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What are ‘smart homes’? 

15-06-16 
30 MARCH 2012    VOL 335    SCIENCE    www.sciencemag.org 1580

PERSPECTIVES

displays that follow residents from computer 

screen to wall to tabletop; and automated 

reminders to residents of important tasks 

they need to perform ( 5). As AI research 

progresses, these services will increasingly 

be provided on the basis of detected behav-

ioral patterns, rather than rules provided by 

the user, as is currently the case.

Because ambient intelligence seeks to 

be both unobtrusive and ubiquitous, it can 

affect almost every aspect of human life 

without drawing attention to itself. Three 

applications of ambient intelligence in the 

home have received particular attention: 

health monitoring, energy efficiency, and 

social computing.

Ambient intelligent homes offer tech-

nologies for automated health monitoring, 

assessment, and intervention. For example, 

researchers have used capabilities found 

in ambient intelligent homes to fi nd a link 

between changes in mobility patterns and 

the onset of symptoms of dementia ( 6). 

Motion sensors were placed throughout the 

home, and total space covered throughout 

the day as well as walking speed were esti-

mated for individuals over multiple years. 

Changes in these parameters correlated 

with early symptoms of dementia. Other 

researchers have used ambient intelligence 

technologies to perform early-childhood 

screening for autism ( 7). Building upon con-

text awareness, smart homes provide well-

timed prompts to remind individuals to per-

form familiar routines and to initiate new 

health behaviors ( 8).

Monitoring energy consumption in the 

home is also increasingly important, because 

energy consumption is rising at a higher rate 

than population growth, and households are 

responsible for over 40% of total energy 

use in most countries. Ambient intelligent 

homes facilitate smart energy management 

through nonintrusive load identifi cation and 

estimation, as well as minimally intrusive 

load shedding and automation for energy 

effi ciency ( 9).

Another aspect of daily life is social 

interaction. Social signals have long been 

recognized as important for establishing 

relationships, but only with the introduction 

of sensed environments have researchers 

become able to monitor and measure these 

signals ( 10). Building upon ambient intelli-

gence technologies, we can look at social-

ization within the home (such as entertain-

ing guests, interacting with residents, or 

making phone calls) and examine the cor-

relation between socialization parameters 

and productivity, behavioral patterns, and 

health. These results will help researchers 

not just to understand social interactions 

but also to design products and behavioral 

interventions that promote interaction, or 

to leverage existing social relationships in 

ways that infl uence interventions and pur-

chasing choices.

The dream of ambient intelligent homes 

is, however, hampered by some formidable 

challenges. A primary concern is the need 

to consider possible implications for privacy 

and security. Many individuals are reluc-

tant to introduce sensing technologies into 

their home, wary of leaving digital trails that 

others can monitor and use to their advan-

tage, such as to break in when the house is 

empty. To allay such concerns, researchers 

are investigating ways to define and pro-

vide guarantees for levels of privacy and 

for the safety of the technologies. Similarly, 

smart homes need to ensure that the resi-

dent retains the ultimate authority to reset 

the system and to impose constraints that 

prevent the home from taking undesired or 

harmful actions.

Another critical challenge for home-

based ambient intelligence is to provide 

 1 Ambient intelligent control

 2 Light sensor

 3 Windows and door control

 4 HVAC control

 5 Lighting control

 6 Automatic pet feeder

 7 Motorized drapes

 8 Automatic watering

 9 Mailbox sensor

 10 Driveway sensor

 11 Security system

 12 Lawn moisture sensor

 13 Face recognition sensor

 14 Motion sensors

 15 Door sensors

 16 Ambient intelligent

   interface with car

 17 Ambient intelligent 

  interface with smart 

  phone

4

17

17

17

1

16

16

15

14

13

12

12

11

109

8

7 7

7

6

55
5

5
5

5

55

5

4

3

3

3

3

2

17

17

17

Coming soon to your home? In an ambient intelligent home, sensors collect information about the envi-

ronment and the residents. An “intelligent agent” uses this information to decide whether actions need to be 

taken to adjust, e.g., temperature or lighting. C
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(Source: Cook 2012)

3 core elements: 
1.  Context awareness 
2.  Feedback and user interfaces 
3.  ‘Intelligent’ control/automation 
 
 
RWE Npower estimates 17-40% 
savings from its SmartHome 
system. 
 
"Smart Home technology looks 
set to become a feature of 
people's lives, whether it is 
wanted or not." (Haines et al 
2007; p358)  
 
 
 

 
 



Control in the Smart Home 
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! Control over devices (ease of use/interoperability) 
! External control (e.g. direct load control) 
! Control over lives vs. control over devices 
! Who’s in control in the home (and over what)? 
!  Technology controlling society 
 
 



The REFIT Project 
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!  Exploring the use of smart home 
technologies for retrofit decision support. 

 
!  Field trial of 20 ‘smart homes’:  

!  RWE SmartHome™ system (heating 
schedules etc.) 

!  Vera Z-Wave System (remote 
control of devices via smart plugs) 

 
!  UEA aim: 

!  How/will smart home technologies 
be integrated into everyday lives 
and with what impacts? 

 
 



3 vignettes 
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House 3: John and Jane 

!  “I expect to be able to control the heating in every room far more 
closely. I also expect to be able to pre-warm a room if I know there’s 
a guest coming. I expect to be able to do that quite comfortably, 
without any fuss or bother…I really expect, ultimately, to see less 
energy being used.” (John) 
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afternoon/evening (see figure 1). The motivation for this consolidation into a single profile is unclear, but it 
would appear to reduce the effort required to control all the downstairs radiators and is thus is consistent with 
John’s desire to control his radiators ‘without any fuss or bother’. Besides these time profiles there is no 
evidence of further interaction with the RWE system e.g. to use the various security features it offers such as 
monitoring doors/windows etc. 

 
  Figure 1: Screenshot of House 3 ‘Ground Floor All’ profile (taken on 09/12/14, 4mths after installation) 

House 3 is also the only house out of those reported here to have set up automated time schedules on their Z-
Wave system to control lights. Specifically, as evenings became darker (two months after installation in 
October) they set up two time profiles to control the ‘lounge’ and ‘passage’ lights such that they came on from 6-
10pm and 6-10.30pm, respectively. These were both amended a month later to come on at the earlier time of 
4.30pm. Control of the smart plugs varies. They have used one of these plugs irregularly since they received it 
(see H3P1 in figure 2), but the other one has been switched on/off daily in the afternoon/evening since it was 
first acquired (see H3P2 in figure 2) but this use does not follow any pre-set schedule. We do not have data on 
exactly how they have switched the smart plug on or off (e.g. via smart phone/tablet app, online or through 
manual switching in the home), but in interviews they did mention they were trying to switch lights on/off for 
security purposes.  
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Figure 2: Histogram to show total number of uses of both smart plugs per week across all four homes 

In interviews, both John and Jane have been quite clear that it is John rather than Jane who has been responsible 
for configuring both the RWE and Z-Wave systems. Indeed, as Jane puts it: “I know you guys have all come in 
here and put your little instruments everywhere, [but] it hasn’t infringed on my life in any way. John’s 

!  Set up 3 ‘time 
profiles’ and a ‘towel 
rails’ profile. 
Gradually amended 
these over time. 

!  Used Z-Wave system 
to establish ‘lounge’ 
and ‘passage’ 
security lighting. 



House 3: John and Jane 

!  John interested in experimenting with the kit. 
Compiled a list of things to trial and learn about. 

 
!  Jane:  

!  “It hasn’t infringed on my life in any way. 
John’s monitoring it obviously… For me, it’s just 
there and I’m getting on with my life” 
!  but… 
!  “If anything happened to John I would be in 
deep trouble…because I wouldn’t be able to 
control it I don’t think, it’s what troubles me.” 

!  The system appears to have concentrated 
control in John’s hands whilst excluding others. 
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Please put the 

heating on 

because I’m 

freezing! 



House 4: Henry and Louise 
!  Prior to installation, Louise very much ‘in charge’ of running the 

heating… “[Henry] doesn’t know how to use it.” (Louise) 
!  Henry established several ‘zones’ on the RWE kit during 

installation, but system little used. Z-Wave little used too. 
!  Henry suggested he found it annoying, non-intuitive and difficult. 
!  Disputes emerged after a few months:  

!  “We had an argument because I was saying: ‘Look, I just want 
to be warm. I’m going to turn this thing up or down or whatever,’ 
and he’s saying: ‘We should do it step by step, try one thing, see 
what happens…’ and I’m saying: ‘I’m cold, I want to turn the 
radiator up.” (Louise) 
!  “I feel I’ve lost control I suppose.” (Louise) 

!  The system appears to have disrupted control relationships to such 
an extent that it was ultimately abandoned. 
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House 19: Ingrid, David, Ben & Sam 

!  Ingrid has “always been in control [of the heating].” (David) 
!  12 time profiles established to control different rooms and distinguish 

between weeks and weekends. 
!  Regular checking-up on the kids because their radiators would “keep 

going high” (Ingrid) 
!  Frequent ad hoc use of the Z-Wave system: 

!  “We vary when we go to bed so I’ve just been [changing the 
lights] manually rather than having it on the timer.” (Ingrid) 

!  “I didn’t realise how much I would be looking at it…I’m quite 
surprised that everyday I look at…the temperature and turn the 
lights on…The more we have it the more I’ve done that.” (Ingrid) 
 

!  The system appears to have given Ingrid finer-grained control, but is 
also making some demands on her. 
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Emerging conclusions… 

!  Not looked at control dynamics ‘beyond the home’ here…but 
!  Pre-existing control dynamics in the home shape how smart home 

technologies are used. 
!  These technologies can also come to disrupt or reinforce these pre-

existing dynamics. 
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