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Abstract

Through ambient intelligence and automated control systems,
smart homes have been presented as a key means by which
households can optimize their use of energy-consuming appli-
ances in order to save energy and money.

Whilst the adoption of smart home technologies and their
appropriation within everyday domestic lives is critical to the
overall success of smart homes, to date visions of smart homes
have been strongly driven by technology push and have not
been based on a clear understanding of user-centric benefits,
nor have users been engaged with in any clear or systematic
way. There is thus an important need to understand how smart
home users are being represented and understood within these
technology-driven visions.

The paper presents the results of a content analysis of indus-
try-produced smart home marketing materials that focussed
on representations of the technology itself, its users, and of
technology-user interactions. The content analysis was based
on a coding template derived from a systematic review of the
academic literature on smart homes and their users. Key find-
ings from the content analysis include:

e differences in opinion around whether user practices are
predominantly stable, routine and predictable or involve
substantial variability and unpredictability;

e consensus around the modular development of smart
homes within existing homes through additional and inte-
grated (rather than replacement) technologies;

¢ a widespread lack of attention to within household inter-
actions and the possibility of multiple users with divergent
technology preferences;

¢ an implicit assumption that user decision-making is mainly
rational, centred on information-processing;

e strong consensus on the design of user interfaces as mobile,
familiar, intuitive, and visible devices;

e ambiguity regarding the potential tension between control
and empowerment as opposed to automation.

The paper concludes that industry visions of smart homes are
more convergent than academic research suggests, particularly
around issues of user decisions and interaction, trust and con-
fidentiality, and control and automation.

Introduction

Through the ongoing development of forms of ambient in-
telligence and automated control systems, ‘smart homes’ are
increasingly becoming a reality. As Cook states, “the idea [of
smart homes] is that computer software playing the role of an
intelligent agent perceives the state of the physical environment
and residents using sensors, reasons about this state using arti-
ficial intelligence techniques, and then takes actions to achieve
specified goals, such as maximizing comfort of the residents,
minimizing the consumption of resources, and maintaining
the health and safety of the home and residents” (Cook 2012,
1579). The smart home concept involves three core characteris-
tics: 1) monitoring through sensor networks to gather informa-
tion about the state of the domestic context and its residents,
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ii) control mechanisms using communication between devices
to enable automation and remote access, and iii) user interfaces
- via in-home displays, personal computers, tablets and smart
phones to enable users to set preferences/goals as well as to pro-
vide information and feedback to residents about these prefer-
ences/goals. As Cook (2012) makes clear, smart homes promise
a wide range potential benefits including improved safety and
security, leisure services, health care provision and home en-
ergy management. With respect to energy management spe-
cifically, which is the core focus of our research, smart homes
herald a number of perceived benefits to both householders
and utility companies. These include the provision of real-time
data on energy use, automated home energy management sys-
tems, individualised customer management and improved load
management (particularly as part of smart grids).

To date, however, visions of smart homes have been driven
by a strong technology push from industry service providers
(hereafter ‘industry’) and have not been based on any clear vi-
sion of user-centric benefits nor on any sustained or systematic
engagement with potential users (Haines et al 2007). Given that
the uptake and adoption of smart home technologies by these
users is critical to the success or otherwise of smart home inno-
vations (e.g. Haines et al 2007; Taylor et al 2007), there is thus
an important need to develop a better understanding of who
these users are, and how they might use smart home technolo-
gies in their everyday lives. To begin to address this challenge,
this paper analyses existing representations of ‘users’ through a
review of the academic literature on smart homes and through
a content analysis of industry-produced smart home marketing
materials.

At the time of writing, both the literature review and the
content analysis are ongoing. As such, the analysis presented
here should be seen as preliminary and as a work in progress.
Nonetheless, even at the early stages of this work a number of
key themes appear to be emerging that are worthy of further
reflection and research. The next section outlines the initial re-
sults of a systematic literature review on smart homes and their
users, focussing on the distinct representations provided by the
engineering and technical sciences, the medical and health sci-
ences and the social sciences. The section after that provides
details of how this literature review was used to generate a con-
tent analysis coding template focussed on smart homes and
their users and how this was applied to a sample of industry-
produced smart home marketing materials. The section after
that presents the initial and preliminary findings of the content
analysis, before the last section concludes the paper by focuss-
ing on key points of consensus, dissensus and ambiguity within
the marketing materials and between the marketing materials
and academic literature.

Systematic Literature Review: Smart Homes and Users
The Scopus database was used to identify academic literature
for inclusion in the systematic literature review. Based on the
search string’Smart AND Home AND User AND Technology’
as well as synonyms and variants thereof, and limiting this to
articles published since 1990, the initial search yielded 12,310
articles. By reviewing titles and abstracts to exclude irrelevant
hits, this was eventually reduced to 150 articles that had a clear
focus on smart home technologies and were concerned to some
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extent with smart home users. These 150 articles derived from a
range of different academic disciplines, but can be broadly cat-
egorised into three areas: engineering and technical sciences,
medical and health sciences, and social sciences. Across these
disciplinary areas, however, the disciplinary origins of these ar-
ticles was overwhelmingly based in the engineering and tech-
nical sciences (67 % of all articles) with medical and health
sciences (20 %) and social sciences (13 %) much less common.

The dominant focus of most articles was on the technology
development processes relevant for smart homes. With the
exception of some of the social science articles, papers were
rarely focussed explicitly on users and were rarely based on
any formal engagement with users. Instead, in the majority of
articles, users received only incidental treatment and this was
often based seemingly on assumptions rather than on formal
research or engagement. Nonetheless, across these three broad
areas, users were represented in very distinct ways. These dif-
ferent disciplinary user-representations form the basis of the
next three sub-sections.

SMART HOME USERS IN THE ENGINEERING AND TECHNICAL SCIENCES
LITERATURE

The engineering and technical sciences literature was strongly
focussed on smart home technologies themselves and their de-
velopment and evolution. Here, Ricquebourg et al (2006) ob-
serve that the smart home concept has gradually evolved from
being about controlling lighting and heating to being a more
general concept covering almost all domestic electrical items.
Furthermore, Ricquebourg et al observe that as the concept has
extended, the focus of attention has shifted towards monitoring
to generate ‘contextual awareness’ and, based on this, towards
developing software languages to enable interoperability be-
tween and automation of appliances.

Within this broad focus, users are assumed to have a sta-
ble set of service demands and expectations based around
comfort, security, safety and cost that are understood to be
pursued through essentially regular and fixed patterns of be-
haviour (e.g. Das et al 2002). Users are understood to engage
with smart home technologies by selecting various options
and pre-sets that communicate their particular preferences. In
addition to these settings, the smart home technology itself is
then designed to gather ‘contextual information’ about both the
domestic environment (e.g. thermal properties of the home,
appliance characteristics) and/or its users (e.g. charting regular
routines and patterns of action) through a range of sensors and
monitors. With this information collected, the challenge then
becomes using it to enable the technologies to automatically
make decisions on behalf of users with the aim of optimisation
against particular user preferences (e.g. comfort levels, energy
efficiency, money saving etc.). As Park et al put it, smart homes
are premised on “intelligent home appliances that can provide
an awareness of users needs, providing them with a better
home life experience” (Park et al 2003, 189).

Once their initial preferences have been selected users are
essentially seen as passive agents within this literature, and
decision-making is undertaken automatically by the smart
home technology. For Das et al the aim is “to create a home
that acts as a rational agent. The agent seeks to maximise in-
habitant comfort and minimise operation cost” (Das et al 2002,
77). Within this body of literature, intelligence and smartness
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is seen to reside firmly within the technology itself as it gath-
ers information about user behaviour and uses this to reach
rational and optimal decisions. Users are engaged in only two
ways: through having their behavioural patterns automatically
monitored through a network of sensors, or through a user
interface which, as Park et al put it, must be user-friendly to
avoid ‘overpowering them with complex technologies’ (Park et
al 2003, 189).

In summary, this body of literature focuses very little on us-
ers. Where it does, they are seen as passive agents who, once
they have entered their initial preferences through user-friend-
ly interface, become the recipients of automated decisions un-
dertaken by intelligent technologies to optimise against their
preferences.

SMART HOME USERS IN THE MEDICAL AND HEALTH SCIENCES
LITERATURE

Although not directly related to energy efficiency, it is instruc-
tive to consider understandings of smart home users in the
medical/health sciences literature for the insights it provides
about smart home users and how they may engage with emerg-
ing smart home technologies — whether these are designed to
promote energy efficiency or not. Within this literature, there
is a much stronger focus on users than in the engineering and
technical science literature because, within this field, the prin-
cipal benefit of smart home technology is seen as being able
to assist users that suffer from particular medical conditions.
Indeed, Demiris et al suggest that the whole concept of smart
homes should be defined in this way: “A smart home is a resi-
dence equipped with technology that enhances the safety of pa-
tients at home and monitors their health conditions” (Demiris
et al 2004, p88). Whilst there is much greater engagement with
users in this literature, therefore, this engagement is with very
particular groups of users, such as dementia sufferers (Orp-
wood et al 2005), those vulnerable to falls (Tabar et al 2006),
or those who require physiological monitoring and potentially
emergency help (Demiris et al 2004).

Often drawing on formal research on and engagement with
these specific user groups, this literature is based centrally on
the idea that these users exhibit specific characteristics, such as
unpredictability (e.g. due to falls) forgetfulness, learning dif-
ficulties, anxiety, mistrust of new technologies etc. for which
they require particular kinds of assistance. Smart home tech-
nology is therefore seen as ‘assistive technology’ (e.g. Orpwood
et al 2005) that can enable these users to continue to live inde-
pendently for longer (Demiris et al 2004, 2008).

This literature therefore emphasises the need to understand
users’ lives in considerable depth so as to design smart home
technology that can best meet their needs. This includes design-
ing technologies to be familiar and unobtrusive so as not to alarm
users who may be wary of new gadgets, to be intuitive to use to
help those with learning difficulties, and to be responsive and
reliable so as not to act in unexpected ways even in unpredict-
able situations. For Orpwood et al, in a study based on design-
ing smart homes to assist dementia sufferers, this may demand
forms of co-design that involve working alongside carers to gen-
erate a detailed understanding of users needs: “It is ... important
to get an understanding of the reality within which the person
with dementia is living, rather than assume that the designers
view of reality is the correct one” (Orpwood et al 2005, 159).
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Based on this detailed understanding of users the medical
and health sciences literature, like the engineering and techni-
cal sciences literature, then focuses on the creation of smart
home systems that automate decision-making processes in or-
der to make (potentially life-saving) decisions on behalf of us-
ers. At the same time, given the detailed understanding of users
that is built-in to the technology design process, there is a very
strong recognition in this literature that this automation can be
very difficult to achieve: “Any monitoring of human behaviour
in order to make judgements is not going to be straightforward.
The judgements made are always going to be probabilistic, and
the designed has to incorporate means of dealing with errors”
(Orpwood et al 2005, 162)

In summary, whilst users are therefore understood and re-
searched in some detail within this literature, and whilst they
have a strong influence on the design and technology develop-
ment process, they are represented as essentially passive agents
with decision-making capabilities delegated to smart home
technologies.

SMART HOME USERS IN THE SOCIAL SCIENCE LITERATURE

The social science literature engages in much greater depth
with users whilst giving less attention to smart home technolo-
gies. Although not universally the case, this literature appears
to begin from the understanding that users lives are immensely
complex and that this is poorly recognised in most existing
smart home research. As Haines et al put it “visions of what
[smart home] technology can do for people are rarely based on
any comprehensive understanding of needs and in some cases
are blatant technology push” (Haines et al 2007, 350).

Across this literature, the complexity of users everyday lives is
recognised and represented along a number of dimensions. It is
recognised that users have emotional as well as functional needs
and that decision-making is informed by emotions as much as
by processes of rational and logical thought (Haines et al 2007).
Far from being predictable and routine, users everyday lives
are seen as messy and regularly involving non-routine and un-
planned actions that lead to the ‘break down’ of routines (David-
off et al 2006). In addition, far from being fixed and stable, users
lives (as well as their wants, needs and service expectations) are
dynamic and change over time, particularly when they are dis-
rupted through the introduction of new technologies (Edwards
and Grinter 2001). Finally, this literature recognises that users
do not live in a social vacuum, but co-exist and co-habit with
others meaning that there may be multiple users with different
and potentially conflicting preferences sharing the same domes-
tic space at the same time (e.g. Friedewald et al 2005).

In identifying this complexity and unpredictability, the so-
cial sciences literature on smart homes calls into the question
extent to which smart homes can be truly ‘smart’ as it suggests
that technology may never be able adequately to capture and
respond to the diversity, dynamism, reflexivity and emergence
inherent to everyday social life. At the same time, this body of
literature recognises that the technological visions underlying
and pushing the development of smart homes are compelling
and therefore that “smart home technology looks set to become
a feature or people’s lives whether it’s wanted or not” (Haines
et al 2007, 358).

As aresult, perhaps the central focus of this literature relates
to concern about the balance between user and technology ex-
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pressed in terms of control versus domination. To counter the
strong technological push detected within the smart homes
field generally, a key aim of the social science literature has
been to render users more active and give them more control
over smart home technologies. Koskela and Vadnédnen-Vainio-
Mattila express this most succinctly when they suggest that
“computers should not make choices for users, but the other
way around” (Koskela and Vainanen-Vainio-Mattila 2004,
240; see also Hamill 2006). To give control to users rather than
to technologies, aspects of this body of literature also seek to
engage users more firmly in the design of smart homes (e.g.
Rohracher 2003). Through these means, this literature seeks
to redefine the concept of ‘smart, seeing it not as residing in
technology itself, but rather as distributed between and an
emergent property of how people’s everyday lives and various
technologies are intertwined (Taylor et al 2007). Accordingly,
this literature calls for less attention to be paid to making novel
‘smart technologies’ and more to be paid to how these tech-
nologies are taken up within pre-existing and complex eve-
ryday lives.

In summary, the social science literature on smart homes
and their users calls into question the very notion, as well
as the location, of ‘smartness. Rather than developing smart
technologies which automate decision-making for essentially
passive users, and rather than developing technologies that
automatically support users with very particular needs, as in
the engineering sciences and medical sciences literatures re-
spectively, the social science literature seeks to render users as
active agents and to place them firmly in control of smart home
technologies.

Methodology

DESIGNING THE CODING TEMPLATE

Drawing on the literature review, we designed a content analy-
sis coding template that aimed to capture the principal issues
identified. This was based around three core themes: i) the
design and function of smart home technologies; ii) users of
smart home technologies; and iii) user interaction with smart
home technologies.

Each theme was comprised of multiple categories captur-
ing more specific and discrete topics identified in the literature
review. For example, the design and function of smart home
technology theme included categories on the services provide
by smart home technologies, the adaptability of smart home
technologies to user practices, and on the conspicuousness of
smart home technology components. The users of smart home
technologies theme included categories on the types of user
targeted, the implied nature of user-decision making and on
the assumed benefits to users. Finally, the user interaction with
smart home technologies theme included categories on the
points of interaction between users and smart home technolo-
gies, user control of smart home technologies and on the forms
and types of user interfaces.

Each category was in turn made up of a range of codes that
sought to capture the various poles and potential spectrum
of alternatives exhibited for each category. Although they go
into considerable detail, we do not claim that these codes are
exhaustive of all potential possibilities. Further, the codes
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were not necessarily mutually exclusive in order to allow for
ambiguity and uncertainty within the marketing materials'.
To further capture this uncertainty and ambiguity, we also
collected qualitative notes on the marketing materials during
the analysis.

PURPOSIVE SAMPLING OF SMART HOME MARKETING MATERIAL

The coding template was then applied to a sample of industry-
produced smart home marketing materials. To identify com-
panies actively targeting the emerging smart home market,
we began by testing and refining the coding template on the
marketing materials of the 10 corporate partners on the REFIT?
project as part of which this research is being undertaken. Sub-
sequently we compiled a list of all of the companies participat-
ing in the 2012 Smart Homes Europe conference hosted in Am-
sterdam from 9-11 October 2012 (see: http://smarthomes2012.
com/ for further details). In total this generated a list of 268 dif-
ferent companies. A detailed web-search is still in the process
of being conducted to identify marketing materials that are
clearly focussed on smart home development. At the time of
writing, this search has covered 77 different companies from
this list and resulted (in addition to the REFIT project partners)
in the identification of 31 different sets of smart home mar-
keting materials to which the coding template has now been
applied. These materials have taken various forms including
website text, brochures and leaflets, as well as a number of short
promotional videos.

Within this initial sample of 31 companies, three broad kinds
of company have been identified each exhibiting a different
level of proximity to smart home users. These are technology
operators and installers who have direct interaction with us-
ers, technology manufacturers and designers who indirectly
interact with users (e.g. through research and development)
and companies offering supporting technologies, services and
infrastructure who do not interact with users but rather with
other businesses in the smart home industry.

With a sample of 31 sets of marketing materials analysed
so far, the results presented in the following section should be
seen as a work in progress. Any inferences drawn from the data
should be recognised as preliminary and subject to change.

Results: Analysis of industry-produced smart home
marketing materials

This section describes the preliminary results of the content
analysis so far conducted. As there is insufficient space to de-
tail all of the emerging findings, the section focuses specifically
on those areas that highlight particular points of consensus
or dissensus within the coded materials. Following the three
core themes that comprised the coding template, the follow-
ing three sub-sections present our emerging results relating to
representations of smart home technologies, representations
of smart home users, and representations of technology-user
interactions.

1. There is not space to provide a comprehensive description of the coding tem-
plate which eventually comprised 31 categories and over 125 separate codes,
however, we would be happy to provide full details on request.

2. For further information on the REFIT project, visit: www.refitsmarthomes.org/.
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REPRESENTATIONS OF SMART HOME TECHNOLOGIES

This theme emphasises the design, purpose, and functionality
of the smart home technologies, encompassing both hardware
(e.g., devices) and software (e.g., settings). The functionality
of smart home technologies is inseparable from the domestic
practices that the technologies respond to, facilitate, or shape.
This functionality in turn makes clear the intended purpose of
the smart home technologies from the users” perspective. This
can be framed in terms of novel or improved services provided
to households. Design considerations include the conspicuous-
ness of the smart technologies within the home, both physi-
cally and functionally. Design, form, function and purpose are
strongly intertwined.

Services provided

The purpose of smart home technologies from the users’ per-
spective is described by the useful services they provide. These
services can be categorised under broad headings, including
energy management, security and safety, and entertainment
and convenience. The attractiveness of these services to house-
holds will underwrite the successful uptake of smart home
technologies.

As Figure 1 shows, the clearly dominant service provided
by smart home technologies, within the marketing materi-
als analysed, relates to energy management (‘Energy’ n=26).
Only 5 of the 31 materials coded did not mention energy in
some form. Security and safety related services include in-
truder detection, occupancy simulation (when household
is away), automated lockdown, or open window/door alerts
(‘Security’ n=16). Services related to entertainment and con-
venience range from easier access to media, control of home
‘moods’ (e.g., lighting and music), scheduling and so on (‘Lei-
sure’ n=14). Other more niche services relate to health protec-
tion, fault detection, or water use monitoring (‘Health’ n=7,
‘Other’ n=6).

Nature of relevant practices

Smart home technologies are of clearer relevance to certain do-
mestic practices. Identifying the nature of these practices helps
clarify the purpose and function of the technologies. Relevant
practices may be understood as regular, patterned features of
domestic life, or they may be seen as exceptional events or de-
viations from routine.

As Figure 2 shows, the predominant focus in the marketing
materials was on enabling users to set ‘scenes’ or ‘preferences’
(e.g. for what lights or other electrical appliances should be on/
off) that can then be activated when particular routines are
performed - e.g. having breakfast, arriving home from work,
going to bed etc. (‘Routine’ n=7). In many cases, however, the
materials emphasised the capability of over-riding these pre-set
preferences in the case of particular exceptions or deviations
from routines. Such over-rides are often performed through
smart phones/PCs and could therefore be enacted remotely
(‘Routine + Exception’ n=12).

Adaptability of technology to practices

The ability of smart home technologies to adapt or respond to
variability and anomaly in domestic practices may vary. Tech-
nologies may allow only for pre-set patterns corresponding to
typical or ‘average’ practices, or they may be able to adapt or
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Services provided (non-exclusive counts)

Other

6

Health 7
Security
Energy 26
Leisure 14
Figure 1. Services provided by smart homes.
Nature of relevant practices
Routine 7
Exception 4
Routine + Exception 12
not clear / mentioned 8
Figure 2. Nature of relevant practices.
Adaptability of technology to practices
Adaptive 3
Fixed 18
Adaptive + Fixed 3
not clear / mentioned 7

Figure 3. Adaptability of technology to user practices.

learn about variability and exceptionality within users daily
practices.

As Figure 3 illustrates, the marketing materials strongly em-
phasise a ‘set and forget’ approach based around pre-set or fixed
scenes and preferences (‘Fixed’ n=18). As KNX put it in their
marketing brochure: “Tell the system what you want to moni-
tor and control, and the intelligent home system will do the
rest, and will inform you automatically of the results” Across
the marketing materials generally, smart homes are relativel
rarely highlighted as able to ‘adapt’ to practices or ‘learn’ from
or about user behaviour (‘Adaptive’ n=3). However, different
kinds of ‘adaptation’ are mentioned in the materials. In some
instances, for example, the technology is marketed as able to
learn about the thermal properties of the home (e.g., in order
to know exactly when the heating needs to be switched on to
achieve a certain temperature at a given time), and in some in-
stances the technologies may also automatically respond based
on movement sensors. Further, in a few instances, they can
‘mimic’ user behaviour if, for security purposes, a user wants
to give the impression of someone being at home. In general,
however, the marketing materials describe smart home tech-
nology that is fixed in relation to user practices via pre-defined
user scenes and preferences.

Type of home targeted

Smart home technologies may be designed for specific types
of home in terms of occupancy (e.g., families with children),
structure (e.g., detached houses), vintage (e.g., pre-war), and
so on. However, the principal distinction within the market-
ing materials is between newly-built homes with smart home
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Type of home targeted
Retrofit 10
New-Build 1
Retrofit + New-Build 17
not clear / mentioned 3

Figure 4. Type of home targeted.

Relationship with other / existing technologies
(non-exclusive counts)

Integrated
Substitute
Addition

Figure 5. Relationship with existing technologies.

o
Conspicuousness of interfaces

Background _ 6
Foreground [N

Background + Foreground

s
not clear / mentioned - 3

Figure 6. Conspicuousness of user interfaces.

Conspicuousness of technology
Background 18
Foreground 4
Background + Foreground 3
not clear / mentioned 6

Figure 7. Conspicuousness of technology.

technologies integrated into the design, or existing homes into
which smart home technologies would be retrofitted.

As Figure 4 shows, the emphasis in the marketing materials
is strongly on the modular development of smart homes, either
one room or one technology at a time. The materials suggest
that the principal benefit of a modular approach is that it is
cheaper than installing a whole system in one go meaning that
smart homes may be more affordable to a wider audience. This
inherently points to the emphasis on retrofitting smart home
technologies into existing homes (‘Retrofit’ n=10 and ‘Retro-
fit + New Build’ n=17). Indeed, there is only one instance of
the technology being seemingly designed solely for newly-built
homes (‘New-Build’ n=1).

Interestingly, despite this focus on the incremental, modu-
lar development of smart homes, the marketing imagery in-
cluded in the materials invariably shows new-looking houses
that appear barely ‘lived-in’ or lack any distinguishable hu-
man trace. Across the materials analysed so far there is no lit-
eral ‘vision’ of a retrofitted smart home, even though the text
within the materials suggests this is the dominant approach
being adopted.
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Relationship with existing technologies
There are a variety of different ways in which smart home
technologies may relate to other technologies in terms of their
design and physical presence. At the two extremes, they may
be wholly new or additional technologies, or direct substi-
tutes for existing technologies (e.g., a thermostat replaced
by a ‘smart’ thermostat). Between these extremes is the pos-
sibility for smart functionality to be integrated into existing
technologies.

As illustrated by Figure 5, the coded materials clearly show
a strong emphasis on either new, additional smart technolo-
gies (‘Additional’ n=23) or on the integration of smart tech-
nologies or functionality within existing technologies (‘Inte-
grated’ n=20). Very few materials suggest smart technologies
substituting for existing, familiar technologies in the home
(‘Substitute’ n=4). The new, additional technology generally
takes the form of monitors and sensors (not currently part of
a home’s technological fabric), and also control hubs or in-
terfaces and remote controls. Smart technologies integrated
into existing technologies are often achieved through smart
phones, PCs, smart plugs or even by embedding micro-chips
in, for example, existing household appliances. To the extent
substitute technologies are cited in the materials, these tend to
relate to replacing existing appliances, e.g. replacing a ‘dumb’
TV with a Smart T'V.

Conspicuousness of technology and interfaces

The technologies that make up smart homes can vary in their
conspicuousness or visibility to the user. A distinction can
be drawn between technological components that are in the
background of domestic life, designed not to be seen, heard
or interacted with, and those which are designed to be visible
and foreground features and therefore invite user engage-
ment.

As Figure 6 shows, the vast majority of interfaces are de-
signed to be seen and interacted with by users (‘Foreground’
n=19). As Intel state, their smart home technology has “sleek
user interfaces and compelling graphics. It can draw in con-
sumers and appeal to them in the long-term” In contrast, a
smaller number of interfaces are designed to blend into the
background (‘Background’ n=6). For example, Siemens an-
nounce that their interface “harmoniously blends-in to any
surroundings” This blending-in is often characteristic of de-
vices that are wall-mounted. Conspicuousness and invisibility
can be achieved simultaneously through multiple interfaces
(‘Background + Foreground’ n=3). In some cases, there may be
a dominant foreground interface, in the kitchen for example,
in addition to a less conspicuous smart phone application that
allows remote interaction.

By contrast to the user interfaces, and as Figure 7 shows, in
the large majority of cases other elements of smart home tech-
nologies, (e.g., sensors, monitors, switches, smart plugs) are
backgrounded (‘Background’ n=18). For example, IBM em-
phasise that all of its technology is “in the cloud”, the Z-Wave
Alliance emphasise “no new wires [and] no messy installation”
and Siemens advertise that their smart fridges and washing ma-
chines are “whisper quiet”. These devices are often white, de-
signed to blend-in with their surroundings. In accompanying
images, smart home technologies often have to be highlighted
or specifically identified to make them visible.
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Summary: the design and function of smart home technologies

In summary, regarding the design and function of smart home
technologies, the marketing materials we have analysed so far
illustrate a predominant focus on providing energy manage-
ment services to users with some secondary focus on security,
leisure and health services. In general, these services are to be
delivered by allowing users to define a wide variety of pre-set
‘scenes, for example to illustrate which lights, appliances and/or
media services should be on or off when particular routines are
being undertaken (e.g. getting up, getting home, having dinner
etc.). The materials thus suggest that users have predominantly
stable and regular routines, although they also often empha-
sise that users possess the capability to over-ride these pre-sets
should their regular routines change for whatever reason. By
attending predominantly to routines through pre-sets, the mar-
keting materials suggest that smart home technologies will be
largely ‘fixed’ in relation to user practices and will not automati-
cally learn about (e.g. through contextual awareness) or adapt
to them over time.

With regards to the design of smart home technologies, there
is a fairly large amount of consensus within the materials that
smart homes will be built-up gradually through modular devel-
opment within existing homes. In so doing, they will generally
serve to enhance or be integrated to existing domestic tech-
nologies and appliances rather than substituting for them. In
turn, the new user interfaces introduced will be highly visible
to users, offering new forms of information and control, whilst
the rest of the smart home technology (sensors, monitors, con-
trol hubs etc.) will be largely invisible. Thus, aside from the in-
troduction of new user-interfaces, the marketing materials we
analysed imply that smart homes will look broadly similar to
users existing homes.

REPRESENTATIONS OF SMART HOME USERS

This theme emphasises the characteristics and roles of smart
home users. While an integral part of the smart home concept,
users are not always depicted or represented explicitly in in-
dustry material. Typically, however, it is possible to infer some
of the features of anticipated or targeted users, both from the
text and from accompanying imagery. These range from house-
hold composition (or the age and gender of specific household
members) to the ways important decisions about the home are
made. Other features of targeted users are largely omitted. An
example is the issue of how multiple member households all in-
teract with smart home systems. The clarity of the ‘value propo-
sition’ or perceived attractiveness of smart home technologies
to users also varies.

Type of user targeted

Certain socio-demographic characteristics of smart home us-
ers may be explicitly identified in industry material. The most
common characteristic is age and/or stage of the household
lifecycle proxied by the presence of children, adults, elderly
adults, or household members with specific health issues.

As Figure 8 demonstrates, the material reviewed strongly
emphasises the appropriateness of smart home technologies
for any profile of user (‘All Purpose’ n=28). Interestingly, how-
ever, associated imagery typically shows a young to middle-age
white couple, often with a single young child. In a small number
of cases, more specific user categories are either mentioned ex-
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plicitly or implied. Children can be mentioned through refer-
ences to games, through photos of toys, or through discussion
of parental controls (‘Children’ n=1 + ‘Parents’ n=3). Elderly
users can also be targeted (‘Elderly’ n=4). For example Accen-
ture’s ‘vision of Intelligent Home Services’ emphasises that eld-
erly people need not learn to use new and potentially difficult
technologies. The focus on elderly users is often linked to an
emphasis on ‘ease of use’ to cope with users who are not famil-
iar with new technologies. For example, Intel’s ‘Home Energy
Dashboard’ is marketed as so easy to use that “even my Dad
- the technophobe - can use it!” Although in fewer cases, us-
ers with disabilities or health problems are also highlighted in
relation to technologies that offer specific healthcare services
(‘Disabled’ n=5).

Implied nature of user decisions

User interactions with smart home technologies require a
certain amount of deliberation and decision making, even if
this is limited to an initial, one-off process to establish de-
fault settings or pre-set user profiles. This decision-making
may be purposive and broadly rational, or decisions may be
characterised by more narrowly pragmatic concerns. Con-
versely, decisions may be emotional or affective responses to
the technologies, or guided by the hedonic pursuit of domes-
tic well-being.

Within the coded materials, and as Figure 9 shows clearly,
decisions are depicted as overwhelmingly rational, designed
to plan for and produce optimal outcomes based on available
information and using pre-sets, timers, and so on (‘Rational’
n=29). Relevant outcomes include minimising energy use
and/or maximising convenience. Decisions can also be char-
acterised as emotional (‘Emotional’ n=10). For example, sev-
eral materials emphasise using the technology to reflect the
users mood or emotional state (e.g., ‘adjust the lighting to suit
your mood’ - Philips) or to create particular emotional and
aesthetic moods (e.g., a ‘party atmosphere’ — Philips). In ma-
terials targeted to disabled or elderly users, there may also be
an emphasis on emotional well-being and social interaction
(e.g., “technology that will discern and react to non-physical
changes including emotional issues such as anxiety, depres-
sion, anger, loneliness and fear” - Accenture). Some materi-
als emphasise specific pragmatic or practical decisions to save
time, multi-task, organise chaotic lives, and so on (‘Pragmatic’
n=4).

Benefits to users

The value proposition, ‘selling features), or perceived attractive-
ness of smart homes to their potential users should be expect-
ed to be an integral part of industry marketing material. This
value proposition may focus on singular benefits, or on a host
of either related or disparate benefits. These range from saving
time, money or energy, to improving domestic productivity,
fun, security or health.

As Figure 10 shows, the dominant value propositions men-
tioned in the materials reviewed focus on saving energy (‘Save
Energy’ n=26) or saving money (‘Save Money n=16), with
both clearly being inter-related. These benefits are achieved ei-
ther through the efficient or optimal use of energy, or through
the system being cheap to purchase and/or install. Next come
the time saving benefits of smart homes (‘Save Time’ n=15)
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Type of user targeted (non-exclusive counts)

Other

All Purpose
Disabled
Children
Parents

Elderly

Figure 8. Type of user targeted.

Implied user decision-making
(non-exclusive counts)

Other 9
Pragmatic 4

Emotional 10

Rational 29

Figure 9. Implied user decision-making.
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Benefits to user (non-exclusive counts)
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Security
Efficiency
Fun

Save Energy

Save Money

Save Time

Figure 10. Benefits to user.

: Potential for multiple users
Universal . 1

Multiple - 2
Universal + Multiple 0

not clear / mentioned [N s

Figure 11. Potential for multiple users.

often through the control of multiple appliances ‘at the touch
of a button’ (Z-Wave Alliance). Security is also regularly men-
tioned (‘Security’ n=13). Health benefits are too, although in
more specific instances, for example, linked to elderly adults
or household members with disabilities (‘Health’ n=7). A mis-
cellany of other benefits appear in the materials occasionally,
including the ability to control things remotely, the compat-
ibility of the technologies with existing lifestyles, the lack of
disruption and mess at installation, relative affordability, or
ease of use.
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Potential for multiple users

The majority of households have more than one member. In
such households, who controls or interacts with smart home
technologies? And what happens when their needs or prefer-
ences are not aligned? Smart home technologies may be de-
signed to allow for the possibility for multiple users; or they
may assume a single user.

As Figure 11 illustrates very clearly, despite its importance
in the social science literature, the potential for multiple users
to share access to and control of smart home technologies very
rarely comes up in the material reviewed so far. In a few in-
stances, the possibility for distinct ‘individual profiles’ is men-
tioned, however what happens when these potentially conflict
is left unexplained (‘Multiple’ n=2). Conversely, the material
rarely states definitively that the required user should input a
singular ‘universal’ profile (‘Universal’ n=1).

Summary: users of smart home technologies

To summarise this theme, there is quite strong consensus that
smart homes are designed for a general-purpose audience. In
turn, it is assumed that this audience will make predominantly
rational decisions based on forms of information processing
(facilitated by smart home technologies) to achieve benefits
such as saving energy, money or time. In some instances, the
materials target specific user groups, such as elderly or disa-
bled users, and, when so doing, they tend to emphasise precise
and task-specific benefits that smart home technologies may
offer. Less attention is given in the materials to how smart home
technologies should cope with interactions and negotiations
between users who share the same domestic space or, for exam-
ple, to how different forms of decision-making (e.g. based on
moods and emotions) may interact with rational information-
processing.

REPRESENTATIONS OF TECHNOLOGY-USER INTERACTIONS

This theme emphasises the interaction between the design and
functionality of smart home technologies on the one hand, and
the characteristics and identities of prospective users on the
other. A neat distinction between technology and user is arti-
ficial; this theme is concerned with issues that clearly involve
both. These centre on how smart home technologies are used,
and the extent to which this use is in accordance with, or is a
reaction to, the form and purpose of the technologies’ design.
How technologies are used can be broadly examined at two
levels: a more immediate, practical level concerned with ques-
tions such as how a user inputs settings; and a more conceptual,
symbolic level concerned with questions such as how a user re-
lates to or identifies with the technology. These considerations
of technology use thus draw attention to the design of smart
home technologies and particularly around the design of user
interfaces, and to the broad conceptualisation of the relation-
ship between users and smart home technologies, particularly
relating to issues of control and automation.

User involvement in technology design

In general terms, and to try and improve technology uptake,
technology developers are increasingly concerned with proc-
esses of co-design in which the user is an active partner in the
resolution of design issues both before technologies are sold
and installed, and during the in situ use of the technology. At
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the two extremes, smart home technologies may be installed as
fully pre-designed systems that users have to take (or leave), or
they may allow or encourage users to tinker and adapt them to
their own needs, both functional and aesthetic.

As Figure 12 makes very clear, industry consensus is very
strong on this issue. None of the materials we analysed high-
light a role for users in co-design, whether through user adap-
tation in situ or through user testing prior to installation and
use. IBM, for example, emphasise that users need not become
‘IT-managers. In short, the marketing materials suggest that
users should only become involved with smart home tech-
nologies once they are installed in their homes and that user
involvement should then occur solely through user interfaces.

User interfaces

The interfaces through which users interact with the hardware
and software of a smart home may be characterised in many
different ways. These include: whether there is just one central
interface (e.g., a control hub) or whether there are multiple,
dispersed interfaces (e.g., smart plugs); the extent to which in-
terfaces can be moved, either within the home, or with the user
(as the user moves in and out of the home); the precise form
and design of the interfaces such as whether they are familiar
or novel to the user and the manner in which users actually
interact with them which can either emphasise physical inter-
action via hardware like buttons, knobs, switches, and motion
sensors, or can reduce the importance of physicality through
voice-activated commands, smart phone apps, touch screens,
and so on.

As Figure 13, shows, the clear emphasis in the marketing
materials is on multiple interfaces (‘Multiple’ n=19). This is of-
ten achieved through a more or less static interface (e.g., wall-
mounted, or an energy monitor) alongside some form of re-
mote access (e.g., smart phones or PCs). Cases in which single
interfaces are mentioned (‘Single’ n=9) usually state a desire to
rationalise systems, for example “a single control panel for all
the engineering systems in the home” (ProNet).

With respect to the fixity of user interfaces (see Figure 14),
the dominant category within the materials analysed is mobile
an issue associated particularly with interfaces integrated into
smart phones (‘Mobile’ n=11). For systems with multiple points
of interface, a combination of both mobile and fixed interfaces
is also quite common (‘Fixed + Mobile’ n=8). Solely fixed inter-
faces are also represented (‘Fixed’ n=8).

With regards to the design of user interfaces, as Figure 15
shows, a touchscreen design is the most common form of inter-
face mentioned (“Touchscreen’ n=17). Many of the phone/PC-
integrated interfaces are also based around touchscreens (‘PC/
phone’ n=16). By contrast, other types of interface, such as mo-
tion sensors and voice-activated systems are far less prevalent
in the marketing materials ("Voice activate’ n=1; "Motion sen-
sor’ n=4). Where these less common interfaces are mentioned,
this is sometimes to account for specific user needs. For elderly
users, for example, Accenture emphasise that “rather than hav-
ing to navigate with a keyboard or mouse, the elderly person
can make contact just by standing in front of the picture, which
becomes a dedicated communication channel”. Perhaps the key
point to emphasise here is that the types of interfaces chosen
tend to be discussed in the materials as familiar to users, intui-
tive and easy to use. For example, as Intel suggests, smart home
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Adapting | 0
Taking 31
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Figure 12. User involvement in technology design.
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Figure 13. Number of points of interface.
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Figure 14. Fixity of interface(s).

Types of interface(s) (non-exclusive counts)

Other
PC/Phone
Voice Activated
Motion Sensor
Touchscreen
Buttons

Figure 15. Types of interface(s).

technologies should “provide ease of use, with interfaces simi-
lar to other popular consumer devices”.

As Figures 13, 14 and 15 show, there is a degree of consensus
within the marketing materials we analysed that smart home
user interfaces should be multiple and mobile, and that to pro-
vide ease-of-use they should be designed around forms of con-
trol that are already familiar to users.

User control of technology
There are many different ways in which users may control
smart home technologies. With regards to the general pattern
of control (rather than more specific issues such as interface
design, see section “User interfaces”) this may range from fully
user-controlled programming and settings on the one extreme,
to fully automated user-bypassed background functioning on
the other.

As Figure 16 shows, the marketing materials strongly
emphasise user control (‘User-Control’ n=15), exemplified
by “your home is as individual as you and the way you live
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User control of technology
User-Control 15
Automation 2

User-Control + Automation 10

not clear / mentioned 4

Figure 16. User control of technology.

should be determined by you, not the system” (Philips). Both
user-control and automation are possible through systems
in which the user sets some initial conditions after which
point direct control is rare if not entirely absent (‘User-Con-
trol + Automation’ n=10). A common way in which this is
achieved is through a ‘set and forget” approach in which users
are initially active in setting pre-sets/scenes/preferences, but
can then allow the system automatically to look after itself.
By contrast, the marketing materials very rarely emphasise
fully automated systems (‘Automation’ n=2). For example, al-
though T-Mobile talk of ‘a house that thinks for itself’, in gen-
eral the marketing materials are very strong in their emphasis
that the user is always in control.

Summary: user interaction with smart home technologies

In summary, there is strong consensus within the marketing
materials we coded that users are not expected to get involved
in the design, installation of construction of smart homes (as
the social science literature requests). Rather, user interaction
begins only once technologies are already installed and occurs
exclusively through the user interfaces. As user interfaces thus
become the sole conduit through which users engage with
smart homes, it is perhaps unsurprising that there is consen-
sus within the materials on the design of these interfaces. In
short, they are presented as multiple (each smart home may
have many user interfaces), mobile (accessible from anywhere
anytime - usually through smart phone) and familiar, being
easy-to-use and ‘intuitive’ through the use of familiar forms of
control and information display.

Although user interaction with the technologies occurs
through the user interfaces alone, the marketing materials we
coded also demonstrate strong consensus, and place great em-
phasis on, the idea that users are always in control of smart
home technologies. Despite the strong focus on automation in
the engineering and technical sciences literatures, for example,
the marketing materials rarely place emphasis on the automatic
aspects of smart homes preferring instead to emphasise that
users can ‘set and forget their smart home and that they always
have the capability to over-ride their pre-sets should the need
arise.

Discussion and conclusions

Throughout, we have been very clear that the analysis presented
here is a work in progress and, therefore, that any inferences or
conclusions drawn from it should be seen as provisional and
preliminary. At the same time, a number of key issues have al-
ready emerged that we feel are worthy of further reflection and
research. In this short concluding discussion we will highlight

1778 ECEEE 2013 SUMMER STUDY — RETHINK, RENEW, RESTART

6. APPLIANCES, PRODUCT POLICY AND ICT

the key points of consensus, dissensus and ambiguity raised by
the content analysis of industry-produced smart home mar-
keting materials. To conclude, we will then briefly reflect on
the (dis)connections between the marketing materials and the
academic literature on smart homes.

Throughout the content analysis, several points of relative
consensus emerged about smart home technologies, their
users and about technology-user interactions. These were as
follows:

e An appeal to a general rather than specific audience. Aside
from a few niche applications e.g. for disabled or elderly us-
ers, the marketing materials tend to target a general purpose
audience and do not differentiate to any great degree be-
tween potentially different categories of user.

e Although the materials do mention security, leisure and
health applications of smart home technologies, the domi-
nant focus was on home energy management.

* A dominant assumption that user decision making is
predominantly rational in nature based on information
processing to produce optimal outcomes against pre-de-
fined aims and objectives.

e A dominant understanding of users everyday lives as made
up of relatively stable routines for which smart home prefer-
ences and settings can be set in advance.

e Smart homes will be developed incrementally and in modu-
lar fashion. Users will make their homes ‘smart’ through the
gradual accumulation of smart technologies.

e Smart home technologies will predominantly be integrated
into existing domestic appliances or will be additional to
them. They will very rarely substitute for, or replace existing
appliances.

e Smart home interfaces will be multiple, mobile and familiar
in their design.

In addition to these points of consensus, our analysis also iden-
tified a number of points of absence, dissensus or ambiguity in
the marketing materials where visions and understandings of
smart homes and their users were far less clear. These were as
follows:

e Near total silence within the materials as to how smart
homes will deal with issues of co-presence among users and
how these may impact on access to and control of smart
home technologies.

e Uncertainty with regards the overall visibility and con-
spicuousness of smart home technologies. Whilst some
aspects of smart home technology (e.g. user interfaces) are
represented as highly foregrounded and visible, others (e.g.
control hubs, sensor networks etc.) are represented as back-
grounded and invisible.

e Whilst a ‘set and forget’ approach is generally favoured
which, it is claimed, puts users in control. The materials also
strongly emphasise the potential for users to over-ride their
settings. This suggests uncertainty around whether user
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practices are stable, routine and predictable or involve vari-
ability and unpredictability.

¢ Some ambiguity in the materials regarding users being rep-
resented as, on the one hand, always ‘in control’ of and em-
powered by smart home technologies whilst, on the other
hand, the technologies being capable of operating automati-
cally and thereby allowing users to simply set them and for-
get them.

In general terms, therefore, the marketing materials converge
quite strongly in their understandings of who smart home users
are likely to be, how they make decisions, how they will inter-
act with smart homes, and about how the design, installation
and overall functionality of smart homes. The materials exhibit
less convergence, however, around broader issues of how smart
homes will be integrated into users everyday lives, e.g., whether
the technologies will be visible, what balance to strike between
control and automation, how the technologies will cope with
multiple users, and about the relative stability of users every-
day routines. It is here, on these broader and perhaps more
conceptual issues that the academic literature on smart homes
is worth revisiting.

Comparing our analysis of the marketing materials with
understandings of users and smart homes in the academic lit-
erature reveals, again, several points of both convergence and
divergence. Within the engineering and technical sciences
literature, for example, a central concern is with automating
smart homes based on gathering of contextual information
and utilising ambient intelligence. By contrast, contemporary
marketing materials downplay automation preferring instead
to emphasise users as active and in control rather than passive.
Ultimately, there appears to be less certainty within the mar-
keting materials that users’ routines are stable and predictable
and, therefore, that smart home technologies will be capable
of responding to them adequately. At the same time, there is
strong convergence between the marketing materials and the
engineering and technical sciences literature that users will in-
teract with smart homes solely through user interfaces and will
not be involved in the design, manufacture and installation of
smart home technologies.

Within the medical and health sciences literature, the focus
is on developing smart home technologies for specific user
groups with specific needs e.g., for easy to use, intuitive and
unobtrusive technologies. Here, because of this precise focus,
there is very strong convergence between marketing materials
and the academic literature about what users will want and how
smart home technologies can help to achieve this.

Finally, the social science literature is perhaps most diver-
gent from the marketing materials we analysed. Within this
body of literature, the emphasis is placed on the complexity,
messiness and many contingencies involved in users everyday
lives. By contrast, these aspects of everyday life are almost en-
tirely absent from the marketing materials where the emphasis
is placed, instead, on the possibility of generating pre-sets for
regular and stable routines. At the same time, the social sci-
ence and marketing materials do converge around issues of
control. Social science research on smart homes is very clear
in its understanding that users will wish to retain control over
smart home technologies and will be wary of systems that ap-
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pear to think and act for themselves. By stressing that users
always have ability to over-ride their pre-sets and to control
smart homes remotely, the marketing materials appear to rec-
ognise this (even if only implicitly). A delicate balance is there-
fore already being negotiated between developing intelligent
and automated technologies on the one hand, and reassuring
users that they are always in control on the other. Getting this
balance correct is of critical importance in both shaping the
future development trajectory of smart home technologies and
in determining whether or not users will actually want to pur-
chase, install and ultimately use smart home technologies. It
is here that further research on smart homes and their users,
from whichever disciplinary perspective, has a vital contribu-
tion to make.
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