizes the relationship between
devices and the user by focusing on types of values. The
model distinguishes between three forms of values, practical
values (the purpose and goals of using a device), emotional
values (the emotional attachment a user has for a device), and
rational values (the effectiveness of the device for supporting
the practical and emotional values) (Figure 4). With these
three types of values, this model emphasizes subjective and
personal aspects of the relationship between artifacts and their
owner, which cannot be investigated with objective,
quantifiable criteria.

The role of each artifact can be defined by analyzing the value
relationships in one’s device landscape (Figure 4). At the same
time, this model underscores devices of the same kind can
have different values depending on its owner’s contexts of use
and subjective value criteria. Using the model to analyze even
a small device landscape leads us to realize the complexity of



any device landscape. Analyzing each and every relationship
in a landscape becomes quickly an almost overwhelming task.
A full understanding of a device landscape requires however
an understanding of how each device influences other devices
through the values placed on them by the owner. This means
a complete understanding of a personal device landscape is
almost impossible to establish.
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<Figure 4> The Value Centered Ecology Model
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Through our studies, we also realized even though values are
one important aspect of landscape relationships, other, more
concrete aspects are also in play. The property model [21]
characterizes devices and their relationships according to four
types of design features (see Fig. 6). The first design feature or
relationship is concerned with how the artifact is physically
manifested, the second is about the interactional style, or how
the user interacts with the device (e.g., touchscreen, stylus,
keyboard, indirectly, and so forth); the third relationships is
about functional properties, that is, what the device can do,
such as what applications run on it; and finally the last
relationship deals with informational capacities, or what
information flows through this device and how it is shared
with other devices.

It became clear that what we had explored with the landscape
inventories and maps only captured some aspects of landscape
relationships. When we used the property model as a tool for
analysis, even a small number of artifacts led to a complex
relationships within the landscape (Figure 5). Some devices
have relationships due to their physical manifestation
(material, shape, color, size, etc.), some others relate by having
similar interactional styles or interfaces, some have similar



functionality, and some share the same information and are
therefore seen as related. In Figure 5, with only five devices,
the device landscape itself quickly becomes highly complex. It
also becomes clear that to exchange just one of the devices
(for instance Artifact3) affects multiple landscape factors,
since that device has strong but different relationships to
almost all other devices.

Artifact1 Artifact5

Layer
Artifact3 of same contexts

Connection
through function

Layer
of similar values

Physical —————
Interactional
Funtional

Informational Connection

Artifact2 through information Artifact4

{Figure 5) The Artifact Ecology Properties Model

The property model has served well in our studies as an
analytic framework. We do not claim the property model in
itself is the final conceptual tool for describing and analyzing
device landscapes, but we do see the model as a promising
result showing the potentiality in studying device landscapes.
We also believe the model shows that by analyzing device
landscapes, it is possible to reveal several layers of landscape
factors strongly influencing what is generally seen as an
“isolated” interaction between a user and a specific artifact.
We see these results as indications that it is possible to frame
and conceptualize device landscapes in a way that makes
them a serious aspect of human—computer interaction
research.

Our studies have demonstrated these models were useful to us
as researchers but also to our participants as users/owners of
interactive devices. The models made it easier to think, talk,
examine, and analyze different types and aspects of device
landscapes depending on their behaviors. While participants
did have some difficulty understanding certain aspects of the
models, after a time they felt its properties were useful in



conceptualizing their use of interactive artifacts in their
landscape [40]. Also, in the Device Landscape Mapper study,
which included the Property model (but not the Value—
centered model), participants described one of the downsides
of the tool was were the missing connections between tools of
a more emotional or value—laden nature. This indicates that a
full understanding of the nature of the device landscapes
cannot be reached by only focusing on limited or certain
specific aspects. Device landscapes are part of a person’s
complete lifeworld and cannot easily be divided into separate
parts or aspects if an understanding of the landscape as a
whole is aimed for.

We have above highlighted some of the results from our
studies. The purpose has not been to make a detailed account
for each study or result, instead the aim has been to present
the background to the insights presented in the next section.
We would argue even though the insights are not clearly
extracted from the studies, they do reflect an emergent
understanding of device landscapes our studies and findings
has led to.

8. DISCUSSION AND INSIGHTS

Our research started with a realization that people do live
with and use a large number of interactive artifacts. We also
realized HCI research has not sufficiently addressed factors of
interaction based on concrete, physical devices in networks.
Even though we have already presented some results we will
now introduce some more general findings. We do recognize
some of these findings may appear quite simple and maybe
even trivial, but we consider them to be fundamental and if
taken seriously they could have serious implications for HCI
research and practice.

8.1. Insights concerning the nature of personal device
landscapes

1) People sece digital interactive devices primarily as “things”
In our studies, our participants did not primarily think of
artifacts in terms of providers of functions and services.



Instead, they think of them as objects and things, providing a
diverse set of functional, informational, physical, or interactive
affordances. The participants primarily identify each object as
a thing they own, use, and take care of. We see this as
evidence of how an artifactist approach can be fruitful as a
complement to other perspectives in HCI research. This
finding resonates with the philosophical thinking of Verbeek
[46] and Harman [14] and others who advocate that we have
to develop an artifactist approach in our studies of how
people relate to and deal with technology.

2) People have a sense of “abstract networks” or device
landscapes

When required to think about it, our participants could
describe and talk about connections and relationships
between artifacts in many ways, using values, properties,
layers and factors, regardless of their own technical
knowledge. Their descriptions were often quite advanced and
complex (however not always logically or technically correct).
We see this as evidence that most people on some level can
and do think about their artifacts as elements in a landscape.
We also see this as a reason for the field of HCI to develop
approaches for the study of such landscapes.

3) Landscape factors influence people’s thinking about and
behavior toward their devices

Landscape factors give artifacts additional meaning and value
when they are seen as part of the context of something bigger
where elements are connected and have relationships.
Artifacts are not used or understood in isolation. The way
people make decisions on how to use, maintain, add, remove,
and replace an artifacts in their landscape is in part a response
to the landscape as a whole. For instance, decisions made
about sharing a document on a desktop computer depends on
what other artifacts are part of the landscape (e.g., thumb—
drive, smart phone, router, printer), what artifacts are shared
(server space), and what artifacts are publicly available. Also,
if a person is thinking about buying a new desktop computer,
the fact that she owns a MacBook, an iPod, and an iPhone
will strongly influence the decision. In [4], the authors



describe a system design using multiple artifacts to tie users
into an overall experience of “place,” where the artifacts
working in unison were more meaningful for users than the
individual components reinforcing the experience of “place.”
Such a design hints at the potential of landscapes as a
conceptual tool in HCI research and design. We see this as
evidence that landscapes as wholes, with their complex
relationships, influence and impact how individual artifacts
are perceived and valued in relation to the landscape. This has
of course consequences for every form of artifact design,
evaluation, or usability study. This finding resonates with the
philosophical thinking of Latour [25] who advocated that in
order to understand individual entities we have to explore
how they are aligned in a network. The strength of that
alignment can reinforce or reduce the importance of each
involved artifact in relation to the whole.

4) Personal Device Landscapes are complex

Landscapes of artifacts are complex for many different
reasons. First, the number of artifacts in a personal landscape
creates potentially an almost infinite number of possible
relationships all across the landscape where each of these
artifacts provides different functionalities and opportunities
for the user. The network complexity grows fast. Second, an
artifact landscape can be spread out across a large physical
space where a user lives and works. Third, artifacts in a
landscape have different meanings when in different contexts.
Fourth, different artifacts are related to each other in different
ways depending on the level of analysis and the situation
being analyzed. Finally, device landscapes are constantly
changing when old unused artifacts are replaced with newer
artifacts that may or may not share similar physicality,
functionality, information potential, and interactivity. And
furthermore, if we leave the world of personal device
landscapes and move into collective device landscapes, these
complexities are drastically increased.

5) Personal Device Landscapes are difficult to study
We have found it difficult to study device landscapes as such
without falling back on more traditional user interaction



models. It has been difficult even to establish and examine
very simple landscapes. For instance, it has been difficult for
subjects to establish their personal inventories of what devices
they own, use, and share. So many devices are part of an
individual’s personal landscape but have unclear status, such
as the case of laptops provided by work or school, family
owned artifacts, shared public artifacts, artifacts whose
interactive or digital status are difficult to ascertain, etc.
Device landscapes are also difficult to study since they are
closely connected with how participants see themselves, how
they make meaning of their artifacts, and who they are.
Overall, we think we have only scratched the surface of the
issues and complexity present in studies of device landscapes.

8.2. Insights concerning people and their device landscapes

1) Personal Device Landscapes are personal

People develop very personalized understandings and
meanings about how and why their artifacts are related to one
another. Out of necessity, each individual uses these meanings
to help them address the daily activities and tasks they deal
with and to make sense of computational situations in which
they find themselves. While these meaning—making efforts are
useful, it seems they are rarely consciously conceptualized and
even less consciously enacted upon through use. People are
very pragmatic in the construction of their understanding of
their landscapes. In many cases, their descriptions are
erroneous when it comes to technical or structural aspects,
but their understanding of the landscape they own makes
sense to them and gives them guidance in their everyday
endeavors.

2) People develop landscape and device strategies

We believe we have evidence that people do develop strategies
on how to think about and handle their device landscapes.
These strategies play an important role in how people add to,
change, and develop their landscapes and how they value and
handle individual artifacts.

3) People find a landscape perspective interesting and useful



We found our participants enjoyed the exercises of creating
device landscape maps and discussing their strategies in
managing their device landscapes. In many cases, they realized
they had not externalized their view of their own device
landscape before, but they enjoyed seeing their own device
landscape from a birds—eye view.

Summarizing our findings, we would like to postulate some
fundamental device landscape principles. We do not claim to
have proven these principles in our studies, but we are
convinced enough by our findings to postulate them as
principles worthy further examinations and tests. These
principles are:

* Every digital interactive artifact/device is part of one or
many device landscapes.

* Every person who owns any digital interactive artifacts is
the “owner” and caretaker of a device landscape.

+ Landscape factors influence the experience and use of
individual interactive artifacts.

* Device landscape factors should be considered in designing
an interactive artifact to prevents its isolation from networks
of other artifacts.

« HCI research needs new perspectives, theories, methods,
and tools for the study and design of artifacts that will be part
of device landscapes.

8.3. Insights concerning the overall approach

As we stated earlier, the research approach that seems to be
closest to our approach is ubiquitous computing or pervasive
computing. However, the assumptions and philosophy behind
ubiquitous computing are different and does not lend itself to
the kind of research we have been engaged in. Table 1
demonstrates some of the differences between these two
research paradigms.



(Table 1 ) Comparison between ubiquitous computing
and device landscapes across dimensions

Ubiquitous Computing Device Landscapes
Appearance Disappearing Physically real
Perspective System Personal
. . Relationships through
Structure Technical connections ) P 9
owner
) System as designed by Landscape as defined by
Larger entity .
someone owner
Behavior overtime  Permanent and stable Dynamic and emerging
. Expression of a designed L
Artifacts P 9 Object in themselves
system
Origin Designed Evolving and emerging
Control System Individual

While we do not mean to imply there is not a place for a
research approach for studying device networks based on
ubiquitous computing, we do argue there are many situations
requiring a different type of research approach and methods
when the purpose is to understand the complexity of the
fractured, heterogeneous computing environment modern
users of interactive artifacts faces.

We have proposed some initial methods as well as a way to
describe these networks as device landscapes in which users
are situated. Much work has yet to be done in terms of
conceptualizing and validating new methodologies for
capturing these landscapes, but our initial work represents a
first step.

These findings have also shown us some of the shortcomings
of our own approach. We have, for instance, not studied
behavioral aspects, that is, how people actually behave when



they are in everyday device landscape use situations. Also,
while we have touched on it in our study of strategies, our
approach has not captured the evolution and dynamics of
these device landscapes over time. And, as we have
mentioned, we have only focused on personal landscapes so
far. There is a need for studies of overlapping, joined, and
cooperative landscapes. These are some aspects needed to be
incorporated in future work of device landscapes. It seems
also that theories such as distributed cognition, for example,
might address some of these shortcomings.

9. CONCLUSIONS

We will conclude by putting forward some implications that
our research has for HCI research and practice. Based on our
studies, we are convinced that both HCI and interaction
design have to recognize landscape aspects of today’s use of
digital interactive devices. Our research shows strong
relationships between artifacts in a landscape creating layers
and factors that in many ways supersede the properties of the
individual artifact. HCI as a field studying interactive artifacts
has to develop a sensibility for and knowledge about
landscape aspects of interactive artifacts. This also means HCI
has to develop ways of studying interactive device landscapes.
We have found traditional HCI approaches and
methodologies useful but not sufficient in the study of these
landscapes. New theories, frameworks, models, and methods
are needed.

We would also argue that HCI needs to develop knowledge
that can support practicing interaction designers in their
design of artifacts, needing to become part of device
landscapes. We believe that within interaction design practice,
there is already a recognition of the existence of landscape
layers and factors and an understanding that they are highly
influential in present—day use of interactive artifacts. At the
same time, there is not existing appropriate language or
concepts available supporting interaction designers when they
face these complexities.

Even though this research has been challenging in many ways,



primarily because of the complexity of the object of study,
and has at times overwhelmed us, we are more convinced
now that knowledge about human computer interaction is
not only about the traditional task—focused single—
artifact/single—user context, or about the interactive well—
designed ubiquitous environment. Instead, for most ordinary
people “human—computer interaction” is about the constant
struggle toward the creation and handling of device
landscapes as well as the making of a meaningful and
functioning whole from the vast number of interactive
artifacts, playing a role in their everyday lives. As HCI
researchers and interaction designers, we have a responsibility
to address this as a serious research and design challenge.
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