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Abstract 

Although electronic media has changed how people 
interact with documents, today’s electronic documents 
and the environments in which they are used are still 
impoverished relative to traditional paper documents 
when used by groups of people and across multiple 
computing devices. Vertical interfaces (e.g., walls and 
monitors) afford a less democratic style of interaction 
than generally observed when people are working 
around a table. In this paper, we introduce 
MultiSpace, a research effort which explores the role 
of the table as a central hub to support ad hoc 
collaboration in a multi-device environment. The 
table-centric approach offers new interaction 
techniques to provide egalitarian access and shared 
transport of data, supporting mobility and micro-
mobility [11] of electronic content between tables and 
other devices. Our observations show how people use 
these techniques, and how tabletop technology can 
support and augment collaborative tasks.  

1. Introduction 

Electronic content is everywhere today. It is, 
however, used more easily by individuals than by 
groups. When collaborating in a face-to-face setting, 
colleagues often use large surfaces such tables, as well 
as walls and whiteboards, as the physical location for 
paper-based information. In contrast, electronic 
documents (e-documents) are usually located on 
devices designed for individual use, accessed by input 
mechanisms such as mice and keyboards that can only 
be used by one person at a time. When sharing 
information from such devices (e.g., laptops), people 
commonly project it onto a large display, usually 
vertically oriented at a distance from the group; this 
collaboration is often uneven, as one person becomes 
the “scribe” or “information gatekeeper,” able to 
manipulate the document. Sharing information 
horizontally on a table creates a different collaboration 

dynamic; access is more equal, with everyone able to 
reach documents. 

Today’s e-documents are also limited in terms of 
their location, and shared environments do not support 
mobility-related techniques such as on-the-spot sorting 
or piling. Thus although today’s meeting spaces are a 
reasonable setup for presentation of e-documents, they 
are less suited to other kinds of meetings, such as 
brainstorming or content creation, in which the 
electronic artifacts to be used are brought in by each 
participant and where groups need to work together 
with e-documents in situ to collaboratively create 
composite draft documents. 

In an informal study of the working style of a CEO 
from a large office furniture company, we learned that 
he regularly conducts meetings with small groups of 
people; meetings usually involve shared review of 
documents, drawings, and slides kept in MS Journal on 
a tablet PC. From among two years of content, he 
would like to be able to lay out different subsets of 
pages on large surfaces in different patterns, piles, and 
arrangements at each meeting. His meeting space is 
typified by a table with a few seats and a nearby wall-
mounted whiteboard. Limited by today’s technology, 
he frequently resorts to projecting his content on the 
whiteboard in a linear sequential fashion. 

Figure 1: Participants using MultiSpace. They 
fluidly transitioned from tabletop interaction 
(left) to wall-and-table interaction (right). 
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Our goal is to create support for e-documents, 
combining the electronic capabilities inherent in the 
media with the same sort of interactions that traditional 
paper documents have always provided. Paper 
documents afford the ecological dexterity [11] of re-
orientation, markup, ease of passing amongst 
participants, and even the option of tearing off of part 
of a page of a document so it can be re-arranged and 
reassembled with respect to other pages. These 
capabilities are of the utmost importance in face-to-
face settings [11]. With today’s technology it can be 
quite awkward to select content of arbitrary granularity 
and move it between different devices. 

To address contemporary limitations of support for 
e-documents in collaboration spaces we propose 
MultiSpace, a table-centric, multi-device environment 
which contains interaction techniques to facilitate the 
sharing and transport of electronic content (Figure 1). 
This paper makes two specific contributions. First, we 
examine the use of different devices in a specific 
collaborative task. Our environment provides a multi-
user touch-sensitive tabletop in concert with a shared, 
touch-sensitive wall display and connections for 
personal mobile devices such as laptops or PDAs. Each 
device may serve a different function as part of a 
larger, collaborative activity. Second, we provide 
methods to transfer content between commonly shared 
devices and personal devices at flexible levels of 
granularity. This micro-mobility of content has not 
been addressed in other interactive workspaces to date. 

In this paper we present our participatory design 
which followed from informal observations of the 
CEO described above. This has furthered our 
understanding of the interaction techniques necessary 
to support collaborative working meetings. We follow 
with a discussion of the design, implementation, and 
observational user study of the MultiSpace prototype 
before presenting conclusions and future work. 

2. Related Work 

Our work is the first that we are aware of to address 
e-document micro-mobility by fluid, visible transfer of 
documents at multiple levels of granularity amongst 
devices in a heterogeneous computational workspace. 
We build our conceptual framework and system design 
upon three areas of past research: collaborative work 
settings, interactive workspaces, and micro-mobility. 

Luff and Heath [11] examined the importance of 
micro-mobility of artifacts (e.g., paper documents) to 
collaborative activities. Their ethnographic studies of 
medical consultations uncovered the importance of the 
ecological flexibility of documents in face-to-face 
work meetings. The necessary functionality they 

identified included relocation and manipulation of 
documents, to allow participants equal access to the 
information, and the ability to continuously configure 
the artifacts in response to the shifting demands of the 
activity. Thus documents for collaborative use should 
be portable, manipulable, divisible, and able to be 
reassembled for various purposes in situ. While the 
traditional computer desktop metaphor fails to support 
e-documents in the ways in which paper documents are 
used for collaborative work, interactive tables are ideal.  

Much research over the past decade has explored 
interactive surfaces, workspaces, and rooms for 
collaborative activities [1, 2, 8, 9, 14, 18, 25]. Most 
have focused on the advancement of the shared usage 
of electronic whiteboards and vertically projected 
screen spaces. Although i-LAND [25] contained 
tabletop displays and the transport of whole documents 
from the wall display to tables, it did not support the 
level of micro-mobility of e-documents which 
MultiSpace provides, and there has not been any multi-
user evaluation reported.  

None of these earlier efforts offers the level of 
micro-mobility for multiplicity of in-meeting 
documents that Luff and Heath advocated. Some of 
them have provided mechanisms for moving whole 
documents or applications amongst the different 
display devices. Others allow redirecting inputs, or 
controlling the display from many different personal 
devices – but mostly from a cursor, mouse and 
keyboard based interaction paradigm.  

A number of systems [10, 13, 15] have explored 
interactive whiteboard displays, focusing on support 
for sketches, and grouping and structuring of scribbles. 
BlueBoard [20] provides methods for walk-up informal 
information. Interactive Mural [6] supports a high-
resolution wall-size display for collaborative designers 
with paper scanning using cameras to integrate 
physical documents into the electronic world; it is a 
single-device environment. 

In UbiTable [4, 23] we examined the design of a 
walk-up shared tabletop workspace, and identified the 
need for more flexible workspaces and fewer 
constraints on document access for collaborative work. 
UbiTable did not address e-document micro-mobility, 
nor did it include vertical surfaces. Our experience 
with UbiTable forms the foundation and inspiration for 
the work presented in this paper. Rogers and Lindley 
[19] offer a set of observational user studies comparing 
vertical and horizontal interactive displays. Walk-up 
device support was not part of the study setup, and 
their tabletop was not multi-touch. 

Recent work has started to look at document micro-
mobility in desktop settings. WinCuts [26] offers a 
mechanism to cut any portion of an active window for 
effective spatial organization of information with 
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limited screen space. Our DocuBits [5], which we 
evaluate in this paper, provides a similar mechanism 
but different usage model (see Section 4.3). 
Synchronizing Clipboards [12] allow two computers to 
share a clipboard, supporting mobility of files and 
ASCII text in an “invisible” fashion; it is best suited to 
a single user with multiple machines. ScreenCrayons 
[16] supports annotations of screen captures, providing 
capability to annotate, classify, and highlight notes; it 
is designed for a single user on a desktop machine.  

Finally, we note that recent research (e.g., [7, 17]) 
explores new dynamic walk-up connection schemes for 
across-device inter-connection. Since our focus is on 
the content-level transferring and sharing, we can use 
any advanced connection and security schemes as they 
come into maturation. 

3. Iterative and Participatory Design 

The MultiSpace system has come to realization 
through an iterative design process. MultiSpace 
focuses on content selection and movement with 
multiple granularities (i.e. pieces of documents and 
multiple documents can be moved as easily as the 
documents themselves.) The question we now ask is: 
When given the choice between tables and other 
devices, which surface or device will users use for a 
given task? 

3.1. User study 

We performed a participatory design process over a 
period of several months to understand and support our 
chosen user group, teaching assistants (TAs). TAs 
frequently work in teams that meet to discuss, create, 
and edit content (e.g., homework, assignments, and 
tests.). These tasks are common to many collaborative 
activities. Three computer science TAs from different 
institutions, one female and two male, participated in 
the two-part participatory design described below. 
Before the first meeting, the TAs were asked to draw a 
TA meeting room. From these drawings (Figure 2), we 
determined that TAs meet in a variety of different 
spaces, but that tables are almost always available. 

Part I/Focus Group: In the first two-hour focus 
group meeting, we identified three frequent tasks that 
are under-supported by current technology: scheduling, 
creating an exam, and grading. We decided to focus on 
the problem of creating an exam, as it the most creative 
process and the one that requires the most intra-group 
discussion.  

Figure 2. TA meeting room sketches. 

Creating an exam begins by bringing in documents 
in many different forms, including old exams, 
textbooks, course material, course webpage, a syllabus, 
draft questions, problem sets, and solutions. One of the 
main challenges in creating a draft exam is comparing 
potential questions from multiple TAs. People often 
come to the meeting with a set of overlapping potential 
questions and a syllabus or exam template describing 
the final exam format. This content arrives in different 
forms, some of it digital. 

Current practice is to print individual copies for 
everybody, so that all participants have a copy that can 
be annotated and arranged. Sections of questions are 
commonly removed, reworded, and combined with 
questions from other sources to create the final content 
for the exam. Paper is chosen over an electronic 
medium because of its increased micro-mobility in a 
collaborative environment. The paper draft, however, 
must be retyped and recombined after the session, 
requiring an extra step where most of the group doesn’t 
have input. An alternative is to type during the session, 
which changes the collaboration dynamics by giving 
one person more power, as the meeting outcome is 
filtered through the “scribe.” 

A second challenge in meetings of this type is in 
versioning and numbering of questions and drafts. 
With multiple versions and a great deal of content, it 
was often difficult to keep track of what document was 
which, at what time it had been created or edited, and 
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