
 

M. Kurosu (Ed.): Human-Computer Interaction, Part IV, HCII 2013, LNCS 8007, pp. 348–357, 2013. 
© Springer-Verlag Berlin Heidelberg 2013 

Research on a Large Digital Desktop Integrated  
in a Traditional Environment for Informal Collaboration 

Mariano Perez Pelaez, Ryo Suzuki, and Ikuro Choh 

Waseda University, Department of Intermedia Art and Science, Japan 
mperez@aoni.waseda.jp, reputless@gmail.com, choh@waseda.jp 

Abstract. We are building a digital desktop system designed to support the 
tasks that are usually performed around the traditional desktop. Tabletop 
platforms are not new environments, especially as a research topic, but most of 
the existent systems try to adapt the computer work style or only serve as 
platform for experimenting with new features. In contrast our targets are to 
support the traditional work flow around desktops, not forcing the users to 
modify theirs methods and to build the system as a complete tool for everyday 
tasks We want to provide a usable environment with computer-support features 
for raising productivity and enhancing the user experience. For doing this we 
realized a field study about the traditional desktop activities and with this 
knowledge we designed new tools and features that fit the user real needs and 
environment. 
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1 Introduction 

1.1 Research Outline 

We consider as a traditional desktop a large table in which many users can get together 
to perform a task and to collaborate. Desktops are placed everywhere, from schools to 
offices, and therefore are common places for informal collaboration, creation of 
documents, brainstorming, meetings and a large variety of activities that involve 
different users working together and creating or sharing information. These activities are 
susceptible to be enhanced by computer support with the system we propose. We define 
a digital desktop as a computer-based desktop or tabletop capable of detecting the 
interaction of users on it (usually their fingers or other tools) and project information on 
the surface. Our system prototype is basically a wide digital desktop. 

We are building a digital desktop system for collaboration and automation of 
activities performed on traditional desktops, especially those involving workgroup. As 
the base of our system, two desktops provide a very large workspace in which we 
project interactive digital information that can be created or manipulated by the users. 
We are focused in providing the users a work environment for performing everyday 
tasks, with support features in order to improve the productivity, the quality of the 
resulted contents and for a better user experience in global. 
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The current version of our desktop environment is the result of an evolving 
tabletop system that we are developing in our laboratory [1][2][12]. The project 
started as a tool for document creation but now has become more open system for any 
kind of tasks related to the desktop.  

 

Fig. 1. The prototype of the digital desktop 

1.2 Research Targets 

From our experience in previous digital desktop researches, we decided the following 
targets and minimum requirements for our platform: 

• Integrated with a traditional environment and non-intrusive. When working on the 
desktop we use different tools as notebooks, pens, laptop computers, etc.  
The system should allow the users to work with their traditional tools and with the 
desktop system at the same time. 

• With a natural interaction model and a minimal interface. We do not want to 
replicate the traditional computer WIMP model or any other, but to design a simple 
interaction model that does not interfere with the work on the desktop. In other 
words, we want to provide to the users an interaction model as near as possible to 
the real desktop. 

• The system should be a platform for collaboration. The system should allow 
groups of users to work in the desktop at the same time and the easy sharing of 
information between them. 

• Computer based support features. With the previous targets we only had a system 
with the same functions of a traditional desktop. But we want to add new 
computer-supported features and tools to enhance the work on the desktop in 
different fields. These features will include automation of some tasks. 
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• Useful in different situations. As the activities performed on a desktop are very 
different (from working alone to a group meetings), we want the system to support 
as many situations as possible. 

• External connectivity. The digital desktop will allow other devices to connect with 
the desktop and import/export/manipulate the information on the system. 

• Remote location users support. As a collaborative platform, the digital desktop 
should also let remote users to collaborate with the users at the desktop in real time 
or asynchronously. 

In consonance with these targets, to provide solid support to the users real needs and 
to respect their work process, we decided to perform a field study on traditional 
desktops environments described in chapter 2.  
 

 

Fig. 2. Prototype structure 

1.3 Background and Previous Researches 

One of the first researches on digital desktop is the DigitalDesk [4], which introduces 
a desktop with projected information or applications and with the possibility of 
physical document text recognition for interacting with these applications. Other 
researches explored the desktop as a meeting and workgroup place for support  
co-located or remote collaboration [6][7] or add new features as document 
management [10].  

Systems as SketchSpace [3] or ReacTable [8] explored ways of interacting with 
physical objects as part of a tabletop. Reactable used blocks that can be linked in a 
digital desktop environment to perform music. The research of Fiebrink, “Ensemble” 
[4], mixes physical devices in an interactive tabletop for sound edition, discovering 
that the users prefer to use physical devices rather than those based on a touch-
capable desktop. Other researches as [11], which use physical tools similar to pencils, 
cutters and magnifiers for painting, obtained good evaluation by the users. From these 
researches we discover that users will prefer a physical tools depending of task they 
are performing. 

Projectors and cameras 

Projector 

Depth camera 

Computers 

Vertical screen 

Desktop workspace 
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Hartman [5] also studied how to introduce traditional input devices (keyboard and 
mouse) inside an interactive workgroup desktop environment. The researchers of 
SLAP widgets [14] proposed a set of physical objects for interact with a digital 
tabletop. Some of this objects are similar to traditional computers elements (buttons 
and keyboards) while other are more specially designed for the tabletop, as a knob 
that can be moved and rotated for selecting options or values in a menu. 

The system described in [9] also uses a tabletop environment combined with 
personal devices forming a common workspace for remote collaboration oriented to a 
creative task. 

2 Field Research 

2.1 Studying the Work Process 

We observed the use of traditional desktops inside the university environment 
(meeting room and group workspaces) for a period of 6 months. In order to support as 
many activities as possible, we covered different work situations and environments.  

We specially focused on which actions and how are performed for making a task 
analysis in order to divide each task in simple atomic steps that we can enhance or 
automate. We also pay attention to the elements that are manipulated in the 
workspace and are susceptible to be integrated in the system.  

Our target was also to differentiate the case when an interaction is with physical 
objects (traditional paper, notebooks, post-it, etc.), with digital information (using a 
laptop computer, tablet, etc. through a keyboard, mouse or other interface), or when 
both digital and physical are used together. 

Together with the environment observation, we also utilized a questionnaire 
responded by 17 graduate and post-graduate students and individual interviews. 

2.2 Results of the Study 

When studying the users around the desktop, we discover very different work styles 
and processes. We discovered that 90% of the users feel useful their current digital 
and physical tools but only a lower percentage, 33%, is also satisfied with its current 
remote collaboration tools (videoconference, chat, e-mail, etc.). The tools they used 
are very different, including from simple blank paper to advanced laptop computers. 

We also discovered, for example, that for sharing digital information between 
students that are working together, they print the document, creating a copy for every 
participant (even when a digital version is already available to all of them) or at least 
one hard copy in order to easily work on the same document while collaborating. We 
also discover other facts as they usually take a picture of the workspace when a task 
spans more than a session, in order to work individually or to recover the workspace 
to continue later. 

With these results we confirmed or refined our targets for integrating the existent 
desktop elements in the digital environment and to support collaborative work and the 
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sharing of information. We specially designed tools and features to support the most 
common actions we observed, as shown on Table 1.  

Table 1. Users most common actions and how are reflected in our system  

Action Original action System approach 
Creating a hand drawn picture or write a 
shor text 

physical Pen tools or connected device 

Sharing a element of physical 
information 

physical Scan tool with Clone tool 

Precise manipulation digital 
Pointing device of a connected 
device 

Sharing a element of digital information digital Clone tool 

Working on the same physical element 
by a group 

physical 
Clone Tool or personal device 
access 

Working on the same digital element by 
a group 

digital 
Clone Tool or personal device 
access 

Writing / editing long texts digital 
Personal device with keyboard 
input 

Workspace save/restoration 
digital and 
physical 

Automated 

Document layou creation 
digital and 
physical 

Automated 

Searching or reviewing old information 
digital and 
physical 

Recovery tool or review tool 

Searching for reusing previous work 
digital and 
physical 

Review tool and recovery Tool  
or Clone tool 

3 The System 

3.1 System Description 

At a glance the environment looks like a simple traditional desktop with a vertical 
whiteboard. Actually the system can be used completely as an "analog" desktop, using 
the digital extensions only when needed.  

The system workspace consists of two large desktops with three depth cameras, 
two traditional cameras and two computers for managing the information (Fig. 2). 
The depth cameras manage the user interaction while the traditional cameras are used 
for image acquisition. The digital information is projected on the desktops and on the 
whiteboard using three projectors located on top of the system. 

The touch recognition algorithm we use let the users to utilize the environment as a 
traditional desktop placing their laptop, notebooks or any other personal item on it 
without interfering with the system digital features.  

3.2 Information on the System 

The elements of the digital desktop can be of three different basic types: image, text 
or groups of elements. The users can manipulate freely these elements by direct touch 
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interaction. New elements can be added by grouping elements, uploading a file, 
downloading it from the Internet or from a connected device as described in 3.4. 

This high simplicity of elements can be an inconvenient for complex tasks or those 
which need specific information types, but reduce the overhead of information a user 
needs to learn for utilize the system. By this principle we also do not use gestures to 
interact with these elements, as any other than moving has a low user evaluation [13]. 

In order to support specific situations, the system allows extending these basic 
types. As extensions we already developed a movie and a web browser types. These 
extensions are only activated when needed in an activity. 

Also with the elements groups the system only control that certain elements are 
grouped, but it is possible to extend the system default with interpreters, giving 
meaning to groups and changing the way they are displayed. For example, a common 
group type is the “page” type, and by grouping pages we can create a “book” type that 
displays only two pages navigated with a flip animation. 

 

Fig. 3. Using a physical tool, a cutter, with digital information  

3.3 Tools Based on Physical Counterparts 

Touch interaction is a natural form to manipulate digital information, especially for 
moving and grouping elements, but is not adequate to other tasks performed in the 
environment. Depending on the situation, a more precise or specific input method is 
better than direct touch, as in the case of complex drawings, precise operations or 
manipulating a huge number of digital elements.  

For some of these situations we propose the use of physical tools that are 
specifically well designed to perform certain tasks with physical elements to perform 
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the same or similar role with digital elements. When using these tools, our system 
recognizes the arms and hands that are holding them, in order to not interfere with the 
tool operation. 

We first provided a set of colored pens to draw free hand on the system. The use is 
straightforward: take a color pen and draw directly on the desktop exactly as  
when using a pen on paper. It is possible to use the colored pen tools with other 
traditional tools as, for example, a ruler to draw straight lines. The same approach  
is used for the rest of tools of this category. For example we provide a cutter which 
can be use to divide digital images (Fig. 3) or documents, an eraser to delete 
information from the desktop, or a clone tool (in the form of a stamp) that can 
duplicate elements. 

3.4 External Devices and Online Connectivity 

Our tabletop system is not the only digital device that is used on the desktop. The 
users usually bring with them their personal devices as smartphones, tablets and 
laptop computers as valuable tools (almost 100% of the users bring any kind of digital 
device to the desktop and more than 50% is satisfied with them).  

In order to connect the system with external devices the users only need a web 
browser and to access a special web site created by the system, which give interactive 
access to a display of the desktop. The connection, in real time, not only allows the 
sharing of information between devices, but also is very useful to overcome some 
limitations of the environment. We can, for example, take advantage of the high 
resolution of a tablet to read more conveniently documents or use the keyboard  
of a laptop computer to input text without the need of dedicated devices. Different 
users can access and read the same document in their own devices, even if the digital 
copy on the desktop is not physically near of them, or if they are outside the 
environment. 

3.5 Automation and Other Features 

The system provides different ways of automate repetitive tasks. These features 
include the automated sharing of the desktop and the continuous storing and restoring 
of its contents. These stored contents can also be displayed as a timeline to better 
visualization of the work process or to extract old information. 

Other automation functionality includes the automated layout generation. Using a 
set of templates based on grid design and group of elements, the system can generate 
variation of the layout applied to the elements automatically. 

For sharing physical information the system provides a tool for scanning the 
contents of the desktop. The system performs the scan instantly using one of the high-
resolution cameras located on top of the environment, producing a digital copy 
automatically. If desired, the system can also process the image with an OCR 
algorithm to generate a digital text copy. This easy to use tool is a key point to break 
the barrier between physical and digital information without interrupting the 
workflow. 
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4 Evaluation 

For evaluating the system we are performing two different types of experiments. First 
we are evaluating each of the features independently after finishing the 
implementation to test its usability. Each tool was evaluated by groups of three users 
receiving mixed reactions. For example, the color pen tool received a neutral 
acceptance, while the eraser and the cutter are considered “fun to use”. 

The second type of evaluation takes small groups of 3 users (Fig. 4) for testing a 
wider set of features in simple tasks. Especially we are focusing in how they work on 
the environment and how they collaborate when co-located and when one user is in a 
distant location. We also ask the users to perform a similar task without using the 
desktop in order to compare the results and users preferences. The experiments till 
now show that these tasks took more time with the digital desktop than when working 
with a traditional desktop, but all the users feel that our system was useful and would 
use it in the future. In this stage, the difference of time can also be caused by the lack 
familiarization with the system features. 

 

Fig. 4. Three users working in the desktop during an experiment. 

5 Conclusion and Future Directions 

We are building an open and multipurpose large desktop system to support different 
situations involving collaboration. While testing it we become aware of some issues 
that affected very negatively the integration of the system with the users existent work 
style. Though the hands and objects detection has been highly improved in the current 
version of the system, there are still recognition failures, especially when there is an 
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obstruction in the cameras field of view. Due to the system layout, this is very 
common when a user is standing in certain position or by inclined laptops screens, 
creating a shadow for the tracking system. 

In the evaluation part we still need to evaluate the performance of a long time “real 
world” tasks as meetings. This is very important part of the evaluation of our system, 
but very difficult to execute as with too many users interacting at the same time the 
object detection system tends to become unstable and also so many users are difficult 
to control or guide while using the system. Also these situations results are very 
difficult to quantify, excluding the users reactions, so we are focusing on smaller, 
more controllable experiments. 

The preliminary evaluation data we have show us that, even if the users need more 
time to perform a task, they feel the system is enjoyable and useful. We hope this 
advances will collaborate in bringing the tabletops environments outside the 
laboratories, evolving to a point in which can support everyday tasks in different 
fields. We want make possible to reduce the time the users need to learn to use and 
effectively use the tools so they can dedicate more time to creative tasks.  
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