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Abstract

The evaluation and comparison of 2D and 3D workspace
environments is a hot topic. Much has been said
concerning the promise of 3D workspaces but much less
has been realised. Part of the problem appears to be the
difficulty of developing 3D GUIs with high usabilities
and effective navigation mechanisms. Many early
environments simulated a 3D office but all suffered from
a range of problems, from poor navigation to issues of
spatial cognition. Indeed, most researchers now consider
an office to be an inappropriate metaphor for an
effective 3D computer environment. This paper describes
the development of a 3D workspace based directly on the
WIMP metaphor as opposed to a desktop or office
metaphor. The environment uses rotating transparent 2D
windows in a 3D world and presents icons as billboards.

1. Introduction

The WIMP/desktop metaphor employed by
operating systems such as Microsoft Windows (MS) and
others is considered by many to be both outdated and
inefficient (eg. [1][2]). Such operating systems are
sometimes known as 22D GUIs [3], as they allow the
overlapping of windows and other objects (effectively in
a third dimension of infinitesimal size). Here, we shall
refer to them as simply 2D interfaces.

Over the last few years, GUI front ends to convert
Microsoft Windows and other operating systems into 3D
environments have become available. Two well known
ones are Win3D [4] and 3D Top [5]. More sophisticated
3D workspace managers have also been built, such as the
Task Gallery [6], 3Dwm [7], Project Looking Glass
[8]1[9], SphereXP [10] and Metisse [11]. The latter is a
complete X Window management system, rather than a
custom 3D desktop. Unfortunately, the Task Gallery,
developed by Microsoft, has not been made generally
available and its future is unclear. However, SphereXP is
in a public beta and 3Dwm, Project Looking Glass and
Metisse are available as open source.

Although many users find 3D environments fun to
use, there is little evidence that the use of 3D images
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make an interface more usable, or that they can improve
efficiency or productivity. A key premise of many of the
current designs is that 3D virtual environments can more
effectively engage spatial cognition and perception than
can 2D environments. However, to date, research studies
have provided conflicting conclusions: certain studies
have indicated that spatial memory can help locate items
in a 3D environment (e.g. [6][12][13][14]); others have
indicated the reverse (e.g. [15][16]). The result is that all
of currently available 3D GUIs have been less than
successful, with many suffering from major navigation
problems [17]. Part of the problem in obtaining evidence
that the use of 3D images can improve efficiency or
productivity is the large number of differences that arise
between a typical 3D environment and a normal 2D
desktop. This makes it difficult to identify what is better
about 3D and what is not.

2. The Problem

In a computer environment, users need to:

find and execute multiple applications;

import and export data between applications;

e move and copy data from one location to another.
The 2D GUI in the form of the desktop metaphor offers
the majority of computer users an evolution in efficiency
over and above the CLI (command line interface).
Nevertheless, the 2D GUI has been criticised as seriously
flawed [1][18]. In particular, problems arise from a
continued need by users to reposition windows in order
to perform simple tasks such as file copying, cutting and
pasting objects, etc. Trying to position two or more
windows simultaneously on the screen in order to
provide the correct juxtaposition for the job in hand can
be both fiddly and time consuming. This manipulation
and repositioning of windows to enable tasks to be
performed is well documented and is known as window
thrashing [19]. The problem is caused by the constraints
imposed by limited screen real estate. Many solutions
have been suggested, including:

e large displays;

multimon (dual or multiple head displays);

virtual reality;

virtual 2D desktops;
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e use of a virtual third dimension.

All of these provide some way of increasing screen
real estate, either directly (as with larger or dual
monitors) or indirectly (as with virtual 2D and 3D
environments). It is the use of a virtual third dimension
that interests us here. In particular, we are keen to
develop an application with a sensible design that can be
used to identify usability problems in a 3D workspace
manager that can be easily compared and contrasted with
its everyday 2D equivalent.

3. 3D Office Simulations and Desktops

A common misconception is that simply adding a
third virtual dimension to an existing metaphor will
provide a functional and efficient 3D environment. A
typical example of this approach is to extend the 2D
desktop metaphor to an office metaphor in which the
user is allowed to move around in a virtual 3D office (or
even a 3D office complex, with multiple rooms or
volumes). An environment of this nature is shown in
Figure 1.

Figure 1. Win3D

Such office-type environments are in general very
inefficient because they have navigation mechanisms
more appropriate to games than to workspace managers.
Indeed, 3D games and workspace managers are very
different animals. In a 3D game of the first-person
variety (eg Doom/Quake), the user has to move from
room to room or area to area (or more correctly, volume
to volume), seeking some goal, blasting monsters and
dodging missiles along the way. Often, the player gets
lost, cannot remember where that last cache of
ammunition or health pack was, and has to navigate a
time-consuming and hazardous connection of rooms and
tunnels to get from point A to point B. Although this
challenge can be exciting and rewarding in its own right,
the navigation methods employed are not designed to let
the player find something quickly. The aim of the
simulation is to make the user feel like he or she is in a
real environment, walking, running and firing missiles
like a real person. But the environment itself (like a real-
world multi-volume environment) is not conducive to
efficiently locating objects and transferring objects from
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one point in space to another (as would be required, for
example, when cutting and pasting objects such as files).
In a game, it’s supposed to be difficult to get from point
A to point B. The bottom line is that many people cannot
find things in a real office, let alone a virtual one. And
transferring funds using the internet is much more
efficient than driving around in a car visiting banks!

The needs of a 3D workspace manager are in total
contrast to those of a first-person 3D game. In a
workspace environment, the user needs to locate objects
quickly, bring objects into close proximity in the
workspace (so they can be “worked upon”) and allow the
efficient transfer of objects from different points in space
in near or adjacent volumes. This can only be achieved
by providing a mechanism for the user to identify the
relevant volumes easily and move them into close
proximity in 3D space in the minimum time. Even if we
were to consider keeping the office metaphor, we would
surely insist that any walls (and floors?) provided no
obstacles to movement: why walk round walls when, in a
virtual world, you can walk through them? Indeed, given
the infinite number of possibilities presented by a
programmable virtual environment, we would be guilty
of limited vision if we insisted that our 3D workspace
manager emulates a real physical space, with all the
limitations that this implies. As stated in [20] “An
intriguing possibility is that enhanced 3D interfaces
might offer simpler navigation, more compelling
functionality, safer movements, and less occlusion, than
3D reality, especially for information exploration and
visualization tasks” (p.12).

The workspace managers shown in Figure 2 and 3
are an improvement on the office/rooms/game scenario.
In 3D Top (Figure 2), the individual rooms or volumes
are linked through hyperspace and the user can navigate
to any other volume by clicking on the link. Icons within
a specific volume float in 3D space can be selected and
activated.
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Figure 2. 3D Top

In SphereXP (Figure 3) icons are stored on the
inside of a sphere. However, in neither of these managers
can different volumes of icons be viewed
simultaneously: in general, therefore, it is not possible to
copy or move an icon easily from one volume to another.
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A user is still left with the feeling that this is something
of a gimmick: attractive to look at, perhaps, and fun to
play with, but not conducive to efficient task completion
in the workplace.
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Figure 3. Sphere XP

Figure 4 shows Project Looking Glass, also known
as 1g3d. This design utilises a different approach. In 1g3d,
3D objects, windows and applications are placed within
a 2D desktop framework with a 3D look-and-feel. As
well as the ability to handle custom 3D applications, on a
Unix / Linux platform Ig3d will run existing X11
applications in windows that can be rotated and
manipulated in 3D space. This includes the ability to
copy icons from one window to another whilst windows
are rotated in 3D space. It is even possible to enter text
into an application whilst the window containing the
application is oriented in a plane other than that of the
desktop. However, 1g3d only allows the manipulation of
3D objects against an essentially 2D backdrop; it does
not currently allow movement of the user viewpoint in
3D. Looking Glass is still in an early development stage,
but it seems to offer considerable promise.
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Figure 4. Project Looking Glass
4. What Does 3D Have To Offer?

In terms of common computer tasks associated with
everyday work practices in a 2D environment, the
answer to this question is currently uncertain. In [21],

Proceedings of the International Conference on Computer Graphics, Imaging and Visualisation (CGIV'06)
0-7695-2606-3/06 $20.00 © 2006 IEEE

advantages of 3D User Interfaces are highlighted in the
statement “... spatial representation and navigation of
information can have significant advantages over other
forms, given innate human skills for navigating and
handling objects in the real world. People act naturally in
spatial worlds, finding their way around by using
sophisticated, but largely unconscious, sensori-motor
skills. Spatial skills are thus deeply encoded in the
human mind and are predominantly perceptual rather
than cognitive in nature. But space also has meaning for
people, and they find spatial locations intrinsically
memorable” (p.2). This sounds good, but unfortunately
proof that these factors make 3D workspace managers
more usable and efficient than 2D ones remains elusive.
Whilst such advantages may well be realised by the use
of virtual reality environments, they are not always
afforded in the same way when representing a 3D image
on a conventional 2D computer monitor. One has to
remember that any 3D image that we think we see on
such a computer screen is actually virtual. In particular, a
static 3D virtual image is just a 2D image and as such it
offers no inherent advantage. For example, an object that
is moved away from the viewer in virtual 3D space
appears smaller but, if the motion is not observed, the
same end result can be achieved by scaling an object in
2D space. In the same way, an object that has been
rotated with respect to the viewer takes on the same
appearance as an object that has been distorted in 2D
space. For static images seen from a static viewpoint,
therefore, it becomes difficult to argue that 3D is
necessarily any better than 2D. But things change when
an object or the viewpoint that we see the object from
move, because we become aware of perspective. From
this basis, we can argue that perspective is the most
important single factor that separates a virtual 3D
representation in 2D from simple 2D. It is perspective
that provides the illusion of 3D in a 2D display and it is
perspective that allows a user to see previously hidden
objects by changing the viewpoint in order to “look
behind” obstructing objects.

If 3D is to offer any advantage, we need to utilise
perspective in a virtual 3D workspace so that it improves
the transparency and effectiveness of the interface. This
means that we must provide “natural” 3D motion control
in a 3D virtual environment where perspective improves
task efficiency over a 2D WIMP environment. We also
need to show that improvements in usability afforded by
3D are greater than those that can be achieved by
modifying 2D interfaces. It follows that 3D can only be
an improvement over 2D if perspective can be used to
improve the efficiency of task management in a way that
is not possible using 2D techniques such as object
scaling, distortion and transparency.

This is tough call - and one that may not even be
possible. But we can start by looking at how we might
extend existing 2D interfaces to take advantage of
perspective without detracting from whatever 2D
mechanisms may exist. Note that exploiting perspective
does not mean making everything 3D; rather, we need to
create an environment that uses perspective to increase

IEE l-:

COMPUTER

SOCIETY



the ease of location and the efficiency of manipulation of
objects within it without burdening the user with the
intricacies of navigation.

5. The Design

As a means of evaluating the effect of an additional
degree of freedom on the traditional WIMP interface, we
have designed and developed a test environment to allow
the manipulation of 2D windows in 3D space and the
cutting and pasting of icons between these windows. The
more important issues considered were:

e Can we make a 3D workspace environment that is
essentially similar to a 2D environment, but with
any advantage that might be afforded by an extra
spatial dimension?

e How can navigation in 3D environments (often a
problem) be made efficient and transparent?

e How many degrees of freedom should be provided?

e How can perspective be used to maximum
advantage without causing confusion?

e Two common objects in a 2D GUI which are
arguably the most important are windows and icons.
How should these be represented in 3D?
Consideration of these issues led to the following

design requirements:

1. The environment must allow perspective to change
the user’s viewpoint.

2. Windows need only be 2D representations that can
be rotated in 3D space.

3. Icons in windows must be readily identifiable. There
is little point in making icons 3D or rotating them
with respect to the user. Therefore, billboarding'
should be used to display such icons so that they
always present the user with the maximum frontage
possible (thus enabling easy identification and
selection). This also helps to cement in the
perspective interpretation of what is being viewed.

4. Windows must have transparent client areas in order
to support billboarding.

5. It must be possible to navigate the desktop in an
efficient and intuitive manner.

6. It must be possible to manipulate individual
windows (translate and rotate) and icons (select and
drag) in an efficient and intuitive manner.

7. The need to scroll window file contents is reduced,
at least in a test situation. As windows can be
manipulated in three dimensions, it is possible to
maintain a client area large enough to hold all icons
for windows with less than about 30 icons.

! Billboarding was used in early 3D game development to display 2D
bitmaps as apparent 3D objects (thus saving processing time in
comparison to displaying real 3D objects). The technique rotates an
image with respect to its environment to ensure that it always faces the
camera. Provided the image represents an object which is understood to
be symmetrical about its vertical axis (such as a tree), the illusion can
be created that the image represents a solid object.
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6. Navigation Issues

In order to provide maximum flexibility, it was
decided to allow the user to manipulate in 3D both
objects within a set viewport and the viewport (ie
camera) itself, independent of any objects. At the same
time, the number of degrees of freedom (DOF) available
was limited to those necessary, in order to reduce
complexity and potential confusion for the user. Thus the
only entities it was thought desirable to rotate were the
windows themselves and the camera. Whilst each of
these was allowed to have a full 3 translational DOF, it
was considered necessary only to provide one rotational
DOF about the vertical axis (y-axis). No other rotation
was deemed desirable; in particular, the full rotational
freedom of yaw, pitch and roll (as in a flight simulator)
was deliberately avoided. This resulted in 4 modes of
movement being considered, labelled as follows:

e (Camera Translation Mode (CTM)

e  Window Translation Mode (WTM)

e  Camera Orientation Mode (COM or GM)

e  Window Orientation Mode (WOM or TCM)

Each translational mode has 3 DOF associated with
it (translate along x, y or z axes) and each orientation
mode has 2 DOF associated with it (translation along the
z axis and rotation about the y axis). TCM stands for Toy
Car Mode, as using this mode is just like driving a radio
controlled car that can steer but cannot reverse. In this
case, the window being moved behaves like the car and
the user can “drive” it round the 3D workspace. GM
stands for Game Mode, as using this mode is like playing
a game of Doom or Quake: the user can manipulate their
viewpoint by walking forward or turning to the left or
right. The mode (window or camera) is selected by
selecting a window for the window mode or the camera
(by clicking on the background) for the camera mode.

To implement the above, some consideration was
given to using a specialised 3D input device, such as a
spaceball. However, many games have shown that it is
possible to map traditional mouse input to 3D motion
with a high degree of transparency (despite claims that
there is “a poor match between the goal of such a
navigation activity, the control device, and the skills of
the average user” [22] (p.1)). Because of this and the
high degree of typical user familiarity with a mouse, a
decision to use this device was taken here.

A traditional mouse can be considered to have 2
translational degrees of freedom (DOF). These are
achieved by dragging left-right and away-toward
(normally translated into up-down in a 2D environment).
If the mouse has a scroll wheel, this can be used to
provide a third translational DOF (often used to zoom in
3D games). The presence of a left and right buttons
offers the opportunity to convert mouse drags into
additional rotational degrees of freedom. After much
consideration and experimentation, the mouse was
mapped to 4 DOF, three translational and one rotational.
The mapping is achieved as follows:
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e  With the left button down

o mouse left-right drag converts to left-right
translation (x-axis)

o mouse away-toward drag converts to away-
toward translation (z-axis)

e  With the right button down

o mouse left-right converts to rotation about
the vertical (y-axis)

o mouse away-toward converts to movement
along the local z-axis of the object being
moved

e The mouse scroll wheel converts to up-down
translation (y-axis), irrespective of any button
presses.

It must be said that this is much easier to
demonstrate than to describe and that proficiency in use
of this 3D navigation mechanism is not difficult to
achieve.

7. Development of the Prototype

Development initially commenced in MS Windows.
Rather than code a 3D engine from scratch, an existing
3D game engine [23] was modified and extended. This
engine was written in C++ using OpenGL for the
graphics and DirectX for the keyboard and mouse input
routines. One of the problem issues in development was
the need to select objects in virtual 3D space using the
mouse. Selecting 3D objects from a 2D representation
using a normal 2D mouse pointer is problematic as there
is ambiguity of depth. The method used here identifies
all hits on windows and icons along the z direction with
the mouse pointer and stores them in order of depth in a
buffer. It then assumes that the user wants to identify the
hit on the nearest object. Once identified, the object can
be moved by dragging. If the object is a window, then it
can be moved in 3D. If it is an icon, movement is
restricted to the 2D plane of the screen as this is
sufficient to allow a drag and drop.

Figure 5 shows the effect of opening and positioning
multiple windows. A grid is provided to help establish
the correct perspective. This can be toggled on and off.
In the prototype, five folders are provided which can be
clicked on and opened into five windows. As can be
seen, the windows are transparent, with a title bar (which
can be activated) and a close box. The transparency is to
facilitate the icon billboarding. The size of a window is
dictated by the number of icons that the window needs to
display. This size is automatically adjusted if icons are
removed or added. In the MS Windows prototype, there
were no scroll bars, as windows of any size can be
displayed by moving the window and camera with
respect to each other (effectively zooming). A virtual 3D
desktop can only work by providing the correct
perspective cues of relative size and occlusion. The icons
are therefore all the same size when viewed from the
same distance: this provides a depth cue when windows
are moved with respect to the camera.
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Folder C

Figure 5. Three out of 5 folders open, each at a
different position and orientation

Figure 6 shows multiple windows open, each moved
a different distance and orientation from and to the
camera. The effects of billboarding can be clearly seen.
The advantage of this technique is that the icon images
are never distorted (as they would be if the icons
maintained their orientation with respect to the plane of
their parent window). The disadvantage is that as the
rotation of the window becomes more acute, the icons at
the front start to obscure those at the back. However, this
may well be better than distorting both the icons and the
associated text labels (and, of course, a rotation angle
can always be chosen that reduces window space but still
allows all icons in the window to be individually
selected). Although obscuration of icons may be an issue
if the oriented window is required as a source of an icon
drag, it is not a problem if the window is to be used as a
target, as any angle of rotation allows the depositing a
dragged icon. This is true even if the target window is
edge on to the camera so that only the front row of
billboarded icons is visible. Nevertheless, further
investigation is needed here.

Folder C

m % Folder A

Figure 6. Viewpoint and windows manipulated
to allow easy cut and paste of icons (note the
billboarding)

From Figure 6, it can be seen that perspective
provides a mechanism for reducing the screen real estate
occupied by a window. In theory, therefore, 3D
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perspective should reduce window thrashing, either
because windows are reduced in size by translation away
from the user or rotated at an angle, or a combination of
both. We need to know whether or not this is more
efficient than resizing and scrolling a normal 2D
window; this needs to be the subject of further research.
For empirical quantitative research to be undertaken,
it is necessary to log user data automatically. The system
currently monitors user actions and dumps screen images
to file, either to order by key press or automatically on
icon deposit and close down. The data recorded includes
the task time, number of window and icon manipulations
(opens, closes, scrolls and drags) and the number of 3D
operations (CTM, WTM, COM and WOM moves).

8. Evaluation of the MS Windows Prototype

An early evaluation of the prototype was undertaken
by [24] as part of a student project. Using 20 university
students as participants in a two-group experiment (10
per group), the user window manipulations necessary to
copy and move files in the 3D environment were
compared with the equivalent operations required to
achieve the same outcomes in a "look-alike" 2D
environment. It was concluded that there was no
significant difference in usability between the two
environments. From observation, users seemed to find
the 3D navigation reasonably easy to learn and
undertake. Given that most users who tested the
environment where familiar with 2D navigation but not
with the 3D equivalent, this might be considered a
promising result. Again, however, further investigation is
required.

9. Porting to Project Looking Glass

The MS windows prototype has been ported to the
Project Looking Glass environment as an open source
Java project under the GNU public licence. The original
3D game engine code had to be abandoned and replaced
with the 1g3d development environment, making it
necessary to re-code the project effectively from scratch.
The need for a project name arose, so it was christened
fm3d (fm3d can be downloaded from the Sun Project
Looking Glass site [25]). As the Project Looking Glass
environment has a fixed camera space, it was necessary
to dispense with both the CTM and COM navigation
modes. It was also necessary, to fit in with the existing
conventions used by Ig3d, to reconfigure the WTM and
WOM navigation modes so that mouse away-toward
drag converts to up-down translation and the mouse
scroll wheel converts to away-toward translation. As
indicated earlier, this is in line with current convention in
applications when translating the 2D motion of a mouse
to 3D. However, in this author's view, the translation
used in the MS Windows prototype described earlier
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provides a more direct (and therefore more efficient and
pleasing) mappingz.

Some modifications and additions were made to the
Java version. Each window was provided with a
billboarded control bar containing the controls necessary
for window manipulation and appearance. These include
moving between directories, scrolling icons in and out of
a window and toggling on and off billboarding,
transparency and window stickiness. Icons for these
controls are seen at the top of the screen shot shown in
Figure 7.

Figure 7. Left-hand side: fm3d window with
control bar, transparent and orientated; right-
hand side: help screen

The original MS Windows prototype did not access
the operating system or read or write to the system hard
drive, the icon distribution being provided by a data file.
However, the fm3d version works like a true file
manager and allows real file copies, moves and deletes.
A left button drag from the source to the target window
automatically copies, whilst a similar right button drag
automatically moves. A right button drag from a source
window to the desktop provides the option (via a small
menu) of a delete.

To make this workable with large numbers of files,
it was necessary to limit the number of icons visible in a
window and to introduce some mechanism of scrolling
through a window's contents. Traditional scrollbars are
clearly 2D devices, required to overcome the limitations
of limited 2D real estate. Something better is needed in
3D environments. The solution adopted is to distribute
the icons in a window over as many "panes" as required,
with each pane holding a maximum of 30 icons. Only
one pane is visible at a time; this is in the client area of
the window, with the number of the pane and the total
number of available panes displayed in the window as a
ratio (e.g. 3:11). When a scroll is requested, the icons in
the next pane in the direction identified (in or out)
initially appear in a parallel plane (as indicated in Figure
8) and are then moved automatically over a time
increment to replace the displayed pane within the client

2 Even if such mapping were proven to be a better, it is unlikely to
become standard (cf. the QWERTY keyboard is still with us!).
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area (easier to demonstrate, of course, than to describe).
Scrolling in increases the page number and scrolling out
decreases it. The result is that it is easy to locate a page
within the total number of pages, with the scrolling
providing an animated visual clue that reinforces the 3D
representation.

Figure 8. Left-hand side: start of a window
"scroll in" — the next page of icons appears as a
second layer before moving in real time to
replace the icons in the client area of the
window; right-hand side: opaque window in the
plane of the desktop

10. Conclusions

Many students have tried the MS Windows version.
From observation, these users seemed to find the 3D
navigation reasonably easy to learn and undertake and
none of the navigation modes described here appear to
be difficult to become proficient in, at least not when
users are given some practice time. The author and
developer of the software (as might be expected) finds
them almost second nature. The development of fm3d
and its incorporation into Project Looking Glass indicate
that there is plenty of potential for experiment with the
3D manipulation of objects in workspace managers and
that the future of 3D may well be served by desktops of
this nature (rather than of the "office" variety). Moving
around in the real 3D world may be enjoyable, but it is
not a particularly efficient modus operandi.

Two factors in the current design that require proper
investigation are window transparency and billboarding.
Although billboarding of icons seems attractive to users,
it is not obvious that it is efficient or even a good way to
do things. Whilst it allows icons to maximise their
frontage, it also obscures icons. In a window oriented at
90° to the user, only the “front” column of icons is
visible. Although this is not a problem when depositing
icons after a copy or a move, it can restrict access to
icons if the window is used as a source for copying or
moving.

The mechanisms adopted here to reduce window
thrashing still require the user to position and re-position
windows, and the efficiency of this must reflect to some
degree (no matter how usable the environment) upon the
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skill of the user. A way to remove this limitation may be
for workspace managers to provide an automatic
positioning mode, where windows are oriented, scrolled
and positioned by the system in order to optimise access
(thus saving the user the need to do any thrashing). At
least one system that uses a constraint-based layout has
been developed in 2D [26]. The equivalent in a 3D
environment would need to include the use of
perspective to provide a visualisation that is both
efficient and easy to work with.

It is hoped that this paper might provide a starting
point for research into how perspective in a virtual 3D
environment can aid efficiency of task completion. Only
with success in this direction can the continued use of 3D
be justified as a valid mechanism for workspace
managers.
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