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A Guide to the Monograph
Since the commercialization of the Internet began over twenty years ago, we have been
fascinated with the opportunities that computer-mediated environments present for
human interaction. As a result, we have spent the last few decades researching the
marketing and consumer behavior impact of consumers’ interactions in digital
environments.
Now, as the consumer Internet of Things emerges, we find ourselves with renewed
excitement as we consider the opportunities for consumer interaction in physical
environments with 
objects that have brought the Internet with them into the real world.
Just
as the Internet was revolutionary because it enabled many-to-many communication
through connected digital networks at unprecedented scale, the IoT is a revolutionary
advance that brings the digital into the physical realm. Now, interaction is distributed not
just virtually “on the Internet,” but also everywhere in the real world where people
actually live, work and play.
What awaits us as we are able to interact with smart objects in our everyday lives, and
these objects are able to interact with each other, often autonomously? What are the
implications for human interaction and for consumer experience? Will new marketing
approaches be required? In the course of thinking about these kinds of questions over the
past few years, we realized we needed a new framework to help our thinking jell. We
found that framework in assemblage theory. The smart home assemblage serves as the
context for our theorizing, but we believe our approach generalizes to any consumer IoT
assemblage.
This monograph organizes our main ideas. Because different readers might be interested
in different sections of the monograph, there are some redundancies in exposition.
Academics might be most interested in Sections 3-6, where we develop our
assemblage-theory based conceptual framework and discuss the implications of our
framework for research in UX, consumer experience, and marketing strategy. Managers
can cut to the chase and read section 7 for some early practical insights derived from our
theory; section 8 offers some perspective on where things might be going. We discuss the
evolution of the Internet and the emergence of the consumer IoT in Section 1. Section 2
offers a lay version of assemblage theory.
Because the pace of change is rapid, we wanted to put this material on the Web as early as
possible for comment and feedback. The monograph remains a work in progress. We are
developing several papers based on these ideas for submission to academic journals and
look forward to hearing from others working in this compelling new area.
Donna Hoffman & Tom Novak
Washington, DC
V1.0, August 20, 2015
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1
The Consumer Internet of Things
1.1 The Emergence of “Something More”
In 1999, an assistant brand manager at Procter & Gamble named Kevin Ashton had
the idea that RFID might be useful in helping to manage P&G’s supply chain. In a
PowerPoint presentation, Ashton described how “adding radio-frequency
identification and other sensors to everyday objects will create an Internet of
Things, and lay the foundations of a new age of machine perception” (Ashton 2009,
Santucci 2009). Fifteen years later, Ashton’s vision of an industrial system, an
Internet of Things, in which sensors connect physical things to the Internet, is in the
midst of widespread, global deployment (DiDio and Brown 2015). At the same time,
the digitization of entire consumer categories including fitness, health care,
automobiles and the home itself is now creating the consumer Internet of Things
(McKinsey & Company 2015). In 2013, Meeker (2013) argued that the new ten year
technology cycle that was about to start in 2014 would usher in a consumer Internet
of Things that will be stronger and faster than previous ten-year technology cycles.
This cycle will include wearables (connected body, fitness, health), smart cars,
drones, and billions of smart devices.
The evolution of the Internet of Things (hereafter referred to as IoT) can be
evaluated in the context of people’s shifting expectations about computer-mediated
social relationships. Beginning with the early Internet circa 1993, Websites were
interconnected through a network of hyperlinks. This network was common to
everyone. The “World Wide Web” was the same network, regardless of who was
using it. As social media became popular in the early 2000s, people developed their
own idiosyncratic networks of other people they were connected to, and these social
networks were now unique to each individual. With the Internet of Things, everyday
objects and a myriad of devices can be connected not only to social networks and
the Internet itself, but also to other objects and devices. This means that the physical
world that we live in is rapidly becoming connected to the digital world and
networks are now not just idiosyncratic to people, they are also becoming
idiosyncratic to places and to objects embedded in those places.
The meaning of everyday objects changes, depending on who is connecting them,
what they are being connected to, and where they are being connected [Belk 2013 ].
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In turn, the consumer experience of everyday objects changes, once these everyday
objects are connected to the Internet. Once a door lock is connected to the Internet,
it becomes much more than a device for controlling access to the home through use
of a physical key. The camera on the smart door lock gives the homeowner the
capacity to see who is at their front door and the homeowner can allow someone to
have access to their home, even when the homeowner isn’t there. Given these new
capacities, the homeowner sees the door lock in a different way. It is no longer just a
device to prevent unwanted entry by someone who is physically present at the door
when the homeowner isn’t there; it is now also a device to verify who is present at
the door and to allow remote entry.
The IoT will lead to innumerable changes in the ways that consumers experience
everyday objects. These changes will be due, in large part, to the fact the capacities
of everyday objects, and the very identity of what everyday objects mean will be
significantly expanded because of the ways everyday smart objects will interact
with each other and with consumers. Objects that have had a clear historical identity
will become “something more” than they have always been. The lock which served
to prevent strangers from entering our home when we are away will now also serve
to allow trusted people to enter our home when we are not there. This change in the
lock’s identity will necessarily lead to a parallel change in consumer experience.
While previously, a consumer’s experience of the lock was one of feeling a sense of
security, consumer experience of a smart lock could, for example, shift to a feeling of
working with a trusted partner that enables rather than prevents access.
In the IoT, such scenarios will be replicated again and again in countless contexts.
With each new interaction that connects devices and people to each other through
the Internet, everyday devices will gain new capacities and our consumer
experience of these devices will correspondingly change. Previously unrelated
devices, such as a door lock, a security camera, and household light bulbs, will work
together, as an assemblage, and in the process will be able to do things together that
none of these devices could do on their own. The scope of these changes requires a
new framework to understand not only what these constantly shifting assemblages
of smart products will be able to do, but also the implications of their emergent
capacities for consumer experience in the IoT.
In the same way that the Internet expanded interaction among people from
one-to-one and one-to-many to many-to-many interaction (Hoffman and Novak
1996), with profound implications for communication and social interaction, the IoT
expands interaction between people and products to include much more complex
interactions between people and products and newly possible interactions among
Emergent Experience and the Connected Consumer
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products. While this may seem like a natural progression, we believe that the
implications of these interactions for consumer experience - especially when they
occur with the everyday objects and devices typically found inside people’s homes will be profound.
Therefore, our goal in this monograph is to lay out a framework for understanding
the nature of consumer experiences that emerge from consumers’ interactions with
smart devices in the “smart home,” one important instantiation of the IoT. By the
smart home, we mean those places where people live which contain some
combination of everyday objects and devices that are outfitted with sensors and/or
actuators and connected to the Internet. The IoT represents complex, interactive
systems with unique characteristics, and just as the Web needed new frameworks
for understanding consumer experience when it emerged in 1993 (e.g. Hoffman and
Novak 1996), we believe existing frameworks of consumer experience will need to
be revised to take into account consumer experience in the IoT.
We are particularly interested in the different ways consumers are likely to interact
with smart devices and the kinds of experiences that are likely to emerge from those
interactions. How do these interactions - among consumers and their devices, and
among the devices themselves - contribute to emergent experience and the identity
of the smart home assemblage? We draw on assemblage theory (DeLanda 2002,
2006, 2011; Deleuze and Guittari 1987) to develop the framework for answering
these and many more related questions. In recent years, assemblage theory has
been applied to a range of consumer behavior and marketing problems, including
dissipation of a brand’s audience (Parmentier and Fischer 2015), consumption
experiences (Canniford and Shankar 2013), outsourced family caregiving (Epp and
Velageleti 2014), long-distance family practices (Epp, Schau and Price 2014
),
heterogeneous consumption communities (Thomas, Price and Schau 2013),
consumption-driven market emergence (Martin and Shouten 2014), and
Doppelganger brand images (Geisler 2012).
The concept of assemblages as heterogeneous networks, or 
sociotechnical
(sociomaterial) networks
, underlies a vast body of research in human-computer
interaction and information systems that is grounded in Actor-Network Theory
(ANT) (e.g. Latour 2005). ANT is concerned with how actants, with human and
nonhuman actants given equal footing, combine in a network to act as a whole. At
the same time that ANT is more specific than assemblage theory, it is perhaps also
less readily definable, with no less than 12 definitions provided Ryder (2015).
Cecez-Kecmanovic et al. (2014) provide a recent overview of methodological
approaches to sociomateriality, all of which are qualitatively based case studies,
Emergent Experience and the Connected Consumer
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interviews, or ethnographic studies, similar to the methodology used in the
consumer behavior literature that is grounded in assemblage theory that we
referenced in the previous paragraph.
Mullen (2015) draws a number of distinctions between ANT and assemblage theory.
It is these distinctions that motivate our focus on assemblage theory. Importantly,
ANT assumes there is “nothing outside associations” (Mullen 2015, p30), while
assemblage theory posits that, beyond just associations or interactions, the
components of an assemblage additionally have an open ended set of capacities that
can impact the assemblage (Anderson et al. 2012, pp 179-181). Whereas ANT is
concerned with what emerges from interaction among heterogeneous human and
nonhuman actants, it “has been criticised for being blind to what remains outside
associations but may shape them nevertheless” (Mullen 2015, p31). In contrast,
assemblage theory considers not just the interactions among heterogeneous
components, but also the defining capacities, properties and tendencies of the
components, as well a more fundamental underlying topological possibility space
that underlies a given assemblage, as all contributing to emergent phenomena. We
may also note that while ANT is often considered to “offer a more concrete and
conceptual methodological apparatus that can be applied to empirical work”
(Mullen 2015, p31) (e.g. providing constructs like “black box, “translation,” and
“overflow”), this observation generally applies to qualitative research methodology.
However, assemblage theory, particularly as conceptualized by DeLanda (2002,
2006, 2011) also provides constructs like interaction through exercised paired
capacities, material and expressive roles, territorialization and coding that can not
only be operationalized in qualitative research, but that can also be quantified. For
example, Robinson (2014) discussed the role of computer simulations in modeling
self-organizing systems from an assemblage theory perspective, and Novak and
Hoffman (2015) provide an example of how topological data analysis (Carlsson
2009, 2014; Lum et al. 2013) can provide insight into the nature of the space of
possibilities underlying the interactions among components of an assemblage.
Our assemblage theory-based framework allows us to examine how emergent
capacities of complex systems translate into consumer experience of these systems.
Although we anchor this monograph in the context of the smart home assemblage,
we note that our conceptualization of consumer experience as the response that
emerges from consumers’ interactions with smart devices in the smart home
assemblage is but one instance of the more general class of interactions that
consumers have with smart objects. Thus, our approach may be specialized to
smaller assemblages such as wearables and larger assemblages such as cities.
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The monograph is organized as follows. In the rest of section 1, we examine the
factors that have given rise to the IoT phase of the Internet at this point in time and
define the consumer IoT. We also examine the current industry focus on use cases
and evaluate the implications of that focus for consumer adoption. We then discuss
our motivation for using assemblage theory to understand and analyze consumer
experience in the IoT. In 
section 2
, we illustrate the basic concepts of assemblage
theory in the context of the smart home. 
Section 3
presents our conceptual
framework for smart home identity and experience, including the key ideas that
consumer experience of the smart home emerges from paired capacities that are
exercised in the interactions of the consumer with the smart home and processes
operate that serve to stabilize and destabilize the identity of the smart home
assemblage. The implications of our framework for research in UX and consumer
experience are discussed in 
sections 4
and 
5
, respectively. The implications for
marketing strategy of the territorialization and deterritorialization processes in the
evolution of the smart home assemblage are developed in 
section 6
. In 
section 7
we
discuss a number of initial managerial insights that derive from our theory. The
monograph concludes in 
section 8
with our perspective on where the consumer IoT
is headed and the challenges that lie ahead.

1.2 The Phases of the Internet
In 1993, the famed New Yorker cartoon captioned “On the Internet, nobody knows
you’re a dog” went on to become the magazine’s most widely reproduced cartoon
(Cavna 2013). Just over a decade later, by 2006 the anonymity of the early Web was
replaced by the transparency of social media, and the caption morphed to “On the
Internet, everybody knows you’re a dog (Kinsley 2006). A decade later, in 2014, the
emergence of the post-social phase of the Internet was heralded by the caption, “On
the Internet of Things, nobody knows you’re a fridge (SecMeme 2014). It seems
clear that we are now moving rapidly from a social environment where people
communicate with each other 
through
smart devices, to an environment where
people communicate 
directly
with

smart devices.
The table below presents a high level view of where we believe things are headed on
the Internet, through the lenses of interactivity and Internet identity as they
continue to evolve. The IoT is going to create something new and examining the
evolution of interactivity and Internet identity provides some clues as to how this
might start to play out.
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The Phases of the Internet: What’s Different about the IoT?

PreInternet
(Mass Media)

Pre-Web
(PC)

Face-to-face
ComputerNature of
conversation.
Interactivity Interactions with mediated
communication
people are direct
and not
mediated by
things, except in
limited ways
through things
like paper mail,
telephone, board
games, fax..
Interaction with
things like TV,
books and
newspapers.

Interaction with
people through
things via email,
USENET, AOL,
Compuserve.

Internet
Phase 1
Internet of
Information
(Web)
Many to many
interaction
between people
and content via
Web interfaces.
Wikipedia and
online shopping
emerge.

Internet
Phase 2
Internet of
People
(Social)
Many to many
interaction
directly between
people via social
networks and
social games.
Smartphones
emerge.

Email emerges.
Interaction with
things like
computer
programs,
Gopher.

Interaction with
things like search
and Google,
browsing web
pages.

Interaction with
things like apps.

Internet
Phase 3
Internet of
Things
(Post-Social)
C2M, M2M, M2P,
C2C interactions;
device interactions
are autonomous;
Digital to physical.
Interactions are
highly
heterogeneous,
ongoing and evolve
over time and in the
real world.

Defining the TV and print
“app”

Microsoft
(PC hardware
and software)

Google

Facebook

Emerging: smart
watch; smart home;
smart car; IoT
devices; AR/VR
Long run: too soon to
say

Identity of
the Internet

Dial up bulletin
boards.

Shop online,
browse web
pages, search for
information, are
all largely static

Shift to smarter
apps to enable
more
sophisticated
and complex
interactions.
Balance of power
shifts from
marketer to
consumer.
Global and
personal
collective
identity.

C2C interactions
recede compared to
heterogeneous
interactions of C2M,
M2M, M2P in
overlapping
assemblages.

Global collective
identity of what
could be done.

New personalized
consumer
experiences will
emerge in the
context of the unique
identity of the smart
home assemblage.

Research
Focus

Traditional
communication
models

Computer
mediated
communication
models

Online experience

Social media

Consumer
experience of the
assemblage

Catch
Phrase

“I want my MTV”

“You’ve got
mail!”

“Nobody knows
you’re a dog.”

“On the Internet,
everybody
knows you’re a
dog.”

“On the Internet of
Things, nobody
knows you’re a
fridge.”
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In the pre-Internet phase, social relationships involved direct interactions with
others that were not mediated by devices. Once the Internet became available but
before the development of the Web, people were able to interact with each other
online, now mediated through devices. In the early Internet phase, these devices
were PCs and people used tools like email and USENET news groups to
communicate with each other, as well as paid services like AOL (“You’ve got mail!”)
and Compuserve. People could also directly interact with content on the Internet,
albeit in a very limited way, e.g. through software applications like Gopher, Archie
and Veronica.
During the Web phase of the Internet, computer-mediated interactions became
more sophisticated. This phase enabled many-to-many interaction between people
and content via Web interfaces. The nature of interaction was that content on the
Internet was hyperlinked and people interacted with the content by navigating and
exploring paths through hyperlinks and consuming content they encountered
during their navigation. Something new was created by these interactions - a rich
immersive environment that had the capacity to do what stand-alone Web pages
could not do, which was allow people to experience the state of flow while engaged
in network navigation (Hoffman and Novak 1996). For the first time, people could
shop online, browse Web pages and search the Internet for information through
search engines like Google. Beginning in this phase, we began to think of the
Internet as significantly cognitively augmenting consumers, as it functions as an
external storage device for information (Sparrow, Liu and Wegner 2011). The
identity of the Web phase of the Internet was a collective one. The term “World
Wide Web” denoted a common global network that anyone could participate in.
Everyone understood what could be done on the Web, and the available actions
were largely linear and static.
During the social media phase of the Internet (Web 2.0), these computer-mediated
and application-mediated interactions became even more sophisticated and enabled
even greater levels of communication and connection among people. Many-to-many
interaction among people was enabled, along with the already existing interaction
with Internet content. The nature of interaction was that people were now
connected through social networks and could interact with each other and with
content. Again, something new was created by these interactions - as new networks
of people were connected to new and existing networks of content, much of it
“user-generated,” social media had capacities that individual users of the Internet
did not have. For example, social media had the capacity to accelerate the
transmission of information from person to person, to empower individual
consumers, and to shift the balance of power from marketers to consumers (e.g.
Emergent Experience and the Connected Consumer
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Labrecque et al. 2013). During this phase, applications became much smarter. The
identity of the Web and social media that emerged from their respective
interactions were collective identities. Even as social media allowed for the
expression of more personal identities, we could still articulate what the web and
social media as a whole stand for and enable.
We are now entering the third phase of the Internet, the Internet of Things phase,
where consumers can not only interact directly 
with 
the devices themselves, but in
addition the 
devices can interact with each other.
Many-to-many interaction among
IoT devices is now enabled, along with the already existing interaction among
people and Internet content. These myriad forms of interaction can be referred to as
consumer-to-machine (C2M), machine-to-machine (M2M), machine-to-physical
world (M2P), and consumer-to-consumer (C2C). Note that the nature of interaction
is considerably more complex: devices connected to each other through the
Internet, devices connected to - and creating - Internet content, and devices
connected to people are responsible for interactions that are highly heterogeneous,
ongoing and evolve over time.
There are several important differences between the two earlier Internet phases
and Phase 3 that have implications for the emergent identity of the IoT phase of the
Internet. First, while Phase 1 was global (e.g. the term “World Wide Web”) and
Phase 2 was both global (e.g. 1.5 billion Facebook user) and personal (e.g. my own
network of 350 Facebook friends), Phase 3 
brings the digital into the physical
realm
because it is now distributed not just virtually “on the Internet,” but also
everywhere in the real world where people actually live, work and play. We
consider Phase 3 of the Internet as an assemblage of digital information and
physical devices. This assemblage will have emergent capacities (things it can do or
have done to it) that are not present in the digital information or physical devices by
themselves. This mean that when digital information is connected to physical
products, not only is the physical product capable of doing more than it was before
it was connected to digital information, but also that the digital information is
capable of conveying more than it was before it was connected to the physical
device. As digital information becomes increasingly connected to physical products,
there will be many more ways of interacting with that digital information in the real
world. Similarly, when the digital becomes “real,” devices will be “something more”
than when they were merely physical.
Second, phase 3 is much more changeable than previous phases. In Phase 1,
everyone essentially saw the same Internet. In Phase 2, while some Facebook
friends may come and go, our personal social media networks are largely fairly
Emergent Experience and the Connected Consumer
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stable over time once they are established. In Phase 3, on the other hand,
consumers’ networks of connected products will shift on a continual basis as they
purchase new wearables, buy new smart devices for their homes and discard old
ones, acquire hubs that allow devices to interact with each other that could not do
so before, and encounter environments that themselves are increasingly embedded
with smart devices. It is no longer one World Wide Web or one network of our own
Facebook friends. Instead, we now we have overlapping assemblages of lightbulbs
that we interact with, of locks we interact with, of smartphones paired with smart
watches, as well as larger assemblages that include all of these things together. Each
of these overlapping and nested assemblages of smart connected devices has the
potential to create something new, through our constant interactions with these
devices, and through the interactions of the devices with each other. One
consequence of this is that the interactions among people (i.e. the C2C interactions)
may start to recede in importance compared to the interactions among smart
devices (i.e. the M2M, M2P and C2M interactions).
Third, this “something new” that emerges from the multitude of these
heterogeneous interactions is uniquely personal and situational. Consumer
experience in Phase 1 of the Internet could be understood in the context of
navigation through linear, largely hierarchical web sites. Phase 1 of the Internet was
strictly digital (cf. “online vs offline”) and there was very little social interaction. In
Phase 2 of the Internet, social interactions occur within reasonably well-defined and
stable social networks connecting people, which represent a single fairly
homogeneous type of entity. Phase 2 of the Internet more explicitly connects people
to each other, but remains digital. The identity of the web and social media that
emerged from their respective interactions were collective identities - we can
arguably articulate what the Web and social media as a whole stand for and enable.
But 
consumer experience in the third phase of the Internet, the IoT, is represented by
nonlinear, nonsocial interactions in complex nested, overlapping and constantly
evolving networks that connect heterogeneous entities in the digital world with
equally heterogeneous entities in the the physical world
. Thus, in Phase 3, the identity
of the assemblages of smart devices that a consumer interacts with each develop
their own unique meaning, from the bottom up rather than top down, based on that
specific consumer’s unique interactions with those devices, and with those devices’
unique interactions with each other and the surrounding physical world. Therefore,
we can predict that 
the Internet of Things has the capacity to create new personalized
and adaptable consumer experiences that are coupled with the unique identity of the
smart home assemblage
.
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1.3 Defining the Consumer Internet of Things
The ideas underlying the Internet of Things are not new. Scholars in ubiquitous
computing (“ubicom”) have been discussing the properties of such systems for a
number of years. For example, Poslad (2009), identifies a ubicom system as
possessing the following features: 1) Distributed – networked, distributed,
transparently accessible; 2) iHCI – implicit human computer interaction, HCI needs
to be less obtrusive, more hidden; 3) Context awareness – devices need to be aware
of the context in their environment; 4) Autonomy – need to be able to operate
autonomously without human intervention, be self governed, in contrast to pure
HCI; and 5) Artificial intelligence – need to be able to handle a lot of dynamic actions
and interactions governed by intelligent decision making and organizational
interaction.
Given that such features effectively define the IoT from a computing perspective, it
is easy to see that the Internet of Things represents a current realization of such a
ubicom. From these features, we can readily identify a number of relevant
interactions. These include M2M (i.e. “machine-to-machine”) interactions in which
the devices interact digitally with each other; C2M interactions which take place
between consumers and the devices; M2P interactions which occur between devices
and the physical world, and C2C interactions in which consumers interact with each
other through these devices. Viewed from the ubicom lens, we can see that these
heterogeneous interactions of consumers and devices in the smart home have the
potential to create new consumer experiences.
We define the consumer Internet of Things (IoT) as follows:
The collection of everyday objects and devices in the physical environment
that are embedded with technology including sensors and actuators that are
programmable, and have the ability to communicate wirelessly with the
Internet. These “smart products” interact and communicate with themselves
and each other – and with humans - on an ongoing basis by sending and
receiving data through the Internet that is stored and organized in a
database. Through the use of interfaces, smart products have the capacity to
collect active and ambient interactions from humans. They can interact on
the basis of their internal state and/or the state of the environment. That
means they can operate autonomously. Together, consumer IoT objects
connected to each other and other humans through the Internet and
databases represent a whole that is more than the sum of the parts.
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But what are these different parts of the IoT? Sensors measure a digital or precise
analog value, in effect, sensors sense something about the environment. Actuators
produce an action or a change in settings and are controlled by some other entity.
Actuators make something else happen. Network connectivity can take on many
different forms, from WiFI to Bluetooth to RFID or QR codes. The table below lists
just some examples of the current behavior of sensors and actuators and the types
of network connectivity relevant to the consumer IoT.
By putting sensors and actuators on objects commonly found in and around the
home and adding network connectivity, many different smart devices are possible.
These include, at the time of this writing, connected audio and media streaming
(Apple TV, Amazon Fire, Roku), connected smart TVs (e.g. Samsung), wearables
(Apple Watch, Fitbit), thermostats and smoke detectors (Nest, Honeywell Lyric),
lights, switches and receptacles (Philips Hue, Belkin Wemo, Insteon, GE Wave), locks
and door openers (Chamberlain MyQ, Kwikset Kevo, Schlage, Lockitron), air
conditioner (Quirky+GE Aros), hubs (Iris, Insteon, Smart Things), large home
appliances (LG ThinQ, Samsung, Bosch Home Connect), small home appliances
(Belkin Crock-Pot, Withings Pulse Smart Scale), pet monitoring (WÜF, Whistle,
Garmin Astra), food monitoring (Quirky Egg Minder), baby monitoring (Mimo Baby
Onesie, Owlet Smart Sock Baby Monitor, Safe to Sleep Breathing Monitor Mat),
gaming (Razer Smart Band), water monitoring (WallyHome), humidity monitoring
(Leviton), cameras (Dropcam, goPro, Sony), mattresses (Sleep Number C2), clothing
(e.g. Athos, UnderArmour, Microsoft), storage (Makespace), and cars (Uber, Dash,
Audi, Mercedes).
Even these few examples across a small number of the constantly growing “smart
home” product categories make it clear that the Internet-connected home presents a
much more complex set of interactions with the potential for unique experiences to
be created than was possible in any of the previous phases of the Internet.
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Elements of the Consumer IoT
Sensors

Actuators

Connectivity

Functions

Measures a digital or
precise analog value –
senses something, such as
on/off status

Produces an action or a
change in settings and
is controlled by some
other entity – makes
something else happen

Enables
communication
among all
combinations of
consumers, devices
and the Internet

Examples

Location, GPS, Motion,
Temperature, Humidity,
Noise, Vibration,
Acceleration, Ambient
Light, Tripwire, eNose,
humidity, Light, Sound,
Fingerprint,
Accelerometer, Proximity,
Ambient Light, Gyro,
Barometer, Hall
(recognizes whether cover
is open or closed), RGB
ambient light, Gesture,
Plant moisture, Heart rate,
Compass, Pressure, Time,
Speed, “Fuel points,”
number of slices of bread
toasted

Turn off a light, open a
lock, close a door,
sound a buzzer, open a
gate, change the light
color, send a text, send
an email, log activity to
a spreadsheet, turn on
a fan, change the radio
station, turn the power
on, turn the heater off

AllJoyn, Z-Wave,
WiFi, Zigbee,
2G/3G/4G, SigFox,
Bluetooth, Insteon,
NFC, RFID

1.4 Fundamental Characteristics of the Consumer IoT
The IoT represents complex, interactive systems with unique characteristics. The
Table below organizes these fundamental characteristics of the IoT assemblage
along four dimensions: network, components, interaction, and programmability.
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Fundamental Characteristics of Consumer IoT Assemblages
Network

Components

Interaction

Programmability

Distributed

Heterogeneous, the smart
home is an assemblage of
entities from three broad
categories: consumers,
physical devices and digital
information

Consumers interact with
devices

Software rules can
control actions of devices

Devices interact with each
other

Devices can come with
rules pre-specified by
programmers

Transparently
accessible (no need to
log into the device
every time, it just
connects)
Device control can be
at the network or local
level
Physical devices are
connected with digital
information through
the Internet

Consumers are a
component of the
assemblage
Other components include
smart devices, sensors,
hubs and controlled
non-smart devices

Interactions range from
ambient to direct
Components can affect
other components and be
affected by other
components
Interactions can be
instrumental or hedonic

Devices can be controlled
by rules specified by
consumers
Consumers can control
devices from programs
on other devices (e.g.
smartphone apps)

Digital information is also a
Interactions can be
component of the
synchronous,
assemblage
asynchronous,
time-delayed, and/or
Change over time
Devices can be
scheduled
controlled from remote Have the ability to sense
Device and consumer
locations through the
the environment
interactions are ongoing
network
Can operate autonomously and evolve over time.
Brings the digital into
and make decisions on
Interactions cannot
the physical world
their own
always be pre-specified in
Components in the
Can take on roles of
advance
network can come and traditional non-smart
All interactions matter
go over time
devices (e.g. lamps and
and interactions are more
locks) and/or that
otherwise would require a important than
components
person (e.g. motion and
presence sensors)
Smart products have
Can collect heterogeneous interfaces that allow
information from ambient active and ambient
interactions with humans.
to direct.
Some interactions,
Devices interact on the
especially ambient ones,
basis of their internal state will be predictable.
and/or the state of the
environment. That means
they can operate
autonomously.
Interactions can be
captured and stored in
the cloud
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These characteristics suggest a number of interesting propositions about smart
home assemblages which we develop fully in the next two sections:
1) Interaction among devices is more important than the devices themselves
in
understanding the smart home assemblage. It is only through interaction
that assemblages of components can develop emergent capacities which go
beyond what the devices can do by themselves. Even relatively simple
interactions (e.g. if-then rules) among a set of connected objects and a
consumer can lead to complex emergent properties (attributes and
characteristics) and capacities (abilities and benefits).
2) Interaction among the component parts creates a whole that is greater than
the sum of the parts
. The smart home assemblage is constantly changing as
new devices are purchased and introduced into the home and older ones are
removed. Thus, interaction is ongoing. The ways that these components
interact with each other, as well as which components are involved in these
interactions, cannot be pre-specified in advance, but rather evolve over time.
This suggests that the smart home/IoT identity is in constant change, and is a
process rather than a state or finished product.
3) Consumer experience emerges from the ongoing interaction among the
component parts.
Experience can not be reduced to a reference to any of the
individual components or to the sum of those components. However, the
assemblage can be decomposed and its components can be removed and put
into other wholes, creating entirely new and different experiences. For
example, to understand consumer experience of the new Apple Watch, the
watch itself, the iPhone, the apps installed on the phone, the data generated
from the interactions that are stored in the cloud and on the phone, and the
consumer, must all be considered together.

1.5 The “Smart Home” Marketplace
The smart home industry is largely focused on individual devices and categories of
devices, e.g. “wearables,” “smart watch,” “smart thermostat,” “smart lock,” with the
marketing following this focus and emphasizing “use cases” or “starter kits.” For
example, a consumer can buy a “lighting automation” kit from SmartThings for
around $259 (although it was on backorder the last time we checked). What’s in the
kit? A hub, two types of outlets and a remote. What can you do with it? Well, turn
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lights and other things that plug in off and on. There is an example of how you can
use the devices to control lights during movie night (assuming you also have a
Philips Hue setup, sold separately), and how you can use the devices to monitor
your toddler (assuming you also have a GE outlet, sold separately). But we wonder if
many consumers find this somewhat confusing.
There are a number of discrete ways that the consumer IoT industry currently views
the smart home. There are products, there are starter kits, there are solutions. It
strikes us that this has the potential to be overwhelming for consumers. The table
below highlights these views by placing them in the context of current industry
solutions to the consumer adoption problem. These solutions range from DIY single
device “use cases” to highly customized automated connected home installations.
The first three rows describe largely complementary DIY (“do it yourself) “use case”
approaches that involve marketing the smart home as single device, themed kits of
devices, and hubs to connect all the devices (usually from the same brand, but not
always) together. In these approaches, the smart home is marketed as a collection of
smart devices including, for example, lighting, a thermostat, door locks, a video
camera and so on that emphasize the “use cases” of each single device or a themed
kit of devices. Use cases emphasize functions, as opposed to experiences. The fourth
row represents a kind of software application bridge that helps DIYers connect
Internet services and smart devices through specific triggers and actions. For
example, turn on a SmartThings light switch when a WeMo motion is detected.
Since, at the time of this writing, SmartThings and Wemo are not directly integrated,
IFTTT services as a workaround to connect them.
The last two rows of the table describe the “home automation” approach to the
connected home. In the mass market solution, well-known providers like security
companies or broadband companies market an installed solution with monthly
subscription fees. In this approach, the smart home may be seen as a set of devices
connected by a hub providing a “connected home” solution for security and largely
automated functionality based on a small set of predefined “scenes,” such as “home,”
“away,” “bed,” and “wake-up.” At the high end, these customized solutions are
typically offered by specialized home automation companies.
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The Smart Home Marketplace
Smart Home
Marketplace
Solutions:

Examples

Premise

DIY “Best in Class”
Single Device Use
Case

Belkin Wemo Light Switch
Belkin Wemo Outlet
Dropcam
Kwikset Kevo Smart Lock
Nest Smoke Detector
Nest Thermostat
Philips Hue Lightbulbs
Sonos Speakers

Consumer purchases and installs
devices that perform a specific
single function. As consumer
purchases additional devices,
they “graduate” to purchasing a
DIY Hub that allows the single
devices to interact with each
other.

DIY Single-Vendor
Kit Use Case

Belkin WeMo
Insteon
Lowe’s Iris Kits
Staples Connect

Brand name company provides
themed kits (e.g. “safe and
secure,” “comfort and control”).
Emphasis is on connecting the
company’s own branded
products.

DIY Hub

SmartThings Hub
WigWag Relay
Wink Hub

Hub supports vendor’s own
products, but also supports a
range of partner products.
Allows consumer to integrate
“best in class” products. Allows
DIY Single Device products to
interact with each other.

DIY Cloud Based

IFTTT

Trigger-action rules that connect
Internet services and smart
devices. Connect physical
devices to online activities.

Subscription Smart
Home and Home
Security “Mass
Market Connected
Home” Solution”

ADT Pulse
AT&T Digital Life
Cox Homelife
Xfinity Home
TWC Intelligent Home

Company provides and installs
equipment. Consumer pays
monthly service fee. Tiered
pricing based on extent of
installed equipment.

Custom Home
Automation
“High-End
Connected Home
Solution”

Control4
Crestron
Savant
Vivint

Custom branded high-end
installations by a third-party
installer.
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Both the use case and home automation approaches turn out to be highly limiting in
that neither is focused on how to allow for the unique experience that is likely to
emerge for each individual consumer. In the use case approach, the user interface of
each individual device is not terribly difficult as it is likely based on controlling the
device through a smartphone app, but the individual devices require a fair amount
of sophistication to work together to satisfy a consumer’s unique use cases. If you
want, say, a certain set of lights to go on every time the garage door opens, that can
present a challenge for a homeowner who is not a sophisticated DIY tinkerer willing
to put in some time programming the devices. The home automation approach is
expensive, typically requires professional third-party installation, has a complicated
user interface that requires a fair amount of learning on the part of the consumer,
and is very difficult to change for new situations and contexts that might emerge
once it has been programmed.
In sum, these approaches limit the range of interactions, focus on use cases, are
inflexible with respect to adding new components and fail to emphasize what
experiences can emerge. That is, they emphasize what the experience should be,
rather than what the experience can become.
In the conceptualization we develop below, we diverge from these marketplace
views of the smart home as either a collection of single use cases or a set of
pre-programmed largely static home automation scenes. Instead, we conceptualize
the smart home as a 
collection of dynamic, nonlinear experiences that emerge from
consumers’ interactions with devices that also interact with each other, all on a
regular basis.
What are the benefits of our approach? First, rather than focusing on siloed
device-oriented experiences, our approach focuses attention explicit attention on
the experience that emerges from the entire smart home assemblage. In our view,
the smart home has the capacity to learn what its inhabitants behaviors and
routines, and satisfy their needs. Because it is simply not possible for any
programmer to figure out all the use cases a consumer is likely to want to
experience this approach means the smart home actually has the opportunity to be
smart, learning about its occupants. We can draw the analogy by comparing a
remote control to a smartphone. The remote control device is programmed with a
fixed set of functions that do not evolve based on its users’ behaviors. But over time
the smartphone has evolved so that is has a set of applications that are now starting
to interact with each other, e.g. you can be notified that a package has arrived based
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on content in your email application, and the day is fast approaching when your
weather app will interact with your calendar app and send you relevant alerts and
notifications.
We think this is a powerful vision because viewing the smart home as a collection of
single use cases does not give us a way to analyze or provide insight into what
capacities may emerge. When we think about devices that interact with each other
we can begin to imagine the types of capacities that may emerge. As just one
example, food could let your refrigerator know its expiration date and if the food,
refrigerator and your calendar are connected, the refrigerator could let you know
that you need to eat the eggs and drink the milk this week before you go on your trip
because if you don’t, by the time you come back, the milk and eggs will be spoiled.

1.6 Why Now: The Seven Technology Laws
Why is the consumer IoT so important at this point in time? We can look to a series
of “technology laws” to see that the rise of the consumer IoT is inevitable. These
technology laws specify predictable patterns of technology change as well as
consumer response to technology change. As described by Hoffman and Novak
(2012), “with exponential growth in computing power, communications power,
storage power and network usefulness, it is difficult to predict precisely what the
future will look like, but it is not too hard to imagine that the impact of these
technology laws in the next decade … will be profound.” Seven technology laws,
summarized in the table below, are important for understanding developments
related to the consumer IoT.
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The 7 Technology Laws
Technology Law

Description

#1 Moore’s Law

Processing power. Transistor density on integrated circuits
doubles every 12-24 months.

#2 Kryder’s Law

Storage power. The density of information on hard drives
doubles every 13 months.

#3 Gilder’s Law

Communications power. Total bandwidth of communication
systems doubles every 6 months.

#4 Kurzweil’s Law

Accelerating returns. The time interval between salient
technology events shorter as time passes.

#5 Weiser’s Law

Instant adaptation. As technology becomes ubiquitous, people
instantly adapt to new technology and take it for granted.

#6 Meeker’s Law

10x Multiplier Effect. With each new technology cycle, the
number of devices increases tenfold.

#7 Metcalfe’s Law

Network power. The value of a network is proportional to the
square of the number of users.

Downes and Nunes (2014) note that exponential technologies, driven by predictable
technology laws such as Law #1, Moore’s Law, where computers steadily double in
processing power every one to two years, lead to the emergence of Big Bang
Disruptors which are new innovations that are simultaneously better, faster and
cheaper than incumbent products and services. Taken together, the first three
technology laws specifying the regular doubling of processing power (#1 Moore’s
Law), storage power (#2 Kryder’s Law) and communications power (#3 Gilder’s
Law), imply that if this doubling occurred on an annual basis, a technology product
10
will become 2
or about 1000 times better in just a decade. So, while the 2010
iPhone 4 and the 2000 iMac have comparable processing power, storage, screen
resolution and Internet connection speeds (Ars Technica 2010), the iPhone is much
lighter at 4.8 ounces versus 34.7 pounds for the iMac, is less expensive, and has a
much more advanced operating system. If we had to quantify the degree to which
the 2010 iPhone 4 is an improvement over the 2000 iMac, a thousand times better
would be a reasonable estimate. What would we predict that technology change
from 2010 to 2020 will be like? Extrapolating from exponential technology laws,
game designer Jesse Schell predicted in 2010 that “we’re before long, going to get to
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the point where every soda can, every cereal box is going to have a CPU, a screen
and a camera on board it, and a wi-fi connector so that it can be connected to the
Internet (Schell 2010).” Such a future in 2020 would not only represent 1000 times
better technology than 2010, but a million times better technology than 2000.
It is difficult to comprehend technology that is a million times better. Law #4,
Kurzweil’s law of accelerating returns, suggests that “as order exponentially
increases, time exponentially speeds up (that is, the time interval between salient
events grows shorter as time passes)” (Kurzweil 1999). Kurzweil argues that people
intuitively view technological progress as linear, despite the fact that change is
exponential, and thereby underestimate the developments of future technology
(Kurzweil 2001). The past becomes misleading as a guide to predicting the future.
The degree of underestimation, however, is even more severe in that the
underestimate of the capacity of future technology is compounded by hyperbolic
discounting (i.e. “present bias”), by which people are biased toward the present and
discount the value of future events (e.g. Zauberman et al. 2009). With hyperbolic
discounting, the decline in valuation of future events falls more rapidly for a small
delay and less rapidly for a large delay. So, the value of future technology - its
capacities already underestimated by consumers using a linear projection from
their experience with technology change in the recent past - is even further reduced
by the tendency to hyperbolic discounting. Zauberman et al. (2009) show that
present bias from hyperbolic discounting can be explained in part by a bias in time
perception, where people’s subjective experience of time is stretched out in the near
future, and compressed in the more distant future. Put another way, there is more
time perceived as passing in the near future, and relatively less time passing in the
further future. The direction of this subjective perception bias (more is occurring in
the near term) is completely opposite the reality of the pace of exponential
technology change (more is occurring in the more distant future). When asked to
consider how the smart home ten years from now will be different from the home of
ten years ago, consumers are psychologically ill-equipped, given tendencies to
hyperbolic discounting, to imagine the implications of a million-fold 20 year
increase in technology as applied to the home.
Exponential technology leads such change to appear almost from nowhere, leading
to the so-called Big Bang disruptors discussed by Downes and Nunes (2014). How
do consumers handle such rapid and unexpected change? Law #5, Weiser’s Law,
addresses this question. As technology becomes ubiquitous, it becomes part of the
fabric of everyday life to the degree that new technology will be taken for granted as
it becomes inseparable from everyday life (Weiser 1991). Despite the fact that the
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pace of technology change is so profound, people adapt to new developments very
quickly, and even take them for granted. A humorous but insightful perspective is
provided by comedian Louis C.K. (2009) who told a story that illustrates our fifth
technology law, which we call the “Law of Instant Adaptation”:
“I was on an airplane and there was high-speed internet on the airplane –
that’s the newest thing that I know exists. And I’m sitting on the plane and
they go “open up your laptop, you can go on the internet.” And it’s fast and
I’m watching YouTube clips – it’s amazing – I’m in an airplane!” And then it
breaks down, and they apologize the internet’s not working. The guy next to
me goes “phff - this is bullshit” Like how quickly the world owes him
something he knew existed ten seconds ago.”
The ubiquity of new technology is guaranteed by Law #6, which we call Meeker’s
Law, due to an observation by then Morgan Stanley analyst Mary Meeker. In an
analysis of the growth of the mobile Internet, Meeker noted that across a series of
five decade-long technology cycles beginning in the 1960s (mainframes,
minicomputers, PCs, desktop Internet, and mobile Internet), the number of devices
has increased tenfold with each decade (Morgan Stanley 2009). This corresponds to
an exponential growth in number of devices, with the number of devices doubling
every three years. Consistent with Meeker’s Law, Cisco noted that in 2008, the
number of things connected to the Internet surpassed the number of people on
earth, and projected that by the year 2020 there will 50 million connected things
(Evans 2011).
The final technology law, Law #7, Metcalfe’s Law, states that the value of a
communication network is proportional to the square of the number of users. As
Meeker’s Law predicts exponential growth in the number of connected devices with
each new technology cycle, Metcalf’s law predicts quadratic growth in the collective
value from the technology devices that connect people to each other within each
new technology cycle. While some research indicates that quadratic growth in
network value is an overestimate, network value by all accounts is greater than
linear growth (Briscoe, Odlyzko and Tilly 2006). This nonlinear growth in the value
of a network of connected devices, where the number of connected devices
themselves is increasing at an exponential rate and becoming ubiquitous, creates a
value so high that it assures the network’s position as part of everyday life.
Together, these seven technology laws are consistent with a vision of the near future
in which ubiquitous consumer IoT devices emerge in a fairly brief frame of time.
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Even though consumers at present may have a difficult time imagining what the IoT
will actually be, with the pace of developments almost certainly catching most
consumers by surprise, once the IoT emerges and its identity becomes clear it will
not take long for consumers to adapt. Because of this, as we discuss below, both the
hugely optimistic projections regarding the impact of IoT, as well as the lackluster
current consumer adoption rates of IoT both make sense.

1.7 Consumer IoT Adoption Will Require a Shift in Perspective
By all accounts, the consumer IoT is expected to be massive. McKinsey Global
Institute estimates that by 2025, the IoT could have a total economic impact of more
than $11 trillion per year (Manyika and Chui 2015). Cisco CEO John Chambers
believes that the IoT represents a profit potential of $19 trillion and calls the Iot the
“second generation” of the Internet (King 2015). Gartner (2015) estimates that the
IoT will have an installed base of over 25 billion connected “things” by 2020, with 13
billion of those coming from the consumer category. Samsung’s CEO BK Yoon went
on record in at the 2015 Consumer Electronics show saying every product Samsung
makes will be Internet connected by 2020 (Swartz 2015).
Recent developments suggest that the IoT represents an immense opportunity. In
2014, Google acquired Nest for $3.2 billion (Tilley 2014) and Samsung acquired
smart home startup SmartThings for a rumored $200 million (Swisher 2014).
Apple’s Watch was released in the spring of 2015 and the HomeKit is expected to be
released sometime in 2015. Together the installed base of Apple TVs and iPhones
provides a platform for smart home development. And while consumers are just
beginning to grapple with “smart,” even smarter is coming. Artificial intelligence is
poised to take the consumer IoT places that are difficult to even imagine today.
Google acquired DeepMind Technologies for more than $500 million in January
2014, emphasizing the “deep learning” field of AI that is focused on facial
recognition and word recognition in speech (Shu 2014). Meanwhile, the IBM
Watson supercomputer is ushering in a new era of so-called “cognitive computing,”
emphasizing computers that people have relationships with so the computer can
learn, as opposed to computers that people program (Bellisimo 2015). Watson
augments human expertise with extraordinary computing power that learns and
“thinks.”
Yet, despite the promise and hype, there has been little in the way of actual
consumer adoption, specifically in the area of the smart home. Industry research
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suggests that consumer adoption of IoT smart home devices is inevitable (Acquity
Group 2014; Nielsen 2014), with two thirds of consumers saying they plan to buy at
least one smart home device in the next five years. But current adoption rates are
low: only 16% of consumers own one device and a mere 4% own two or more
(Gartner); 6% use smart home tech (Nielsen) and 4% own one device (Acquity).
Even the most aggressive projections suggest that only 30% are expected to
purchase a smart thermostat (one of the most obvious smart home applications)
five years from now, with much lower rates of adoption for other smart home
devices.
The slow rates of adoption can be traced to a number of hurdles. Industry research
has uncovered three problems stalling adoption of the consumer IoT. The first
problem is awareness. In 2014, most consumers ( 87% ) had never heard of the
“Internet of Things” (Acquity Group 2014), although the awareness problem is likely
to resolve over the next few years, if not sooner, as the mainstream media
increasingly covers developments in IoT. The second problem relates to consumer
concerns. Consumers have expressed a range of concerns about price, security,
privacy, and a loss of control. Smart home device prices are too high, there are
serious concerns about security and privacy, and consumers worry that smart
devices may develop scary minds of their own. The third problem is likely the
largest. This concerns the issue of value, and it is not clear that lower price points,
on their own, can address the value equation. Simply put, most consumers do not
see the need for a “smart home,” and marketers have struggled to find the right
value proposition to communicate to consumers.
For smart home adoption to expand beyond the small segments of technologically
sophisticated upscale consumers and technology-focused DIYers, marketers have to
understand the value it offers. The current focus is on individual (and expensive)
products like smart thermostats and light bulbs, curated “starter kits,”and specific
narrow use cases (turn on lights when I get home). Mainstream consumers are
struggling to find the value in replacing their current light bulbs, switches and
monitoring devices with more expensive versions that do not seem to offer much
value beyond the novelty factor, while likely introducing additional technological
complications into their lives. We believe that uncovering the value will involve
messaging regarding what the smart home means to consumers. In order for this to
happen, marketers need to shift the conversation from use cases to the kinds of
consumer experiences that are likely to emerge from consumers’ interactions with
the smart home and the potential smart home identities we might expect as usage
increases.
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One thing that continually arises in our conversations with managers on the front
lines is that the consumer IoT follows Metcalf’s law: the more devices there are in
the home interacting with each other, the more value the consumer seems to extract
from the smart home. A consumer may start off by purchasing one or two smart
devices, say a Nest Thermostat and a Philips Hue Light Bulb. The devices are
purchased because they perform a single function well.
Over time, the consumer buys additional devices, for example smart switches, a
smart lock, and a hub or relay. Once the consumer has five or six devices, things
start to change. While the consumer starts by viewing the devices as separate
entities, as the number of smart devices increases, the consumer starts thinking
about what would happen if the devices could talk with each other. Importantly,
talking with each other is not necessarily something the devices were designed to be
able to do. But this capacity for device connection is something consumers want.
Industry observations indicate that this effect seems to start at about five to six
devices, but this is an empirical question. Consumers with this many devices are
more active users of these devices. For example, if you just have a thermostat, the
device can’t learn that much about your habits. But if the thermostat is connected to
your front door and a few key windows, then it can learn a lot more about your and
your habits and provide a better consumer experience. We can also imagine the
smart home learning enough about our personalities to make decisions about which
identity we want to express at any given time. If we think about how we behave
with social networks, posting our baby pictures and beach vacations on Facebook,
but our work-related events on LinkedIn, we can imagine our home also making
these kinds of choices on our behalf.
So, the devices themselves become less important than the interactions among the
devices, as shown in the figure below. While the initial monetization opportunity is
through the sale of individual smart devices, after a critical base of devices has been
installed in a household, the monetization opportunity shifts to the value created by
the interactions among devices.
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This suggests that the adoption question is how to get consumers started on this
path from that first one or two devices, so we can move them to five or six devices
where the value proposition starts to make sense. We think the answer lies in
focusing on marketing the experience, not the use cases. Right now, managers tell us
that they are struggling to tell the story to the consumer about how these devices
can add value. But figuring out the “value story” will help stimulate adoption. So,
moving the focus away from fragmented marketing focused on individual devices
and single use cases toward emergent experience might be useful. But managers are
asking, what will this experience look like? This is a good question and we believe
our conceptualization can provide an analysis path.

1.8 Use Cases Are Not Equal to Consumer Experiences
The current conversation on smart homes has remained largely static since 2010. In
a 2010 White Paper, IBM (2010) introduced four areas of smart home capabilities
that could represent dimensions for early adoption: 1) entertainment and
convenience, 2) energy management, 3) safety and security, and 4) health and
welfare. Five years later, things have not progressed much. Today, in 2015, Lowe’s
markets an Iris “Safe & Secure” kit and a “Comfort & Control” kit, while SmartThings
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markets the benefits of system as “Home Security,” “Peace of Mind,” and “Limitless
Possibilities” These are high-level benefits related to clusters of specific use cases.
But do industry use cases like “comfort and convenience” or “damage and danger”
represent the underlying needs driving connected consumer value?
“Use case” is a technical term from software and systems engineering. In software
and systems engineering, a use case is a list of steps, typically defining interactions
between a role (known in Unified Modeling Language (UML) as an "actor") and a
system, to achieve a goal. The actor can be a human, an external system, or time.
Use cases are actors - or components - needed to make something happen, and the
rules define the interactions that need to take place (e.g.
http://en.wikipedia.org/wiki/Use_case
).
It is reasonable to ask whether a top-down or bottom-up approach makes the most
sense for consumers. Do consumers really want to take the time build and program
their own use cases? Experience with IFTTT.com suggests the answer is yes. IFTTT
users have created about a quarter million different simple “If-This-Then-That” use
cases for making various things happen. Consider an example of a rule that makes a
LIFX smart LED light bulb turn pastel blue when it is raining. The use case is clear change my lights to a nice blue color when it rains. But, what is unclear is what
emerges from the interaction involved in this use case. For example, one consumer
might find the blue lights vaguely depressing, and modify the rule so the lights are a
warmer yellow color to counteract the depression. Another consumer might find the
blue lighting evokes an appealing mood, and to complement this they might further
modify the use case so that mood music plays along with the blue lights when it
rains. In both cases, something new has emerged beyond the intent of the original
use case. This highlights one problem with marketing use cases as opposed to
emergent experience: use cases fail to take into account what might emerge when
consumers interact with the actors or components of the use case. We address the
problem of marketing on use cases as opposed to experience in more detail in
section 7.
A second problem with focusing solely on use cases is that because they quickly
become complex as more and more use cases are added, the general needs
underlying the use cases have the potential to be overlooked or obscured. The figure
below is a network graph of 2800 IFTTT use cases, showing the IF triggers that
result in THEN actions related to a smart home or wearable. From these simple
individual use cases, it seems clear that broad underlying needs have the potential
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to emerge. For example, weather-controlled switches appear to be a popular theme
on IFTTT. And since IFTTT is a bottom up approach, it can display a rich array of use
cases related to weather-controlled switches. If IFTTT had started, instead, with a
pre-programmed use case of a weather-controlled switch, it is likely that there
would have been much less adoption and use of IFTTT than we see here. And then
much less opportunity to understand the broader themes of consumer experience
that have the potential to emerge.

A third problem with focusing on use cases is that use cases assume the user has a
clear goal in mind. Mainstream use cases can make the smart home sound vague and
boring (i.e. “safety and security”). Third party developers cannot possibly predict
everyone’s unique goals with respect to their smart devices in advance. A focus on
use cases can easily miss the more idiosyncratic ways consumers are likely to
experience the smart home.
In general, the problem with a marketing focus that emphasizes use cases, as
opposed to experience, is that use cases are not able to anticipate, let alone help us
understand or explain the plethora of consumer experiences that can emerge from
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interactions with the smart home. In that sense, marketing on use cases may very
well be 
underselling
the smart home. Consider that a consumer who lives in a smart
home will be surrounded with dozens of programmed interactions on a daily basis.
Both the home and the consumer will develop emergent capacities through their
interactions. For example, the home can develop the capacity to track the behavior
of its occupants. Based upon an analysis of these behaviors, the home can develop
the capacity to suggest how things should change - maybe to more efficiently save
energy or secure a safer environment for the children after they come home from
school. Ultimately, the home develops the capacity to be truly smart. Instead of
thinking our home is smart because devices are “marketed” as part of the “smart
home” - the home proves itself to literally be smart through its interactions.
From the consumer’s perspective, through day after day of on-going ambient
interactions of the various parts of the smart home, the consumer develops the
capacity to feel a tangible sense of presence. The interactions of lights, sounds and
motion detectors become as real as the physical objects themselves. These
interactions can make the consumer feel the home is alive. The consumer might also
develop the capacity to feel their home is always with them - that they are “at home”
- even when they are away from home. Such a consumer may come to feel, for
example, that their house is taking care of them and actually cares about them.
Other consumers, through their unique interactions with the home, might come to
feel that they are the master of their house and experience their house as a servant
that exists to do their bidding. Such feelings and experiences are emergent and the
result of the multitude of interactions, more than any individual interaction with
any single smart device. Viewing consumer experience as the response that emerges
from the interactions among the capacities of both the smart home and the
consumer suggest the benefit of a framework that explicitly incorporates the idea of
these interactions.
While the current industry focus in the consumer IoT emphasizes individual devices
or categories of devices, our approach is to focus on the smart home as an
assemblage with a unique identity that emerges from consumers’ ongoing
interactions with the different components of the assemblage, as well as the ongoing
interactions of the non-human components with each other. A theory well-suited to
this view is assemblage theory because it allows us to examine how emergent
capacities of complex systems translate into consumer experience of these systems.
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2
Introduction to Assemblage Theory and the
Smart Home
In this section we introduce key ideas from assemblage theory. Assemblage theory
is a comprehensive theory of social complexity from the neo-realist school of
philosophy which explains the process by which the identity of a whole – a whole
that is more than the sum of its parts – emerges from the on-going interactions
among its heterogeneous parts ( DeLanda 2002, 2006, 2011; Deleuze and Guattari
1987). This section and the next are designed both as introduction to assemblage
theory for those not familiar with the topic, as well as a framework for applying
assemblage theory to the context of consumer experience of the smart home. In
developing these ideas, we rely heavily upon the interpretation and reformulation of
assemblage theory made by DeLanda (2006; see also DeLanda 2002, 2011) based
upon extensive prior work by Deleuze (e.g. Deleuze and Guattari 1987). We will use
these ideas to develop an interpretation that is relevant to understanding the
emergence of the smart home, and use this theory to present a series of research
themes and propositions.
We begin our discussion of assemblage theory by developing an example of the
“conversation pit” and use this example to illustrate the theory’s basic concepts. We
then expand this example to consider the traditional home, and then the smart
home, as assemblages. We introduce terminology by example, without formal
definitions, but following concepts and terminology from DeLanda (2006; 2011).
Definitions are formally introduced in section 3.

2.1 Interactions Among Components Can Create Something New
Consider a home where three 
components,
one small sofa and two lounge chairs, are
arranged in a U-shaped configuration with the two lounge chairs facing each other,
one on each side of the sofa. The three components are 
heterogeneous
to the extent
that they represent two different types of furniture, say a small sofa that
comfortably seats two adults, and two chairs that each seat a single adult. These
three pieces of furniture (e.g. the three components) have a finite set of 
properties
,
such as their weight, dimensions, color, and so on, which are objective
characteristics. But beyond these properties, the pieces of furniture have an
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essentially unlimited set of 
capacities
which are expressed during interactions
among the pieces of furniture, as well as interactions of the pieces of furniture with
other entities
,
such as a gathering of four adults. Some of these capacities are
material
, representing structural or mechanical types of relationships, while others
are 
expressive
, conveying meaning or interpretation.
For example, the U-shaped seating configuration has material capacities, such as the
capacity to support four adults in seated positions. This U-shaped arrangement, of
course, is not the only possible configuration of the three pieces of furniture, nor is it
the only configuration that has the capacity to seat four adults. An L-shaped or linear
configuration would have the identical capacity to seat four adults, as is clear from
the figure below. In fact, the three pieces of furniture have the capacity to seat four
adults when arranged in just about any particular configuration. From the
perspective of seating four adults, nothing new is created by considering a U-shaped
arrangement, versus countless other arrangements.

Three Furniture Assemblages
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However, when we look at things more deeply, it becomes clear that each of the
different possible furniture configurations offer additional specific capacities,
depending on who or what else they are interacting with. Compared to the L-shaped
or linear configurations, only the U-shaped configuration has the material capacity
of minimizing the sum of the angles that each of four seated adults would need to
turn their heads in order to make eye contact with another seated adult, and
because of this the U-shaped assemblage, more than the L-shaped or linear
configurations, best has the capacity to comfortably support conversation among
four adults.
The hallmark of an 
assemblage
is that capacities emerge which do not exist in the
component parts, but only emerge when the parts interact in particular ways. We
thus consider the U-shaped arrangement to be an 
assemblage
of heterogeneous
components, a sofa and two chairs, that interact with each other through their
respective positions. When this U-shaped furniture assemblage interacts with other
entities, such as our gathering of four adults, something new is created that did not
exist if the furniture pieces interacted in other ways (e.g. in an L-shaped or linear
arrangement), or did not interact at all (e.g. were placed in different rooms of the
house).
More importantly, beyond the rather obvious material or functional capacity of
minimizing the sum of head turning angles, the U-shaped assemblage plays an
expressive role of appearing to be social and inviting. When a person enters the
room and looks at the U-shaped arrangement, even if there is no one seated on the
sofas and the person is alone in the room, the U-shaped assemblage has the capacity
to express that the room is a good place for a small social gathering; the linear
assemblage where all three pieces of furniture were lined up side-by-side would
express the opposite. Prior linguistic 
coding
of the U-shaped arrangement as a
“conversation pit” reinforces the 
identity
of this particular assemblage as a social
arrangement of furniture.
In this example, the range of potential interactions among the components of the
assemblage are very basic, being limited to the positional arrangement of the three
pieces of furniture. The range of potential interactions of other entities with the
assemblage, in this case either four adults who are seated in the U-shaped
configuration or one adult who is viewing the assemblage, are broader, but still
fairly limited. Yet, from even these minimal levels of interaction, an identity of the
assemblage emerges, which is reinforced by the prior coding of this particular
configuration as a conversation pit. The shape of the conversation pit assemblage
serves as an “ambient identity cue” (Cheryan et al. 2009) that tells people “this
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home is social.” We can generalize from this that the expressive roles played by
components may serve as identity cues.

2.2 From the Conversation Pit to the Home
With the simple example of the conversation pit assemblage in mind, we can
consider broader interactions among other components of the traditional (e.g. not
smart) home. The nature of interaction of components in the traditional home is
very simple. At the lowest level, components like furniture pieces interact with each
other solely through their respective physical positions in space. A pendant light
interacts with a countertop by illuminating the area beneath it. More complex
mechanical causal interactions might involve a light switch that turns a light on or
off, a dimmer switch that adjusts lighting intensity, or buttons that select the time
and temperature of a microwave. While these interactions all involve a person as
one component, other interactions in the traditional home operate autonomously
without involving a person, for example a thermostat will make the heat turn on or
off depending on the temperature. In each of these interactions, the involved
components play a material and/or and expressive role in 
stabilizing
or 
destabilizing
the identity of the assemblage (or of its components, which are themselves also
assemblages of their own components). When a light bulb is burned out in a
pendant light fixture, the identity of the fixture is destabilized. If the bulb is replaced
with a brighter LED bulb with a much longer life span, the fixture now has new
capacities (e.g. can illuminate a larger area on the countertop, can operate for a
decade without intervention, can express that it is “modern”).
From these types of very basic interactions occurring over a period of time,
potentially over years or even decades, and which mainly but not exclusively involve
the occupants of the home, the home develops a stable identity, a “sense of place”
(e.g. Deutsch and Goulias 2012; Deutsch, Yoon and Goulias 2013; Manzo 2005;
Shamai and Ilatov 2004; Sherry 2000; Tambyah and Troester 1999). Through
interactions among its components, the home itself develops emergent capacities. It
develops the capacity to feel familiar and safe to its occupants. After living in it for
some time, our home feels familiar to us in a way it didn’t when we first moved in,
and in a way it doesn’t feel familiar to people who merely visit our home. Over the
years, components come and go, furniture is rearranged, new appliances are
installed, and there are periodic fluctuations over time in the degree to which we
view our home as having a stable identity. These fluctuations are usually minor; we
accustom ourselves to a new washing machine, learn how to operate it, and with
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routine use these temporary destabilizations are stabilized. Other disruptions can
be much more serious, such as a fire that burns down one wing of a home.
Subsequent reconstruction might leave us with a new courtyard area that didn’t
exist before, but as we interact with the new components of the home we might find
we like its new identity more or less than we did its old identity.
Beyond the types of capacities we have discussed, there are also broader
tendencies
that affect one’s home. Just as water has the tendency to always turn to steam when
it is boiled, our homes, being constructed of physical components, have the tendency
to scratch, dent, or even rot over time, and all homes have the tendency to lose their
newness. This tendency can affect the properties of our home (walls can weaken
and fall down altering the structure), as well its capacities (our home may lose the
capacity to make us feel safe and secure as we worry about cost of replacing a roof).
Many of our interactions with our home are in response to such general tendencies.
Our home has the tendency to get dirty, so we clean it, and our cleaning interactions
generate an assemblage (e.g. homeowner, vacuum, mop, and cleaning supplies) with
the capacity to temporarily counter the effects of that tendency. In the longer run,
our home has the tendency to fall apart, and so we intervene with major renovations
every decade or two. As a component of a larger 
macro assemblage
of other homes
in our neighborhood, our home has the tendency to fluctuate in value as time goes
on. This tendency also affects the meaning we ascribe to capacities expressed
through interactions with our home. Through all of the interactions with homes we
have grown up in and lived in at various points in our lives, homes settle into stable
identities as we routinely live in them, interact with them and alter their
components and adjust to the change. As described, we develop a sense of place, a
familiarity, a taking for granted, a sense of obligation - a whole host of ways that our
homes affect us and that we allow ourselves to be affected by our homes; as well as
a host of ways we affect our homes and our homes allow themselves to be affected
by our actions.

2.3 From the Traditional Home to the Smart Home
At this point, we can ask the question of what, if anything, will be different in the
smart home than has been experienced in the traditional home. All of the processes
of assemblage are still the same, but the nature of the components and the
interactions among components differs. The smart home begins with all of the
components of the traditional home, but adds new smart components which may
replace existing dumb components. The critical difference is the ways these new
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smart components interact with each other, and with the home’s occupants. For one,
components now can play an autonomous role. When we interact with a smart
thermostat, it is an active partner in the interaction. It might express to us through
its actions that it knows what is better for our house than we do. Common
household objects, such a toaster, can become active partners in interaction. A smart
networked toaster knows that we aren’t using it as much as other households in its
network are using their toasters, and the toaster flips its lever angrily to get our
attention and encourage us to use it more (Rebaudengo, Aprile and Hekkert 2012).
Second, components of our home can also now interact with each other, well beyond
the lowest-form of positional arrangement that characterizes furniture and lighting
interactions in the traditional home. Lights can go on if unexpected motion is
detected. Television programming can be listened to by an audio sensor, which
adjusts the room’s lighting (intensity and color) in synchronization with the
soundtrack of a show, enhancing the viewing experience. Third, person-device
interactions can occur on a continuum from 
ambient interaction
to 
direct interaction
.
Instead of emitting a piercing beep when the laundry is finished, the washing
machine may glow softly if it detects the presence of a person within the room;
otherwise it might detect where the person is in the house, and softly turn the lights
in that room off and on when the wash is finished. Failing to attract attention, it
might sound a loud chime, or send a text message. Fourth, the role of coding
becomes more individualized, less human-centric and can be bottom up rather than
top down.
In our first example, the coding of a U-shaped furniture arrangement as a
“conversation pit” served to strengthen the identity of that particular furniture
arrangement. But, this is a very general top down coding that most everyone is
aware of. We don’t each individually re-invent this coding, but rather we learn it at
an early age and recall it later. In the smart home, owners can develop if-then or
when-then types of rules that employ a language that has been designed for
programming case-specific instances of human interaction with machines as well as
machine-machine interaction - as opposed to conventional language which was
developed for broadly based human communication. These smart home control
languages all the creating of home-specific coding that has been developed for the
purposes of enabling interactions within one’s home, rather than enabling broader
interactions in society at large. My need to have the outdoor lights go off at midnight
may be very different than my neighbor’s need to have outdoor lights go on at night
whenever anyone in their family is 50 feet from the front door.
But, beyond differences in the specific ways different homeowners choose to
program their smart devices,, certain commonalities or singularities of meaning will
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emerge. An example is the coding of an interaction as “when-then”. Whole
categories of smart home interactions are being coded where a time-based action
triggers physical response in an object (lights go on at sunset, off at sunrise). Other
more complex categories of interactions utilize triggers that are based on time and
presence (if it’s after 7pm and my dog is in the garage, lock the pet door so he can’t
get out). Still other categories include an unexpected event as a trigger and a
physical response coupled with notification as an action (if a leak in a pipe is
detected, shut off the main water valve and send me a text message). The first
category of interactions codes the expression of time-based control of objects
(control), the second codes the expression of time-based control of living beings
(caring), and the third codes the expression of control of unexpected dangers
(safety). Such coding reinforces the identity of the smart home. For example, the
more we program rules that use unexpected events as triggers for notification and
action, the more our home solidifies its identity as providing its owner with the
capacity of avoiding unexpected dangers, and the safer our home feels.
Unlike the conversation pit coding, which filters from top down from society at large
to the individual homeowner to reinforce the expressive capacity of the U-shaped
grouping to provide a social setting, smart home rules are developed bottom up by
individual users. As these rules become shared among homeowners, the most
popular ones will become more visible, but even though one may be able to
download popular rules instead of writing them yourself, due to the greater
cognitive effort required to search for and retrieve a rule than to create a rule
afresh, significant numbers of homeowners will choose to freshly code these rules
themselves, instead of applying them from a common pool. We don’t look at a
conversational grouping of furniture and code it ourselves with names like “talking
group,” “convo pit” or “chatty U group;” instead we retrieve and apply a common
coding. With the smart home, both coding processes will happen, but the bottom-up
development of rules is the more likely process. “If-then” rules have now become
top of mind for many people as a way of thinking of how smart home objects can
interact.
Thus, on sites like IFTTT, most people choose to write afresh their own individual
if-then rules, rather than apply a rule that someone else has previously written. For
example, in the three year period from mid 2011 to mid 2014, a total of 926 unique
individuals created there own IFTTT rule whereby every time they were tagged in a
photo on Facebook, that photo was saved in their Dropbox account. Yet even though
these 926 individuals each essentially reinvented the same IFTTT rule, differences
in the descriptive titles given to this rule by different individuals speaks to varying
bottom up motivations for creating this rule. These range from the utilitarian
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description “Every time you are tagged in a photo on Facebook, it will be sent to
Dropbox,” to the more evocative “Keeping all the images you are tagged in at FB in
one safe place,” “Never lose a facebook picture you're tagged in,” and “Send to James
Bond Archives.”
The process of consumers individually re-inventing coding for programming smart
home interactions introduces genetic variation and the potential for evolution of
ways of programming smart home components. This may be contrasted with
pre-defined use cases that focus around fairly narrow variants of if-then rules.
Routine application of “damage and danger” use case rules like “unexpected event
triggers notification/action” will lead to the emergence of stable smart home
identities (“my home prevents unexpected danger”). But a mutation of the rule not
specified by this use case can significantly alter the home’s identity. For example, in
the near future, when I tell my home that unexpected dinner guests are arriving at
7pm, I may be able to have my home take the actions of launching the vacuum
robots, closing the dishwasher and running it, adjusting the light levels, and
ordering Seamless to deliver dinner for 4 from my favorite restaurant to arrive at
7:30pm. In this case, the house has shifted from an avoidance identity of prevent
danger, to an approach identity of facilitating a pleasant evening. For these reasons
and others we will subsequently develop, thinking of the smart home in terms of a
priori use cases imposes severe restrictions on what the smart home can actually do
and what types of identities will emerge.
Last, we can think about the tendencies that the smart home will have, compared to
the conventional home. For the conventional home, we talked about the home
having a tendency to physically fall apart over time. For the smart home, a central
tendency is the effect of exponential technology. Over time, new smart home
components will become increasingly cheaper, faster and better and current
components will become obsolete. In the traditional home, other than physical wear
and tear, styles change over time, but some furniture items or pieces of art will
become even more valuable as time goes on. This is not true in the smart home. The
components with the greatest value will always be the newest components, because
they are the best. This tendency will directly impact the capacities of smart home
components. This tendency is not being factored into any current discussion of what
it will take for the smart home to be adopted, but it is essential that a consideration
of this tendency be built into any scenario for the smart home.
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3
Conceptual Framework for Smart Home Identity
and Consumer Experience
With these these examples in mind, we will use a few basic constructs from
assemblage theory to develop a conceptual framework for the smart home. Our
framework is based on concepts and terminology from DeLanda (2002, 2006, 2011)
which should be consulted for an in-depth discussion of assemblage theory. The
Glossary
at the end of this monograph provides definitions and further references.
An assemblage involves a collection of heterogeneous components that interact with
each other and with other assemblages. The idea of interaction among components
is central to assemblage theory. The smart home assemblage involves a wide range
of different components, for example lights, locks, switches, a smart phone, smart
faucet, thermostat, hub, and so on. Smart home components connect to each other
and to humans through the Internet and the cloud. This creates a connected whole an assemblage - that emerges from the on-going interaction of its component parts.
At the same time, the assemblage is more than the sum of the parts, and is
irreducible to its parts. The smart home assemblage that emerges cannot simply be
reduced to the component lights, locks, switches, apps, and hubs. To be an
assemblage, the components must continually interact with each other, and it is
those interactions that give the assemblage its identity. If the components did not
interact, then the assemblage would cease to exist and would simply be a collection
of individual components. Through interaction, the assemblage becomes more than
the sum of its individual components.
The components of the smart home are heterogeneous and can be removed or
added, and the ways that components interact with each other can also change over
time. Thus, the smart home assemblage is always in a process of ongoing change.
Components can be both living (homeowner, visitors, burglars, pets) and nonliving
(lights, switches, locks, cameras, hubs, software). Assemblage theory is a multi-level
theory in that components are themselves lower-level assemblages of their own
components. So, all entities are assemblages at one level or another. As described by
DeLanda (2002, 2006, 2011), all entities, whether they are considered at the level of
an assemblage or considered as a component of an assemblage, are characterized by
three things - properties, capacities and tendencies. Capacities of a component are of
the greatest interest in understanding the smart home. Capacities specify what a
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component can do and what can be done to it. Interaction always operates through
paired capacities of components, where the capacity of one component to affect is
paired with the capacity of another component to be affected. Through on-going
interaction of components, new capacities can emerge. Because of these constant
interactions, assemblages are not static. They are dynamic and in constant nonlinear
change. Changes occur through shifts in material or expressive roles of components,
as well as processes of territorialization or coding that stabilize or destabilize an
assemblage. Assemblages are also destabilized through deterritorialization and
decoding processes. All of this depends on interaction.

3.1 Interaction
The concept of interaction is critical to understanding assemblages. The figure
below shows a smart home consisting of eight heterogeneous components: a
lightbulb, a thermostat, a lock, a switch, a faucet, a hub, a smartphone and a
consumer. In the figure, we see that different pairs of smart home components
interact with each other. The smart home assemblage emerges, over time, from the
on-going interaction among these heterogeneous components, becoming
“something more” than its individual components. The consumer is a critical and
necessary component of the smart home. In fact, without a person as one of the
components, the smart home wouldn’t really be a smart home. Interactivity is also
critical, since it is the glue that holds the assemblage together. Without interaction
you do not have a smart home, just people and products. The ongoing interactions
define the properties of the assemblage (what it is - for example, the density of its
connections) as well as its capacities (what it can do - for example, respond to
threats to safety or security)
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Two-Way Interaction Within the Smart Home Assemblage

In the above figure, the interactions are portrayed as simple two-way interactions.
In reality, components of an assemblage can interact two, three, four or even more
ways at the same time. A simple two-way interaction might involve the consumer
and the smartphone, or the hub and the light bulb. In a three-way interaction, the
consumer might use the app to control the light bulb. A four-way interaction might
involve the faucet turning on the lights in the house if a leak was detected, and
sending a message to the smartphone through the hub. Mathematically, each of
these combinations of interactions is a simplex of up to k-1 dimensions, given k
components. The set of all of these interactions, over devices and over time defines a
combinatorial structure called a “simplicial complex”, which is a topological space
that can be analyzed and visually represented using Topological Data Analysis
(TDA) (e.g. Carlsson 2009, 2014; Lum et al. 2013). While analysis methodology is
not our primary objective in this monograph, it is important to recognize that
assemblage theory has deep mathematical underpinnings, even though most
consumer behavior researchers have typically approached it from a qualitative
perspective.

Emergent Experience and the Connected Consumer

43

The interactions we’ve just considered are “within-assemblage” interactions. But,
other categories of interaction are possible, and expected. One key category is
“part-whole interactions” (e.g. DeLanda 2006, p34) The main part-whole interaction
that concerns us is the interaction of the consumer with the entire smart home
assemblage. In assemblage theory, it is reasonable to consider the interaction of a
part interacting with a whole that includes the same part. This is because
assemblage theory is also a theory of change, which happens over time. The
consumer in the assemblage (the “whole” smart home) represents the outcome of
the entire history of that consumer interacting with the components of the
assemblage - using the app, connecting products to the home, programming smart
devices. The consumer as “part” is the consumer at a given point in time who is
interacting with the entire assemblage that has emerged. A key reason we are
interested in this particular part-whole interaction is that it is the basis of consumer
experience of the smart home. Further, part-whole interactions of a given consumer
with the smart home assemblage are the reason that each person’s consumer
experience is unique. The figure below diagrams the part-whole interaction of the
consumer with the smart home.

Part-Whole Interaction of the Consumer With the Smart Home Assemblage
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In addition to interacting with the consumer, assemblages can also interact with
other assemblages as parts of a macro assemblage (DeLanda 2006, p 17). In the long
run, we are not just building smart homes but also 
networks 
of smart homes. So we
can have between-assemblage interaction of our own smart home with other smart
homes. In addition, our smart home might interact with our public utility, for
example transmitting information on energy usage, or allowing electrical
consumption to be throttled by the utility during peak consumption periods, in
exchange for a discount. These between-assemblage interactions can result in a
higher-order macro assemblage as diagrammed below.

Between-Assemblage Interaction of the Smart Home Assemblage Can Result in
Higher-Order Macro Assemblages

Assemblage theory also operates at an essentially limitless range of levels. A
component itself an assemblage. To keep things straight, if we call the smart home
an assemblage, then in that case an individual component, such as the Belkin WeMo
switch pictured below, can be called a “sub-assemblage”. The WeMo switch, in turn,
has its own components which are discovered when we remove the back cover of
the switch and open it up. These internal components interact to create the WeMo
switch. The components of the switch, like its processor, are in turn also
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assemblages with their own components. And so on, down to the lowest level of
matter.

Components are Themselves Sub-Assemblages

It works both ways - up and down. At one level or another, everything is an
assemblage. A component can also be part of more than one assemblage. So,
assemblage structures are not only hierarchical, but also potentially overlapping.
Things get complex very fast.

Everything is an Assemblage at One Level or Another
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The figure below illustrates assemblages, sub-assemblages, and macro assemblages.
The white circles are assemblages of interacting components (the small colored
circles), and the white circles in turn are are components of the blue rectangle
assemblages. The blue rectangles are, in turn, components of yellow rectangle
assemblage. The white circles are sub-assemblages with respect to the blue
rectangles, and the blue rectangles are sub-assemblages with respect the yellow
rectangle. Equivalently, the blue rectangles are macro-assemblages of the white
circles, and the yellow rectangle is a macro-assemblage of the blue rectangles.

Assemblages at Three Levels of Interaction
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3.2 Properties, Capacities, and Tendencies
We have considered how assemblages are made up of interacting components, and
that there are three different ways entities can interact: within-assemblage
(component to component), part-whole (component to assemblage), and
between-assemblage (assemblage to assemblage). Now we consider how the
interaction takes place. In assemblage theory, assemblages (and their components)
have properties, capacities, and tendencies. Consider water. As described by
DeLanda (2011), water is an assemblage of hydrogen and oxygen (i.e. H2O). Water
has the property that it is wet, the capacity that it can quench your thirst, and the
tendency that if it is boiled it will turn to steam - with the new property that it will
no longer be wet or quench your thirst. A loose marketing analogy is that properties
are like attributes, capacities are like benefits and tendencies are like developmental
dispositions. However, this analogy is limited in that it does not consider the role of
interaction in the emergence of properties, capacities and tendencies. The
properties, capacities and tendencies of the smart home are emergent in that they
do not reside in the component parts of the assemblage.
The figure below describes an example of properties, tendencies and capacities of
the smart home. We consider each in turn.

Properties, Capacities and Tendencies of the Smart Home Assemblage
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Properties 
are inherent characteristics that describe an assemblage, and that
emerge from the interaction of its component parts. Properties define a given entity
and can describe what it is. The properties of an assemblage are finite in number
and cannot be reduced to the properties of its components because the properties of
an assemblage emerge from the interactions of its components (DeLanda 2006, pp
10-11). For example, the smart home can have the property of being a densely
connected mesh network topology, if all nodes in the network have the capacity to
relay data to at least two other nodes. The property of network density does not lie
in the individual components, and only makes sense when considered at the level of
the whole assemblage.
Tendencies 
are broader influences that specify what an assemblage can become.
Tendencies are also finite in number. Tendencies of an assemblage also emerge
from interaction of its components. Because of exponential technology, the smart
home has the tendency to become both faster and cheaper over time. Tendencies
can affect both the properties and capacities of an assemblage.
Capacities 
are different from properties and from tendencies in that they are
relational. Capacities specify how an entity can affect or be affected by another
entity. Because of this, the number of capacities is essentially unlimited. The
capacity to affect is always paired with the capacity to be affected (DeLanda 2002, p
viii). The capacities of an assemblage come from its properties and tendencies, but
most importantly from the interaction of the assemblage’s components. For
example, through interaction of its components, the smart home can alert the
homeowner if there is some sort of malfunction. We are going to focus on capacities
due their defining role in interaction.
The table below gives some additional examples of properties, tendencies, and
capacities for the consumer and the smart home assemblage. In the end, capacities
are what are involved in interactions and because of this capacities are what matter
most in understanding the smart home.
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Examples of Properties, Capacities and Tendencies for the Consumer and the
Smart Home Assemblage
Consumer

Smart Home

Property
(a characteristic of an
assemblage; finite)

50 years old
female

5 light bulbs
SmartThings Hub

Tendency
(what an assemblage can
become; finite)

gains expertise over
time

components become
cheaper and faster over
time

Capacity
(what an assemblage does
or has done to it; infinite)

can program a schedule
can save on electric bills

can respond to a program
can learn occupants’
behavior and adjust
thermostat settings

3.3 Interaction Through Capacities
Interaction between two entities always operates through paired capacities, where
the capacity of one entity to affect is always paired with the capacity of the other
entity to be affected (DeLanda 2002, p viii). In the figure below, interaction between
the WeMo switch and a “dumb” lamp is diagramed as operating from a capacity of
the switch paired with the capacity of the lamp. The capacity to affect is represented
in the figure as arrow heads pointing in two possible directions, depending upon
whether the switch has the capacity to affect the lamp, or whether the lamp has the
capacity to affect the switch. In addition, the capacity to be affected is represented as
arrow tails pointing in two possible directions, depending on whether the lamp has
the capacity to be affected by the switch, or whether the switch has the capacity to
be affected by the lamp. The joining of the arrow head with the arrow tail indicates
capacities are paired.
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Interactions Operate Through Pairs of Capacities

One additional construct, whether components play a 
material role
or an 
expressive
role
, is important to more fully understand interaction in an assemblage. The
components, in this case switch and lamp, may also play a material role, an
expressive role or a mixture of the two in the interaction, depending on which
capacities are exercised (DeLanda 2006, p12). Material and expressive roles only
operate through capacities, and not properties (Harman 2008), since only the
capacities are involved in interactions. Material roles are structural, infrastructural,
mechanical, operational and functional, while expressive roles are both
linguistic/symbolic as well as non-symbolic (e.g. behavior, facial expression, body
expression), conveying meaning (e.g. words, gestures) and identity (e.g. fingerprints,
architectural elements). An interaction involving material roles would be one where
the WeMo switch exercises its mechanical capacity to turn the lamp on or off, and
the lamp exercises its mechanical capacity to be controlled by the switch. An
interaction involving expressive roles would be one where the WeMo switch and the
lamp express the capacity to create a safe environment. We note that the capacity to
create a safe environment might only emerge after a period of repeated use of this
assemblage.
New capacities can emerge from such interactions. While some potential capacities
are fairly obvious (such as the capacity to create a safe environment), less expected
capacities may emerge only after interactions with other components or
assemblages. For example, when the consumer interacts with this switch/lamp
assemblage, the consumer might feel delighted if the switch properly turns on the
lamp, or may feel annoyed if the switch does not properly turn on the lamp. So, the
switch and lamp together have the emergent capacity of being able to delight or
annoy.
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Interactions can lead to complexity quite rapidly. We earlier discussed within,
part-whole, and within-assemblage interactions. The capacities of the smart home
emerge from capacities expressed during all three types of interactions. The figure
below shows a bigger picture view of smart-home interactions, in the context of
interactions with the world at large. In the figure, interactions are diagrammed as
directional arrows connecting pairs of capacities. The direction indicates which
entity in the interaction has either the capacity to affect, or to be affected by, the
other entity. The figure further expands the scope of interactions by noting that the
consumer, besides engaging in part-whole interactions with the smart home, also
interacts with many other entities, both people and things. The consumer interacts
with friends, co-workers, and family, as well as consumer products. The smart
home, as well, may interact with other entities besides the consumer, again
including both people (e.g. other visitors to the house), as well as things (e.g. entities
like public utilities, or other smart homes as part of a macro assemblage).

Interactions Operate Through Pairs of Capacities (Bigger Picture)
An entity’s capacities emerge, over time, from part-whole interactions,
between-assemblage interactions, and within-assemblage interactions. As we will
formally define in the next section, the consumer experience of the smart home
emerges from the paired capacities that are exercised in the interactions of the
consumer with the smart home. Consumer experience thus derives from 
both
the
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consumer’s capacities as well as the home’s capacities. Experience is dynamic in that
it develops as new paired capacities emerge. Thus, it is important to understand
how new capacities can emerge from interactions.
The figure below diagrams a simple example of the dynamic process by which new
capacities emerge. Think about a consumer who has a new smart home installation.
This consumer can actively control a camera in their home while they are out of
town. At the same time, the home can actively stream live video that the consumer
can view. So, in the figure below, the consumer has the capacity to affect the home
by using an app to control a camera while they are away from home at a remote
location, and the home has the capacity to be affected by positioning the camera
based on the app’s instructions. At the same time, the home has the capacity to affect
the consumer by broadcasting a live stream of video from the camera, and the
consumer has the capacity to be affected by viewing the live stream.

Example of the Dynamic Process By Which New Capacities Emerge: Time 1
As these paired capacities are exercised during part-whole interactions over time,
additional new capacities may emerge. Below, we see that the interactions we have
described can lead to the home having the capacity to create a sense of security due
to its capacities to respond to instructions and broadcast video. At the same time,
these interactions also lead to the consumer having the capacity to feel secure about
the home while they are away, due to their capacity to be able to control the camera
and view video. These new higher order capacities did not originally exist, but
emerged as lower level capacities were exercised. Thus, the home can develop the
capacity to enable a sense of security, which is paired with the consumer’s capacity
to feel secure.
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Example of the Dynamic Process By Which New Capacities Emerge: Time 2
Following the emergence of the capacity of the home to enable a sense of security,
the consumer has the capacity to feel more secure in her home. As a result, still
other capacities may subsequently emerge and be exercised. For example, as the
figure below shows, the consumer may now choose to exercise the capacity to grant
a delivery person entry to their home while they are out of town. This new capacity
was not originally exercised; it emerged over time. This new behavior represents a
category of behavior that the consumer may never have considered they would ever
do. The home has become so secure that the consumer feels comfortable giving a
stranger access to their home while they are out of town. Thus, entirely new
experiences can emerge from these interactions.

Example of the Dynamic Process By Which New Capacities Emerge: Time 3
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3.4 Defining Identity and Consumer Experience
The figure below highlights the key distinction between identity and consumer
experience in our framework. The identity of an assemblage emerges as the product
of a historical process that brought the components together and that maintains its
integrity through regular interaction among its parts (DeLanda 2011, p185). While
DeLanda considers the historically contingent identity of an assemblage to be
defined by its emergent properties, capacities and tendencies (DeLanda 2011, p3),
we focus on the role of capacities since only capacities are directly involved in
interactions, and the role of properties and tendencies in an interaction is
manifested through their impact on capacities (Harman 2008). Then, 
identity
of an
assemblage - either the identity of the consumer or the smart home - is defined by
and emerges from the capacities of the assemblage. In contrast, 
consumer experience
of an entity, in this case consumer experience of the smart home, emerges from the
interaction of the consumer with the smart home, with the interaction occurring
through capacities of both the consumer and the smart home. These ideas are
further developed in the following sections.

Distinction Between Identity and Consumer Experience
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3.4.1 Identity

While we are primarily interested in smart home identity from the perspective of
assemblage theory, we also develop a parallel conceptualization of consumer
identity. We begin with smart home identity.

3.4.1.1 Smart Home Identity
Although the smart home’s identity is defined by its properties, tendencies and
capacities, only capacities are directly involved in interactions. So, we view identity
as emerging from the capacities of an entity that are exercised in its interactions
with other entities. For the smart home, part-whole interactions with the consumer
represent a key category of interactions. Consequently, we have diagrammed below
the capacities of the smart home that are exercised as it interacts with the
consumer. The smart home’s identity, in part, emerges from the smart home’s
capacities that are involved in these part-whole interactions with the consumer.

Smart Home Identity Emerges from the Smart Home’s Capacities Exercised in
Interactions with the Consumer
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In addition, the smart home’s capacities can also emerge from within-assemblage
interactions of the smart home’s components. Some, but not all, of these
within-assemblage interactions include the consumer. While the within-assemblage
interactions are not diagrammed here, the smart home’s capacities that emerge
from such within-assemblage interactions also contribute to the smart home’s
identity.
In addition to the smart home’s identity that emerges from part-whole interactions
with the consumer, and from within-assemblage interactions, we also need to
include the smart home’s capacities that are exercised in between-assemblage
interactions of the smart home with other entities. The between-assemblage
capacities involved in the smart home’s identity are shown in blue in the figure
below. This represents the home’s capacities that are exercised in interaction of the
home with all other entities, and the smart home identity emerges from these
capacities.

Smart Home Identity Emerges from the Smart Home’s Capacities Exercised in
Interactions with all Other Entities

We emphasize that smart home identity emerges from those capacities expressed in
an interaction that are the capacities
of the home
, rather than the capacities of the
other entity involved in the interaction. So, we can view 
smart home identity as
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interaction from the home’s perspective. 
Smart home identity emerges from all of the
smart home’s capacities.

3.4.1.2 Consumer Identity
Similarly, consumer identity is defined by the consumer’s properties, tendencies and
capacities. As before, only capacities are directly involved in interactions and so we
consider consumer identity as emerging from the capacities
of the consumer that

are exercised as the consumer interacts with other entities. Diagrammed below are
the capacities of the consumer that are exercised as they interact with the smart
home. Consumer identity, in part, emerges from the consumer’s capacities that are
involved in these part-whole interactions with the smart home.

Consumer Identity Emerges from the Consumer’s Capacities Exercised in
Interactions with the Smart Home

Clearly, the above picture tells an incomplete story of consumer identity. Consumer
identity is an extremely broad construct, involving all consumer capacities that have
emerged from all of the consumer’s interactions. Consumer identity does not just
involve those capacities exercised in an interaction of the consumer with the smart
home, but also from capacities exercised in within-consumer interactions (e.g.
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motivations, needs, thoughts, etc.) and in between-assemblage interactions of the
consumer with all other entities, such as other people, things and places. Such
between-assemblage interactions involve the vast majority of the consumer’s life interactions with family, friends, work, school, travel, and so on. So, as before, we
need to include the consumer’s capacities exercised in between-assemblage
interactions of the consumer with other entities. The between-assemblage
capacities involved in the consumer’s identity are shown in yellow in the figure
below, which now include interaction of the consumer with all other entities. Again,
we can note that consumer identity involves those capacities expressed in an
interaction that are the capacities of the consumer, rather than the capacities of the
other entity involved in the interaction. So, we can view consumer identity as
interaction from the consumer’s perspective.

Consumer Identity Emerges from by the Consumer’s Capacities Exercised in
Interactions with all Other Entities
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3.4.2 Consumer Experience of the Smart Home
Whereas smart home identity and consumer identity emerge from their respective
capacities, consumer experience of the smart home emerges from the 
interactions
that involve these paired capacities.
So, while smart home identity emerges from all
of the home’s capacities, and consumer identity from all of the consumer’s
capacities, consumer experience of the smart home emerges from 
both
the
capacities of the consumer and the home, but only those capacities that are involved
in interactions of the consumer and the home. The figure below highlights the
relevant capacities involved in part-whole interaction of the consumer (shown in
yellow) with the smart home assemblage (shown in blue). Consumer experience of
the home emerges from these interactions, and incorporates the paired capacities of
both the consumer and the assemblage. Note that the paired capacities involved in
consumer experience of the smart home are a small subset of the much broader
range of capacities that define consumer identity, and, to the degree that the smart
home interacts with entities other than the consumer, a subset of the broader range
of capacities that define smart home identity.

Consumer Experience of the Smart Home Emerges Through Interaction
Among Paired Capacities

Emergent Experience and the Connected Consumer

60

Our assemblage theory view of consumer experience is consistent with the
literature on user experience and customer experience, and allows us to think of
consumer experience as emerging from interactions between the consumer and an
assemblage, where both the consumer and the assemblage each have their own
broader identities, and where the paired capacities of those identities are involved
in interaction. The consumer experience of an assemblage that emerges is an
emergent capacity of the consumer to affect/be affected by the assemblage through
interactions that occur at a range of levels.

3.4.3 Formal Definitions of Capacities Involved in Identity and Experience
3.4.3.1 Identity Definitions
As discussed earlier, the identity of the smart home and the consumer both emerge
from their respective capacities
.
More formally, we can use set theory notation to
define the set 
C
of the capacities of the smart home as 
C
c
|

c
is a capacity of the
h
h=
 {
h
h
smart home}. The capacities of the smart home can be partitioned into capacities of
the smart home that are only exercised in interactions with the consumer (C h|c) ,
and the capacities of the smart home that are only exercised in interactions that do
not involve the consumer (C h|c′) , so that C h = C h|c ⋃C h|c′ , where:
C h|c = { ch|c | ch|c is a capacity of the smart home only exercised in an interaction that
involves the consumer}
C h|c′ = { ch|c′ | ch|c′ is a capacity of the smart home only exercised in an interaction that
does not involve the consumer}
Similarly, for the consumer, we can partition capacities into those involving the
smart home and those not involving the smart home, so that C c = C c|h ⋃C c|h′ , where:
C c|h = { cc|h | cc|h is a capacity of the consumer only exercised in an interaction that
involves the smart home}
C c|h′ = { cc|h′ | cc|h′ is a capacity of the consumer only exercised in an interaction that
does not involve the smart home}
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Based upon the above, in addition to considering smart home identity and consumer
identity in terms of capacities C
and C
h
c ,we can also consider smart home identity
that is contingent on only those capacities C h|c involved in interactions with the
consumer, and consumer identity that is contingent on those capacities C c|h involved
in only those interactions with the smart home. This view of contingent identity as a
subset of overall identity parallels the characterization that has been made (Law et
al. 2009) of user experience as a subset of overall experience. See the table below.

Type of Identity

Capacities involved
C
h

Smart Home Identity
Contingent Smart Home Identity (Consumer Related)

C h|c
C
c

Consumer Identity
Contingent Consumer Identity (Smart Home Related)

C c|h

3.4.3.2 Experience Definitions
Consumer experience of the smart home emerges from the paired capacities
involved in interaction of the consumer with the smart home. Without specifying the
process by which consumer experience emerges, we can still define the paired
capacities that are involved. These capacities, for both the consumer and for the
smart home, can be partitioned according to whether the capacity is to affect, or be
affected by, another entity.
←
For the smart home, we can partition capacities as C h = C →
h ⋃C h , where:
→
→
C→
h = { ch | ch is a capacity of the smart home to affect another entity}
←
←
C←
h = { ch | ch is a capacity of the smart home to be affected by another entity}

←
Similarly for the consumer, we can partition capacities as C c = C →
c ⋃C c , where:
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→
→
C→
c = { cc | cc is a capacity of the consumer to affect another entity}
←
←
C←
c = { cc | cc is a capacity of the consumer to be affected by another entity}

The interaction between the consumer and the smart home operates through
exercised paired capacities where the capacity of one entity to affect is coupled with
the capacity of the other entity to be affected. We can consider the paired capacities
involved in the interactions between consumer 
c
and smart home 
h
as a binary
relation, 
I
, between 
Ch
and 
Cc
, specifying a subset of the Cartesian product of 
Ch
and



→
←
→
←
→
←
→
←
C
so that: I = {< ch , cc >, < cc , ch > | ch , ch ∈ C h|c and cc , cc ∈ C c|h } .
c
Correspondingly, the paired capacities of the consumer and smart home involved in
interaction, and thus involved in consumer experience of the smart home, are
defined in the following table:

Consumer

Smart Home

Capacity of consumer to
affect home

C→
c ⋂C c|h

C←
h ⋂C h|c

Capacity of home to be
affected by consumer

Capacity of consumer to
be affected by home

C←
c ⋂C c|h

C→
h ⋂C h|c

Capacity of home to affect
consumer

3.5 The Smart Home Ecosystem
Together, the entities that are involved in the within, between, and part-whole
interactions that lead to the emergence of capacities involved in smart home
identity and consumer experience define the smart home’s 
ecosystem
, shaded in
blue, yellow and green in the figure below. These entities include the smart home,
the consumer, and all other people and things with which the smart home may
interact.
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The Scope of the Smart Home Ecosystem is Defined by Entities

The entities in an ecosystem expand the range of capacities of a new technology.
Right now we literally do not have the words to explain the identity of the smart
home. This is why marketers are struggling. Think back to the iPad. The iPad’s
ecosystem includes the user base, apps, and iPhone accessories. However, the
ecosystem was not in place when the iPad was introduced in 2010, and people did
not really know what that was and it was not immediately clear what it would be
good for. In other words,the iPad had a lot of capacities but it was not clear how they
would be exercised. Early reviews emphasized ease of use and a better computing
experience and compared it to existing categories like laptops or netbooks, and
emphasized it was a new category, but beyond that could not really say what it was.
The use cases are like those categories. So we are comparing the emergence of the
smart home to the use cases, because we do not yet have the words to say what it
really is. So this means we have to focus on adoption and get these devices into as
many homes as possible as quickly as possible so consumers can start interacting
with these components and a consumer experience can emerge. From that
experience and identity, a vocabulary will emerge and the marketing can expand
beyond the use cases. What we still do not know is what has to happen once smart
devices are in the home so the consumer actually does experience comfort,
convenience, energy savings and so on. The smart home’s ecosystem plays a critical
role in expanding the range of capacities of the smart home.
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3.6 Processes that Stabilize and Destabilize Smart Home Identity
and Consumer Experience
Our discussion of identity and consumer experience in terms of emergent capacities
also needs to include consideration of the processes by which identity and
consumer experience are stabilized or destabilized. The identity of the smart home
as well as consumer experience is stabilized, over time, by territorialization and
coding processes, and destabilized by deterritorialization and decoding processes.
Territorialization is a variable process that stabilizes the identity of an assemblage
by increasing its degree of internal homogeneity or by increasing the degree of
sharpness of its spatial or temporal boundaries (DeLanda 2006 p11). Coding
performs a second articulation of components of an assemblage, after the first
articulation provided by territorialization, that consolidates the effects of
territorialization and further stabilizes the identity of an assemblage (DeLanda
2006, p15). We now consider these processes in the context of the smart home.
As the level of territorialization, or coding, is quantitatively increased (or decreased
in the case of deterritorialization and decoding), the assemblage can change phase
and become qualitatively different (DeLanda 2012). For example, water molecules
can become highly territorialized by a quantitative decrease in temperature from 42
to 30 degrees Fahrenheit and qualitatively change phase to solidify into ice, or
become highly deterritorialized by increasing temperature above 212 degrees and
change phase to destabilize into steam. In both cases, a quantitative change in
temperature produces a discrete qualitative change in phase of the assemblage.
For the smart home, at some point we similarly expect there will be phase changes
as the smart home becomes sufficiently territorialized for consumer experience to
become qualitatively different. Fundamental research questions involve the
identification of critical qualitative phases of the smart home. So, for example,
quantitative changes as more devices are added to the home and more interactions
are made between devices can lead to a qualitative change in consumer experience,
where consumer experience changes phase and emerges as an experience of the
smart home as indispensable and something one cannot live without. Thus,
quantitative change in more devices or more functions performed by a set of devices
can result in a threshold being crossed resulting in qualitative change. Quantitative
change could also be in the level of routine behavior - not just routine behavior of
the homeowner, but perhaps more importantly also routine behavior involving the
home’s devices interacting with each other. A new qualitative consumer experience
Emergent Experience and the Connected Consumer

65

can emerge from such quantitative change: “Oh my home is now smart and I can’t
live without it being this way.”
3.6.1 Territorialization
In assemblage theory, territorialization is the process through which identity and
experience are stabilized, and deterritorialization the process through which
identity/experience are destabilized. Both smart home identity and consumer
experience of the smart home emerge over time. When identity and experience are
stable, capacities of both the homeowner and the smart home are clear and
predictable. You know what you can do. You know what will happen as a result. You
know what your home can do. You know how you are likely to respond as a result.
The stabilizing process of territorialization versus the destabilizing process of
deterritorialization operate through through establishing clear versus fluid
boundaries of the assemblage, and through the degree to which the assemblage is
homogeneous or heterogeneous. Both boundaries and homogeneity can be defined
on multiple dimensions. A few examples relevant to the smart home are shown in
the table below.

Identity & Experience are 
Stabilized
through 
Territorialization

Identity & Experience are 
Destabilized
through 
Deterritorialization

Clear Boundaries
Clear use case boundaries are identified
(safety and security).

Fluid Boundaries
DIY/hacker segment pushes beyond simple
use case boundaries (feed my dog).

Clear boundaries of which objects are smart
(lights & locks)

Push the boundaries of which objects are
smart (toasters & toilets)

Homogeneity
Narrow and homogeneous range of smart
products in home (Philips Hue smart lights
in every room).

Heterogeneity
Wide heterogeneous range of smart
products in home (multiple brands of lights,
pet door, locks smoke alarm, thermostat,
fridge, etc.)

Routinized user and home behavior.
Habitual repetition.
Suppress emergent behavior - rely on use
cases.
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Let us take a closer look at the role of boundaries and homogeneity in
territorialization of the smart home. First consider boundaries. The boundaries of
an assemblage specify the extent of its structure in time and space. Boundaries vary
along a continuum from highly territorialized (well defined, sharp and fixed
boundaries) to highly deterritorialized (poorly defined, fuzzy and fluid boundaries).
Through the process of territorialization, spatial and/or temporal boundaries of an
assemblage are defined and sharpened (DeLanda 2006 p13). The physical structure
of a home defines where it is possible to install lights, locks, switches and other
components. The ability to remotely control lights, locks and switches from a smart
phone when out of town expands but decreases the clarity of the physical
boundaries. The smart home might be defined by temporal boundaries, in a that a
home designed to help its occupants sleep soundly might be a smart home at night,
but a conventional home by day. Boundaries can also be in “virtual space”; in
considering the vulnerability of a smart home from malicious hacking efforts, the
boundary consists of the extent of network access points and online devices
susceptible to attack.
Boundaries also include categorical boundaries that specify whether something is or
is not part of the assemblage (DeLanda 2006 p. 66). For example, there may be a
lack of clarity about whether a smartwatch should be considered as part of the
smart home. Or, only uses cases that are related to safety and security might be
considered a part of the smart home. In still another example, only product
categories of lights and locks may be considered a part of the smart home.
While boundaries provide spatial and temporal influences on territorialization,
homogeneity provides non-spatial and non-temporal influences. Homogeneity of an
assemblage’s components, the ways its components are connected, and the nature
of interactions all increase increase territorialization. These are non-spatial
processes that can increase homogeneity in a wide range of ways, such as practices
of inclusion and exclusion (DeLanda 2006 p 66), routinization (DeLanda 2006 p.
74), habitual repetition (DeLanda 2006 p. 50), interdependence (DeLanda 2006 p.
56) and common motivation (DeLanda 2006 p. 92).
In the smart home, we can consider homogeneity from four different perspectives homogeneity of components, connections, behaviors, and motivations:
Components. 
One way that homogeneity of components can be increased is when
the consumer buys a branded system like Iris or SmartThings and then acquires
other components that work with that particular system. Alternatively, the
components might be homogeneous in the sense that they are all from a narrow
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product category, for example all components might be smart lighting devices from
a range of manufacturers.
Connections. 
Homogeneity of connections increases as a stable network of
interactions develops, and as the network of interactions becomes denser. Just as
highly territorialized social assemblages are tightly knit with a dense network of
linkages (DeLanda 2011 video), devices in a smart home that are set up to interact
with each other in a dense network of interactions become interdependent.
Behavior. 
Homogeneity of behavior results from habitual repetition of identical
behaviors, where routine behaviors develop. For example, every time you leave the
house, your Nest thermostat knows you’re gone and lowers the temperature to 69
degrees. Every time your wash is done, you get a text from your washing machine.
Every time you run out of Tide laundry detergent, you press your WiFi connected
Amazon Dash Button to reorder. It is important to note that these routine
interaction behaviors do not necessarily need to directly involve the consumer,
since many smart device interactions are autonomous. For example, lights that are
programmed to go on at sunset and off at midnight specify a routine that operates
without direct participation of the homeowner, although the homeowner can
become part of this routine behavior by observing its regularity. As we discuss in
the next section, this is an instance of the expressive role of ambient interaction.
Motivation.
Last, examples of homogeneity of motivation would be a homeowner
who sets up a smart home in response to their concerns about potential damage to
their home, or concerns about theft, or the desire to save energy, or the desire to
express themselves. Such motivations sharpen the boundaries of the smart home.
Changes in boundaries and homogeneity of the smart home, as described above, will
either territorialize or deterritorialize the smart home. More accurately, the home
will oscillate, over time, between territorialization and deterritorialization
processes. For example, the consumer who begins with a few smart lighting
components will deterritorialize their home as they later add in smart locks.
However, as new interactions emerge in the expanded home with lights and locks,
for example as the routine use with both is experienced, and perhaps as interactions
where the lock turns on the lights emerge, the home again becomes territorialized.
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3.6.2 Coding
In addition to territorialization, assemblage theory considers an additional process,
coding, which serves to “lock in” and reinforce the effects of territorialization, as
well as the inverse process of decoding, which enables deterritorialization. Coding
uses specialized expressive media (e.g. genes, words, programming) to lock in a
territorialized identity and the scope of capacities (DeLanda 2006, p15). For
example, at the level of a society, homogeneous norms of behavior emerge and
territorialize a community (e.g. you should not shoot your neighbors with a gun).
These are further coded by laws (e.g. it is illegal to shoot your neighbors with a gun).
DeLanda originally considered the coding role provided by two specialized
expressive media - genes and words - in stabilizing assemblage identity. In
subsequent formulations, DeLanda noted that the coding parameter can be applied
to other sources of information-based constraints (DeLanda 2011, p188) and
identified programming operators and control structures like loops and branching
instructions as mechanisms for coding an automaton with a fixed identity (DeLanda
2011, p201). In the context of the smart home, device control and programming
languages serve expressive media that can be used for coding. For example, simple
if-then rules allow the homeowners to code their wishes for how devices should
behave, and these coded wishes can be honored without any further human
intervention.
After the smart home has been territorialized (i.e has clear boundaries and is
homogeneous), coding further stabilizes the smart home’s identity and consumer
experience. In the smart home, industry standards provide a type of coding,
restricting the range of what is possible (boundaries ) and ensuring that
components operate smoothly (homogeneity). The types of programming rules used
to control smart home components also serve as coding. For example, systems that
only operate under an IF-THEN set of rules code interactions in a specific range of
ways. Dashboards that specify which data the user does and does not see also
reinforce homogeneity of behavior. Decoding, on the other hand, deterritorializes
identity and experience. For example, disruptive products that don’t use current
standards, third party solutions that allow complex Boolean rules for controlling
smart home components, and direct consumer access to the the data stream can all
destabilize an existing smart home assemblage.
Coding also operates in the form of restrictions built into consumer IoT devices. In
the consumer IoT, the effects of coding due to such restrictions will have important
policy implications (Stanley 2015). Citron (2007, p 1254) notes that programming
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code can alter established rules, in that “programmers routinely change the
substance of rules when translating them from human language into computer code.
The resulting distorted rules effectively constitute new policy that can affect large
numbers of people.” Citron provides as evidence an analysis of the problems and
injustices in the Medicaid program as it was implemented (i.e. coded) on computers.
In the IoT, just as DVDs have been coded to prevent fast forwarding through content
at the beginning of the disc, starter interrupt devices and breathalyzers on cars and
RFID chips in hotel key cards are used to impose restrictions on human behavior. In
addition, the widely documented concerns about the lack of security of current IoT
devices stem from consequences of coding that opens up devices such as coffee
makers, garage door openers, eyeglasses or running shoes to vulnerabilities from
hacking or botnets (e.g. Anderson 2014). Which such coding is not under the
consumer’ control, it still can adversely affect the capacities of not just the particular
device but of assemblages of which the device is a component.
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4
Interactivity and User Experience (UX)
Our framework in section 3 formally defined identity in terms of capacities, and
consumer experience in terms of interactions that operate through paired
capacities. In this section, we begin by connecting our framework with prior
literature on user experience (e.g. Law et al. (2009); Hassenzahl and Tractinsky
(2006); Pucillo and Cascini 2014; Roto et al. 2011). We then discuss interactivity
from four perspectives: level of interaction, zone of interaction, path of interaction
and time of interaction

4.1 Levels of Interaction
The interactions that lead to consumer experience correspond to objectives that
occur at a range of different levels. In the UX literature, interactive products are
viewed as having both instrumental, pragmatic objectives, and non-instrumental,
hedonic objectives (Hassenzahl, Diefenbach and Goritz 2010; Hassenzahl 2001).
Instrumental interactions have been further divided into lower-level instrumental
manipulations that accomplish motor-goals which lead to higher-level instrumental
actions that accomplish do-goals; in turn, the higher-level instrumental actions lead
to non-instrumental interactions that accomplish needs satisfying be-goals (Carver
and Scheier 1998; Hassenzahl (2010); Pucillo and Cascini 2014). In the context of
the smart home, the low level instrumental actions of pressing and swiping the
screen of a smartphone (motor-goals) are performed in order to accomplish
higher-order instrumental actions where the smartphone is used to program the
home’s lighting system (do-goals), which in turn may lead non-instrumental actions
of experimenting with new lighting effects leading to a sense of playfulness
(be-goals). Similarly, Forlizzi and Battarbee (2004) categorized user-product
interactions as fluent (automatic interactions), cognitive (interactions resulting in
knowledge or skill generation), and expressive (interactions leading to forming a
relationship with the product).
Our view of interactions occurring through paired capacities is related to the
concept of affordances (Gibson 1979), or opportunities for action, which has been
used by UX researchers as a basis for interaction design (Pols 2012; Baerentson and
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Trettvik 2002; Pucillo and Cascini 2014). DeLanda (2011) notes that capacities are
closely related to affordances, although while affordances were originally
introduced within the context of ecological interactions, capacities are a more
general construct applicable to any physical, biological, chemical, or social
interaction. UX researchers have categorized affordances into either a three level
hierarchy (operational, instrumental, need related, Baerentsen and Trettvik 2002)
or a four level hierarchy (manipulation, effect, use, activity, see Pols 2012;
manipulation, effect, use, experience, see Pucillo and Cascini 2014).
As an example of the hierarchical organization of affordances involved in UX,
consider a proximity sensor that can detect whether a person or is within a certain
radius of a door. At the lowest level, the proximity sensor affords a person the
opportunity to trigger the sensor by walking in range. This lowest-level affordance
is a basic action that has been termed an 
opportunity for manipulation 
(Pols 2012;
Pucillo and Cascini 2014). At a higher level, the proximity sensor affords an
opportunity for effect
; it can turn on a connected light when a person walks within
range. At a still higher level, the proximity sensor affords an 
opportunity for use
; the
homeowner can plan an installation where lighting sensors will be strategically
positioned to light up a pathway inside or outside the home. At the highest level, the
proximity sensor affords an 
opportunity for experience
; once the installation is in
use, the homeowner may feel proud that they have taken steps to assure the safety
of their family. The table below, expanded from Pohl (2012) and Pucillo and Cascini
(2014), summarizes the discussion.
Levels of User Experience are Orthogonal to Material and Expressive Roles
Assemblage
Theory

User Experience (UX)
Interaction level

Affordance level

Goal

Capacity (role)

instrumental

opportunity for
manipulation

motor-goal

material or
expressive

instrumental

opportunity for effect

do-goal

material or
expressive

instrumental

opportunity for use

do-goal

material or
expressive

noninstrumental / hedonic

opportunity for activity
or experience

be-goal

material or
expressive
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In assemblage theory, as discussed earlier, one way that level of interaction can be
defined is by whether components play a 
material 
(lower level) or
expressive
(higher level) role in an interaction. During an interaction, components of an
assemblage play a material role, an expressive role or a mixture of the two, by
exercising different sets of capacities (DeLanda 2006, p12). Material roles are
structural, infrastructural, mechanical, operational and functional, while expressive
roles are both linguistic/symbolic as well as non-symbolic (e.g. behavior, facial
expression, body expression), conveying meaning (e.g. words, gestures) and identity
(e.g. fingerprints, architectural elements). So, in addition to partitioning capacities
as those that either affect or are affected by, we can also partition capacities
according to whether they play a material role or an expressive role in a given
interaction. To the degree that some capacities play a material role and others play
an expressive role, the resulting interactions play either a material or expressive
role. We can thus view interaction as occurring at either a material (low) level or an
expressive (high) level.
A key distinction between our assemblage theory view and the view of levels of
interaction in the UX literature is that our perspective allows capacities to take on
either a material or expressive role at all four levels of interaction and affordances
that are involved in UX. Thus, the level of interaction from assemblage theory (e.g.
material or expressive), and the level of interaction from the UX literature (e.g.
instrumental or non-instrumental) are orthogonal constructs. The UX literature
views interactions, and the affordances involved in interactions, as hierarchically
organized on an ordinal continuum of increasing complexity of interaction,
affordances, and goals. Assemblage theory, on the other hand, allows the capacities
involved in these UX interactions to be either material or expressive, regardless of
the level or complexity of interaction. A few examples should make this clear.
Low-level instrumental interactions that afford opportunity for basic operational
manipulation, such as lifting one’s arm so that the screen of a smartwatch turns on,
certainly play a material role in that these basic mechanical operations are the
building blocks from which more complex types of interactions are built. At the
same time, this low-level interaction may also play an expressive role. A co-worker
observing a smartwatch wearing colleague raise their arm in a business meeting,
engaging in this basic mechanical operation of activating their smartwatch’s display,
may feel their colleague’s attention is about to be diverted away from the meeting
and may question the commitment of their colleague to the meeting, knowing that
this arm raising behavior is expressive of a desire of the colleague to check their
smartwatch. We should note, however, that the material role of the low-level
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instrumental interaction (raise arm, screen turns on) is evident from the very
beginning, while the expressive role of this same interaction only emerges after
gaining understanding of this instrumental action. Function is evident, but meaning
must emerge. So, for low-level instrumental interactions, meaning follows function.
Similarly, high-level non-instrumental interactions, such as using an exercise app on
one’s smartwatch to monitor physical activity and vital signs, affords the
opportunity to experience fulfillment of basic psychological needs, such as creating
a feeling of autonomy and control over one’s health. At this level, where the
interactions with the smartwatch involve the user’s capacity to feel empowered and
in control of their health, the capacity of the watch to create this feeling plays a clear
expressive role. At the same time, the smartwatch empowered consumer also plays
a material role, in that once this sense of control over one’s health has emerged from
interactions with the watch, the consumer and their smartwatch may become a
material node in a macro-assemblage network of like-minded users who share data
and offer support to each other. In contrast to our previous example, the expressive
role of high-level non-instrumental interactions emerges before the material role, in
that the consumer-smartwatch assemblage must develop expressive capacities
before these expressive capacities serve a material role in building larger
macro-assemblages of like-minded smartwatch users. So, for high-level
non-instrumental interactions, function follows meaning.

4.2 Zones of Interaction
Two different modes of interaction need to be considered in the smart home - direct
and ambient. Ambient, background, on-going interaction may prove to be more
important in shaping consumer experience at least in part because ambient
interaction can build trust. Routine types of interaction that happen over time and
that increase the homogeneity of an assemblage will yield a more stable identity
that is more likely to be trusted. The role of repeated interactions in strengthening
interpersonal trust has been established. For example, Lewicki, Tomlinson and
Gillespi (2006) note the role of repeated interactions, including even casual and
unintentional repeated interactions that we may characterize as ambient, in
strengthening a range of different forms of interpersonal trust. Since ambient
interaction happens continually, and since territorialization happens through
routine actions, ambient interaction has an important role to play in territorializing
the identity of smart homes.
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The orthogonality of material and expressive roles to the level of user experience is
especially important in the smart home, where much interaction is ostensibly low
level, but nonetheless can play an expressive role, acquiring meaning through
repetition and experience. As a physical interactive environment, much consumer
interaction in the smart homes occurs in distance-based proxemic zones (e.g.
Ballendat, Marquardt and Greenberg 2010; Greenberg et al. 2011; Hall 1966;
Michelis and Send 2009; Streitz et al. 2005; Vogel 2006; Wang et al. 2012). Ranging
from far to near distance of the user from the device, various authors have defined
discrete proxemic zones of interaction, with ambient interaction occurring at the
furthest distance from a device or display, and direct interaction at the closest
distance. Hall (1966) originally defined four proxemic zones for interpersonal
distance: public (12 to 25 feet), social (4 to 12 feet), personal (1.5 to 4 feet) and
intimate (less than 1.5 feet). Variants of this approach have been used in
applications of proxemic interaction. For example, the Vision Kiosk (Christian and
Avery 2000) operated in two zones: attention (nearest) and interaction (furthest);
the Hello.Wall interactive active display was designed with three zones: ambient
(furthest), notification and interaction (nearest) (Stretiz et al. 2005). Recognizing
that physical distance is not the only determinant of nature of interaction, rather
than considering discrete distance-based zones, Ballendat, Marquardt and
Greenberg (2010) defined a continuous zone of interaction, ranging from ambient
awareness to direct interaction, but where the interaction zone as not just based on
physical distance but also orientation, movement and identity of the entities
involved in the interaction. This more general multivariate continuous measure was
used to define different depths of interaction for the Proxemic Peddler advertising
display (Wang et al. 2012).
Regardless of whether discrete or continuous zones of interaction are used to
trigger a specific depth of interaction, the resulting interaction will range from
ambient to direct. Ambient interaction is background, peripheral “stand by” passive
interaction (Vogel 2005), while direct interaction is foreground, back and forth
active interaction of a user with a device. Direct interaction typically occurs at close
distance, but this doesn’t necessarily have to be the case. For example, one might
directly interact with one’s smart thermostat from thousands of miles away by using
a smartphone app. Similarly, ambient interaction is typically conceived as operating
at large distances in public spaces, but is equally applicable for proximate wearable
devices that are by definition always close to the consumer. Direct interaction is
perhaps the more familiar construct, and can range from lower level instrumental
manipulations, to higher level instrumental uses, to non-instrumental hedonic
interactions. Ambient interaction, on the other hand, was originally developed in the
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context of information displays for so-called calm technology designed to
continuously operate in the user’s periphery as part of their environment (Vogel
2005; Weiser and Brown 1996). Such ambient displays conveyed meaning through
subtle and short-term interaction, and were designed to be easily comprehensible
and immediately usable without prior training (Vogel 2005).
While ambient interaction is often viewed as a gateway to direct interaction through
various zones of progressive intensity of interaction, another view of ambient
interaction is that repeated peripheral ambient interactions can lead to the
emergence of capacities that go well beyond the simple display of information
conveyed by flashing lights or scrolling words on an ambient display. The term
ambient intimacy
(Reichelt 2007) has been used to describe the feeling of intimate
connection that can result from a sequence of on-going low level interactions, such
as interactions on Twitter. While ambient interaction can be viewed as performing
the phatic function in communication - “communication simply to indicate that
communication can occur” (Reichelt 2007) - the emergence of ambient intimacy
stems not from the role of ambient peripheral interaction as a gateway to direct
back-and-forth interaction, but rather from the ongoing sequence of ambient
interactions alone, by themselves. Thus, Reichelt describes how we build up, over
time, a connection with people we know merely from the low level of “osmotic”
communications through Twitter.
There is some empirical evidence that exposure to low-level ambient interactions
can affect consumer behavior (Forlizzi, Li and Dey 2007; Ham, Miden and Beute
2009; Rogers et al. 2010). For example, Rogers et al. (2010) designed a public
ambient display showing the degree to which people in a building used the elevators
versus the stairs, and showed that the presence of ambient information increased
the proportion of people choosing to take the stairs.
Thus, ambient interaction represents a category of low level interaction that is
instrumental in the sense that it conveys basic information and indicates deeper
communication is possible, but is non-instrumental and hedonic in that the
peripheral information is easily consumable, understandable, and interesting to the
consumer in a non-demanding manner. In the smart home, the capacities involved
in ambient interactions will play an important role in defining consumer experience.
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4.3 Paths of Interaction

Based on our discussion in the previous two sections, we now consider some of the
primary paths by which interactions can lead to emergent capacities in the smart
home. As a theory of change and emergence, assemblage theory has been viewed as
a fourfold model comprised of one axis of territorialization versus
deterritorialization processes, and a second axis of material versus expressive roles;
the four poles of these two axes are interrelated and can be potentially transformed
into each other (Harman 2008). Thus, the territorialized can become
deterritorialized, the material can become expressive, and vice versa. We can also
further define two additional axes based upon the nature of interaction. The first
interaction axis is defined by ambient vs. direct interaction, and the second
interaction axis is defined by the capacity to affect versus the capacity to be affected.
As with the assemblage theory axes, the poles of the interaction axes can be
transformed into each other. Ambient interaction can lead to direct, the capacity to
affect an entity can lead to the capacity to be affected by the entity, and vice versa.
Last, from the UX literature, we can introduce one additional axis specifying
whether the interaction objective is instrumental (pragmatic) versus
non-instrumental (hedonic).
Of these five axes, territorialization/deterritorialization represents the biggest
picture view of change in an assemblage, operating at the level of the entire
assemblage and over fairly broad periods of time. The other four axes material/expressive, affect/be affected, ambient/direct, and instrumental/hedonic all operate at the lower level of an individual interaction. As these interactions can
yield emergent capacities which can ultimately territorialize or deterritorialize the
assemblage, focusing upon these four axes provides an understanding of how an
assemblage can change. We thus identify a 2 x 2 x 2 x 2 model of 
paths to change
based upon these four axes in the figure below. The model is organized by four main
quadrants numbered 1 through 4 in the figure. These four quadrants are defined by
two of the axes that provide context for the interaction: whether the objective is
instrumental vs. non-instrumental, and whether the interaction zone is direct vs.
ambient. Within each of the four quadrants, we consider the two additional axes
that directly relate to the capacities involved in the interaction: whether the
capacities are material vs. expressive, and whether the capacities are to affect or to
be affected by. We consider the implications of each quadrant in turn.
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Model of Paths to Change in Consumer-Smart Home Interactions

In our model of paths to change, we identify the main paths of interest by which
original interactions result in emergent capacities, which in turn lead to new
interactions that are contingent on the emergent capacities. Our model of paths to
change is based on the following three assumptions:
Assumption 1. 
First, based on our prior discussion, we assume that most
interactions with instrumental objectives begin with an assemblage’s components
playing material roles in the interaction, and that over time new expressive roles
will emerge from the interactions. Further, we assume that most interactions with
non-instrumental objectives will begin with components playing expressive roles in
the interaction, and that over time new material roles will emerge from the
interactions. This first assumption guides the order of the material and expressive
columns within each quadrant.
Assumption 2. 
Second, we assume that most direct interactions of consumer and
smart home will be consumer-initiated (C → H). Further, we assume that most
ambient interactions will be home-initiated (H → C). This second assumption guides
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whether the first or second row is colored yellow in the first column within each
quadrant.
Assumption 3. 
The key paths to change are those interactions where the agentic
role changes voice (i.e. where “to affect” becomes “is affected by”) and where the
material and expressive roles reverse. For example, where an original
consumer-initiated material interaction (C → H) yields emergent capacities that
lead to a new home initiated expressive interaction (H → C). Such patterns of
interactions represent the greatest possible change these two axes. This third
assumption guides whether the first or second row is colored yellow in the second
column in each quadrant.
Based on these three assumptions, a series of examples are listed below showing
how, in each quadrant, an initial interaction can lead to emergent capacities that
make possible a subsequent, very different, type of interaction that was not
originally possible.
Quadrant 1. 
Instrumental Objective + Direct Interaction. From assumption 1, the
instrumental interactions are initially mostly material, and from assumption 2 most
of the direct interactions will be consumer initiated. From assumption 3, of greatest
interest is the emergence of capacities that lead to home-initiated expressive
interactions. The corresponding interactions are highlighted in yellow in the model.
Example. 
Consider a consumer who installs smart lights and programs timers and
motion sensors to control when the lights go on and off. This is an instrumental
objective with direct consumer-initiated material interaction. Over time, the
consumer experiences the lights going on and off, on schedule, and as people walk in
and out of rooms. The house’s lights may begin to “seem alive” as they behave on
their own, and the smart home may then initiate expressive interaction. The home’s
capacity to autonomously turn the lights on and off may lead the consumer to
anthropomorphize the home and feel that the home is present through its actions.
This is an emergent expressive capacity where home plays the agentic role in the
new interaction.
Quadrant 2. 
Instrumental Objective + Ambient Interaction. Initial interactions are
initially mostly material and home initiated. Of greatest interest is the emergence of
capacities from these initial interactions that lead to consumer-initiated expressive
interactions.
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Example. 
Consider a device with a voice-based music control system with a light that
pulses softly whenever a person enters the room, with the color of the light
indicating the genre of music that the device is ready to play. This pulsing light regardless of color - plays the material role of reminding a person that the music
control system is ready and available for further interaction. Over time, as the
consumer engages with this system, the consumer notices that color of the light
changes from time to time and may wonder what makes the device change colors.
The consumer might experimentally glance at the device from different seats in the
room, or look at the device from a distance at different times of day. The interaction
remains ambient, but the consumer perceives they have taken the agentic role in the
interaction, which has also shifted to an expressive role. Ambient interaction is
likely to be especially important for expressive roles.
Quadrant 3. 
Hedonic Objective + Direct Interaction. Initial interactions are initially
mostly expressive and consumer initiated. Of greatest interest is the emergence of
capacities that lead to home-initiated material interactions.
Example. 
Consider the consumer using the previously described voice-based music
control system in a direct interaction mode for hedonic purposes. In this mode, the
consumer talks to the system, giving it verbal feedback on whether he or she likes or
dislikes the song currently playing. The consumer might also speak the names of
artists or music genres that it would like the system to play. Through these
interactions, the consumer is expressing their taste for music. Over time, these
expressive interactions give the music control system an understanding of the
consumer’s preferences. The expressive feedback becomes a material capacity to
match the consumer’s preferences to a database of other users, and to calculate
probabilities that future music recommendations will be favorably received.
Quadrant 4. 
Hedonic Objective + Ambient Interaction. Initial interactions are
initially mostly expressive and home-initiated. Of greatest interest is the emergence
of capacities that lead to consumer-initiated material interactions.
Example. 
Consider the previously described home lighting system operating in an
ambient mode with home-initiated hedonic interactions. In this mode, the house
changes the warmth of the lighting to match the time of day, with the warmer color
temperatures at night expressive of a relaxing environment and the cooler
temperatures at day expressive of a stimulating environment. The consumer sleeps
better, and longer, as a result of these expressive interactions. The consumer’s sleep
patterns, as measured by a bed sensor, become the basis for material interactions
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with the lighting system regarding how to optimize color temperature settings
throughout the day and evening to maximize quality of sleep.
Together, the model of paths to change and the examples provide insights of four
different ways interactions in a smart home may evolve to territorialize the smart
home’s identity and consumer experience in different ways. The starting points in
the four examples represent four different possibilities for initial interaction,
hypothesized to be most likely based upon whether the objective is instrumental or
non-instrumental, and whether interaction is ambient or direct. The paths from
original to new interaction in the examples represent the most extreme scenarios of
change in each quadrant, from the perspective of interaction direction and material
vs. expressive roles. Empirical research is needed to address whether 1) the initial
types of interaction in each quadrant are, in fact, the most likely, and 2) the extreme
paths from initial to new interaction do, in fact, result in the greatest change in
consumer experience, as mediated through new emergent capacities.

4.4 Time of Interaction
The last aspect of interaction that we consider is the role of time. The UX literature
recognizes that user experience must be considered from the perspective of the
appropriate time span. Roto et al. (2011) identify four time spans relevant to UX anticipated, momentary, episodic and cumulative. 
Anticipated UX
is indirect
experience occurring before actual usage, where future experience is imagined
based on prior experiences with other products, other consumers, and marketing
materials. 
Momentary UX
is direct experience during a specific interaction with a
product, and can be measured repeatedly over multiple time points during usage, as
with the Experience Sampling Method (e.g. Csikszentmihalyi and Csikszentmihalyi
1988; Csikszentmihalyi and LeFevre 1989). Over the longer term, 
episodic UX
reflects an appraisal of a specific usage episode comprised of a series of momentary
experiences. Over the still longer term, cumulative UX reflects a retroactive
appraisal formed after a series of usage episode as well as periods of non-use.
The choice of an appropriate time frame is necessary to clarify which aspects and
scope of user experience are objectively in focus. However, a consumer’s
retrospective assessment of their overall experience is not a simple function of their
momentary experiences. The synthesis of momentary experiences into an overall
episodic evaluation is a complex process, influenced by factors such as whether the
trend in in experience quality during the episode was improving or declining, and
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the degree to which momentary experiences are perceived as continuous or discrete
(Ariely 1988; Ariely and Carmon 2000; Ariely and Zauberman 2000, 2003). In
evaluating the experience of happiness, Kahneman has argued for the
moment-based measurement approach whereby the total utility of an episode is
derived from a record of momentary utilities, rather than a memory-based
measurement approach that relies on a person’s retrospective evaluations of past
episodes (Kahneman, 2000). Thus, the well-documented psychological biases and
processes involved in forming an overall, gestalt evaluation of an experience must
be considered in consumer-based measures of experience. An assemblage theory
view of these biases and processes takes into consideration that overall experience
is an emergent outcome of momentary experiences, and as such is irreducible to the
individual momentary experiences which cannot be simply combined in an additive
manner.
From our perspective, however, we are less focused on these biases and process,
important though they are, and are more focused on viewing consumer experience
as deriving from capacities that have been involved in 1) episodic or cumulative
past interactions, 2) momentary present interactions, and 3) anticipated future
interactions. However, this discussion should not be taken as implying a linear view
of time, and thus a linear view of consumer experience. In the UX literature, it has
been noted that “the phases of experiencing overlap and interleave in a variety or
orders, there is no fixed sequence from anticipating to recounting” (Roto et al. 2011,
p. 9).
More fundamentally, we can view past, present and future interactions all in terms
of a flexibly defined present, rather than a linear temporal sequence, where the
present can vary in scale to include aspects of past and future: “Past, present and
future are not three dimensions of time; only the present fills time, whereas past
and future are two dimensions relative to the present in time. In other words,
whatever is future or past in relation to a certain present (a certain extension of
duration) belongs to a more vast present which absorbs the past and the future. “
(Deleuze 1990, p162). Thus, actual experienced time “is made exclusively out of
presents .. what is past and future relative to one time scale is still the living present
of a cycle of greater duration” (DeLanda 2002, p121). The choice of time scale for
consumer experience of the smart home specifies the past and future time horizon
(Bluedorn and Denhardt 1988; Das 1987) and defines temporal depth (Bluedorn
2002), consequently specifying the scope and range of paired capacities exercised
by the consumer and home during this present period of time.
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While any single choice of temporal depth for defining present experience
represents an arbitrary choice, selecting larger more inclusive time scales (e.g.
broad retrospective measurement), or smaller but more numerous time scales (e.g.
ESM methodology) does not provide a more complete experience, because all of of
these measurement options still view consumer experience as a state of being. In
contrast, from the perspective of Deleuze and DeLanda, consumer experience is a
process of becoming, rather than a state of being. We experience being, in the
present, as a momentary suspension of the act of becoming. In contrast to this sense
of being, which exists in the present, DeLanda characterizes a “pure becoming” as “a
temporality which always sidesteps the present, since to exist in the present is to be,
to no longer to become. This temporality must be conceived as an ordinal
continuum unfolding into past and future, a time where nothing ever occurs but
where everything is endlessly becoming in both unlimited directions at once, always
‘already happened’ (in the past direction) and always ‘about to happen’ (in the
future direction)” (DeLanda 2002, p 122). Admittedly, this dynamic
conceptualization of consumer experience as becoming, rather than being, is much
more difficult to operationalize. But, we can draw from this view the idea that
present consumer experience is always contingent on past experience and that past
experience, having happened, is not a linear progression but rather an a-temporal
part of the identities of the entities involved in the experience, where past events
co-exist in the form of capacities that define current identity.
Further, past and future are unified in that they both share what DeLanda (2002,
2006, 2011) has termed an underlying 
possibility space. 
The possibility space is a
mathematical topological structure that defines the potential capacities and
tendencies of an assemblage, with a changeable number of dimensions that depend
on which entities are involved in interactions. Within the possibility space, an actual
assemblage is an 
individual singularity 
that has been realized in this possibility
space; by actual assemblage we mean an assemblage that has emergent capacities it
has actually exercised. In addition, the possibility space contains 
universal
singularities
that are topological invariants that define “extreme forms” (DeLanda
2006 p30) and serve as attractors that influence long term trajectories of an
assemblage through the possibility space, shaping the form of assemblages as they
emerge. Universal singularities structure the possibility space and influence the
population of individual singularities (i.e. actual assemblages) that will emerge. This
is an important point since we are concerned not just with a single consumer-smart
home assemblage, but with the larger population of all consumer-smart home
assemblages. In the broadest view, consumer experience is not only concerned with
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“what is” for a given consumer, but also with the underlying structure of “what
could be” for all consumers.
The figure below presents what we call "the tree of time," a diagrammatic
representation of past, present and future views of consumer experience. Deleuze
(1994) views time in terms of three passive syntheses of present, past and future;
these three passive operations are viewed as leading to experience, rather than
experience leading to the passage of time. While our concern is primarily with
present consumer experience within a given temporal depth, it must be recognized
that consumers differ in their temporal focus, which is the degree to which people
allocate their attention to past, present or future (Shipp, Edwards and Lambert
2009). At the same time, past, present and future time frames are qualitatively
distinct. Thus, we briefly consider our figure as an overview of the role that time
plays with respect to assemblage theory.

The Tree of Time: Past, Present and Future Consumer Experience
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In the figure, the present is represented as a variable width interval of a given
temporal depth that, as described above, is flexible in that the time frame of the
present can be expanded or contracted to include or exclude events that have or are
about to happen. Consumer experience of the smart home in the present involves
the capacities of consumer and home that are mutually exercised during
interactions, as well as subsequent capacities that may emerge from these
interactions, and also subsequent interactions that may involve these emergent
capacities. Thus, consumer experience in the present incorporates not just a list of
capacities, but also contingent relationships among interactions that can evolve over
time. For example, during the first week of living with a smart door lock, the
consumer may move from an initial experience of skepticism and worry that the
lock will work, to period of “checking the lock’s work” to verify it was operating
properly, and finally toward an experience of tentative trust in the lock’s
performance based on this history of interaction. This tentative trust is contingent
on the interactions experienced during the consumer’s first week with the lock.
While we might say that the consumer
has
a history of experience with the lock, it
would be more accurate to say that the consumer’s experience 
is 
the history of the
lock (e.g. Holland 2013). The past, on the other hand, is shown as flattened rather
than linear, since the past “is not the repository of a repository of a linear series of
passing presents, but an a-temporal bloc where each and every past event co-exists
with all the other” (Holland 2013). As time passes, the present is absorbed in this
flattened past, and a new present emerges contingent on past interactions and the
underlying space of possibilities from which the past was actualized. In the other
direction, the present leads to a future which, like the past, is structured by a space
of possibilities. What will be actualized in the future is subject to contingent events,
just as what was actualized in the past and what is happening now in the present
were and are subject to contingent events.
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5
Consumer Experience
Our framework formally defines identity in terms of capacities, and experience as
that which emerges from the consumer’s part-whole interactions with the smart
home, as exercised through paired capacities. The paired capacities explain how
consumers and the smart home have the capacity to affect and to be affected during
interactions with each other. In this section, we use our assemblage theory
conceptualization of the smart home as the foundation to develop our ideas further
about consumer experience. Our development connects prior literature on
complexity (Chien 2013), extended mind (Clark and Chalmers 1998),
brand-consumer relationships (Fournier 1998; Reimann and Aron 2009), customer
experience (Verhoef et al. 2009), brand experience (Belk 1988; Brakus, Schmitt and
Zarantonello 2009), self-expansion theory (Aron, et.al. 1991; Aron, Aron and
Norman 2001), self-extension theory (Belk 1988; 2013; 2014) and
anthropomorphism (Epley, Waytz and Cacioppo 2007) into a larger conceptual
framework that encompasses how paired capacities to affect and be affected lead to
emergent consumer experience.
The view of the smart home as an emergent system has been discussed in the
architecture and computer science literature, although not from the perspective of
assemblage theory. Chien (2013) viewed a smart home as a complex system, where
the smartness of the home is an emergent property of many interacting
components, and cannot be understood simply by analyzing the components
themselves. The term “ambient ecology” has been used to define spaces “populated
by connected devices, and services that are interrelated with each other, the
environment, and the people” from which emergent properties may be exported to
the surrounding environment (Goumopoulos and Kameas 2009). Missing from the
complexity accounts, however, is the explicit treatment of consumer experience.
Existing research frameworks for studying consumer experience on the Internet are
implicitly based on the idea of the traditional GUI (graphical user interface) for the
desktop and the WIMP paradigm (windows, icons, menus, pointing device) (see
Nielsen 1993 for a summary of user interfaces over time). But since the introduction
of the first smartphones in the early 2000s, and especially since the introduction of
sophisticated touch screen smartphones like the Apple iPhone in 2007, the WIMP
paradigm has been replaced with non-command user interfaces involving much
smaller touch screens on smartphones and tablets, some of which respond to voice
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commands, as the first “post-WIMP” iteration (Dam 1997). As evidence that we have
now arrived in the post-WIMP era, the recently announced Windows 10 IoT Core
operating system is “targeted towards small, embedded devices that may or may not
have screens”(Teixeira 2015). The screen, once the hallmark of an intelligent
interactive device, is no longer required. Now, as the IoT emerges, and formerly
dumb devices are themselves morphing into smart computing devices, the
decades-long vision of bringing the digital into the physical world is becoming a
reality and conceptualizations of consumer experience may need to be revamped to
reflect this evolving paradigm.
An early perspective on this idea of the digital coming into the physical world is
ubiquitous computing (Weiser 1991), sometimes called pervasive computing, which
envisioned a world in which computers would effectively merge with the
environment in which consumers interacted so it would be natural or transparent to
interact with them and interaction would be seamlessly enabled from any location
at any point in time. The vision of the pervasive computing environment involves
“information-enhanced physical space, not a virtual environment that exists to store
and run software” (Saha and Mukherjee 2003).
The Internet of Things is obviously one realization of this early vision. Now that
instances of this “possibility space” are beginning to be realized, a critical question is
how consumer experience emerges in this new environment. Existing theories of
consumer behavior are a useful start, although they necessarily place some limits on
our ability to theorize about the space of possibilities. For example, information
processing theories implicitly assume that all the processing happens inside the
brain of the consumer and what is important is only how consumers process
information as they interact with others through a device (person-interaction), or
how they interact with the device itself (machine-interaction). We note that in the
context of philosophy, this approach follows Idealism.
But as early as twenty years ago, around the same time that the pervasive
computing paradigm was emerging, some scholars (Hollan, Hutchins, & Kirsh 2000;
Hutchins 1995) proposed that cognition needs to be re-evaluated to take into
account the fact that people are increasingly interacting with networked “cognitive
systems.” In this “distributed cognition” approach, cognition does not just occur
within the person but is distributed across an entire cognitive system in which
people can interact with each other and the “resources” or “structures” present in
the environment. In our context, some of these resources are smart devices with
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which persons can interact and in which the devices can interact with themselves.
This thinking corresponds to the Realism school of philosophy.
Distributed cognition has two important assumptions that are consistent with our
conceptualization. First, that the boundaries of a cognitive process are not defined
by the person, but by the “functional relationships among the elements that
participate in it,” (Hollan, et al. 2000, p. 175). This supports the idea that in the IoT,
the digital world is coming into the physical world, as the boundaries that separate
the digital and physical realms are blurring. The second assumption is that the range
of mechanisms that can participate in these cognitive processes extend beyond
individuals to devices in the physical world, along with their internal and external
processes.
If we apply these principles to consumers in the smart home, this implies that
cognitive processes: 1) are distributed across people in the home and across homes
and other entities that are connected to each other; 2) involve “coordination” among
the internal and external devices that consumers are connected to; and 3) are
distributed across time so that what emerges from past interactions can “transform”
what comes later (Hollan et al. 2000, p. 176). We can expand upon these ideas to say
that just as a person engages in both rational and experiential thinking styles
(Novak and Hoffman 2009), distributive cognition may take on forms of distributed
rational cognition or distributed experiential cognition. (It is important to note that
almost all of the smart home marketing focus to date has essentially emphasized the
role of distributed rational cognition in consumer experience.) Going forward,
expanded notions of cognitive processing distributed in an interactive system that
includes the environment may prove useful as consumer behavior scholars explore
the cognitive implications of consumer interactions with smart devices.

5.1 From Relationships With Brands to Relationships With Smart
Devices
The consumer behavior literature has laid the groundwork for conceptualizing how
consumers may have relationships with smart devices. Fournier (1998) theorized
that brands could be considered as active, relationship partners and not merely
“passive objects of marketing transactions” (p. 344). She argued that this was a
legitimate conceptualization because consumers have a tendency to
anthropomorphize brands and that this anthropomorphism helps consumers see
brands as making active contributions to the brand-consumer relationship. The crux
of Fournier’s relationship argument was that marketing strategies (implemented by
human marketing managers) could be interpreted as behaviors by the brand acting
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as a relationship partner. Effectively, the marketing mix decisions actualize the
brand’s personality and justify the consumer-brand relationship.
Belk (1988) argued that objects can contribute to our identities and function to
extend our sense of ourselves. Self-extension occurs when consumers learn about
the object and feel a sense of control or mastery over it, when they create and gain
knowledge of objects and when they habituate to an object. Through the
self-extension process, consumers invest the object with emotions or feelings, so
that the object takes on a significance beyond a mere possession. As Belk (1988, p.
159) notes, “possessions can help us manipulate our possibilities.” Belk (2013)
refined his theory to examine the meaning consumers attach to digital possessions.
These refinements recognize that consumers can extend themselves into digital
representations (“avatars”) and that these online representations have the capacity
to affect our behavior in the physical world, along with our sense of self.
Belk’s self-extension theory largely deals with how brands can bring more meaning
to consumers’ lives through a process where the self is extended into those brands.
In contrast to self-extension theory, Reimann and Aron (2009) argue that
self-expansion theory (Aron and Aron 1986) can be useful to help understand how
consumers develop and maintain relationships with brands by expanding the self.
Self-expansion theory (Aron, et al. 1991) holds people are motivated to form close
relationships with others because it expands their ability to accomplish goals. This
self-expansion through close relationships contributes to the formation of our own
identities and is achieved by including others in the self. In the self-expansion
formulation, people include others in the self by incorporating the resources,
perspectives and identities of a close other into one’s self (Aron, et al. 2004).
Resources refer to hard and soft “assets” like materials, information and social skills
that people possess and that help them achieve their goals. Perspectives and
identity capture cognitive characteristics of the other person and represent,
respectively, the points of view of the other person and the characteristics that
make the other person who they are (e.g. memories).
Reimann and Aron (2009) apply this theory to examine the relationships between
consumers and brands. They suggest that there is a period of rapid self-expansion
when a consumer first encounters a brand, leading to more positive feelings toward
the brand. This effect is presumed to result from the value that derives from the
novelty and excitement that a new brand can bring to consumer’s lives. Over time,
increased experience (what they term “interaction intensity”) with the brand results
in steadily decreasing self-expansion. However, if the brand continues to challenge
and excite consumers, as high-involvement brands might do, this decrease in
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self-expansion might be mitigated. As experience with the brand increases over
time, consumers incorporate the resources, perspectives and identity of the 
brand
into their selves. The more the brand becomes a part of the self, the closer the
consumer-brand relationship. In an empirical follow-up, Reimann et al. (2012)
tested the mechanisms implied by Reimann and Aron’s theory and found support
for the idea that there is a period of rapid self-expansion at the beginning of the
brand relationship and greater levels of inclusion into the self as brand relationships
become more established, compared to more neutral brand relationships.
Recently, Connell and Schau (2013) have noted that there is some confusion in the
marketing literature over the distinction between self-expansion and self-extension.
Belk (2014) and Connell and Schau (2013) examined both the self-extension and
self-expansion conceptualizations of consumers’ relationships with brands and
suggested they are not necessarily mutually exclusive. Belk (2014) argues that the
different conceptualizations “all bring something different to the party” (p. 253) and
both warrant consideration when considering the relationships that people have
with objects, while Connell and Schau (2013) see them as distinct strategies for
identity augmentation that differ by whether the self is shared with others
(self-extension) or aspects of others are shared with the self (self-expansion).

5.2 Linking Self-Extension and Self-Expansion Theories to Paired
Capacities and Emergent Experience
Our conceptualization of consumer experience is wholly consistent with, but
extends, extant theorizing. For example, Brakus, Schmitt and Zarantonello (2009)
conceptualize brand experience as consumers’ internal (e.g. emotions) and
behavioral responses activated by experiential brand stimuli such as the packaging,
brand communications, design and so on. In a similar vein, Verhoef et.al. (2009)
propose that customer experience “is holistic in nature and involves the customer’s
cognitive, affective, emotional, social and physical responses to the retailer” (p. 32).
In their conceptualization, customer experience is holistic because it includes not
just the retail environment, which is under retailer control, but also those elements
outside the retailer control. They recognize that customer experience has a dynamic
element in that current experience at time 
t
can be affected by past experiences at
time 
t-1
.
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To see the links between our conceptualization of consumer experience and existing
theories of consumer experience, it will be useful to contrast attributes and benefits
from a marketing perspective with properties and capacities from an assemblage
theory perspective. Attributes are like properties, for example a French press coffee
maker uses ground coffee while a K-cup machine uses pods. Benefits are like
capacities, for example the capacity of a K-cup machine to be more convenient and
the capacity of the French press to be better for the environment. So suppose we are
interested in consumer experience of coffee makers. Existing theories of consumer
experience determine the components of consumer experience (dimensions,
attributes, etc), measure or estimate each component and then combine them to
arrive at a value for experience. However, existing consumer experience models do
not consider that the components of the smart home themselves, being “smart,”
interact not only with consumers, but also with each other and that many of those
interactions may not involve consumers directly, only ambiently. To fully
understand consumer experience in the smart home, we believe it is important to
take these interactions into account.
In our framework, consumer experience of the smart home emerges over time from
the consumer’s part-whole interactions with the smart home assemblage, as
exercised through paired capacities. This conceptualization offers the opportunity
to link self-extension and self-expansion theories in a larger theoretical framework
that encompasses the paired capacities to affect and capacities to be affected,
respectively. In the table below, rows represent paired capacities in terms of
self-extension theory and self-expansion theory depending on who - or what - is
initiating the interaction.
The first row represents the process where the consumer initiates actions which
have the capacity to affect the home. In this self-extension process, the consumer
invests the devices with meaning and extends her identity into the home. As
consumers learn to use the smart devices in their homes, they may begin to feel a
sense of control and mastery over the devices. Other processes of self-extension are
also relevant since self-extension can occur through object creation (Belk 1988) and
by setting up the rules for interaction via DIY programming, this in effect gives the
home new behaviors. As the consumer continues to interact with the smart home on
a regular basis, the opportunities for self-extension continue, through continued
knowledge of how the smart device behaves, and through habitual repetition.
Self-extension implies that the consumer is in control of the identity they project
from themselves into the home.
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Paired Capacities in the Smart Home Assemblage

Recalling our example in Section 3, the self-extension process may be represented
when the consumer purchases and installs a remote control camera and uses a
smartphone app to remotely control the camera in the house to observe whether
anything is happening in the home when the family is out of town. The consumer is
effectively charging the camera with being her eyes and ears while she is away,
investing the camera with meaning. At the same time that the consumer has the
capacity to affect the home, the home has the capacity to be affected by the
consumer. In this home-expansion process, the home envelopes or absorbs the
inhabitants’ resources, perspectives and identities into the home’s identity. In this
case, the house can respond by moving the camera according to the particular
programming instructions initiated by the consumer. This coding represents the
consumer’s resources, perspectives and identities which are now enveloped by the
home into its identity.
But paired capacities can also operate in the other direction. This is represented by
the second row in the table above. Starting in the bottom right cell, the home has the
capacity to affect the consumer, for example by streaming live video. This
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home-extension process gives more meaning to the consumer’s behaviors in the
home. When the consumer views the live video stream, she has the capacity to be
affected by the home. From this self-expansion, the consumer envelops the home’s
resources, perspectives and identity into her own identity. With self-expansion, the
home is in control of the identity that the consumer absorbs into the self.
Experience emerges from interactions among paired capacities and those paired
capacities can lead to yet more paired capacities and more new experiences. It is
important to note that even though exposition limits us to describing these
interactions through paired capacities as somewhat static and linear, the process is
actually a dynamic, nonlinear one. In keeping with our remote camera example, one
immediate experience that is likely to emerge from several sets of already exercised
paired capacities is that at some point we can expect the capacity of the home to
enable a sense of security to emerge (home-extension) and the consumer to have
the capacity to feel more secure in her home to emerge (self-expansion). These
paired capacities may lead to the emergence of yet another set of paired capacities
that are exercised. For example, the consumer could extend her resources,
perspectives and identity even further into the home by coding the home to permit
entry by trusted visitors even when the consumer is not at home, and the home
could expand by unlocking the front door to allow entry to the visitor. Taken
together, interactions that occur through paired capacities lead to the emergence of
consumer experience of the smart home. The figure below illustrates our
conceptualization of the general process.

A Framework for Consumer Experience of the Smart Home Assemblage
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Although self-expansion theory would predict that opportunities for self-expansion
are greatest at the beginning of the smart home relationship, owing to the novelty
factor, only to decrease over time, the dynamic nature of the assemblage suggests
self-expansion may not wane over time. The continuous presentation of
opportunities for home-initiated interaction that pair home-extension with
self-expansion capacities, and for consumer initiated-interaction that pair
self-extension with home-expansion capacities, suggests that the potential for
self-expansion could exist for quite some time in the smart home environment. We
can draw on the theory of flow in computer-mediated environments (Hoffman and
Novak 1996) to support this by noting that the challenges presented by the
interactions among paired capacities and the skills to meet those challenges need to
be congruent and above a threshold for the self-expansion and self-extension
processes to be activated. Because the process is dynamic, past interactions
continually ratchet up the threshold of skills and challenges. Assuming that both
skills and challenges increase, self-expansion and self-extension should continue for
future interactions.
This dynamic process has important implications for emergent consumer
experiences. Autonomous smart devices have the potential to continually initiate
interactions that pair home-extension capacities with self-expansion capacities.
Initially, this self-expansion might be focused on what the consumer can now do
because of the assemblage. Over time, through routine interactions, the assemblage
becomes more territorialized and the consumer may become more aware of what
the assemblage can do for her. This can lead to the emergence of new capacities and
of nonlinear sets of interactions that cycle between consumer-initiated interactions
that pair self-extension capacities with home-expansion capacities and
home-initiated interactions that pair home-extension capacities with self-expansion
capacities. Thus, as interactions among paired capacities lead to continual change in
the smart home, the opportunities for continued self-expansion exist, as do the
opportunities for self-extension as consumers inject newer, updated versions of
themselves into their homes, and so on.

5.3 Anthropomorphism: A Key Mediating Emergent Experience
Fournier (1998) was particularly interested in how the quality of the consumer’s
relationship with the brand impacted the stability of that relationship, with
implications for brand loyalty and brand personality. We are interested in stability
of the assemblage, its identity, and in relationships with consumers and brands
conceptualized as interactions. As the components in the smart home assemblage
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learn more about consumer’s behaviors, the stronger should be the part-whole
relationship between the consumer and the assemblage. We think it is justified to
view the assemblage as a relationship partner because just as consumers have a
tendency to anthropomorphize brands, they are likely to be even more strongly
motivated to anthropomorphize smart devices.
We propose that anthropomorphism is a key mediating emergent experience from
the interaction among the paired capacities of the consumer with the smart home.
Anthropomorphism is the tendency for people to ascribe human-like characteristics,
emotions and behaviors to objects (Epley, Waytz and Cacioppo 2007). When
consumers anthropomorphize components in the smart home, it extends beyond
simply applying human-like descriptions that represent characteristics of the device
(e.g. the toaster is cute) to drawing inferences about the device’s feelings or
motivations (e.g. the toaster burned my toast because he’s mad at me).
As the identity of the home develops, consumers are likely to increasingly
anthropomorphize their homes, because they want their homes to be more “real”
than they actually are, which can satisfy effectance and sociality motivations (Epley,
et al. 2008). Anthropomorphizing increases the stability of the smart home identity
because it codes the consumer's’ interactions with the home. A consumer who
thinks of her smart home as a servant who responds to her every command, for
example, has territorialized how the home behaves, which serves to stabilize its
identity.
In our framework, we theorize that both the self-extension and self-expansion
process lead to anthropomorphism, but to different degrees. These are outlined in
the figure below. In the self-extension process, the consumer has the capacity to
affect the home through direct interaction. The anthropomorphic experience is of
the home as a cyborg appendage of the consumer. Interactions from this extended
hand or long finger are functional or material interactions that satisfy instrumental
objectives. Motivated by the need for effectance, the interactions with the home
through its home-expansion capacities are perceived as human-like. Since the
consumer is extending herself into the home and she is alive, she is in a position to
see the home as representing an extension of her identity and acting like a cyborg
agent on her behalf that is in that sense, alive. Thus, the activation of knowledge
structures is also likely to be involved as an antecedent. We note that through
repetition the consumer’s material interactions can form the building blocks for
experiences that play an expressive role. In this way, the self-extension process can
explain how we can move from the rational to the “sentimental” (cf. Belk 2014).
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A Continuum of Anthropomorphism
From the Cyborg Appendage to the Robot Partner

In the self-expansion process, the home has the capacity to affect the consumer
through ambient interactions that are autonomous. The anthropomorphic
experience is of the home as one’s robot partner. Interactions have an expressive
role that satisfies hedonic objectives. The interactions with the home through its
home-extension capacities are experienced as anthropomorphic because the
consumer is motivated by the need for sociality. For example, the home might create
a warmly lit environment at dinner time. Since the home is extending its resources
into the consumer, the consumer may interpret the home as behaving more like a
partner rather than just a device that is trying to satisfy her needs.
We envision a continuum of anthropomorphism from long-finger control of a smart
home that functions as a servant all the way to a home that operates as the
consumer’s robot partner. An important question for future research is whether
these are qualitatively different types of anthropomorphism, or if they simply differ
in terms of intensity. However, the downstream outcomes of anthropomorphism
from self-extension and self-expansion processes are likely to be much different.
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This anthropomorphism process can help explain the emergence of new capacities.
In our discussion above of paired capacities in terms of a remote controlled camera
leading to the emergence of an exercised capacity to grant a delivery person remote
entry to the home, anthropomorphising the home is the process by which the
consumer can come to trust the home to operate as it should. Thus,
anthropomorphism can help explain this large leap in behavioral responses.
Studying the conditions under which consumers are likely to anthropomorphize
their homes, and how, is also important for a broader reason. Recently, technology
and scientific leaders like Elon Musk, Bill Gates and Stephen Hawking have
expressed serious reservations about artificial intelligence (Holley 2015). Even
popular movies like “Ex Machina” and television shows like “Humans” have
explored the implications of intelligent artificial life with ominous predictions for
the future of the human race. Others, like philosopher Nick Bostrom, believe that a
machine entity with “superintelligence” is likely to emerge and that it is important
to take the threat seriously so the human race can be prepared (Bostrom 2014).
People have an innate tendency to anthropomorphize objects. Indeed, it seems that
it is part and parcel of human nature to ascribe human-like motives to objects.
Research that explores the conditions under which people are more or less likely to
anthropomorphize smart devices can help us understand people’s likely reactions to
devices and assemblages as they themselves become smarter and could help us
assess and manage the threats that many are thinking about. One way these threats
can manifest more easily than we might imagine is to consider that although smart
objects do not have empathy or emotions, humans may ascribe such feelings and
motivations to them. These perceptions could lead to the belief that intelligent
machines will be benign and mean us no harm. Thus, one key to understanding how
our relationships with smart devices might evolve is to tease apart the role that
anthropomorphism plays in our interactions with these devices.

5.4 The Importance of Habitual Repetition for Consumer
Experience
The extent to which the interactions among paired capacities result in positive
experiences has implications for downstream marketing consequences like
adoption and usage. Our theory suggests that the exercise of paired capacities
through interaction with the assemblage can lead to an integration between the
smart home and the consumer that will lead the consumer both to be expanded
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through the smart home’s identity and to see the smart home more as an extension
of their own identity, and less as “just a device.” Such integration is most likely
achieved from routine, habitual use (cf. Hoffman, Novak and Venkatesh 2004). From
a marketing perspective, this suggests that user experience needs to emphasize that
smart devices involve everyday usage that are part and parcel of a consumer’s life.
We believe that if devices are not successfully incorporated into the routines of
everyday life, adoption of the consumer IoT could be stalled.
Consumer’s relationships with these devices will be personal. How they use these
devices will become part of their identity and a fundamental part of their home life.
This implies that personalization of interactions will be a large part of smart device
offerings going forward. People are busy and so need discovery to help them find
what they want, how they want their settings, what kind of music they would like,
how to adjust the lights, and so on. So, discovery in the context of interactions will
be critical.
One thing that is different about using assemblage theory to understand smart home
consumption and experience, compared to using standard consumer behavior
theory, is that consumer behavior theory would typically assume that consumers’
interactions with the devices would lead to, for example, indispensability through
routine behaviors (Hoffman, Novak and Venkatesh 2004) and other consumption
outcomes. But in assemblage theory, interactions among 
all
of the components
matter. The interactions among the components that do not involve the consumer
also contribute to indispensability and other outcomes. For example, the consumer
can offload some of the routine behavior, “habitual repetition,” to the house and
then the consumer internalizes what the house is doing as if they themselves had
done it. So, we could argue that ambient awareness of these ongoing interactions
strengthens the routine with implications for consumption and consumer behavior.
Rather than routine behavior being an outcome of the smart home, routine behavior
plays a crucial role in the process of territorialization, through which a stable
identity of the smart home emerges. Assemblage theory gives us a way to
understand the importance of all the component interactions and how they
contribute, not just those involving the consumer.
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5.5 Assemblage Thinking
In this section we develop the construct of what we call 
assemblage thinking,
which
we define as the dispositional or situational ability of a person to see interactions in
terms of a whole that is more than the parts. We first motivate the idea with some
examples of assemblage thinking, and then consider assemblage thinking from both
dispositional and situational perspectives.

5.5.1 Motivating Examples of Assemblage Thinking
Consumers interact with collections of heterogeneous components that also interact
with each other. An example of such a collection is home computing (e.g. home
computers, smartphones, tablets, connected TVs, Internet service, wireless router,
etc.). As we enter the era of the Internet of Things, the connected smart home
represents such a collection on an even greater scale. These collections aren’t
necessarily restricted to technology environments. The home dishwashing
environment, for example, consists of a collection of heterogeneous components –
dishwasher, garbage disposal, dirty dishes, sink, brushes, dish soap, and so on.
The ontology of such collections of heterogeneous components can vary along the
continuum from a totality to an assemblage, defining the consumer experience.
Individual differences account, in part, for whether a collection is viewed as a
totality or assemblage. When viewed as a totality, the components are viewed as
having fused into a seamless whole (e.g. DeLanda 2011, p 177). Failure of one of the
components is perceived as indicating failure of the full system. On the other hand,
when viewed as an assemblage, the components are viewed as independent but
interacting contributors to the whole. Failure of one of the components would not
necessarily lead to failure of the whole, although it might likely alter the meaning of
the whole.
Consider a consumer whose Internet Service Provider (ISP) has a service outage
that is expected to last 12 hours. A consumer who views their home computing
environment as a totality would feel that their whole system has gone down and is
unusable, while a consumer who views the environment as an assemblage would
feel that while the system has temporarily changed, it could be still be used, albeit
with more limited capacities. A consumer with the totality view would feel lost
because they had no Internet access and therefore “nothing works.” Such a
consumer would have stronger expectations and demands for customer service
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from the ISP, would be more likely to express dissatisfaction, and would be unhappy
with this situation. On the other hand, a consumer with the assemblage view would
view the home computing in terms of the interactions among the remaining
functioning components, and a new understanding of the capacities of the reduced
system would temporarily emerge. The latter consumer would perceive the incident
as less of a crisis, since perhaps cellular data was still working on their mobile
devices, and computers and other devices could still be used in a local mode. We can
predict that the consumer with the assemblage view would be less unhappy with
this situation than the consumer with the totality view, and less likely to complain
about it.
It is not a requirement that the environment be technology-based. A consumer who
views home dishwashing as a totality might be upset if their garbage disposal broke,
because without this key component they might feel it was not possible to wash
dishes correctly. On the other hand, someone who viewed the dishwasher failure as
an assemblage would form a new emergent experience of what their home
dishwashing environment meant, and would leverage the capacities of the
remaining interacting components to create the best possible system for washing
dishes. These contrasting views might also impact product adoption. Someone who
viewed home dishwashing as a totality might be reluctant to purchase a garbage
disposal or a dishwasher, for fear that this component might break and therefore
the whole system would be broken. Of course, if viewed as an assemblage, the
system still functions, but albeit in a different manner.
These considerations become even more important when we consider adoption of
the smart home and IoT in general. Privacy and security are often mentioned as key
potential barriers to adoption, but customer support and customer experience are
at least as critical. Given the unreliability of services such as home Internet and
cable, and the widely documented consumer frustrations dealing with customer
service representatives during Internet/cable service outages, one has to expect
that the problems will be even greater with the Internet of Things. When your
Internet connection goes out and you call customer support, you are likely to speak
with a representative who reads from a script and gives you standardized advice to
reboot your router. That is frustrating in itself, but imagine the owner of a
connected home whose IoT service has an outage. This consumer might be literally
locked out of their own home, unable to change their thermostat, or unable turn on
their lights using the smartphone interface that controls their home. Of course, they
could revert to manual mode (assuming this was built into the connected products),
but a consumer who viewed their smart home as a totality would feel their smart
home has stopped working, while one who viewed it as an assemblage would shift
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their perspective and accept reverting back, on a temporary basis, to manual mode.
Imagine the totality consumer calling customer service – assuming there is any such
customer service to even call for the smart home – and being told as they stood in
front of their locked front door in the dark to “restart your router.” We expect that
there will be significant differences in customer service expectations - and
(dis)satisfaction with customer support for the totality consumer, versus one who
views their home as an assemblage. These service “betrayals” (Callon 1986;
Canniford and Shankar 2013 ), which we define as arising from the discrepancy
between a consumer’s knowledge of and ability to use smart devices and the firm’s
capabilities to support them, run the risk of destabilizing assemblages and
negatively impacting consumer experience.
More broadly speaking, individual differences in how consumers’ perceptions and
expectations should carry over into general well-being. Consumers who view their
environments as assemblages rather than totalities should be happier in these
environments. Thus, whether one views a collection of heterogeneous, interacting
components as a totality or an assemblage is expected to impact: perceptions of
whether or not the system functions in the event of failure of a key component,
expectations of customer support during a service failure, dissatisfaction or
satisfaction with customer support during a service failure, ability to form a new
emerging meaning of the capacities of the remaining functioning components,
likelihood of adopting a connected environment given concerns about component
failure and customer service, and general well-being in this environment.

5.4.2 Dispositional and Situational Assemblage Thinking
Consumers who engage in what we term assemblage thinking focus on the
interactions among components and what might emerge from these interactions.
We envision assemblage thinking as the ability to see interactions in terms of a
whole that is more than the parts. We can contrast assemblage thinking about smart
home components, where the consumer is focused on how the components such as
locks, lighting and cameras may interact with each other, with the consumer in the
traditional home who would rarely, if ever, think of how different products in the
home might interact with each other.
A dispositional ability toward assemblage thinking should correlate with what has
been termed an emergent nature, which is “the unique capability to imagine or
envision how concepts might be further developed so that they will be successful in
the mainstream marketplace” (Hoffman, Kopalle and Novak 2010, p 855). Emergent
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nature is characterized by openness to new experiences, an intellective self-focus,
the ability to synergistically apply both an experiential and rational processing style,
the ability to process information both verbally and visually, and high levels of
creativity and optimism (Hoffman, Kopalle and Novak 2010). Assemblage thinking is
also expected to relate to holistic rather than analytic thinking (Choi, Koo and Choi
2007; Monga and John 2007, Nisbett, Peng, Choi and Norenzayan 2001) and
interdependent rather than independent self-construal (Markus and Kitayama
1991).
In addition to considering characteristics of consumers that may be correlated with
a disposition toward assemblage thinking, we can also consider characteristics of an
assemblage’s components that may lead to assemblage thinking in a given situation.
One important characteristic is the number of components involved in an
assemblage. In the context of the smart home, it has been noted that while many
consumers begin by purchasing a single connected device such as a light switch or a
thermostat, interaction increases as additional devices are added over time
(Worthington 2015). Similarly, the smart home adoption process has been
described not as a consumer purchasing a set of devices, but rather identifying an
individual smart product that they perceive as delivering a great experience. Then,
the consumer might buy another smart product. But, it is not until they get five or
six of these products that the consumer starts asking the question of what would
happen if the products could all talk with each other (Soucie 2015). This industry
experience suggests that the value of the smart home network increases as the
number of interacting devices increases, but that this value is not realized until
there are at least three to five devices interacting with a consumer. Thus, there is
likely to be a threshold that must be crossed before assemblage thinking “kicks in.”
A second important characteristic is the degree to which the components share
information or other content with each other during their interactions. The more
that is shared, the more meaningful can be the device-to-device interactions. For
example, when a device can pass along usage data to other devices, then the devices’
interactions can be that more powerful since they are building on the collective set
of information about consumer behavior to produce an enriched consumer
experience. Note that the content that is shared does not have to be data-based
information. Color changing light bulbs placed in two separate lamps will each
change colors separately, but the same two light bulbs placed in a tall cylinder lamp
that has, say, an upper and lower light socket, will interact to generate not just the
two separate colors of each individual bulb, but a range of other colors produced as
combinations of the two colors in the middle volume of the long cylinder between
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the two bulbs. If devices are limited in how they “talk” to each other, the interactions
will be necessarily circumscribed and consumer experience is likely to be less rich.
A third characteristic is the degree and type of information the consumer shares
with the devices, both in advance of specific interactions and during and after
interactions. We believe that assemblage thinking could promote increased personal
disclosures. The more information that consumers share, the more the interacting
devices have the opportunity to learn about the consumer and her needs. Regarding
the nature of shared information, we need to ask what kinds of information
consumers are willing to share with devices, and whether this willingness to share
changes over time. We might hypothesize that as usage increases among multiple
interacting devices, consumers may see increased value in those interactions and be
motivated to provide increasing amounts of personal information to further expand
the set of potential interactions. Then, these more personalized interactions might
increase the realized value exponentially, leading to more rewarding consumer
experiences.
The assemblage thinking construct raises a number of interesting questions. For
dispositional assemblage thinking, one key question is whether all consumers are
capable of assemblage thinking in the context of the smart home. Put another way, is
it the case that for some consumers, interactions will never be likely to lead to
assemblage thinking, as such consumers will take a more utilitarian focus toward
the interactions in the smart home? For situational assemblage thinking, key
questions revolve around the role of components in stimulating assemblage
thinking. How many products does it take before the consumer starts focusing on
how the products might interact with each other? Does the ease of programming
components increase the likelihood of assemblage thinking? Will assemblage
thinking be more likely if the consumer is in control of programming each smart
component, or if the components are able to learn from being used and personalize
their behavior based on how they are used - in other words, are smarter devices
more likely to lead to assemblage thinking? Is assemblage thinking more likely if the
components are heterogeneous, either in terms of function or in terms of brand?
How does direct versus ambient interaction impact assemblage thinking? Does
assemblage thinking in one context, for example lighting, lead to assemblage
thinking in a different context, for example security?
Although our discussion emphasizes “more is better” main effects, we expect a
number of important variables will moderate these relationships. An important line
of inquiry is the search for these moderators. We expect that may include the
importance of the interaction (e.g. interactions from which a feeling of security
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emerges might lead to more data sharing from consumers than less critical
interactions), the degree of difficulty in sharing the data, who will have access to the
data, how the data will be used beyond the in-home, device-to-device interactions,
and so on.

5.6 Modeling Consumer Experience in IoT Assemblages with TDA
One final question we consider about consumer experience in smart home and IoT
assemblages is how we these constructs can best be measured and modeled. While
we can certainly measure consumer constructs such as anthropomorphism,
self-extension, assemblage thinking and experience, we believe that such
consumer-centric measurements only tell part of the story. What is also necessary is
to somehow measure - and model - the assemblage itself.
We noted earlier, in section 3.1, that the two, three, four, and higher-way
interactions among components of an assemblage can each be mathematically
expressed as a simplex of up to 
k-1
dimensions, with the set of all such interactions
defining a combinatorial structure called a simplicial complex which can be
analyzed and visually represented using Topological Data Analysis (TDA) (e.g.
Carlsson 2009, 2014; Lum et al. 2013). Since an assemblage emerges not from the
components, but rather from the interactions among the components, it is most
appropriate to consider the interaction, rather than the component, as the
fundamental unit of analysis of an assemblage. We can then group interactions with
similar interactions, and a TDA of the resulting simplicial complex can provide
insight into the nature of the assemblage that emerges from the set of interactions.
Along these lines, Novak and Hoffman (2015) used the Ayasdi 3.0 software platform
(Ayasdi.com) to perform a TDA of 120,253 if-this-then-that rules created by 60,230
users of IFTTT (IFTTT.com) during the three-year period from mid-2011 to
mid-2014. Interactions were defined in terms of unique combinations of 86 trigger
channels (e.g. IOS Location), 354 triggers (e.g. “you enter an area”), 69 action
channels (e.g. Phillips Hue), and 124 actions (e.g. “turn on the lights”). This approach
views each rule as an individual IFTTT sub-assemblage, or as an individual
singularity that has been realized in the possibility space of IFTTT assemblages. The
resulting topological network provides insight into the nature of universal
singularities that may structure the possibility space. This, this approach specifies
not just the “what is” IFTTT experience for any given user, but also the emergent
themes underlying the “what could be” IFTTT experience for all consumers.
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Other researchers have also used the concept of assemblages to motivate the use of
data representations based on simplicial complexes (Soulier, Calvez and Bugeaud
2012; Soulier et al. 2012; Soulier et al. 2011). The unit of analysis used by Soulier
and colleagues is the “activity stream,” where an activity stream is a structured
representation of activities over time; such activities are characterized in terms of
actors, verbs, objects and targets (e.g. as a specification of an interaction) and “an
assemblage is defined as a multidimensional relationship between the activities”
(Soulier et al. 2012, p 646). Similarly, other researchers view data streams as
“phenomena that are embedded in evolving assemblages” (Hilgartner 1987). Given
that massive data streams are generated by ongoing interactions of Internet of
Things devices, and given the rich amount of information potentially available in
these data streams (e.g. Swan 2012), methodology is needed to extract the nature of
the underlying assemblage from such complex data streams.
The IoT is generating a lot of “big data” – very high dimensionality data consisting of
often millions of ongoing interactions among complex, heterogeneous component
devices (and consumers). So IoT big data are big in two ways: 1) their size, and more
importantly, 2) their complexity. The challenge is to get from the complex unknown
to the more interpretable known. We can briefly compare two approaches. First, the
predictive analytics 
approach focuses on fitting predictive models to the data. But
the complexity of the data means that hypothesis testing is often challenging. We
need to know what questions to ask, and if we are even asking the right questions.
With big data, insights can be slow. Second, we can consider conventional
approaches for 
data reduction and visualization
: Linear and nonlinear dimension
reduction techniques such as principal components analysis (PCA), multiple
correspondence analysis (MCA), and multidimensional (MDS), if they work, often
explain only a very small percent of variation in big data, are sensitive to distance
metrics, and do not preserve topological structures of the data.
TDA, for example as implemented in software such as Python Mapper (Singh,
Memoli and Carlsson 2007; 
http://danifold.net/mapper/
) and the Ayasdi 3.0
software platform (ayasdi.com) offers a promising third approach to gaining insight
into assemblages that emerge from ongoing interactions, especially those that
generate complex multidimensional data streams. The topological approach has
been summarized as “data has shape and shape has meaning.” Recently, owing
largely to computational advances, there has been development in a hypothesis-free
approach based on topology that allows the data scientist to qualitatively analyze
functions on very high-dimensional data and visualize the data structure in
low-dimensional topological spaces (e.g. Carlsson 2009, 2014; Lum et al. 2013). TDA
reveals structures in the data that have invariant properties and can propel insight
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and improve predictive modeling. TDA can provide what Ayasdi CEO Gurjeet Singh
calls “digital serendipity” (Ayasdi 2013), revealing hidden connections in data, and
improving hypothesis-generation.
TDA is especially relevant for our purposes as we conceptualize the consumer IoT as
a set of recurrent assemblages and our interest is in uncovering the underlying
possibility space and deriving insight into emergent consumer experience from
actual interactions. In TDA (Carlsson 2009; Lum, et.al. 2012), groups of data are
represented as nodes, nodes with data points in common are connected, and the
resulting topological network can be examined to discern patterns in the data. TDA
uses computational topology techniques on complex high-dimensional data to
produce a three-dimensional topology of simplicial complexes (discrete,
combinatorial objects) in which groups of data are represented as nodes that
contain rows that are similar to each other in the high-dimensional topographical
space and the edges connect nodes that share rows. The simplicial complexes
capture the topological and geometric structure at a specified resolution. Popular
applications are diverse and have included financial services (detecting credit card
fraud), life sciences (biomarker detection), manufacturing (sensor failure) and
market research (market segmentation). While this is the briefest of introductions
to the methodology required to model consumer experience in IoT assemblages
such as the smart home, it should be clear that both novel data and novel methods
will be involved.
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6
Marketing Strategy Research Themes
Broader aspects of assemblage theory, in particular the roles of territorialization
and deterritorialization processes in stabilizing and destabilizing the identity of the
smart home, are especially relevant to marketing strategy considerations. In this
section, we explore the implications for marketing strategy of these processes.

6.1 Territorialization and Deterritorialization Processes in the
Evolution of the Smart Home Assemblage
In section 3 we discussed how the smart home’s identity can be stabilized
(territorialized) or destabilized (deterritorialized) through territorialization
processes involving establishing spatial and temporal boundaries as well as through
territorialization from the homogeneity of components, connections, behaviors and
motivations. The model below gives us a way to think about the territorialization
process from a the perspective of the marketer and the consumer. The rows of the
model describe the territorialization/deterritorialization process from the
perspective of consumers and the columns of table describe the analogous process
from the perspective of marketers. The key point here is we must look at the
process from either perspective as they both play a role. Because this is a model of
processes, we can describe key paths in the model for the evolution of the smart
home.
The circle at the upper left outside of the 2x2 grid in the figure represents the birth
of the smart home assemblage. Prior to territorialization, the smart home has no
identity and exists in an undifferentiated nonmetric continuum in which the
expressive and material roles of its components are not yet differentiated since the
components have not yet interacted and an assemblage has not emerged (DeLanda
2006, 2011). In fact, at this stage, the smart home can be thought of as fully
deterritorialized (Deleuze and Guattari 1987, p. 142).
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Consumer and Marketer Perspectives on Smart Home Territorialization

The first phase of the smart home, shown in cell 1 at the upper left cell, represents
market formation and adoption. In this phase, both the marketer and consumer are
engaged in processes to stabilize the identity of the smart home, which we now
explore further.
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6.1.1 Market Formation and Adoption
In this early adoption phase, marketers and consumers are both engaged in
territorialization, and both are attempting to stabilize the identity of the smart
home. In this phase there are lots of separate components, software, edge devices
and platforms (hardware like routers, relays and hubs) - and even more in
development - with no clear expression of identity of the emergent whole and no
clear sense in the market of what the smart home actually is. Manufacturers are
pushing “starter kits” with an emphasis on use cases like “safety and security” or
“comfort and convenience.” We can think of this as the “device in the door”
technique that gets the product into the consumer’s home because at least these use
cases are understandable and consumers think they know what it means and what it
will do for them. Marketers are trying to stabilize the identity of the smart home by
promoting a small set of important higher order use cases with the hope that at least
one will be appealing to consumers and they will buy the kit and take it home. This
sets up clear categorical boundaries that attempt to territorialize the smart home by
narrowly defining it in terms of a specific set of use cases. The hope is that once it’s
in the home, consumers will use it and figure out what else is possible and come
back for more edge devices or other kits.
Consumers are also territorializing in this phase by setting the device up and letting
it run in a routine and predictable way, which establishes homogenous behaviors. So
this is fine as far as it goes, but it is very device- and use-case driven and does not
really answer the question of what consumers will actually 
do
with these devices or
kits once they buy and install them and start to interact with them. In other words,
how will consumers go about territorializing their home? Are they experiencing a
feeling of “safety and security” just because we tell them the pieces in the box
represent that experience? This seems unrealistic.
What is important at this stage is for the consumer to routinely use the devices and
get into the habit of incorporating these devices into their daily interactions in the
home. The consumer goes through the process of consolidating and rigidifying the
identity of the smart home by coding specific when-this-then-that rules that become
“laws” that the components must follow. This provides instructions for how the
home will operate. This coding process, described earlier, solidifies specific types of
uses, and contributes to a territorialized identity.
Another way to think about this is that smart home devices can potentially do
millions of things. In this “fresh out of the box” state the smart home does not
possess a clear identity. As consumers interact with the devices in the smart home,
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they learn what they want the devices to do for them. As consumers program these
rules into the device they are encoding their own wishes into the devices’ behavior.
To get people to buy into the idea of the smart home, the home needs a clear identity
and people need to know what they are getting. But as consumers interact with the
devices in the smart home and as marketers interact with their products, the
assemblage grows in complexity and these processes begin to oscillate.
For some consumers, the market formation and adoption phase (cell 1) will directly
lead to a stabilized identity of the smart home (cell 4). But for most consumers, the
path to a stabilized identity will require a detour involving either
consumer-initiated destabilization (cell 2) or marketer-initiated destabilization (cell
3). We consider both of these detours in the next two sections.

6.1.2 Consumer-Initiated Destabilization
Many processes work against the home remaining in a static territorialized state.
We first take a look at consumer-initiated destabilization in cell 2 in the lower left of
the figure. One key thing that marketers must be prepared for are
consumer-initiated destabilization efforts. The consumer might resist attempts of
the marketer to territorialize. So, one expected path is from cell 1 to cell 2, and then
on to cell 4. In taking this path, the consumer is largely influencing the process of
territorialization and deterritorialization.
In cell 2, consumers who are lead users, innovators, or who possess an emergent
nature (e.g. Hoffman, Kopalle and Novak 2010) will be comfortable with
deterritorializing the smart home and they will engage in interactions that create
new capacities that destabilize the identity of the smart home. This identity is
consequently stabilized as these users engage in habitual use of their new creations
and move on to cell 4.
We can draw on flow theory to explain this (e.g. Csikzentmihalyi 1977; Hoffman and
Novak 1996). Flow theory presumes generally increasing skill and challenge over
time, for activities that a person engages in. In Csikzentmihalyi’s (1977) original
three channel model, flow occurred when an equal match between skill and
challenge was perceived. In this three-channel model, boredom occurs when the
skill required to perform an activity is appreciably greater than the challenge of the
activity, and anxiety occurs when challenge is appreciably greater than skill. It is
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only when skill and challenge are sufficiently equivalent that the person experiences
flow.
The process of territorializing and deterritorializing the smart home also involves
skill and challenge. As the consumer learns how to assemble and engage in
interactions with the components of the smart home, their skill can increase to the
point where they get bored with with a smart home that originally presented
challenges, to a smart home that has now become more ordinary and boring. They
have the capacity to do more with their smart home than the home has the capacity
to respond to, so they expand the boundaries of what their smart home can do. For
example, by purchasing and installing more devices, or programming devices for
more and different types of interactions. Thus, the boundaries become more fluid,
the home becomes deterritorialized, and the home becomes more challenging.
Building from Csikszentmihalyi’s three channel model of flow, the figure below
shows the consumer’s capacities (e.g. skill) increasing over time, and also the smart
home’s capacities (e.g. challenge) increasing over time. When there is a good match
between the consumer’s capacities and the capacities of the smart home, we can say
that the consumer and assemblage are “in flow” in the sense that interactions
operate smoothly and on a regular basis. While flow theory has been developed
from the perspective of the human experience of flow, we believe it is not only
appropriate but also necessary to consider flow from the perspective of the
assemblage of which the consumer is a part.
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From the above figure, when a consumer’s skills exceeds the challenges presented,
she may view the smart home as overly territorialized (e.g. too rigid, or inflexible)
and if so she will be bored, lose interest in interacting with the home and may seek
to deterritorialize it to make it more relevant to her capacities. This, in turn, can lead
to re-territorialization as the deterritorialized assemblage becomes more
challenging and she begins to regularly interacting with the smart home. On the
other hand, when the challenge posed by the smart home exceeds her skill she may
view the assemblage as overly deterritorialized (e.g. too incomprehensible, unclear
how to operate) and she will be anxious and seek to territorialize the assemblage.
We can connect these ideas with recent research by Cutright (2012) who found that
when consumers have no control over outcomes in their lives, they prefer the
structure provided by tangible and intangible boundaries. From the perspective of
assemblage theory, the consumption experience of consumers with no control
becomes territorialized as boundaries are established. Consumers in the top left
triangle of the above figure have low personal control, in that their capacities (skill)
are below the capacities (challenge) of the smart home. When shopping for smart
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home equipment, such a consumer may feel completely overwhelmed by the
assortment of hubs, relays, sensors and communication protocols, and when
something goes wrong they may feel frustrated and not know what to do or who to
call. For this consumer, the smart home is deterritorialized with unclear boundaries
and the consumer is unclear what do with all of the smart home’s capabilities to
control lights, locks, and energy. Consequently, this consumer may territorialize the
smart home by setting clear boundaries by purchasing a simple starter kit that has
very limited capacities.
While this discussion is consistent with Cutright’s (2012) examination of how
consumers with little control in their lives establish order and structure, it is equally
important to consider that consumers with high control also seek to establish order
and structure, although through a different path. Such high control consumers in the
bottom right triangle have capacities that exceed the capacities of a basic smart
home starter kit. As described above, an innovator DIY user who purchased a simple
starter kit may deterritorialize the starter kit by hacking it so that its components
have new functionalities that were not present out of the box. This high control
consumer deterritorializes the starter kit so that a smart home with new expanded
boundaries can be territorialized.
Last, we note that while the process of consumer-initiated destabilization (cell 2)
may lead to a stabilized identity of the smart home (cell 4), one should also expect
an ongoing process whereby stabilized identities (cell 4) might eventually become
re-destabilized (cell 2) by consumers who, once again, seek greater challenges.

6.1.3 Marketer-Initiated Destabilization
A second path is from cell 1 to cell 3, and then on to cell 4. In this path, the marketer
is largely influencing the process of territorialization and deterritorialization. Cell 3
in the upper right of the figure corresponds to marketer-initiated destabilization. At
first, it may not appear clear why a marketer might want to destabilize the smart
home. Obviously, consumers need to understand what they are buying, which
motivates the marketer trying to territorialize the smart home in cell 1.
However, the adoption process of the smart home does not involve the adoption of
just a single device. The smart home involves many devices, adding new devices,
and new ways of using devices. For consumers to be motivated to buy new things
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and try new ways of using the edge devices in their smart homes, marketers have to
find ways to deterritorialize the home.
Marketers can try and destabilize the smart home assemblage by introducing new
products, releasing software updates, releasing new rules or new engines to make
rules controlling what devices can do and so on. One example of marketer-initiated
destabilization is Comcast’s May 2015 announcement that they were significantly
expanding the roster of smart devices supported by the Xfinity Home platform,
adding new devices from some of the smart home most popular companies.
Comcast’s smart home offering had been described as “stuck in the 1990s while
homeowners who were excited at the prospect of Internet-connecting their homes
were trawling Kickstarter and other crowdfunding sites in search of novel, new
devices” (Higginbotham 2015). As consumers get comfortable with a device, the
marketer can say, “now that you have this, if you buy that you could do so much
more.” In effect, the marketer may need to push the consumer outside of their
comfort zone, taking actions that increase the heterogeneity of smart home
components, connections, behaviors, and motivations. This, however, is not a role
that many marketers are comfortable with, as it involves breaking down, rather
than creating, identity. Of course, in the case of Comcast, when the original image
was perceived as dated and behind the times, deterritorialization may be an easier
sell as a marketing strategy.
So, the marketer has to think about when and how to encourage the
deterritorialization process over time. There can also be a back-and-forth process
between cells 3 and 4. One of the key points of this analysis is that if all the marketer
is thinking about is use cases, people might initially adopt, but they are going to get
bored and lose interest.

6.1.4 Stabilized Identity
The final quadrant of our model, cell 4, represents a smart home assemblage with a
stabilized identity. We have discussed in previous sections how a stabilized identity
can follow market formation and adoption (cell 1), consumer-initiated
destabilization (cell 2), and marketer-initiated destabilization (cell 3). We have also
indicated that a stabilized identity can become destabilized from consumer-initiated
and marketer-initiated actions. Over time, a territorialized identity of the smart
home emerges, but it is to be expected that the path to territorialization will include
some deterritorialization detours.
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As consumers interact with smart home components and components are added
and removed over time, an individualized identity of the smart home emerges.
Suppose a consumer has a primary residence and a second home. Over time, both
homes are equipped with smart thermostats, locks, lights and cameras. One thing
that may emerge is that the consumer develops the capacity to feel like they are in
two places at once, and may perceive their two homes as a joined and connected
space. This represents a change in the identity of this consumer’s smart homes,
which originally were perceived more as two disjoint spaces. This is an
individualized identity, but this particular consumer may not be alone in developing
this capacity; other consumers who maintain two homes may also grow to see their
homes this way.
It is important for marketers to listen to what these individualized identities sound
like, because assemblage theory shows us that these individual identities will
actually share certain commonalities, and important meanings of smart home
identity will emerge from which marketers can learn how people are using their
smart home and what it means to them. DeLanda (2011) refers to any given single
assemblage as an 
individual singularity
which emerges from an underlying 
space of
possibilities
. The space of possibilities is a mathematical structure which can be
either continuous and spatial or discrete and non-spatial (DeLanda 2011). The
specific structure of the space of possibilities plays a key role in understanding
emergence, in part because it contains 
universal singularities 
which are points of
attraction that structure the possibility space and that guide the recurrent process
of assemblage. Consequently, DeLanda points out that there are actually two
requirements for emergence. First are the interactions among the components of an
assemblage, through exercised capacities, which is a 
mechanism-dependent
influence
on emergence.
Second is the possibility space itself which underlies the assemblage

and is a 
mechanism-independent
influence on emergence.
Thus, over time not just one smart home, but a population of smart homes will
emerge through recurrent process of assemblage. Underlying forces drive smart
homes into individual singularities that cluster into optimal locations in the
possibility space guided by the structure of the possibility space and the universal
singularities contained in it. In this population, we should expect to find segments of
homes that share certain characteristics. We should also expect that many different
individual homes will effectively wind up at the same place, even though they may
have taken different very paths to get there, in that “different trajectories may be
attracted to the same final state” (DeLanda 2002, p 7).
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6.1.5 Assemblage Exit and/or Death
One more phase needs to be considered, which is labelled as “Exit/Death” in the
circle at the bottom right corner of the model. This phase has multiple meanings in
the context of the smart home assemblage. At the level of the individual consumer,
consumer-initiated destabilization or marketer-initiated destabilization may lead a
given consumer to terminate their involvement with the smart home, resulting in
death of the specific assemblage of which that consumer is a part. For example, in
2014 Nest disabled the “wave” feature of its smart thermostats, due to concerns that
consumers could unintentionally disable the device by waving their hands in front
of it. This marketer-initiated deterritorialization altered the capacities of the device.
Consequently, some consumers chose to remove Nest from their smart home
assemblage:
We are totally dissatisfied with the nest protect. It periodically false alarms! You can't
disable it with a hand wave as advertised and when you press the button it says "can't
be hushed". This is ridiculous! A device this expensive false alarms, and you have to rip
it off the ceiling, loosen the screws holding the back on the device, and take the
batteries out. All while the units in the house beep and identify smoke terrifying the
family. I have three of these things and they are all going back! (Nest Community,
2014).
It is possible that some such consumers not only remove this product from their
smart home assemblage, but become so frustrated that they also remove
themselves, deciding that perhaps the time is not yet right for their home to be a
smart home.
At the higher level of clusters of individual smart homes within the the population of
smart home assemblages, death of the assemblage can occur at a much broader
scale. The tendencies of exponential technology can massively deterritorialize both
the consumer and the marketer’s assemblages. Rapid changes due to new disruptive
technology can deliver a shock to the entire system.
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7
Initial Managerial Insights From Our Framework
IoT marketers face the immediate concern of uncovering the value proposition that
will help the smart home expand beyond the niches of upscale consumers and
technologically sophisticated DIYers to the mainstream mass market. As we argued
earlier in the monograph, most companies are chasing use cases and wondering
which combination of entry points - appliance and home entertainment control,
energy management, pet monitoring, property protection, safety and security make the most sense. But, as we have argued, the mass market is not buying a
platform or devices controlled by an algorithm, they are 
buying an experience
. In this
section we offer four sets of insights derived from our framework that can guide
marketer action in the early stages of adoption and usage.

7.1 Market from the Bottom Up, Not the Top Down
The smart home will evolve from all the bottom-up interactions that are developed
by individual consumers for their unique situations, not from a small set of five or
six top-down use cases. Saying there are five uses cases for the smart home is like
saying there are five uses for the Internet. So, rather than specify the use cases in
advance and market them to consumers in a top-down approach, a bottom-up
approach that configures smart home starter kits and devices in such a way that
consumers can figure out for themselves how best to use them means that use cases
can emerge, from the bottom-up, rather than being dictated from the top down by
marketers. The consumer-driven coding of the smart home provides its meaning
and reinforces its identity. This coding occurs through rules that are by definition
bottom-up processes that individual consumers develop for their unique situations.
Smart home marketing needs to expand beyond use cases and focus instead on
interaction. What do consumers actually want to do with these devices and kits once
they buy and install them and and how are they going about interacting with them
in their homes? Are they experiencing a feeling of
“safety and security” just because we tell them the
pieces in the box represent that experience? A
marketing slogan that would epitomize what we
are talking about would read something like this:
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Use cases are not the same thing as consumer experience. Instead, use cases are
pre-specified, defined, top-down specs of what the smart home does (when it rains,
the light bulb turns blue) and encourage siloed thinking about the smart home. They
represent only one of the many types of possible on-going interactions in a smart
home. Recall that the smart home is an assemblage of heterogeneous components
that interact, over time, through expressed paired capacities, from which emerges
the smart home’s identity and consumer experience. These interactions are
on-going. If they stop, there is no assemblage. A “use case,” on the other hand, is a
programmed interaction - it is only one of many types of possible interaction in a
smart home.
Companies in the smart home industry are taking a number of different approaches
to how use cases can be created for smart home consumers. For example,
SmartThings, acquired by Samsung in 2014, currently follows the approach where
developers create SmartApps corresponding to predefined use cases, which users
can then customize for their own needs. In this variation of the top down approach,
consumers offload the effort of thinking up applications to SmartThings developers,
which has the potential disadvantage of limiting the ability for consumers to
customize the product for their unique situations. Companies like Twine and
WigWag, on the other hand, take a “bottom up” approach, focusing on an intuitive
rule-generation interface that will allow its users to easily build their own complex
rules. In this bottom-up approach, the user is empowered and encouraged to create,
and construct, their own use cases.

7.1.1 Fill ‘er Up vs. What Can I Do With a Full Tank?
Marketers should be thinking about how to expand the marketing of the smart home
beyond use cases to how consumers can interact and the experiences that emerge
from those interactions. Current marketing efforts highlight consumers using apps
to execute smart home functions, but the functions, e.g. a consumer controlling a
light switch through a command and control use case on an app, are not what will
define the smart home identity. In order for smart home identity to emerge,
consumers need to be able to access and understand all the different interactions
the smart home is capable of. This experience-based focus is critical because many
of these interactions are device to device and do not even directly involve people.
One way to facilitate this understanding is to give consumers the tools to visualize
these interactions. But current apps present the smart home not in terms of
interactions, but in terms of devices and use cases. We think this is because the
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focus on specific use cases restricts thinking of the smart home as involved in
interactions. It obscures the interactive nature of the smart home and limits its
ability to impact experience. Even dashboards, when they are offered, are very
device focused and does not currently surface all the interactions in the home. The
dashboard may show who is at home, for example, but not necessarily where or
what they are doing.
To be fair, the apps do emphasize the rules or coding of the home. The current
coding of the smart home favors simple “if then” style specific use cases (e.g. turn on
lights when sensor detects you are in a room or send a text if moisture is detected in
laundry room). And as we have argued earlier, coding plays an important role in
territorializing smart home identity. But, if apps limit the kind of interactions that
can emerge, that means they are limiting the kinds of experiences that are possible.
We think there is already evidence that early adopters are frustrated, because their
needs are evolving rapidly. These needs require more complex rules to make more
customized solutions to satisfy their needs, e.g. involving boolean operators (If A
and B then C, for example, if I’m home AND it’s dusk, then turn on the lights).
But will consumers experience a feeling of “safety and security” just because we tell
them the components in the box represent that experience? So, instead of marketing
use cases, which are states, market the experience of living in and with the smart
home, which is a process. Monitoring one’s home for leaks is a process, not a state.
Controlling the temperature of the environment is a process, note a state.
It is not at all clear yet what smart devices consumers really want. The devices on
the market are marketed as having numerous capacities, but what are all the
different ways the the devices can be exercised in interactions with other devices and what new capacities may emerge from these interactions? Rather than the
current emphasis on use case states like “comfort and convenience” or “safety and
security,” we think it makes sense to shift the focus to marketing the consumer IoT
as the path to a better experience of living in the home. To do this means that rather
than comparing the devices as improvement over existing categories in how to
achieve a state of comfort or security, the emphasis should be on positioning smart
devices as a totally new category that makes it difficult to say with any degree of
precision what it really will be - or could become.
We think marketers should proceed with caution in defining the emergence of the
smart home in terms of a small set of existing use cases, just because the vocabulary
has not yet emerged to define what the smart home experience really means. The
best way to find these words is to focus on adoption and get these devices into as
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many homes as possible as quickly as possibly so consumers can start interacting
with these components and the individual singularities in consumer experience can
emerge. From these identities and experiences, the universal singularities will be
revealed and a new vocabulary will emerge. One way we like to think about this is to
contrast where the smart home is now, compared to where it can go. Imagine a gas
station on the open road. The use case is akin to a gas station which lets you fill up
an empty tank. But the experience is focused on what becomes possible with a full
tank of gas.

7.1.2 “Everything You Already Understand, But More”
The iPad wasn’t sold on the basis of use cases. As Ritchie (2014), reminds us, Steve
Jobs emphasized the “magical” and “revolutionary” qualities of the iPad, even as
people mocked the name and seemed confused about how to categorize it (giant
iPhone? iPod Touch? Kindle?). Apple marketed the iPad as something new,
something you could use for "browsing the web, reading and sending email,
enjoying photos, watching videos, listening to music, playing games, reading e-books
and more." It was marketed as everything you already understand but more. It
wasn’t limited to existing uses, but hinted at novel uses, if only you were willing to
adopt one and give it a try. This opened the door to buying an iPad for lots of
different reasons and applications and as substitutes for everything from an
e-reader to a gaming device to a TV.
It was not clear at the outset what the iPad would be good for. It had a lot of
capacities, but there was little consensus on how they might be exercised. Early
reviews emphasized ease of use and a better computing experience and compared
the device to existing categories like laptops or netbooks. But it was also
emphasized that the device appears to represent a new category - even if no one
could really say what it was. People did not really know what an iPad was when it
first came out. But it started to become clearer with regular use.
The smart home use cases are like those initial iPad categories of use. People are not
really sure what the value of the smart home is or what it means. Yet, marketing
efforts seem focused on telling consumers, buy this smart home device and what
you are really buying is some comfort, instead of letting consumers experience for
themselves what interactions do and do not lead to the emergence of an experience
of comfort.
At this point in time, we do not really know what combinations of interactions will
lead to specific experiences. Once these systems are in the home, we can begin to
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observe the process as consumers interact with the components and over time
individualized identities of the smart home stabilize and experiences, like comfort,
energy savings, and the like, emerge. Marketers can help this process along by, for
example, releasing new rules and new rule engines, that emphasize building the
hundreds and thousands of bottom-up interactions that comprise consumer
experience, instead of the top down use cases that promote: “buy this starter kit and
you’ll achieve safety”.

7.2 Encourage Habitual Repetition, But Don’t Let Boredom Set In
Since we do not yet know what interactions will lead to particular experiences, it is
critical to encourage habitual repetition of these bottom-up interactions in order to
help stabilize the smart home assemblage. Habitual repetition involves repeating
routine behaviors over and over again until they become habits. Note that routine
behavior does not just involve device-consumer interactions, but also
device-to-device interactions. Even though the consumer is not directly involved in
device-to-device interactions, she can become a part of such routine ambient
interactions by observing their regularity.

7.2.1 Focus On Predictable Ambient Interactions to Build Trust
Ongoing routine interactions stabilize the identity of the smart home, but it is
important to recognize that they do not have to involve people. And even when they
do involve people, these interactions will be largely ambient. Although marketers
might be thinking mostly in terms of consumers direct interactions with the devices
in the smart home, the ongoing background interactions - ambient interactions - are
probably more important contributors to defining the smart home. One reason for
this is because ambient interactions help build trust.
Routine interactions, happening again and again in the background, not only shape
consumer experience, but lead to confidence that the house can be relied upon to do
what it is programmed to do. One way to support this is to ensure that consumers
can visualize these interactions. To the extent that apps and dashboards are deviceand use-case-centric, this runs the risk of obscuring the interactive nature of the
smart home and limiting its ability to impact experience. We think a strong
argument can be made for marketing add-ons (notifications and ambient
interactions) that will help build confidence in consumers’ minds that the smart
home is executing as it should be.
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What can marketers do to encourage consumers to incorporate usage of smart
devices into their daily routines? A good start can be made by recognizing that the
consumer is part of the smart home assemblage and interacting not just directly
with the app or device, but also ambiently with a device through 
its
interactions
with other components in the smart home. As the consumer moves through the
coding process, setting devices and/or apps to operate according to specific rules,
she is effectively building a rule book of how the home’s inhabitants will interact
with the components of the smart home assemblage. The more consumers can
observe these interactions, the more we can expect a stabilized identity and
perceptions of trust.

7.2.2 Routines Also Need to Be De-Stabilized
Even as marketers strive to enable territorialization in the early adoption phase by
encouraging habitual repetition, they must also be focused on how to destabilize the
smart home assemblage to some extent in order to encourage deeper adoption and
usage. Interacting with the components of the smart home assemblage must become
routine; but to keep consumers from hitting the natural tendency to get bored as
they gain experience with simple devices, marketers must expand the boundaries of
the what the house can do with consumers and what consumers can do with the
house. So, marketers must consider how to give consumers a gentle push, e.g. with
new capacities of existing products, new rule engines, new products, and so on, if
they want consumers to move beyond single edge devices and starter kits.
It may seem like our advice is contradictory. Yes, it is important that device
interactions become routine, because that helps to stabilize the identity of the smart
home. As consumers get into the habit of incorporating these devices into their daily
interactions in the home and letting them run in predictable ways, this habitual
repetition will help stabilize smart home identity. Yet, as consumers interact with
the devices in their smart homes, and as marketers interact with the products they
market, the assemblage is likely to grow in complexity. Thus, the interactive
processes will begin to fluctuate. Marketer-led destabilization efforts serve as a push
to move consumers beyond single edge devices and starter kits.

7.3 Pay Attention to Emergent Individual Smart Home Identities
It should be evident that marketers want to foster consumer trust in the smart
home, but why should they care about smart home identity? As we have discussed
previously, actual instances of smart homes that have been assembled are observed
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individual singularities in the possibility space. Over time, a population of smart
homes will emerge through recurrent processes - underlying forces that drive smart
home assemblages into universal singularities or optimal locations in the possibility
space that share certain characteristics. In other words, our framework predicts that
many different individual homes will all wind up at the same place, even though
they may have taken very different paths to get there.
With a population of smart homes, marketers can begin to gather empirical
evidence, for example through techniques like topological data analysis, as to what
the optimal locations look like. In other words, marketers are not just interested in
any one particular smart home, but in segments of smart homes. As consumers
interact with the smart home, an individualized identity of the smart home will
begin to emerge, but homes will “clump” according to the similar meanings and
characteristics they share. It is important for marketers to pay attention to these
segments, because they provide important clues to the important commonalities
and general meanings of smart home identity. Smart home data streams of
component interaction data over time from individual smart home assemblages will
provide the raw material for inferring segments of smart homes that behave in
similar ways. This may be contrasted with a priori segmentation of smart homes
based on use cases. Thus, the process of market segmentation also proceeds bottom
up, rather than top down.
So, rather than assuming what the market segments are, marketers should be
observing closely to see what segments emerge. In addition, as macro assemblages,
that is, higher level assemblages, emerge from smart home (lower-level)
assemblages, these collections of assemblages at different levels give insight into
market segmentation and market structure.

7.4 Will Personalization Trump Privacy?
We believe identities for the smart home have the potential to emerge that are likely
to outweigh privacy concerns. The shape of these identities may give some insight
into what features consumers value enough to trade off some aspects of their
privacy for. That is, we believe that “something more” will emerge that will be more
valuable to people in their homes than their concerns about privacy. While it is
difficult to speculate, we think these identities will possibly include personalization
efforts. We believe that as smart home assemblages, largely through habitual
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repetition, come to know more and more about the inhabitants in these homes, the
potential benefits from personalization could very likely trump privacy.
Consumers find personalization appealing. Early evidence from the consumer IoT
trenches suggests that consumers 
want
their smart devices to learn what they are
doing so they can benefit from it. Personalization involves the devices identifying
consumers uniquely, gathering data about their interactions to create individualized
profiles and then applying that information to subsequent interactions. Voice is
likely to be a big part of personalization since devices can learn to recognize our
voices and uniquely identify us.
So far, the industry is focused on minimizing the false positives because experience
has shown that providing consumers with personalized recommendations for things
they do not want hurts adoption and acceptance. But in the smart home, the false
negatives could be equally important. Suppose your smart home decides you will
not want a particular setting, so the capacity is never exercised. That could
represent a missed opportunity for the home owner. A related issues concerns how
much is too much. When does personalization cross the line into creepy? How much
does this influence trust?
Since smart home assemblages can interact with each other, and with other
assemblages, new experiences will also emerge from these macro assemblages
interacting with each other. Take, for example, a group of families in a neighborhood
who connect their homes on a network so they can keep a better eye on their kids
and pets - where they are playing, notifying them when it is time to come home from
the playground for dinner, and so on. Will the consumers in these homes be willing
to give up aspects of their privacy for the greater value derived from being
networked? We think they might.
What is still not clear are the conditions under which consumers prefer these
personalization benefits to be implemented. For example, by a cyborg appendage, a
non-autonomous long finger that operates under consumer command, taking action
on their behalf; or by a robot partner, an autonomous agent that makes intelligent
suggestions in a partnership with the consumer?
These speculations are important not just for marketers, but also for policy makers.
For marketers, it could suggest how to address the privacy barriers to adoption. For
policy makers, it is important to examine who the trusted party is in control of the
smart home experience and how that trust is managed.
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8
Concluding Thoughts


8.1 People Want the Digital to be Real
The Internet is changing our lives much faster than we can evolve to accommodate
these changes. For example, our need to communicate with others through physical
touch is hard-wired into our brains. Yet, research shows that there is a fundamental
difference between interacting online compared to interacting in the real world with
online usually coming up short. This is one reason motivating the urge of people in
online communities to meet face to face. It might also explain the recent success of
on-demand services like Magic that allow people to use SMS to “get anything you
want, as long as it’s legal.” The SMS interface involves typing with another person
using natural language, as opposed to navigating a web site using mouse clicks or
using touch screen gestures and text commands on an app. The digital is somehow
made to seem more real by texting what you want instead of going through the
more cumbersome and impersonal ordering process that most ecommerce sites
require (e.g. Rose 2015).
While 3D printers turn digital information into physical items, today’s 3D printers
are slow and the wait for the transformation from digital to physical is long. In an
on-demand era, consumers want digital information to be with them in the real
world in a physical way, and they want it now. Amazon’s Dash button might be an
early IoT example of this. Instead of going online to place an order, a consumer can
press a button affixed to a real product in the real world that seamlessly places an
online order for her. Notifications like your fitbit buzzing on your arm as you hit
your step goal and your home texting you “good night” are other examples of this.
With the IoT, the digital is invading the real world.
Over the past two decades, the Web has augmented consumers’ abilities to search
for information, comparison shop, and connect with each other (e.g. Labrecque et al.
2013). However, consumers also want to be augmented in the real world, not just
the virtual world. This means there are opportunities for IoT marketers to go far
beyond reviews that help consumers make better product decisions, toward
creating environments that help consumers live better lives. What does “better”
look like? Current consumer IoT devices are offering up smart home devices that
can help consumers with important problems, but the help comes in the form of
low-hanging fruit use cases - things like controlling the thermostat to save energy,
alerting the homeowner when a pipe springs a leak, or monitoring the whereabouts
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of pets. As the consumer IoT develops, it will undoubtedly create more powerful and
more intimate ways to augment our control over the environments in which we live,
work and play.
The consumer IoT means that consumers are going to be interacting with machines
that autonomously interact with each other. In a very real way, the Internet has
broken free from the constraints of the virtual and collided into the real world. The
way we think about it, consumers have been trapped in the Internet for the past
twenty years or so. To be sure, the Internet is exciting, but it is also frustrating
because it is stuck in the virtual and consumers want virtual to be here, in the
physical world. Mobile devices have, to some degree, brought the Internet into the
physical world, but there is still a clear separation between the device and the
world. With the IoT, there is no separation. The consumer IoT is a thrilling next
phase in the Internet revolution because it brings the intelligence of the Internet to
physical products with the potential for something new to emerge.
The social media phase of the Internet was exciting because it enabled
many-to-many interaction directly between people through their social networks
and shifted the balance of power from marketers to consumers. But social media
content - the updates, tweets, posts, photos, and videos - and even our social media
networks - are basically an enhanced digital version of what would often times be
physically be impossible to do. Yes, we can, all at once, communicate with 300
friends on Facebook, but no, we cannot simultaneously interact with that same set
of people in the physical world. In contrast, IoT content primarily involves the
quantification of interactions involving physical events that can and do happen in
the real world, but whose sheer numerosity makes these events for all practical
purposes otherwise invisible. IoT content, in the form of exact geographic location,
time, speed, temperature, heart rate, steps walked, blood pressure, and even
number of slices of bread toasted by a smart toaster, represents the minutia of
everyday living that is trivial by itself, but that together generate coherent emergent
assemblages that have meaning and clear identity, with the potential to make
significant impacts on people’s lives.
The idea that consumers crave transforming their digital experiences into real ones
may help explain the excitement surrounding new technologies like augmented
reality and 3D printers. Augmented reality makes the virtual “come alive” and 3D
printers literally make the digital real. These kinds of technologies, along with the
personalization possibilities inherent in the consumer IoT, mean consumers can
make something real 
just for themselves
. Yes, digital content is one’s own. But the
ability to create something from the digital into the physical that is uniquely one’s
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one, suggest that we are rapidly moving away from mass customization to truly
personal customization - a new form of personalized marketing representing the
“market of one.” The IoT presents the ability for consumers to translate atoms to
bits and back to atoms. One marketing implication of this is that the definition of
what size a “market” needs to be for marketers to consider it profitable to be served
will fundamentally change, in just the next few years.

8.2 The Big Picture
At the beginning of this monograph, we presented a timeline that displayed where
things are headed in the context of interactivity and social relationships. We argued
that with the advent of the IoT, we are entering a post-social media phase where
consumers’ interactions with each other are receding in importance compared to
their interactions with smart devices. We can now take a much closer look at this
timeline to construct a big picture view of how we believe the industry is evolving,
noting general implications for marketing managers. We call this big picture view,
“Who is King?”

The Big Picture - Who is King?

Software was king in the 1980s, when Microsoft was the unquestioned leader in the
pre-Web era of stand alone computing. This environment was closed by definition,
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with the major players essentially walled off from each other. While pre-Web, this
was definitely social media, albeit in a much cruder form, as represented by
CompuServe, Prodigy, The Well, AOL. With the emergence of the Web in the mid
90s, content became king. The open nature of the Internet accelerated the spread of
this content. Content became so pervasive that search emerged as king, since a
technical approach was needed to find one’s way among the increasingly vast range
of content. Google emerged as dominant. By the mid 2000s, and with the advent of
Facebook, Twitter and Foursquare, social became king. The Web became closed by
design, with walled gardens of user-generated content separated from each other.
Devices became smaller and smaller, fueling the “social/mobile/local” trend where
interactions happen in real time.
We are now entering the post-social phase characterized by the “Internet of Things.”
There are so many devices connected to the Internet that the Internet, by necessity,
is opening up again, so that all these objects can talk to each other. Mark Zuckerberg
popularized the “social graph” term at the Facebook f8 conference in 2007 to
describe social media as “the global mapping of everybody and how they’re related”
(CBS News 2010). The first evolution in this post-social world was from the social
graph to what we call the “geo-graph.” The geo-graph represents all a consumer’s
locations, along with how she is connected to them and how they are connected to
her. It also includes her social graph so we can think of the geo-graph as adding an
additional dimension to our relationships with people and things in time and space1 .
What are some implications of this latest phase in the big picture? First, now that
physical is king, when the whole world is interactive, interactive marketing will
need an entirely new meaning. Second, because of the exponential change of
technology, it is a safe assumption that new devices will be born from the IoT. Third,
when real objects in the real world communicate with real people, the need for a
common language will be critical. Fourth, in the post-social world, the knowledge
graph, the social graph and the physical graph will be layered on top of each other
and we can anticipate that the “bio-graph” is likely to be next. Fifth, new approaches
will be required to take us where we need to go. Will this thinking come from the
likes of Amazon, Facebook and Google or completely new companies?
This new approach means marketing should not emphasize devices or use cases as
much as the 
assemblages from which experiences emerge
. Current approaches to the
smart home focus on use cases. But, use cases focus only on parts of the smart home,
1

We think it is worthwhile to mention that the idea of the portable social graph is quite limited
compared to the promise offered up in the mid/late 1990s where one would own all one’s own data and
history and it would follow you everywhere you went and you could negotiate access rights to it.
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and the smart home is going to be much more than the sum of its parts. The smart
home - like any disruptive technology (smartphones, iPads and augmented reality) is emergent. Its identity will emerge over time. We need tools to understand how
the smart home’s identity - and consumer experience of the smart home - will
emerge. We need a new vocabulary for understanding the emergence of identity and
experience from complex systems like the smart home and the consumer Iot, more
generally. Assemblage theory provides this vocabulary and framework.

8.3 The Challenge for Marketers
We have developed a conceptualization of the smart home and more generally the
consumer IoT as interactions that take place in complex nested, overlapping and
constantly evolving networks that connect heterogeneous entities in the digital
world with equally heterogeneous entities in the the physical world. In our
assemblage theory approach, dynamic, nonlinear, oftentimes nonsocial experiences
emerge from these interactions with devices that also interact with each other, all
on a regular basis. This monograph represents a summary of our efforts so far; we
continue to refine our approach and have begun testing some of our key hypotheses.
We believe our assemblage theory approach has a number of advantages. For
marketing scholars, it may help drive theory-development and stimulate empirical
testing of hypotheses that can provide insight and explanation into emergent
consumer behavior. We think it is likely that existing theories will require some
modification and expansion to take account the complexity represented by the
consumer IoT.
The challenge for marketers will be to connect the constantly moving dots.
Predictions are difficult, but just as the Internet revolution that began nearly a
generation ago brought staggering change to nearly every aspect of human life, we
believe the IoT represents another wave of change that is likely to be astonishing,
awe-inspiring and frightening, perhaps all at once. As events unfolds, the insights we
have been able to derive thus far from our conceptual framework may help
managers as they struggle to understand the strategic marketing implications of the
consumer IoT. The first step is to think carefully about not only the immediate
challenges involved in fostering early adoption, but on developing the mass market
and encouraging habitual use to encourage retention. We hope these ideas help.
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9
Glossary
ambient interaction. 
Low level background peripheral interaction between people
and devices, or devices and devices, that occur with on-going regularity.
Ambient interactions involving people generally, but not always, occur at
greater physical distance since they do not require active engagement. See
direct interaction.
ambient intimacy. 
The feeling of intimate connection that can result from a
sequence of on-going ambient interactions (Reichelt 2007).
assemblage. 
An assemblage consists of heterogeneous parts (components) that
continually interact with each other and with other entities, yielding a whole
with emergent properties, capacities, or tendencies that did not exist in the
parts, but are immanent to the parts; thus an assemblage is more than the
sum of its parts and cannot be reduced to its parts (DeLanda 2012). While an
assemblage is irreducible to its parts, it is nonetheless decomposable
(DeLanda 2011 p. 185). That is, a part may be detached from an assemblage
and made a component of a different assemblage (DeLanda 2006 p. 18).
Assemblages are characterized along two dimensions: 1) the material and/or
expressive roles played by components during interactions, and 2) processes
of territorialization and coding that stabilize the identity of the assemblage
(DeLanda 2006 pp 18-19). See also totality.
assemblage theory. 
A comprehensive theory from the neo-realist school of
philosophy which explains the processes by which the identity of a whole - a
whole that is more than the sum of the parts - emerges from on-going
interactions among its components (Deleuze and Guattari 1987; DeLanda
2002, 2006, 2011).
boundaries. 
The boundaries of an assemblage specify the extent of its structure in
time and space. Boundaries vary along a continuum from highly
territorialized (well defined, sharp and fixed boundaries) to highly
deterritorialized (poorly defined, fuzzy and fluid boundaries). Through the
process of territorialization, spatial and/or temporal boundaries of an
assemblage are defined and sharpened (DeLanda 2006 p13). Boundaries also
include categorical boundaries that specify whether something is or isn’t part
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of the smart home assemblage (DeLanda 2006 p66). For example, there may
be a lack of clarity about whether a smartwatch should be considered as part
of the smart home. Boundaries can also be virtual; in considering the
vulnerability of a smart home from malicious hacking efforts, the boundary
consists of the extent of network access points and devices susceptible to
attack.
capacity.
Capacities specify what an assemblage does, or could do, when it interacts
with its parts or with other assemblages. Capacities are exercised during
interaction. When interaction is occurring, capacities are actual and are
otherwise potential if interaction is not occurring (DeLanda 2006, p 4).
Capacities that exist as possibilities, without being exercised, are part of a
possibility space
.
Since capacities of an assemblage are exercised in an
interaction, a capacity to affect is always coupled with a capacity to be
affected (DeLanda 2002, p viii). The capacities of an assemblage need not be
finite, since they depend on the capacities of innumerable other entities
(DeLanda 2011, p4-5). Since components of an assemblage are themselves
assemblages, capacities are also defined for components. See also property
and tendency.
coding.
Coding uses specialized expressive tools (e.g. genes, words, programming)
to “lock in” a territorialized identity. Coding performs a second articulation of
components, after the first articulation provided by territorialization, that
consolidates the effects of territorialization and further stabilizes the identity
of an assemblage (DeLanda 2006, p15). DeLanda originally considered the
coding role provided by two specialized expressive media - genes and words
- in stabilizing assemblage identity. In subsequent formulations, DeLanda
noted that the coding parameter can be applied to other sources of
information-based constraints (DeLanda 2011, p188) and identified
programming operators and control structures like loops and branching
instructions as mechanisms for coding an automaton with a fixed identity
(DeLands 2011, p201). In the context of the smart home, device control and
programming languages serve expressive media that can be used for coding.
For example, simple if-then rules allow the homeowners to code their wishes
for how devices should behave, and these coded wishes can be honored
without any further human intervention. See also decoding.
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component.
A component is an entity that interacts with other entities to form an
assemblage. A component is, itself, an assemblage of sub-components. Thus,
like an assemblage, components have their own emergent properties,
capacities and tendencies that derive from interactions of their
sub-components.
consumer experience. 
Consumer experience of the smart home assemblage
emerges from the paired capacities involved in the interaction of the
consumer and the assemblage. The paired capacities involved in consumer
experience of the smart home are a subset of the much broader range of
capacities that define consumer identity, and, to the degree that the smart
home interacts with entities other than the consumer, a subset of the broader
range of capacities that define smart home identity.
decoding. 
Decoding counteracts or weakens the effects of previously coded
interactions. A committee might decide to suspend parliamentary procedure,
and the resulting free-form discussion would be decoded. A homeowner
might choose to override previously coded if-then rules controlling when
their home’s smart lights turn on and off by manually controlling the lights
through a smartphone app, decoding the lighting assemblage. See also
coding.
deterritorialization. 
The variable process of deterritorialization destabilizes the
identity of an assemblage by decreasing its degree of internal homogeneity
or decreasing the degree of sharpness of its spatial or temporal boundaries
(DeLanda 2006 p11).
diagram. 
The diagram is the “body plan” specifying the possibilities of what an
assemblage can become. The diagram consists of the possibility space
associated with an assemblage, together with its universal singularities
(DeLanda 2006, p30). DeLanda notes that “one way of thinking about the
status of diagrams is … as the product of a full deterritorialization of a
concrete assemblage” (2006, p126).
direct interaction. 
Higher level, foreground active interaction between people and
devices, or devices and devices. See ambient interaction.
emergent. 
Emergent properties, capacities and tendencies of an assemblage arise
from the constant interactions between component parts, would disappear
without the interactions, and are irreducible to the properties, capacities and
tendencies of the parts (DeLanda 2011 video).
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expressive roles. 
See material and expressive roles.
extensive properties. 
Extensive properties include metric, ratio-level properties
such as length, area and volume, mass, weight, amount of energy and money.
Extensive properties can be divided. They are reduced when divided, and are
additive when combined (DeLanda 2002, p18). Even though extensive
properties are additive when combined, an assemblage can have emergent
capacities based solely on the extensive properties of its components; for
example a stack of 3 boxes has the capacity to serve as a ladder to stand on
and reach objects that would be otherwise out of reach. See also intensive
properties.
heterogeneity. 
Heterogeneity of components is assumed as an important
characteristic of an assemblage, although the degree of heterogeneity can
vary over time and from assemblage to assemblage (DeLanda 2006 p 11). See
also homogeneity.
homogeneity. 
Through the process of territorialization, the degree of internal
homogeneity of an assemblage is increased. Homogeneity of an assemblage’s
components, the ways its components are connected, and the nature of
interactions all increase increase territorialization. These non-spatial
processes can increase homogeneity in a wide range of ways, such as
practices of inclusion and exclusion (DeLanda 2006 p 66), routinization
(DeLanda 2006 p 74), habitual repetition (DeLanda 2006 p 50),
interdependence (DeLanda 2006 p 56) and common motivation (DeLanda
2006 p 92). See also heterogeneity.
identity. 
The identity of an assemblage is the product of a historical process that
brought the components together and that maintains its integrity through
regular interaction among its parts (DeLanda 2011, p185). While DeLanda
considers the historically contingent identity of an assemblage to be defined
by its emergent properties, capacities and tendencies (DeLanda 2011, p3),
we focus on capacities since only capacities play a role in interactions. Smart
home identity is defined by capacities of the smart home that are or can be
exercised in both part-whole interactions of the consumer with the smart
home and its sub-assemblages, and between-assemblage interactions of the
smart home and its sub-assemblages with other assemblages. Identity can be
similarly defined for both sub-assemblages and macro-assemblages. Both
consumer identity
and 
smart home identity
can be similarly defined.
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individual singularity. 
See possibility space
intensive properties. 
Include continuous, interval-level properties such as
temperature, pressure, or density. Intensive properties cannot be divided, for
example a liter of 100 degree water divided into two half liter volumes will
produce two smaller volumes that are each 100 degrees (DeLanda 2002,
p18). However, while two intensive properties stay the same when divided,
two intensive properties average when combined. Because of this,
differences in intensity between two components with different levels of an
intensive property result in an assemblage with an intensive property
different than either of the two components (DeLanda 2002, p63). In
addition, the combining of two intensive physical properties (e.g. combining
hot and cold water) can drive fluxes of matter or energy (DeLanda 2002,
p67), or in the case of non-physical properties (e.g. combining a centralized
network structure with a decentralized network structure) can drive changes
in human behavior. In both cases, the combining of intensive properties leads
to an assemblage that may obtain new properties and capacities not just
from the new average level of the components previous intensive properties ,
but also from the processes required to reach equilibrium to this new
average level. See also extensive properties.
interaction. 
Interactivity is an key and essential process in assemblage theory.
Interaction occurs through exercised capacities of the entities involved in the
interaction. The properties, capacities and tendencies of an assemblage
emerge through interaction of its parts; without interaction, the assemblage
would cease to exist and would revert back to its component parts. In
addition to the interaction of parts within an assemblage, a part can interact
with the whole assemblage (see part-whole interaction), and an assemblage
can interact with other assemblages (see macro-assemblage).
macro-assemblage. 
Larger assemblages, with their own emergent properties,
capacities and tendencies formed by the between-assemblage interaction of a
population of assemblages, where the members of the population are the
component parts (DeLanda 2006 p17). For example, a macro assemblage of a
regional network of smart homes that interact based on energy usage.
material and expressive roles
. During an interaction, components of an
assemblage play a material role, an expressive role or a mixture of the two,
by exercising different sets of capacities (DeLanda 2006, p12). Material and
expressive roles only operate through capacities, and not properties
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(Harman 2008), since only capacities are involved in interactions. Material
roles are structural, infrastructural, mechanical, operational and functional,
while expressive roles are both linguistic/symbolic as well as non-symbolic
(e.g. behavior, facial expression, body expression), conveying meaning (e.g.
words, gestures) and identity (e.g. fingerprints, architectural elements).
Components in a material role allow both linear (e.g. mechanical) and
non-linear (e.g. catalysis) causation, while components in an expressive role
involve non-linear catalysis (Harman 2008). The emergence of material and
expressive roles is an outcome of territorialization; Deleuze argues that in a
completely deterritorialized diagram, material and expressive roles are not
differentiated (DeLanda 2006, p126; DeLeuze and Guattari 1987, p 142).
part-whole interaction. 
Part-whole interactions mean that an assemblage can
interact with its parts. While an assemblage emerges from the interactions
among its parts, once it comes into existence it can interact with and affect
those parts (DeLanda 2006 p34).
possibility space. 
The possibility space is a mathematical topological structure that
defines the potential capacities and tendencies of an assemblage, with a
changeable number of dimensions that depend on which entities may be
involved in interactions. Within the possibility space, an actual assemblage is
an 
individual singularity
in this possibility space; by actual assemblage we
mean an assemblage that has emergent capacities it has actually exercised,
and that any relevant tendencies have been actually manifested,. In addition,
universal singularities
in the possibility space are topological invariants
that define “extreme forms” (DeLanda 2006 p30) and serve as attractors that
influence long term trajectories through the possibility space. Universal
singularities influence the population of individual singularities (i.e. actual
assemblages) that will emerge. The concept of a possibility space is discussed
at length in DeLanda (2002; 2011).
property. 
Properties of an assemblage specify what it is, and can be either extensive
or intensive. Properties define an entity, are always actual (as opposed to
potential), and are denumerable as a closed list (DeLanda 2006, p10).
Emergent properties of an assemblage cannot be reduced to those of its parts
since they are the result of the actual exercise of the capacities of the parts
(DeLanda 2006, p. 11). Since components of an assemblage are themselves
assemblages, properties are also defined for components. See also capacity
and tendency.
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recurrence. 
The processes that yield assemblages are recurrent in each assemblage
belongs to a larger population of similar assemblages. The recurrence is due
to to underlying universal singularities in the possibility space which guide
the realization of individual assemblages, subject to contingent events
(DeLanda 2011; p 186).
sub-assemblage. 
A sub-assemblage is an assemblage of components, drawn from
the components of a larger assemblage, that has its own emergent properties
and capacities, as well as its own identity. In the smart home assemblage, the
lighting system and locking system are two sub-assemblages.
tendency. 
Tendencies can effect change in both the properties and capacities of an
assemblage, and thereby can alter the identity of the assemblage itself.
Tendencies specify what an assemblage can become. Tendencies need not be
actual to be real, and like potential capacities that have not been exercised,
tendencies that have not been manifested are part of the structure of a
possibility space (DeLanda 2011 p 186). An example of a tendency is that a
water balloon freezes below 32 degrees Fahrenheit, altering the properties
(change from liquid to solid) and capacities (change from capacity to annoy
to capacity to injure) of the water balloon. Since components of an
assemblage are themselves assemblages, tendencies are also defined for
components. See also capacity and property.
territorialization. 
The variable process of territorialization stabilizes the identity
of an assemblage by increasing its degree of internal homogeneity or
increasing the degree of sharpness of its spatial or temporal boundaries
(DeLanda 2006 p11).
totality. 
A totality is an inflexible organismic metaphor, in which the parts of a
whole are seamlessly fused together by logically necessary relationships
among its parts. A totality is a whole formed by relationships of interiority,
where the parts of the whole that are related do not have an independent
identity outside of this relationship, and therefore the whole is not
decomposable is thus irreducible to its parts. In contrast, an assemblage is a
whole formed by relationships of exteriority, where the parts of the whole
retain their own identity in this relationship, can be detached from the
assemblage and still retain their identity, and therefore the whole is
decomposable into its parts. At the same time, while decomposable, an
assemblage is irreducible to its parts in the sense that the assemblage is

Emergent Experience and the Connected Consumer

136

something more than the sum of its parts (see DeLanda 2006, pp 8-10). See
also assemblage.
universal singularity. 
see possibility space
use case. 
In software and systems engineering, a use case is a list of steps, typically
defining interactions between a role (known in Unified Modeling Language
(UML) as an "actor") and a system, to achieve a goal. The actor can be a
human, an external system, or time (Wikipedia). In the context of the smart
home, use cases are individual sub-assemblages defined by programmed
interactions among components that are designed to achieve a specific goal.
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