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Abstract 
Digital tabletop systems are currently receiving considerable attention, but present systems do 
not allow the fluid and natural work that is evident when people work around a traditional table. 
This fluidity is particularly obvious in highly-integrated collaboration, where people work 
together in a closely coordinated fashion. Highly-integrated collaboration is common on regular 
tables, but is not well supported in digital tabletop systems. As a first step in determining how 
this support can be added to digital tables, we carried out an observational study of groups doing 
highly integrated tasks on regular tables. We saw that people perform several kinds of actions 
around tables that have not been considered before in digital table design, and we also found that 
digital tables impose several physical constraints on highly integrated collaboration. These 
findings suggest possible design opportunities that can help digital tables improve support for 
highly integrated collaboration, and can help make digital tabletop systems a compelling 
alternative to the traditional table. 
 
Keywords: digital tables, tabletop displays, human-computer interaction, computer-supported 
cooperative work, highly integrated collaboration 
 
Introduction 
Tables are one of the most common and the most well-known settings for human collaboration. 
This is because tabletops naturally support shared work: they allow people to display and 
manipulate task artifacts, they enable verbal and gestural communication, and they make it easy 
for people to stay aware of others’ actions. Because of these natural advantages, digital table 
systems have recently attracted considerable attention from researchers in human-computer 
interaction and computer-supported cooperative work. Despite this interest, however, current 
digital tabletop systems still do not support group work nearly as well as do traditional tables. 
 
Much of what we know about digital table design has been based on studies of group work on 
regular tables, and on analyses of how digital table systems can fit into existing interaction 
patterns (e.g., Kruger et al. 2003; Scott et al. 2004, Tang 1991). One style of group interaction 
that is common on regular tables, but that has not yet been studied in detail, is highly-integrated 
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collaboration. In this type of work, communication and coordination demands are high, and 
people work closely together to achieve group goals (Pinelle 2004). Highly-integrated 
collaboration is a an important part of many tasks that are commonly carried out around tables, 
such as brainstorming activities, group design tasks, and project planning. In each of these 
activities, there is a high level of interdependence between group members, and people interact 
frequently. For example, in design tasks, each person may be involved in drawing and annotating 
the proposed design, and all participants may communicate with each other throughout the task 
to develop plans and to make decisions. Most group tasks do not use highly integrated 
collaboration exclusively, but it is more common in some task types than in others. For example, 
some group activities, such as writing and programming, allow group members to divide the task 
and work individually, and they may only come together to work in a highly integrated fashion 
for a short time when they merge their work. 
 
Most tabletop systems do not provide explicit support for highly integrated collaboration, and it 
is not clear how digital tables should be designed to support this interaction style. For example, 
as described by Scott et al.(2003), many digital table systems provide a single input device, so 
users cannot interact concurrently with digital objects and workspaces. Furthermore, designers 
have not considered other issues that are important in highly integrated work, such as how 
support can be provided to allow individuals to hand items to another group member, or how 
workspaces should be designed when users’ activities blur the distinctions between individual 
and group workspaces. 
 
Our goal in this paper is to identify design principles that will make digital tabletops support 
highly-integrated collaboration more effectively. We wish to develop a more detailed 
understanding of highly integrated activities on regular tables, and to identify ways that digital 
table systems can be designed to support this style of group interaction. Since real world tables 
and digital tables both play similar roles in the collaborative process (i.e., they both act as work 
surfaces and storage spaces for shared and individual work), we decided to start by studying 
highly integrated work on regular tables. In our study, we asked eight groups to carry out four 
tasks that require highly integrated collaboration. We analyzed the results to identify general 
work and collaboration patterns that are relevant to designing digital table systems.  
 
We saw several types of group interaction that seemed to be common and frequent, but that have 
not been considered in the design of digital tables. In addition, however, we saw a number of 
problems for the collaborators that appeared to arise from the constraints of physical artifacts and 
workspaces. From our observations, we developed five new design opportunities for digital 
tabletops: 

·  Enable users to create movable work surfaces 
·  Enable users to access distant items 
·  Use flexible ownership rules 
·  Make artifacts and actions visible to others 
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·  Provide mobile menus and tools 
 
In the following sections, we describe how we carried out our study, and then report on what we 
saw and the design strategies that we developed.  
 
Tabletop Collaboration 
There are good reasons to conduct group work on tables. Tables provide a common work surface 
that groups can use in their shared work. They can lay documents and other objects on the 
tabletop, and they can easily carry out collaborative activities using those items. The table 
provides a work surface where people can carry out activities such as writing and drawing, and 
they can immediately share their results with others. When people need to work concurrently on 
a group project, they can directly observe others’ activities, and they can easily coordinate their 
actions. 
 
Tables also have physical constraints that, in some instances, can make collaboration 
challenging. Unlike vertical work surfaces (e.g., chalk boards, white boards, smart boards, 
computer monitors), each person has a different perspective of the items on the table. Documents 
may be far away from some people, or may be turned sideways or upside down, making it 
difficult for them to comprehend the content and to contribute to actions that require access to 
the items.  
 
Recent studies of group activities on regular tables have provided new insights into how work is 
organized and into how digital tables systems can be designed to fit into the group process. 
Kruger et al. (2003) studied how collaborators use the orientation of objects in real-world 
tabletop tasks. Their findings indicate that collaborators use orientation to comprehend 
information, to communicate, and to coordinate work. Orientation enables comprehension since 
repositioning an object enables individuals to easily read an object or to carry out a task using the 
object. Changes in objects’ orientations also allows individuals to communicate information to 
others—when an object is turned toward an individual, it is clear that he or she plans to use that 
object. Similarly, when an individual turns an object toward others, it is clear that any ensuing 
verbal and gestural communication will probably refer to the object. 
 
Scott et al. (2004) found that groups automatically divide the space on the tabletop into three 
territories: personal, group, and storage. The territories are not necessarily mutually exclusive, 
and they are partially based on users’ positions around the table. Personal territories are used to 
support individual work, and each individual’s personal territory is usually located directly in 
front of them. Group territories and storage territories are shared spaces; group territories are 
usually located outside of personal territories, often in the center of the table. Storage territories, 
which are used to store task resources, often overlap other territories and migrate around the 
table. 
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Kruger et al. (2003) found that collaborators also partition the space on the table using the 
orientation of artifacts. Artifacts that are oriented toward an individual help to establish their 
personal workspace, and artifacts that have a neutral orientation help to establish the group 
workspace. They also found that orientation has a strong association with the ownership of 
artifacts, and when artifacts are in close proximity to a person and are turned toward them, others 
see them as being owned by that person. When artifacts are oriented toward others or have an 
arbitrary rotation, people tend to see them as being available. 
 
The observational study 
We were interested in learning how digital table applications can best be designed to support 
highly integrated collaborative work, so we investigated how these tasks are carried out on 
regular tables. We felt that observing real-world activities would provide us with information 
about how groups organize these tasks and how they coordinate their activities. This would 
enable us to gain deeper insights into how digital table designers can develop systems that will 
seamlessly fit into typical group processes.  
 
We asked eight small groups to carry out tasks that required highly integrated collaboration. We 
included four different task types: 1) a stencil task, 2) a storyboard task that used a large poster 
board, 3) a storyboard task that used a series of small poster boards, and 4) a construction task 
where participants built a 3-D puzzle. We included several tasks since we were interested in 
observing a range of behaviors that can occur in highly integrated collaborative situations. While 
we are unable to study every possible work situation, we included tasks with varied collaboration 
requirements (see Table 1) so that we could improve the chances that our design conclusions will 
generalize to other highly integrated collaborative situations.  
 
Table 1 provides an overview of the main differences between the tasks in the study. Each varies 
according to the level of physical coordination that is needed to negotiate access to tools and 
supplies and according to the level of communication that is needed to plan and carry out the 
activity. In those that require high physical coordination, people must exchange tools and 
supplies on an ongoing basis to complete the task; in those scored as moderate, the objects are 
easier to partition, and the demands are less intense. In the tasks with high communication 
demands, ongoing planning and communication is needed to complete the task (e.g. develop a 
story as a group), and these demands are minimal in the activity that is ranked as low. 
 

Task Physical 
Coordination 

Communication 
Demand 

Stencils High low 
Storyboard (large) High high 
Storyboard (small) Moderate high 
3-D puzzle Moderate moderate 

Table 1. Overview of tasks 
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Two groups of participants carried out each task, and groups were made up of 3 or 4 people. A 
total of 26 people participated in the study, and each person participated in only a single session. 
Session length ranged from 45 to 90 minutes. All participants were university students with 
varied cultural backgrounds. Most were computer science majors (20/26), and 21 were male, 5 
were female. Their ages ranged from 21 to 35, and the mean age was 26. 
 
All tasks were carried out on a rectangular table (62 in x 49 in), and each group member was 
seated at a different side of the table during the sessions. The participants were given a general 
task goal and a set of equipment, but they had to decide how they would coordinate their efforts 
during the activity. Each session was videotaped for later analysis.  
 
Task 1: Stencils. Groups were given a 28in x 22in poster board that had a 35-word phrase 
stenciled on it in block letters, and each printed letter had a colored dot in it (see left image in 
Figure 2). Participants were given a set of supplies: a pair of scissors, a box of 8 colored markers, 
a glue stick, a pad of drawing paper, and a set of cardboard stencils. They were asked to use the 
stencils to draw the letters from the phrase on the drawing paper, and to color the letters using 
the markers so that they matched the corresponding colored dots from the poster board. Group 
members were instructed to cut out the letters, and to use the glue stick to attach them to the 
corresponding letters on the poster board. The goal of the task was to completely cover the 
phrase printed on the board. 
 
Task 2: Storyboard with a large work surface. Groups were asked to build a storyboard on a 28in 
x 22in poster board by cutting images from magazines, gluing them to the poster board, and 
annotating the images with markers (see left image in Figure 3). They were given a stack of 
magazines, a glue stick, a set of markers, and a pair of scissors. Group members were asked to 
look through the magazines to identify a set of images that could be assembled to tell a story. 
The theme of the story and the layout of the images was left to the discretion of the group 
members. They were asked to include roughly 20 to 30 images on the story board, and to use the 
markers to write a narrative on the storyboard so that the story would make sense to an outside 
observer.  
 
Task 3: Storyboard with small work surfaces. Groups were asked to carry out the storyboard 
activity described in task 2, but the poster board was cut into four smaller (14in x 11in) pieces 
(see left image in Figure 1). The participants were asked to glue images to each of the boards, 
and to annotate the images as in the previous task. They were also asked to provide annotations 
to indicate how the story progressed as the narrative moved across the boundaries of the poster 
boards.  
 
Task 4: 3D-puzzle. Groups were asked to complete a 327 piece 3-D puzzle. The pieces were 
spread out on the table for the group members, and they were given an instruction sheet that 
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described the proper building order (see right image in Figure 1). The puzzle was a scale model 
of a 4-sided building, and to complete the puzzle, participants had to assemble sections in the 
proper order (e.g., the base before the roof, the interior before the exterior).  
 
Results 
We analyzed the videotapes from each session to identify strategies that groups used to manage 
resources and workspaces, and to plan and carry out tasks. We looked for elements that were 
common and repeated across tasks. Our findings show that there are advantages to working on 
tables since they allow people to closely coordinate their activities. However, we also found that 
there are potential disadvantages to working on tables, and that people found it difficult to 
coordinate their activities in some situations. In the next sections, we discuss the main findings 
from the video analysis – these observations form the basis for the design principles discussed in 
the next section.  
 
People regularly acquired items from distant parts of the table 
We found that people frequently switched between tools and supplies but that the item they 
needed was often out of their reach. This was partially the result of the shape and dimensions of 
the table where the study was carried out—a person sitting at any edge of the table would have 
difficulty reaching some areas on the tabletop. People adopted two common strategies in 
obtaining items that were out of their reach. First, they stood and leaned forward across the table 
to reach the item, or they stood and took a few steps around the table before reaching for the 
item. This is shown in Figure 1 (left), which shows a group working on the second storyboard 
task (task 3). A group member needs to retrieve a magazine that is at the far corner of the table. 
He takes a few steps, leans forward, and reaches across the table, disrupting the work of the 
person he is reaching across. Second, people also acquired items that were out of their reach by 
asking another person, who was closer to the item, to hand it to them. Figure 1 (right) shows a 
group working on the 3-D puzzle task, and the person on the left needs a puzzle piece that is 
located out of his reach. He gestures to the person sitting nearest to the piece and verbally asks 
him to pass it across the table. Although both of these strategies (reaching and asking) do provide 
a strong sense of awareness in the group (since people have to stop their own activities in order 
to interact), there are many cases where obtaining distant objects can cause too much interruption 
and distraction. 
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Figure 1. The person on the near right stands and reaches across the table to retrieve a magazine 
(left).The person on the left asks for a puzzle piece (right). 
 
People took items from others’ personal spaces 
We found that people used the area in front of themselves as a personal work area (as Scott et al. 
have observed), and that they kept current work items in this space. In many instances, however, 
people reached into others’ personal spaces and took items that they needed to complete their 
own tasks. People appeared to use a flexible set of ‘social protocols’ for determining whether it 
was appropriate to reach into another person’s space: for example, people did not take an item 
from a personal space when the person was holding it in their hand, when they were directly 
working with it (e.g., writing on a page, cutting paper with scissors, etc.), or when they had 
placed a hand or arm on top of it. Figure 2 (left) shows a group working on the stencil task, and a 
person reaches across the table to take a sheet of paper that is in front of the person on the left. 
Figure 2 (right) shows a person leaning forward across the table to take a puzzle piece from 
another person’s personal space. 
 
Although reaching into another person’s space may seem to be a violation of rules about 
personal territory, these actions did not interfere with the group process in a noticeable way. 
Having flexible access rules about personal space actually appeared to provide a low-cost means 
for coordinating group activities – one that did not require people to engage in communication or 
negotiation. In these tasks, individuals exchanged tools and items frequently. Since individuals 
did not always need to explicitly negotiate access or ask others to pass an item, the only person 
who needed to expend effort in these instances was the individual who was retrieving the item.  
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Figure 2. Person at top takes a piece of paper from another’s personal space (left). Person on 
right reaches into another’s work area to take a puzzle piece (right).  
 
People changed their personal spaces during tasks 
Several researchers have shown that people tend to carry out their individual activities in the area 
of the table that is directly in front of them (Scott et al. 2004; Kruger et al. 2003). We also found 
that this was the most common way that people managed their personal spaces during our 
sessions. However, in the highly integrated parts of tasks, we saw instances where individuals’ 
personal workspaces changed significantly over the course of a session. At times, their 
workspaces expanded, contracted, or shifted to different locations on the table. Figure 3 (left) 
shows an example where a person’s workspace shifted into another person’s personal space. The 
person on the left is writing on the poster board and works in close proximity to the person at the 
far end of the table. Figure 3(right) shows a person who worked closely with the person on the 
left, so he shifted his personal workspace to the center of the table for several minutes. The 
ability to flexibly shift workspaces clearly assisted groups as they changed their roles and varied 
their activities during the task. 
 

  
Figure 3. Person on left works in another’s personal space (left). Person on right works in the 
middle of the table (right). 
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People had difficulties managing access to small shared workspaces 
In some of our tasks, activities were carried out in a small shared area on the table. We saw that 
group members often had difficulties with coordinating access to the poster boards that were 
used in tasks 1 and 2. They were usually positioned so that some people could access them easily 
while others had problems due to orientation and positioning differences and due to limited 
physical space in the work area. 
 
In the first storyboard task (task 2), group members had to build a storyboard using images and 
annotations on a poster board. The poster board acted as a constrained workspace where the 
group pasted images and wrote a narrative, and at times, group participation was limited when 
individuals had difficulties with accessing the work area. Figure 4 (left) shows a group carrying 
out this task. The participant on the right drew arrows on the poster board, while the person on 
the left wrote annotations. The poster board was turned 180 degrees from the person that drew 
the arrows, but in this part of the activity, orientation differences were not a problem. However, 
the person who wrote annotations was facing the poster board, and was the only one that was 
properly positioned to carry out this activity. The third group member did not participate since he 
was unable to write on the board from his position, so he watched the others. 
 
The second storyboard task (task 3) allowed people to work in parallel and without the access 
problems seen in tasks 1 and 2. Figure 4 (right) shows a group working with the small poster 
boards. Each group member moved a board into their personal space, and they added annotations 
and pasted images onto the board from that position. Groups still discussed the overall story and 
coordinated their efforts, but the physical coordination problems were minimized. 
 

  
Figure 4. Person on left annotates storyboard while person on the right draws arrows (left). All 
three people work in parallel on separate poster boards (right). 
 
People reoriented movable work surfaces 
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The poster boards used in the storyboard and stenciling tasks acted as common work surfaces 
that held the artifacts that were created by the group. While the table itself can act as the 
workspace in group activities (as seen in the puzzle task), the poster boards allowed people to 
separate the workspace from the table itself. We observed groups moving and reorienting poster 
boards, along with the artifacts that were placed on them, so that others could interact with them 
more effectively. 
 
In the tasks that used large poster boards, people reoriented the boards to enable participation by 
group members. However, they often had difficulties with moving the boards since they 
occluded or collided with other tools and supplies on the table. Figure 5 (left) shows a group 
carrying out the storyboard task using a large poster board. The person at the far end of the table 
put his hands on the board and attempted to rotate it toward him. However, it collided with the 
magazines that covered the table, and he quickly gave up on his attempt. 
 
In the storyboard activity that used several small poster boards (task 3), we saw that reorientation 
was easier. The boards were easy to handle and occlusion was not a significant problem, so 
people reoriented and repositioned them regularly. Figure 5 (right) shows a person holding a 
small poster board and turning it toward the other group members. He raises the board into a 
vertical position to give it has an orientation that enables all group members to understand its 
content. 
 

  
Figure 5. Person at top attempts to reorient the large poster board (left). Person at right reorients 
a small poster board and discusses it with others (right). 
 
Design implications 
In the next sections, we discuss the implications that our findings have for the design of 
collaborative digital table applications. The implications are based on the main observations 
from the video study:  
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1. Collaborative work on regular tables is seamless in most instances—the physical setting 
allows people to communicate easily and directly observe others’ actions, resulting in 
smoothly coordinated group work.  

2. The physical constraints of the table can also make some activities challenging. People can 
have difficulties with managing access to shared spaces and artifacts, and this can have a 
negative influence on their participation in tasks. 

 
The design principles that we introduce below can help digital tables foster seamless 
collaboration in groups and potentially improve on some of the difficulties of co-present work. 
Although we have not implemented the design principles in tabletop systems, we see them as a 
set of new design directions for tabletop researchers – directions that are strongly grounded in 
knowledge of the way that groups really work.  
 
Enable users to create movable work surfaces 
In three of our tasks, we provided people with poster boards that acted as a shared work surface 
for group projects, and in the puzzle task, people worked directly on the tabletop. One of the 
main benefits of working on a poster board was that people were able to manipulate items as a 
unit so that the relationship between them was preserved. People could move pictures and 
stenciled letters by repositioning the poster board—it acted as a movable workspace that fit 
between the table surface and the artifacts. In the 3-D puzzle task, the work was carried out 
directly on the table surface, and people could not move and manipulate pieces as a unit until 
they were physically connected. The absence of an underlying, movable work surface meant that 
when a set of separate pieces needed to be moved, they had to be repositioned one at a time. 
 
In spite of the benefits of carrying out tasks on a poster board, groups also had difficulties when 
they had to coordinate access. At times, the boards were not within easy reach of some people, or 
they were turned so that they could not easily participate in some tasks such as writing on the 
work surface. Also, the limited size of the poster boards could make it difficult for several people 
to work together concurrently in the space. 
 
Digital tables can be designed to provide people with the benefits that are seen from working on 
a poster board, and to help them overcome access difficulties that come from working on shared 
work surfaces. A possible strategy is to allow users to create movable work surfaces that can be 
placed underneath digital artifacts. This would enable a weak grouping to be established between 
the artifacts that are positioned on top of the surface. Each artifact could still be manipulated 
separately and could be moved off a work surface. The work surface could provide a flexible 
means for moving and manipulating the artifacts as a unit. A range of operations would be 
possible, such as resizing, moving, rotating, and deleting groups of items. Figure 6 shows an 
example of how movable work surfaces could be added to a system, and the pictured artifacts 
could be manipulated using the underlying surfaces. 
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Figure 6. The system allows users to place artifacts on movable work surfaces that allow artifacts 

to be manipulated as a group. 
 

The idea of workspaces as separate entities that are distinct from the artifacts and the table itself 
adds a considerable degree of flexibility to the way that collaboration can be organized on a 
tabletop. It can, for example, shift the system from a ‘single-display’ groupware system to one 
that is more like a distributed groupware system. This shift can be seen in the ways that 
workspaces could be manipulated by users: in the next paragraphs, we propose several ways that 
movable workspaces could be manipulated on digital tables: they could be split into several 
parts, they could be duplicated temporarily, and they could be freely reoriented as required by 
the collaboration. 
 
Enable users to split workspaces into several parts. In some highly integrated activities, work 
takes place in a limited area, and it can be difficult for more than one person to work 
concurrently in the space. Digital tables can address this problem by allowing people to split 
workspaces into several parts. This would allow users to move the parts of the workspace that 
they are working with into their personal work areas so that they can access them more easily. 
Once their individual work is complete, they can merge the parts with the main group 
workspace. Figure 7 (left) shows an example of this, where the person at the top of the table 
works with the main workspace, and the users at the left and right have split off parts of the 
workspace and have moved them into their personal work areas. 
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Figure 7. The system allows workspaces to be split into several parts (left); the system allows 
workspaces to be cloned (right). 

 
Enable users to create temporary replicas of workspaces. In the last section, we suggested one 
possible way that digital tables can help improve access to workspaces. Another possible 
approach is to allow users to create temporary replicas of an existing workspace. This would 
enable each user to access the entire workspace, regardless of their position at the table. Digital 
table systems can allow users to move and reorient the replicas so that several users can work on 
a project concurrently. Figure 7 (right) shows a possible implementation of this approach. The 
person at the top of the table is working with the parent workspace, and the other users are 
working with replicas of the parent workspace. This is similar to the style of work that is 
supported in distributed groupware systems, where each person has their own WYSIWIS (what 
you see is what I see) view of the workspace (Stefik et al. 1987). We expect that some of the 
design approaches that have been seen in distributed groupware research may be needed here as 
well – such as providing each user with visual representations of others’ activities in the 
replicated workspaces so that they can maintain awareness, use social protocols to manage 
concurrent access, and coordinate their activities at a fine-grained level. 
 
Enable users to reorient workspaces. Many tabletop interaction techniques only allow users to 
reposition single objects, and do not allow them to move aggregated items as a unit (e.g. Liu et 
al. 2006; Kruger et al. 2005). Scott et al. (2004) suggest that digital table systems should allow 
users to move aggregated piles of items. However, our findings lead us to conclude that more 
refined control is needed, and that users need considerable flexibility in managing reorientation 
on tabletops. Interaction techniques can be developed to enable users to specify a work area and 
to rotate and translate the content so that the relationship between the artifacts is preserved. This 
is different from ‘grouping’ as implemented in many drawing programs, because individual 
items can be freely moved relative to one another inside the workspace (without needing to 
ungroup first). Figure 8 shows a possible implementation of this approach, where users have 
selected a rectangular workspace. They are rotating the workspace and the artifacts that are 
contained in it in a counterclockwise direction. Although the figure shows a central workspace, 
split and replicated workspaces would be rotatable as well. 
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Figure 8. The system allows reorientation of workspaces. 
 
Enable users to access distant items 
During some tasks, group members regularly switch between a series of tools and objects, but 
the needed items can be located out of their reach. In our observations, individuals were able to 
overcome this by standing up and leaning across the table to retrieve an item or by asking others 
to pass it to them. On digital tables, interaction techniques have been proposed to help users to 
access distant items more easily (Nacenta et al. 2005). For example, Parker et al. (2005) describe 
TractorBeam, a technique that allows users to point at remote items using a ray that projects 
from the end of a stylus. Figure 9 (left) shows a possible extension to the TractorBeam technique 
that allows users to retrieve items from across the table by pointing at them. Interaction 
techniques should also be designed to enable users to physically exchange items in a seamless 
fashion—either synchronously where a user can directly hand an item to another user, or 
asynchronously where a user can place an item in close proximity to another user. Figure 9 
(right) shows an interaction technique that enables synchronous handoff of items between users. 
 

  
Figure 9. The system provides interaction techniques to allow users to retrieve distant items 

(left); the system allows users to hand items to others (right). 
 
Use flexible ownership rules 
Many groupware systems allow users to lock their workspace so that others are not able to 
modify their work. However, in highly integrated tabletop work, our observations show that 
individuals regularly reach into others’ personal work areas to retrieve items that they need for 
their own activities. This did not cause any obvious problems with the group process, and this 
style of coordination enabled the group to function efficiently since explicit coordination was not 
needed to exchange items. Therefore, in highly integrated work, ownership policies that restrict 
users’ ability to reach into others’ workspaces have the potential to impede the group process. 
Tabletop systems should enable the use of social protocols for access to items, personal 
territories, and workspaces. Figure 10 shows an implementation of this, where the user on the 
bottom is retrieving an item from the personal space of the user on the left. Designers should 
have an understanding of the style of interaction that systems are going to support, and should 
provide ownership policies that are appropriate to the work style. In highly integration activities, 
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they should consider eliminating explicit ownership policies and allow users to establish access 
rules through social protocols.  
 

 
Figure 10. The system allows users to take items out of others’ personal workspaces/ 

 
Make artifacts and actions visible to others 
Although people take items from others’ personal spaces, they only do so in appropriately 
situations (e.g., they do not take items that people are working with directly). The way that 
people determine the appropriateness of their actions is through a detailed understanding of the 
other person’s tasks and activities. Detailed information about artifact use and about items that 
are stored in an individual’s personal space is easy to obtain on regular tables. However, on 
digital tables, design choices can influence users’ perceptions of others’ activities and of the 
availability of items in their workspaces. To enable users to coordinate access to items, digital 
table designers can make all artifacts visible to the group, and interaction techniques can be 
implemented so that it is clear to others at the table what activities an individual is engaged in—
what tool they are holding and what artifacts they are working with. This can allow users to 
determine which items they can take, and which ones are not currently available. This approach 
is similar to Scott et al’s (2004, p. 302) design suggestion that tabletop systems should make 
actions visible and transparent to others, but here we suggest more specifically that this visibility 
must extend to artifacts and fine-grained actions that are carried out in users’ personal spaces. 
 
Provide mobile menus and tools 
At times, group members’ workspaces shift to different regions of the table. During our 
observations, most individuals carried out their work on the area of the table that was directly in 
front of them. However, in some instances, they spend considerable time working at other 
locations—at the center of the table, or in another person’s personal space. This suggests that 
menus and other tools that are designed for highly integrated collaboration need to be mobile, 
and if tool support is linked with specific predefined territories on a table (as suggested by Scott 
et al. 2004), this support must be flexible so that people can reconfigure their workspaces 
according to task demands and according to the specific strategies that are used by the group.  
 
Conclusions 
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Our findings provide new insights into how tabletop applications can be designed to support 
highly integrated collaboration. Most of the design approaches that are proposed here are new 
and are not implemented in existing digital table systems. We do not expect our findings to 
necessarily be applicable in every type of work configuration that might be encountered in 
tabletop work. However, we expect that they will generalize to other tasks that have highly 
integrated components, particularly to those activities that share some similarities with the ones 
that we included in our study.  
 
Some of our findings and proposed design approaches diverge somewhat from those of other 
researchers working on tabletop design issues. Since we focused on the highly integrated parts of 
tasks, and other researchers observed activities with different configurations, it is understandable 
that we would reach slightly different conclusions. This shows that task organization varies 
significantly on tables, and that design strategies, including such basic issues as interaction 
techniques and workspace layout, may need to be selected based on the type of task that is being 
supported.  
 
In the future, we plan to implement the design strategies in digital table applications so that we 
can evaluate them further. We are also interested in carrying out further studies of other tasks 
and collaborative styles to help further define the design space for digital tables. 
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