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Abstract

As large displays become more affordable, researchers
are investigating their effects on productivity, and
techniques for making the large display user experience
more effective. Recent work has demonstrated
significant productivity benefits, but has also identified
numerous usability issues with current software design
not scaling well. Studies show that larger displays
enable users to create and manage many more
windows, as well as to engage in more complex
multitasking behavior. In this overview, various
usability issues, including problems around accessing
windows and icons at a distance, window management,
and task management, will be discussedSeveral novel
interaction techniques that address these issues and
make users more productive across multiple sizes of
displays will be explored.
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Introduction

The increasing graphical processing power of the PC
has fueled a powerful demand for larger and more
capable display devices. Despite the increasing
affordability and availability of larger displays, most
users’ display space represents less than 10% of their
physical workspace area. Similarly, many of our current
interfaces are designed around the assumption of a
relatively small display providing access to a much
larger virtual world. How might users cope with and
benefit from display devices that provide 25% to 35%
of their physical desk area or perhaps one day cover
entire office walls? This question has been an issue of
interest for many researchers [2, 3, 4, 5, 10, 14, 19,
21, 22, 24, 29, 30, etc.]. To examine this issue, we
evaluated usability issues for large displays and
developed a series of research prototypes that address
various issues we discovered.

Because the ability to work with multiple displays has
been supported for some time in several operating
systems (OS) and due to the advancements of graphic
cards over the past ten years or so, a growing humber
of computer users take advantage of multiple monitor
(multimon) capabilities. Our own survey research
indicates that as many as 20% or more of the
Windows™ OS “information workers” today run multiple
monitors from one PC or laptop. Most users are aware
that running multimon is an option. The top reason
cited by participants in our survey for not running
multiple monitors was a fear of not having enough
physical desktop space. Display manufacturers have
already addressed this concern for liquid crystal
displays (LCDs) by building much smaller desktop
footprints, and by developing wall-hung displays. A
precipitous price drop has also occurred in the last few

years, and the average computer consumer can now
readily get 25% more pixels by buying dual 17” LCDs
instead of one 21” LCD for approximately the same
price. Since all laptop manufacturers are selling their
products with built-in support for multiple monitors, we
may see a dramatic increase in the number of users
who will be opting for more screen real estate (pixels)
by running multimon configurations when back in the
office, and we need to develop user interfaces that take
advantage of this possibility.

Grudin [13] documents the usage patterns of CAD/CAM
programmers and designers running multiple monitors.
Despite the limitations observed in current OS support,
multimon users clearly love the extra screen real
estate, and they adapt their windows and application
layouts optimally for the number, size, orientation and
resolution of their displays. Most current multimon
users claim they would never go back to a single
monitor. Robertson et al. [25] document a series of
user studies demonstrating productivity benefits from
using multimon or large displays with an eye toward
novel software applications that might better support
the way information workers multitask between their
projects and applications. These studies showed a
significant performance benefit as well as a satisfaction
preference for large displays.

While these studies demonstrate the advantages of
using large displays, we have found in our work that
there are also serious usability issues with how current
software systems behave on large surfaces. In the
remainder of this overview, basic usability issues and
proposed solutions will be described, including
accessing distal windows and icons and managing
multiple windows and tasks.



Cognitive Benefits of Large Displays

In addition to productivity benefits mentioned earlier,
Czerwinski et al. [10] also document results showing
that larger displays lead to improved recognition
memory and peripheral awareness.Tan et al. [31]
report a series of studies demonstrating the advantages
of large displays on 3D navigation in virtual worlds.
They show that while large displays increase
performance for all users on average, females improved
so much that the normal advantage male users have
over females in virtual 3D navigation disappears when
using large displays. These studies reveal that the
wider fields of view provided by large displays lead to
increased ability to process optical flow cues during
navigation, cues that females are more reliant upon
than males. They ran their studies on DSharp, a
seamless wide screen multi-projector display shown in
Figure 1, and found that the optimal field of view for
the tasks tested was about 100 degrees, the equivalent
of a triple monitor display. Thus, large displays actually
serve to eliminate a gender bias, at least for the set of
tasks tested. In separate studies, Tan et al. [33, 34]
also found that large displays provide for a more
immersive experience when performing spatial tasks,
such as navigating 3D environments. This immersion
allows the user to better perform navigation in 3D, in
addition to building better cognitive maps of the virtual
world.

Large Display Usability Issues

Several of the usability issues we have identified and
describe below were observed while evaluating the
productivity benefits of large displays using formal
laboratory studies [10]. Usability issues have been
identified by developing and deploying windowing

system logging tools to observe real Windows users in
the field, and by analyzing product support calls.

Gathering Data

It is difficult to adequately design for large displays and
multiple monitor systems without understanding how
multimon users differ from, or are similar to, single
monitor users. Therefore, a tool, called VibeLog [16],
was deployed to a group of single monitor and
multimon users to log window management activity.
We focus on window management activity in order to
discover higher-level patterns of activity for different
sized displays (e.g., the number of opened windows,
the frequency of window activation, and the frequency
of window movement). Analysis of the data collected
from this tool revealed that usage of interaction
components may change with an increase in the
number of monitors and that window visibility can be a
useful measure of user display space management
activity, especially for multiple monitor users. The
results from this analysis begin to fill a gap in research
about real-world window and task management
practices, and have influenced the design choices for
many of the prototypes discussed in this overview, as
well as products in development.

Basic Usability Issues
The usability issues observed fall into six broad
categories:

1. Losing track of the cursor. As screen size increases,
users change mouse acceleration to compensate and it
becomes hard to keep track of where the cursor is.

2. Distal access to information. As screen size
increases, it becomes increasingly more difficult and



time-consuming to access icons, windows, and the
Start Menu across large distances.

3. Window management problems. Large displays lead
to notification and window creation problems, as
windows and dialog boxes pop up in unexpected places.
Window management is made more complex on
multimon displays because users wish to avoid having
windows placed so that they cross bezels (because of
the resultant distortion).

4. Task management problems. As screen size
increases, the number of windows that are open
increases and users engage in more complex
multitasking behavior - better task management
mechanisms become a necessity.

5. Configuration problems. The user interface for
configuring multimon displays is overly complex and
hard to use. When a monitor is removed from the
display configuration, it is possible to lose windows off-
screen.

6. Failure to leverage the periphery. With larger
displays a true periphery is available and could be
leveraged for better, peripheral awareness in support of
user activies.

In this overview, research prototypes will be described
that address the problems raised by several of these
categories of usability issues.

conclusions

There is a clear trend in the industry toward larger
displays, either as a single display surface or in multiple
monitor configurations. There is also evidence that
larger displays increase user productivity, aid user
recognition memory, and in some cases can eliminate
gender bias (e.g., while navigating in 3D virtual
environments). User studies have identified numerous
usability problems that inhibit even more enhanced
user productivity, including: keeping track of the

cursor, distal access to windows and icons, dealing with
bezels, window management, and task management.
In this overview, a series of research prototypes will be
presented that outline techniques for solving each of
these problems. The work of integrating these various
prototype solutions into one system remains to be
done. Correcting each of these problems goes a long
way toward improving the user experience on large
displays.
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