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ABSTRACT 
This position paper details the breakdown of possible 
relationships between smart homes and their occupants This 
breakdown includes: (i) individual occupant to single agent, 
(ii) individual occupant to multiple agents, (iii) individuals 
to single agent, (iv) individuals to multiple agents, (v) 
groups to single agent, (vi) and groups to multiple agents. 
In addition, it argues that more research should be focused 
on exploring numbers (v and vi) instead of the current focus 
on (i and iii). 
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INTRODUCTION 
Ubiquitous computing strives to enhance the human-
computer interaction experience by making many 
effectively invisible computers available throughout a 
physical environment [18]. Within the context of the home, 
this research goal has manifested itself in the concept of the 
“Smart Home”. Research examples from industry and 
academia include: Georgia Tech’s Aware Home [7], MIT’s 
Changing Places/House_n (PlaceLab) [5], work done by the 
University of York’s Center for Usable Home Technology 
[8], Philips Research’s Homelab [4], etc. To date, the 
majority of the research conducted in the area of the smart 
home has focused on the technology such as Spinellis’ 
work on the Information Furnace [14] or it has focused on 
the elements of the human-computer interaction such as the 
end-user programming aCAPpella system designed by Dey 
et al. [2]. To date however, very little research has focused 
on how smart homes will affect the social relationships 
between the home and its occupants. This paper details a 
model of family relationships based on behavior science 

explorations of people’s interaction with computer agents. 
This model is intended for further exploration and 
evaluation. 

In looking into the relationships between a smart home and 
its occupants we have developed a matrix to felt us better 
classify the range of relationships that can exist (Figure 1). 
These include a breakdown of family members on the left 
and approaches to home personification across the top. In 
considering the relationship the home can have with 
occupants, we see three natural classes: (i) relationship with 
an individual in the home or a relationship where the family 
is treated as a single entity with no individual variations; (ii) 
relationships with individual members of a family; and (iii) 
relationships with both individual members of a family as 
well as relationships with different groups of family 
members. For example, the system could have a 
relationship with Mom as an individual, with Mom and son 
as a group, and with Mom and Dad as another group. 
Depending on the activity, the home might engage different 
groups in different ways. 

With respect to smart home interaction, we see a natural 
breakdown of social interaction in two ways. First, the 
home can be personified as a single agent that demonstrates 
complete control. Second, the home can be personified as a 
series of agents that users interact with. This multi-agent 
approach can be organized either by device/application or it 
could be organized around specific activities that might 
include many different devices and applications. 

 Single agent Multi-agent 

Individual 
occupant/family 

  

Multiple 
occupants/family 

  

Multiple groups 
within 
occupants/family 

  

Figure 1. Matrix of family to smart home relationships 

RELATIONSHIPS 
The idea of relationships between people and technology is 
hardly new. One early exploration comes from the work on 
Apple Computer’s Guides interface [10]. In developing 
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navigation system for a multimedia database, developers at 
Apple chose to use representations of people as guides 
through the content. What they discovered was that users 
developed relationships with the guide they were using, 
often wondering if the content represented the guide’s 
opinion as opposed to just an encyclopedia. Another well 
recognized example comes from Bryon Reeve’s and 
Clifford Nass’ book The Media Equation, which details 
how people interact with computers socially, treating the 
computer as if it were a person [11]. Based on these and 
many other research findings in the agent communities, it 
stands to reason that families will develop relationships 
with their smart home. The questions for researchers remain 
what kinds of relationship we desire users to have with their 
smart home and how we can develop guidelines that lead 
technology/product developers in this direction. 

Individual Occupant/Family 
Today most “smart products” and smart homes treat the 
family as if it were a single person. A great example of this 
kind of thinking can be seen in products like TiVo’s 
personal video recorder [15]. This device profiles the 
behavior of a family by observing the programs they record 
and explicitly rate. It then uses this information to 
recommend and automatically record new programs it 
thinks they might like. Treating the family as a single unit 
simplifies interaction. Users are not required to constantly 
identify themselves to the system so it can tailor its 
learning. However, this approach limits the relationship the 
device can have with the user. By recommending shows 
that the current user may not like, but that are appropriate 
for others in the family, TiVo undermines the potential for 
trust it could potentially develop with individual family 
members. 

Multiple Occupants/Family Members 
The ethnographic research by Rode et al. exploring the 
differences in how men and women approach programming 
tasks in the home indicates the potential benefit of a smart 
home that recognizes different users [12]. Their study 
reveal that men and women demonstrate expertise over 
different aspects of the home as expressed in their ability to 
program devices in the home. For example, they observed 
that men had more success programming VCRs, part of the 
electronic entertainment domain, while women had more 
success programming ovens to cook in advance, revealing 
their expertise and control of both cooking devices and the 
kitchen. Their work indicates that different family members 
should have different levels of status with respect to the 
various domains that could be control within a smart home. 
This also leads to the idea that the smart home might need 
multiple points of programming interaction or even 
multiple agents representing the various types of 
intelligence in the home. 

One example of a smart product in the home that recognizes 
individuals can be seen in the Touch and Drag TV show 
recommender [19]. When using this device, users identify 

themselves to the system in order to explicitly state their 
viewing preferences or to see a personalized, ranked list of 
TV shows to record. This device addresses part of the 
challenge of TV viewing in the home, and while it offers a 
simplistic method of combining profiles, the results of these 
combinations were never evaluated.  

Mobile phones also present a simplistic yet robust model 
for addressing the recognition problem. Instead of having 
one potentially smart phone (land line) in the home that 
must either recognize users or have users identify 
themselves, mobile phones simply provide a custom device 
and number to each family member. While the idea of 
assigning each occupant of a home their own living room or 
kitchen seems ridiculous, the idea of them each having their 
own remote control to entertainment content, bedroom, 
dining chair, mobile phone, and favorite seat in the living 
room seems more reasonable.  

The question for ubicomp developers hinges on the value of 
identification. Does the effort by users required to 
constantly identify themselves to the system or the cost of 
deploying technology to infer who the user is add enough 
value to easily outweigh the cost and/or effort. In addition, 
what is the cost of an error either the system might make in 
trying to identify a person or a user might make by 
misidentifying themselves. Identification of individuals 
clearly improves the perception of intelligence of smart 
homes, but does it lead to a more valuable relationship 
between the family members and the system? Does it make 
people feel safer, happier, or better served? 

Multiple Groups Within Occupants/Family 
A more rewarding approach to developing rich 
relationships between smart homes and family members 
involves identifying not just individuals but also groups 
within the family. We first encountered the value of this 
during a workshop to develop the Touch and Drag TV show 
recommender [19], but have seen many examples in our 
research with users. During the workshop several 
participants expressed a desire to have the recommender 
know them both as an individual and as members of groups 
within the family. For example, a mother wanted the system 
to know what she liked to watch when she was alone, to 
know what she liked to watch with her children, and to 
know what she liked to watch with her husband. In 
addition, she wanted to keep parts of her profile private. 
She wanted to instruct the system to disregard certain 
shows she liked and might watch in private. She did not 
want these shows included if she blended her profile with 
her husband. In fact, she wanted the system to keep part of 
her behavior a secret. 

Recognition of groups can add significant value to 
interaction with the smart home, but it also leads to 
behavior that may be perceived as quite inconsistent and 
unpredictable? In addition, the idea of a system keeping 
secrets within a family or becoming a confidant of 
individuals within a family places the home in a more 
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human role, a role that can make the home appear to have 
an agenda. These types of behaviors and relationships with 
family members can easily cross over into uncomfortable 
territory and conjure images of renegade computers from 
science fiction.  

Single Agent 
Looking at current research on ubicomp in the home, the 
dominant model of smart home interaction revolves around 
representation of the home as a single entity. A good 
example of this thinking can be seen in eMuu, an 
emotionally expressive character that appears either on a 
screen or as a physical robot, and provides a clear point of 
interaction for users in a smart home [1]. A single agent 
offers the advantage of allowing users to conceptualize all of 
the technology within a smart home as a singular, rationale, 
agent. The home appears to be a whole instead of a 
collection of parts. The wholeness of the home is perceived 
with patterns-models. Regarding these models, a smart 
home can be seen as an effector, as an assistant, or a hybrid 
of the two [16]. As an effector, home is a kind of operator. 
As an assistant it is a kind of agent that helps the user in 
doing tasks. It provides functionality and supports the user 
actions. The last model is an amalgam of the former ones. 
The home acts as an agent and as an effector. It makes shifts 
between agency and an operating system. These three 
models reflect the idea of single agent, which is the general 
tendency through today’s ubicomp approaches. 

Multi-Agent 
While representation of the home as a single agent persists 
in the research community, it’s probably not the logical first 
step for commercial products. As smart technology moves 
into the home it will most likely appear as many small 
systems that may have only a tenuous link to each other. 
For example, it’s quite likely people will have smart 
entertainment systems that manage their content [19]; smart 
office assistants that assist on their desktop PCs [7]; smart 
kitchens that help keep up food stocks and assist with 
cooking [13]; and smart environmental controls that help 
keep the temperature, light, and humidity levels 
comfortable while minimizing the use of resources such as 
electricity and gas [17]. Think of this more as ubicomp 
zones or applications as a step towards a smart house.  

In the case of smart zones, many questions remain. Do 
users develop individual relationships with the zones or do 
the relationships get passed from zone to zone? What 
makes the most logical sense both from the user’s point of 
view while also considering the branding aspects, which 
companies will want to imbed in the products? In addition, 
how should these agents be organized? Should they be 
based on devices and applications as they currently are? Or 
should they instead take a more activity-based model? If 
they would have been based on applications, how can they 
relate between the applications? Should there be a hierarchy 
between the items or should the applications be 
autonomous? Should a hierarchy mimic the family relations 
like parent child relationship? 

In the case of an activity-based model, how should the 
activities be classified? Truong et al. documented how users 
naturally interact with ubicomp systems in terms of the 
activity they wish to accomplish instead of thinking in 
terms of the devices they need to accomplish a task [16]. 
How can the system itself take this step to move past 
devices to activities? Ubicomp activities in the home can 
include food preparation: cooking, grocery shopping, 
general food/health; clothing management: washing, 
wearing, packing; family scheduling: knowing where kids 
are, who needs to go where, who is picking who up; etc. In 
realizing these activities, should a single agent be 
responsible for a single activity? Or should a single agent 
be in charge of all activities, of the entire smart house?  

FURTHER DISCUSSION 
How do we represent the family (as a unit, as individuals, 
and/or as groups) and how does a smart home begin to 
incorporate multiple devices that use a range of these 
approaches?  

How does the home present itself to the family: as a single 
entity or as a set of entities? Does a singular home lead to a 
stronger bond? Does it make for an easier point of 
connection, or do people want different entities for the 
various activities and/or applications they collaborate on 
with the smart home? 

Should the interaction between people (between family 
members) be a model for human to smart home interaction? 
What is the role of family in extending the agency issue?  

This paper focuses on issues around the relationship 
between users and smart homes rather than the technical 
and interaction issues. In the smart home context, agency 
and relations in the family are key elements in 
understanding what people expect, accept, and desire. We 
have begun to explore the relationship by modeling the 
elements of the relationship: 

1.Users as singular element to singular agent that 
controls the whole home. 

2.Users as singular element to multiple agents that 
control different aspects of the home. 

3.Users as individual elements to singular agent that 
controls the whole home. 

4.Users as individual elements to multiple agents that 
control different aspects of the home. 

5.Users as groups of elements to singular agent that 
controls the whole home. 

6.Users as groups of elements to multiple agents that 
control different aspects of the home. 

 
Today the ubicomp applications generally take place in one 
and three. However, we feel new research should be 
focused on five and six to enhance the social interaction. 
Having a ubicomp system recognize and change its 
behavior based on different groups of individual users 
allows the users to instill more agency to the smart home as 
the home displays both more intelligence and more human 
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like behavior. The question of a singular agent or multiple 
agents in charge of different activities or applications is 
much less clear. A single agent provides a model for the 
smart home to be seen as a single entity, providing a natural 
single point of interaction. A multiple agent approach, 
however, offers the advantage of a system that can grow by 
activity and where agents can demonstrate expertise such as 
an expert gardener or an expert cook. In our future research 
we plan to explore and evaluate both five and six to help us 
better understand the types of relationships people want 
with smart homes. 

REFERENCES 
1. Bartneck, C., Interacting with an Embodied Emotional 

Character, Proceedings of the DPPI2003 Conference, 
Pittsburgh, 2003. 

2. Dey, A. K., Hamid, R., Beckmann, C., Li, I., & Hsu, D. 
A CAPpella, Programming by Demonstration of 
Context-Aware Applications, Proceedings of CHI 2004.  

3. Gemperle, F., DiSalvo, C., Forlizzi, J., Yonkers, W., 
The Hug: A new form for communication in: 
Proceedings of the Conference on Designing for user 
experiences, ACM Press, 1-4, 2003. 

4. Homelab, Philips Research: 
http://www.research.philips.com/technologies/misc/hom
elab/index.html 

5. Intille, S.S. Designing a Home of the Future: IEEE 
Pervasive Computing, 76-82, 2002. 

6. Kidd, C.D., Orr, R., Abowd, G.D., Atkeson, C.G., Essa, 
I.A., MacIntyre, B., Mynatt, E.D., Starner, T. and 
Newstetter, W., The Aware Home: A Living Laboratory 
for Ubiquitous Computing Research in Cooperative 
Buildings, 191-198, 1999. 

7. Maes, Pettie, Agents that reduce work and information 
overload in: Communications of ACM, Volume 37, Issue 
7, 30-40, 1994. 

8. Monk, A., Brant, J., Wright, P. and Robinson, J., 
CUHTec; the Centre for Usable Home Technology in: 
Extended abstracts of the 2004 conference on Human 
factors and computing systems, ACM Press, 1073-1074, 
2004. 

9. Mynatt, E.D., Rowan, J., Craighill, S. and Jacobs, A., 
Digital family portraits: Supporting peace of mind for 
extended family members in: Proceedings of the 

SIGCHI conference on Human factors in computing 
systems, ACM Press, 333-340, 2001. 

10.Oren, Tim, Gitta Salomon, Kristee, Kreitman, and Abbe 
Don. Guides: Characterizing the interface in: Brenda 
Laurel (ed), The Art of Human Computer Interface 
Design, Addison-Wesley, pages 367—381, 1990. 

11.Reeves, B., Nass, C. The Media Equation, Cambridge 
University Press, 1998. 

12.Rode, J. A., Toye, E. F., & Blackwell, A. F. The Fuzzy 
Felt Ethnography-Understanding the Programming 
Patterns of Domestic Appliances. Personal and 
Ubiquitous Computing, 8(3-4), 161-176, 2004. 

13.Sanders, Jane M. Jogging the Memory with information 
fromsensors: http://gtresearchnews.gatech.edu/reshor/rh-
ss02/age-side/.html 

14.Spinellis, D. D. The Information Furnace: Consolidated 
Home Control. Personal and Ubiquitous Computing, 7, 
53-69, 2003. 

15.TiVo Personal Video Recorder: http://www.tivo.com 
16.Truong, Khai N., Elaine M. Huang, Molly M. Stevens, 

Gregorys, D. Abowd: How do users think about 
Ubiquitous Computing? CHI 2004, ACM Press, 1317-
1320, 2004. 

17.Vermeeren, A.P.O.S, Keyson,D,V. Freudental,A. Hoogh 
M.P.A.J. The intelligent thermostat: a mixed-initiative 
user interface in: Conference on human factors in 
Computing Systems, CHI 00’, 59-60, 2000. 

18.Weiser, M., Hot Topics: Ubiquitous Computing. IEEE 
Computer, 1993. 

19.Zimmerman, John, Kurapati, Kaushal, Buczak, Anna L., 
Schaffer, Dave, Martino, Jacquelyn, Srinivas Gutta. TV 
Personalization System: Design of a TV Show 
Recommender Engine and Interface in: Liliana 
Ardissono, Alfred Kobsa, Mark Maybury (ed).  
Personalized Digital Television: Targeting Programs to 
Individual Viewers. Kluwer. 27-52. 

 

 
 


