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Abstract. Networked devices for the storage and rendering of digital media are 
rapidly becoming ubiquitous in homes throughout the industrialized world.  
Existing approaches to home media control will not suffice for the new 
capabilities offered by these digitally networked media devices. In particular, 
the piecemeal interaction provided by current devices, services, and 
applications will continue to engender frustration among users and will slow 
adoption of these technologies and the more sophisticated pervasive 
technologies that will surely follow them into the domestic environment. To 
address this challenge, we present OSCAR, an application that supports flexible 
and generic control of devices and services in near-future home media 
networks. It allows monitoring and manipulation of connections between 
devices, and allows users to construct reusable configurations to streamline 
frequently performed activities. A lab-based user study with 9 users of varied 
backgrounds showed that people could use OSCAR to configure and control a 
realistic and fully operational home media network, but that they struggled 
when constructing certain types of reusable configurations. The results of the 
study show that users were enthusiastic about adopting a system like OSCAR 
into their own media-related practices, but that further research and 
development is needed to make such systems truly useful. 

Keywords: End-user composition, domestic technology, universal remote 
control, home media network. 

1    Introduction 

Networked devices for the storage and rendering of digital media are rapidly 
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becoming ubiquitous in homes throughout the industrialized world. Today’s devices, 
such as personal video recorders (e.g., [20]), media rendering devices (e.g., [19]), 
portable media players (e.g., [1]), and electronic picture frames (e.g., [4]), to name 
just a few, will soon be joined by further waves of devices with even greater built-in 
networking capabilities. It is reasonable to view these collections of devices as an 
early beachhead in the advancing front of pervasive computing in the domestic 
environment and beyond. Given that future generations of technology will almost 
certainly be layered atop today’s technology [8, 18], it is our view that the successful 
integration of media networking into the practices and preferences of home users will 
be critical to the ultimate success of the multiple overlapping visions of the “smart” or 
“aware” home [11, 14]. The currently emerging “digital” home is characterized not 
yet by it’s ability to sense and react to the presence and patterns of its occupants but 
by its potential to place a wide range of functionality at the fingertips of its users. 

This rapid emergence of networked home media devices has been driven by a 
confluence of factors. On the one hand, data networks in the home are becoming more 
powerful and are growing to include not only traditional computing devices like 
desktop and laptop computers, but also media-oriented consumer electronics devices 
such as those listed in the previous paragraph. At the same time, media itself is being 
transformed into a digital commodity that can be accessed on demand in a variety of 
ways from a variety of sources, both inside and outside the home network. 

In this paper, we describe a system whose goal is to cut through the entanglement 
of dealing with growing and changing networks of devices and media in the home 
environment. We present the design and evaluation of OSCAR (see Fig. 1), an end-
user tool for device and media control and composition. In the next section we discuss 
previous research on the design of technology for the home and derive guidelines for 
the design of networked media, devices, and controls in such environments. 
Following that we present OSCAR and describe its functions and user interface. A 
user study involving nine users drawn from the local community is then described and 
its results analyzed to assess the effectiveness of OSCAR and explore avenues for 
further research. We then present related work and conclude. 

 

 
Fig. 1: OSCAR allows end-users to discover, connect, and control media devices and services 
in a home network, as well as create re-usable compositions for quick access to common 
functions. 
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1.1 Designing for the Home 

A number of studies have attempted to understand the impact of digital technology on 
domestic life and project the most promising avenues for future development. These 
studies have revealed the home as the site of multiple overlapping activities that 
unfold across time and involve the coordination of different resources and actors. 
Venkatesh, et al. have described the home as a set of overlapping “centers” [25] 
(earlier called “sub-environments” [24]) that have differing relationships to the 
technical “space” of the home. Household occupants appropriate both “technical” 
(e.g., computers, networking equipment, televisions) and “non-technical” (e.g., doors, 
tables, mantelpieces) resources in various ways to support their multiple practices, as  
has been described for communication [5], household coordination [21], work [26], 
and entertainment [10], In addition, these resources are accreted over time rather than 
all at once [8, 18] and are often repurposed into different roles multiple times 
throughout the course of their useful life [10]. 

Taken together, these studies paint a picture of the home as a site where members 
of individual households compose resources in creative ways to accomplish the 
particular patterns of their own household’s version of daily existence. In keeping 
with this image of the home, we have focused our efforts on supporting end-user 
composition of varied resources in the media domain. It should be noted at this point 
that we do not intend to equate “media” strictly with “entertainment.” Returning to 
Venkatesh’s “centers,” we can see that media technologies are (or are becoming) 
central to household activities such as “communication,” “work,” “information,” and 
“learning,” and likely will play an increasing role in other activities as well. Our goal, 
therefore, is a generalized system and user interface for creating, monitoring, and 
controlling media-oriented devices and services in the interest of a variety of 
activities.  

1.2 Near-Future Home Networking Scenario 

The following scenario illustrates both the benefits and challenges of near-future 
home media networks with respect to managing resources to accomplish multiple 
overlapping activities. 

Alice is sitting in her living room on a Saturday afternoon reading news on her 
laptop. She decides she would like to listen to some music, so she navigates to 
her favorite online music service and arranges to have some music streamed 
directly to her living room speakers. A short while later, the doorbell rings. 
Engrossed in the news, she does not wish to get up, so she directs the webcam 
above the front door to send its output to a digital picture frame that is mounted 
on the wall next to her. Seeing a delivery person on the screen, she remembers 
that she is expecting a package, so she connects her laptop’s microphone to the 
intercom speaker next to the front door to say “Hold on, I’ll be right there.” The 
delivery person’s “OK” is heard through the living room speakers as Alice 
leaps off the couch to head for the door. 

The experience presented in this scenario is one of convenient, seamless access to a 
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variety of resources both within and without the home. The benefit to Alice is that she 
is able to connect and control her available devices and services with little effort and 
minimal advance planning. There are a number of challenges to realizing such an 
integrated user experience. 

As discussed earlier, the devices and networking technologies to accomplish each 
part of this scenario are rapidly coming to market. There is some uncertainty about 
whether such devices will provide sufficient interoperability guarantees to work 
together, but others have been addressing this problem (e.g., [9, 23]) and we assume 
their eventual success as the baseline for the current project. What remains is to 
provide the user interface for effecting and controlling compositions. By providing a 
single integrated user experience for interacting with each device individually as well 
as the network as a whole, we endeavor to overcome the problem of piecemeal 
interaction. 

“Piecemeal interaction” describes the experience of using different applications, 
often with very different user interface styles, to interact with and control the different 
devices and services with which one interacts. In the scenario above, this would occur 
if Alice needed to use one application to control her streaming music and a different 
one to connect the webcam to the picture frame.  Much of interacting with today’s 
technology is characterized by piecemeal interaction. Different applications, different 
devices, and different software platforms have different user interfaces and in many 
cases each has to be mastered by users in order to get things done. This situation is 
poised to become worse as networked devices and services proliferate into the homes 
and daily lives of more and more people. Solving the problem of piecemeal 
interaction is critical to the ultimate realization of the visions of calm, well-integrated 
experiences of computation that characterize the enterprise of pervasive computing. 
As we shall describe in the next sections, OSCAR is an end-user tool for composition 
and control of networked devices and services that overcomes piecemeal interaction 
to provide an integrated user experience of interacting with multiple devices. 

2 The OSCAR User Interface 

OSCAR was designed as a next-generation prototype of a universal remote control for 
composing and controlling networked devices in the home. It consists of software 
running on a touchscreen-based tablet device such as the one shown in Fig. 1. The 
form factor was chosen because it is portable and touch-operated, and thus 
comfortable to use while seated on a couch or easy chair, yet large enough to afford 
users an uncluttered view of all the controls and information needed to carry out 
complex configuration and control interactions. While our design focused on the 
tablet form factor, we believe OSCAR's functions can easily be replicated on other 
devices such as laptops, desktops, or smartphones. 

The tablet used for our prototype features a 30.7 cm (12.1 in) LCD screen operated 
via touch input, runs Windows XP Tablet PC Edition, and has an 802.11b network 
interface. As OSCAR was designed to simulate a new, unfamiliar device with new, 
unfamiliar capabilities, it was made to use the entire screen and to hide all of the OS 
widgets and controls so that users were largely unaware that they were interacting 
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with a computer application running on a conventional PC. 
For our prototyping efforts and user studies, we created a testbed that consisted of 

a simulated “home.” Our home was contained entirely in one large room, with areas 
marked off for the “living room,” “kitchen,” and “front door.” The home was 
populated with a number of networked devices (e.g., TV screen, digital picture frame, 
security webcam, speakers in several room) and services (e.g., software-based 
collections of music and photos), all of which were live and accessible to OSCAR. 

Both OSCAR and the testbed devices and services were implemented atop the 
Obje Framework [10], which is a mobile-code based interoperability framework 
previously developed in our lab at PARC. The dependence on Obje does not limit the 
generality of OSCAR's contribution, as the solutions provided by OSCAR are 
applicable with little modification to a number of more widely available 
interoperability platforms such as UPnP [23], Jini [27], and Zeroconf [13]. All that is 
required for OSCAR is the existence of discoverable networked services that 
implement standardized interfaces for providing and accepting data streams. 

OSCAR provides users with three basic capabilities: (1) browse, select, and control 
individual devices; (2) connect devices, services, and content together; and (3) create, 
edit, and invoke reusable service compositions. We will describe each in turn. 
 

  
        a              b 

Fig. 2. OSCAR allows users to browse and select among all devices and media sources that have 
been discovered on a home network. Users employ the Devices & Media List (a) to select a device or 
media item to obtain its user interface, connect it to other items, or use it as part of a reusable 
configuration called a Setup. After a number of Setups have been created, the Setups List (b) can be 
used as a starting point for carrying out common activities. 
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2.1 Browse, Select, and Control Individual Devices 

OSCAR presents a list of all devices it has discovered (see Fig. 2a), and the user can 
select one in order to view its details. The details include the control user interface 
that is downloaded automatically and displayed to the user. The details also show any 
connections or setups that involve this component. In addition to allowing the user to 
manipulate the control user interface, the user can choose to create a new connection 
or setup based on this component. 

2.2 Connect Devices, Services, and Content Together 

OSCAR allows the user to make connections among providers and consumers of data. 
The user selects either endpoint of the desired connection first, and is then prompted 

Fig. 3. OSCAR allows users to monitor and control connections among media and devices, 
including both device-to-device connections and media-to-device connections. For each 
connection, the user can monitor and change the status of the connection (e.g. from “Active” to 
“Stopped”), access the controls for the individual devices and/or media-rendering services 
involved in the connections, or replace either the source or destination with any other device or 
media on the network by pressing Change and selecting from among the options presented.  
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to select among a restricted subset of compatible endpoints in order to complete the 
connection. After the connection is constructed, OSCAR presents a control panel 
screen that allows the user to monitor and manipulate the connection (i.e., start, stop, 
and restart) and also presents the user with a single, collected view of the user 
interfaces for each of the components involved in the connection. Referring to the 
scenario presented earlier, Alice can choose to create a new connection using the den 
picture frame, at which point she is prompted to select a source for the connection. 
After the front door camera is selected, Alice is presented with a screen that allows 
her to pause or restart the camera connection, and also provides user interfaces for 
controlling the settings on the camera and picture frame. 

Content items such as media files or documents are presented as first-order entities 
in OSCAR, which means they can be connected with devices and services directly 
(see Fig. 3). Thus, a connection between a streaming movie that is being served by a 
remote video-on-demand service and a local TV display would be constructed and 

 

Fig. 4. OSCAR allows users to create reusable compositions of devices and media called 
Setups. Each Setup consists of a Source and a Destination, and each Source and Destination in 
turn consists of a list of Candidates and a Selection Option. The list of candidates specifies the 
media source and/or devices that can be selected for the relevant role when the Setup is later 
Run. The Selection Option determines how the Setup will choose from among the candidates 
for a given role when the Setup is Run. 
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managed in exactly the same way as a connection between a security camera and the 
TV. Collections that contain multiple media sources (e.g. music files or digital 
images) can be used as sources for a connection in OSCAR. In those cases, OSCAR 
automatically generates a playlist and provides the user with controls for navigating 
among the items in the list. For example, Alice can browse through her Music Library 
aggregate to find music to listen to, and she could select the Beatles subfolder (also an 
aggregate) as the source. After picking the den speakers as the sink, the first song 
begins to play while the remaining songs are loaded into the playlist and presented to 
Alice along with controls to skip to the next song or choose a different song in the list. 

2.3 Create, edit, and invoke reusable compositions 

Being able to connect arbitrary devices and media together is important to allow users 
to create unplanned connections, to freely reconfigure devices, and to take advantage 
of new or transient resources like recently purchased equipment or portable devices 
that normally live outside the home. After a period of use, however, it is likely that 
most users will find regular patterns of connections that they wish to re-use on a 
regular basis. OSCAR supports the notion of setups, which describe how components 
are to be found, selected, and connected together in order to carry out a routine 
activity such as “See who’s at the front door,” or “Listen to NPR in the kitchen.” 

A setup consists of source and a destination “slots” (see Fig. 4). Each slot contains 
a query that is executed when the setup is invoked in order to generate a set of 
candidate components. Each slot also contains a selection rule that dictates how the 
active component or components will be selected from among the candidates at 
invocation time. Selection rules include “present candidates to user and prompt for 
selection,” “choose at random,” and “sort candidates by one or more criteria and then 
pick the highest ranked component(s).” When the setup is invoked, or “Run,” the 
source and destination queries run and the selection rules are applied. After both 
source and destination slots have been populated with a playlist or a single 
component, a connection is made between them.  

Eventually, most of the household’s common patterns of activity will be 
encapsulated in a Setup, and the household members will be able to use the Setup List 
(see Fig. 2b) as a convenient access point for all of their home’s functionality. 

 

3 User Study 

The OSCAR design process consisted of a number of phases, including the generation 
of personas and scenarios; development of a paper prototype followed by an expert 
evaluation; development of a medium-fidelity mockup prototype followed by a 
second expert evaluation; and the development of an initial interactive prototype 
followed by a usability study with 9 users. Space does not permit us to describe this 
process or its results in detail, but the resulting system and user interface was 
described in the previous section. 
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In this section, we describe and report findings from a final user study that was 
conducted to assess OSCAR’s usability as well as to probe users’ perceptions of the 
desirability of integrating OSCAR’s functionality into their own media practices and 
to gain insights for future design. Although this was the “final” user study conducted 
as part of the OSCAR project, the study was designed to contain both summative and 
formative aspects. The summative goals were to assess the usefulness of the functions 
provided by OSCAR (e.g., making ad hoc connections among devices and creating 
reusable “setups” for encapsulating common activities) and to assess the usability of 
the basic approaches taken by OSCAR to presenting those functions (e.g., presenting 
setups as bipartite constructs consisting of source and destination with candidate lists 
and selection options). The formative goals consisted of exploring avenues for further 
design by understanding the breakdowns experienced by users when carrying out 
tasks and by engaging with users to understand how OSCAR might be used within the 
contexts of users’ existing practices. In order to study these various aspects, we 
observed users carrying out a number of tasks, administered a questionnaire, and 
conducted an in-depth follow-up interview. 
 

3.1 Participants 

Nine participants were recruited from the local community by an external focus group 
recruiting firm. In order to understand how OSCAR would be used by less computer-
savvy individuals, users were screened such that none were professional programmers 
or system administrators. Only one high-tech worker (a mechanical engineer) was 
included in the sample, the remainder represented a variety of professions including 
hotel clerk, real estate broker, homemaker, and carpenter. Other than the mechanical 

 
Fig. 5. The study setup used for the OSCAR user study. Top left: the two test observers with a 
participant. Top right: A participant using OSCAR. Bottom left and right: the testbed room, 
showing the “living room,” “kitchen,” and “front door.” 
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engineer (ME), no users reported any regular use of computing beyond email, web, 
and basic office applications, and only two users (the ME and one other) reported 
having primary responsibility for setting up and maintaining their own home networks 
(if they had one). Users were also screened such that all were either regular (n=4) or 
avid (n=5) consumers of media as determined by the number of hours of TV watched 
per week, CDs purchased per month, and movies watched per month. Infrequent 
consumers1 of media were excluded. Gender and age were distributed fairly evenly 
across participants (gender=5m/4f; age range=24-51, mean=35.6). None had seen or 
received any information about OSCAR before the study. 

3.2 Study Sessions 

Each participant individually came to our lab for a 90-minute session. The basic 
physical configuration used in the study is shown in Fig. 5. After a brief preamble in 
which participants were introduced to “their house” and its devices, they were handed 
OSCAR and asked to perform the four multi-part tasks shown in Table 1. Users 
received no training in the usage of OSCAR beyond the description “Imagine you just 

                                                             
1 Infrequent media consumers were those who watched less than 10 hours of TV/wk, 

purchased less than 2 CDs/month, and watched less than 2 movies/month. Digital 
downloads were not screened for, though several users reported at least occasional 
downloading.  

Table 1. Participants in the OSCAR user study carried out four multi-part tasks using the 
OSCAR client to connect and control devices in the OSCAR testbed environment. 

TASK INSTRUCTIONS 
1 Play the welcome message on the Living Room Speakers. 

2 Show a picture from your recent trip to Australia on the Living Room TV. 
Then show a different photo from the same trip. 

3a Someone has just rung the doorbell. See who it is by displaying the image 
from the webcam outside the front door on the picture frame just inside the 
front door. 

3b Now make it so that you or someone you live with can easily do this again, 
without having to redo it from scratch. Give it a name so that you will 
remember what this does. 

3c Now make it so that when the doorbell rings, you can decide to either show 
the image from the webcam on the picture frame OR the living room TV. 

4a Someone you live with is more motivated to clean when they are listening to 
music. Make a recipe that will allow them to play all of the songs by the 
Beatles on the Kitchen speakers. 

4b The person you made this for asks you to change this so that they can listen to 
other music, too, and do it any room of the house. Change the recipe so that 
they can pick the artist and the speakers when they activate the recipe. 
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purchased this device at a local Circuit City [a popular US consumer electronics 
store]. All you know that it is operated with your finger and that it is supposed to 
allow you to control all the devices in your home.” During completion of the tasks, 
users were asked to think aloud. After the completion of all tasks, we asked users to 
complete a questionnaire indicating on a 5-item Likert scale their level of agreement 
or disagreement with 16 statements regarding OSCAR’s usability and usefulness. 
Questions 1-10 were derived from the System Usability Scale [2], and the remaining 
six were devised by us to assess users’ overall acceptance of OSCAR. Following the 
questionnaire, we interviewed users to gain further insight into their experiences with 
and assessments of OSCAR. Two team members were present for each session and 
participated in all observations and interviews. Each session was videotaped and 
reviewed for understanding critical incidents and selected interview responses. 

3.3 User Study Results 

Subjective results. Participants’ responses to the test questionnaire indicated a 
positive response to OSCAR, in particular to statements like “I would find this system 
very useful in my own home,” (“strongly agree”: n=5, “somewhat agree”: n=4) and “I 
would like to have this system if it were available (“strongly agree”: n=4, “somewhat 
agree”: n=5). These statements of overall acceptance were made despite the fact that 
participants gave OSCAR a fairly mediocre score in terms of usability. The composite 
SUS score of 63.3 out of 100 (stdev=11.46, max=87.5, min=47.5) indicates that users 
were not impressed with OSCAR’s usability. Nevertheless, they expressed 
enthusiasm for incorporating OSCAR into their own media systems, warts and all. 

 
Task Performance. The amount of help required by each user to complete each task 
is shown in Table 2. The results show that users were able to complete nearly all tasks 
without significant help. In only one case was a user completely unable to complete a 
task (3a) without a direct intervention by the test observers. In 12 out of 63 task 
attempts a small amount of help was required. We defined a “small amount” of help 
as any comment by a test observer that revealed a system state (“it's waiting for you to 
do something”) or called attention to a particular UI element (“what do you think 
'Run' would do in this case?”) 

Most users required a small amount of help to complete Task 4b. Referring again 
to the task instructions in Table 1, recall that Task 4b asked users to modify the Setup 
they had created in Task 4a and then test it out. There were two interrelated issues that 
gave users difficulty when completing this task: selecting the appropriate candidate 
devices/media sources for inclusion in the Setup, and choosing the correct selection 
options. Taken together, this can be expressed as the difficulty of specifying list/rule 
combinations. Interestingly, mastery of these issues was also required for the 
completion of Task 3c, which was completed without help by all but one user. The 
differences between 3c and 4b were twofold: (1) 3c dealt only with device-device 
connections, whereas 4b required users to connect a media source (song) to a device 
(speakers) and (2) 3c only required users to specify a list/rule combination for the 
destination slot, whereas 4b required them to specify such combinations for both the 
source and destination. 
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Analysis. Drawing from the difficulties users experienced with Task 4b as well as 
observations and comments made during the study sessions, we were able to see a few 
areas where users experienced problems using OSCAR. 

Some of the problems experienced derived from straightforward user interface 
design problems, such as a modal dialog box that users did not perceive was waiting 
for them to provide input. Such issues could be easily fixed with another design 
iteration. In addition, there were a couple of overarching issues that point to more 
fundamental challenges in designing end-user composition systems for the home. 

1. Users were unsure how to create Setups that would produce the desired results. 
In fact, in some cases they remained uncertain even after they had created a “correct” 
solution. There were two particular issues that caused apprehension among users: (a) 
defining list/rule combinations and mapping decisions made during Setup creation 
(e.g., “Show me and I will choose”) with behaviors that would occur when the Setups 
were “Run;” and (b) creating compositions involving one or more aggregations of 
media sources (e.g., song files) and understanding how those aggregations would be 
used during the setup. While incremental UI redesigns might be able to ameliorate 
these problems to some extent, they derive from the inherent difficulty of designing 
rules that will react to future states to produce desired outcomes. This is a style of 
thinking that is familiar to programmers but much less familiar to non-programmers. 
In order to address this issue, we believe that users must be provided with means to 
conduct rapid, lightweight experiments within OSCAR to view the results of their 
Setup designs before committing to “Run” them. This could be accomplished, for 
example, by implementing a “Test” function to sit alongside the “Run” function in the 
Setup Details screen. 

2. Users believed they correctly accomplished the task when they had achieved 
only a partial solution. This occurred largely because they were able to produce the 
effect they believed they wanted (e.g., hearing the Beatles “Yellow Submarine” on the 

Table 2. The amount of help required by each user to complete each task in OSCAR2. 
Users were able to complete most tasks with no help, but many users required at least some 
minor help to complete Task 4b.  

 participant 
 1 2 3 4 5 6 7 8 9 ? ! 

1          0 0 
2          0 0 
3a   !       0 1 
3b     ?  ?   2 0 
3c     ?     1 0 
4a ?       ?  2 0 

ta
sk

 

4b ? ? ? ? ? ?  ?  7 0 
 12 1 

Key:  
<blank> = success: user completed task with no help 
? = mild help: revealed system state or called attention to UI element 
! = intervention: told user to take particular action(s) 
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living room speakers) without having created the general solution we had requested 
(e.g., create a Setup that will allow your roommate to listen to the Beatles in any room 
in the house). While this stems in part from the artificiality of the study setting and in 
part, perhaps, due to a failure to communicate the tasks effectively, we believe it 
points to an unanticipated use of our system that may be desirable in the end. Users 
were satisfied with their ability to accomplish their immediate goals, but would 
perhaps become motivated to master the Setup functionality upon later realizing that 
they were repeating the same configuration operations time and again. By maintaining 
a history of previous actions, OSCAR could present users with heuristically-generated 
starting points for their Setups (e.g., playing several individual songs by the same 
artist would suggest a Setup playing all the artist's songs) or even automatically 
generate Setups based on past behavior in a manner similar to programming by 
demonstration systems (e.g., [6, 15]). Thus the work done initially to create ephemeral 
connections among media and devices could be leveraged to aid the users' later 
attempts to streamline their interactions with their media environment. 

4 Related Work 

Most users today control their media devices by means of remote controls, often 
being forced to use multiple devices’ remotes in concert. A relatively small number of 
users have availed themselves of the best mass-market solution currently offered by 
the industry: universal remotes. While they provide a single point of control for 
interacting with multiple devices, a significant limitation of such devices is that they 
are cumbersome to set up initially and the process of adding a new device to control 
can be quite painful as well. Some universal remotes like the Logitech Harmony [3] 
have significantly eased the pain of the initial setup by allowing programming codes 
to be downloaded into the device directly from the a centralized location (e.g., the 
Logitech website). They have also improved the user experience by allowing single 
button presses to send commands to multiple devices in order to set up the whole 
system to carry out an activity like “Watch a DVD,” or “Listen to CD.” Even so, none 
of these devices can adapt to new devices without being explicitly told. More broadly, 
the Harmony and its peers are not capable of making ad-hoc connections among 
networked services—it can only activate connections among devices that are already 
hard-wired together (e.g., a DVD player connected to a TV through a stereo receiver). 
It is also designed to only make device-device connections, and has no notion of 
interacting with content. As media becomes virtualized and capable of being 
aggregated and served by large-scale content services, it will become increasingly 
important for users to be able to interact with content as a first-order entity. 

A number of research projects have looked at how to support end-user 
programming for the creation of different styles of ubiquitous computing applications 
in the home such as sensor-triggered actions [12], context-aware rules [7], and 
capture-and-access applications [22]. OSCAR differs from these systems primarily in 
that OSCAR provides a unified interface for creating spontaneous, ad hoc connections 
as well as long-lived “programs.” Additionally, OSCAR, unlike these systems, 
provides access to the control user interfaces for each device, thus combining direct 
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control, ad hoc connections, and creation of reusable configurations. 
At a high level, Huddle [17] shares OSCAR’s goal of providing an integrated user 

interface for interacting with multiple devices. Huddle allows devices to provide rich 
user interface descriptions that can be aggregated with other devices’ user interfaces 
to present a coordinated UI for multiple devices. However, OSCAR’s focus is 
different. Whereas Huddle requires an explicit XML-based system-wide “wiring 
diagram” to reason about content flows, OSCAR employs dynamic discovery to allow 
ad hoc connections among devices with little or no advance setup. In brief, Huddle is 
limited by the same factors that limit commercial industrial remotes: it cannot create 
ad-hoc connections and does not directly support content-to-device interactions. 

The Speakeasy Browser [16] introduced the notion of Activity-Oriented Templates 
that allow users to easily invoke commonly-used compositions of devices, media, and 
services based on their current context. The present work builds upon the concepts 
introduced in [16] by adding the crucial ability for users to create and edit 
compositions, as well as providing insights from a detailed study with users 
representing a range of technical skill. 

5 Conclusion 

Home media technology is undergoing a sea change, in which standalone devices 
with custom remote controls are being replaced by networked services that can be 
combined with each other and with Internet-based media services in varied ways. 
Existing approaches to home media control will not suffice for these new capabilities. 

In this paper, we described OSCAR—an end-user composition tool for home 
media networks that builds upon Obje’s user experience goals and extends them by 
allowing the construction of reusable compositions for common tasks.  

A user study involving 9 users with varied backgrounds showed that people could 
use OSCAR to configure and control a realistic and fully operational home media 
network, but that they struggled with certain aspects of the UI—especially 
constructing reusable configurations. Users reacted positively to OSCAR in terms of 
their desire to use such an application in their homes. 
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