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Abstract
Mobile devices with small screens are becoming more
common, and will soon be powerful enough to run desktop software. However, the large interfaces of desktop
applications do not fit on the small screens. Although
there are ways to redesign a UI to fit a smaller area, there
are many cases where the only solution is to navigate the
large UI with the small screen. The best way to do this,
however, is not known. We compared three techniques
for using large interfaces on small screens: a panning
system similar to what is in current use, a two-level
zoom system, and a fisheye view. We tested the techniques with three realistic tasks. We found that people
were able to carry out a web navigation task significantly
faster with the fisheye view, that the two-level zoom was
significantly better for a monitoring task, and that people
were slowest with the panning system.

ways to solve this problem. First, applications can be
redesigned for the smaller screen. Although there are
examples of this approach (e.g., Pocket Word or Internet
Explorer for PocketPC devices), it requires that multiple
versions of the application be produced, and requires that
users become familiar with a second GUI. There will
also be cases where no redesigned version of an application is available—so another approach is needed.
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1 Introduction
Many interactive applications have complex interfaces
that consume considerable screen space. Toolbars and
tool palettes, help windows, outline views, and status
bars all take up space, even without considering the
workspace and data. However, there are times when applications cannot be run on a screen that comfortably
contains the interface. This problem becomes acute when
using mobile and handheld computers such as personal
digital assistants (PDAs) or sub-notebooks. These kinds
of systems are becoming more and more common, and
will soon have (or already do have) the power to run
complex interactive applications [6].
The form factors used for these mobile devices constrain their screens to be only a fraction of what is available on the desktop (see Figure 1). For example, a 320pixel by 240-pixel display of a PocketPC system has less
than 1/16 the screen area of a 1280x1024 screen, and
only 1/25 of a 1600x1200 screen. Although the resolution of PDA screens is increasing, limitations on the
physical size of the screen will prevent these devices
from ever reaching parity with the desktop.
This means that large-interface applications cannot
be adequately shown on small screens. There are two

Figure 1. A 240x320 PDA browser overlaid on a
1024x768 desktop browser.
The second solution, and the one we concentrate on
here, is to use the small screen as a window onto a larger
virtual space that is the size of a desktop display. This
allows applications to maintain their interfaces unchanged, but requires that users navigate the UI through
a small window. This second solution can also be seen in
existing systems: for example, many laptops allow the
display to be set to a resolution higher than what the
screen can show; the user can then make use of the larger
space by panning the screen with the mouse.
Although there has been considerable research into
mechanisms for navigating documents or 2D data
spaces, GUIs present a new type of problem in that the
navigation mechanism must also support all the interaction techniques that are used in the interface. For example, any small-screen system must support targeting,
steering, scrolling, selection, dragging, and drawing, in
addition to moving the view around.
In this paper, we report on an exploratory study that
compared three navigation methods: a panning system

similar to that used on laptops; a two-level zoom showing either an overview or a fully-zoomed-in view; and a
fisheye view that provides both an overview and a detail
region. We had participants carry out three realistic tasks
that included a range of interaction styles: editing a presentation, navigating a set of web pages, and monitoring a
control panel for particular events.
We found that for all three tasks, people performed
poorly with the panning view. It was clear that the tasks
were difficult without the global context provided by the
other techniques. Performance with the two-level zoom
and the fisheye view was generally significantly better,
although these effects depended on the task.
Below we review issues related to large data spaces
on small screens, then report on the methods and results
of the experiment, and lastly discuss how our findings
can be used in the design of small-screen systems.

the entire data space in miniature, and a detail view that
shows a portion of the data at normal size. The overview
often shows a viewfinder to indicate the current location
of the detail view, and often allows navigation by dragging this viewfinder [19]. The overview and detail approach has been shown to outperform both panning and
fisheye representations for some tasks, and is easy for
users to understand [9].
Focus+context views. A variation on the multipleview approach is to provide both overview and detail in
the same window. Focus+context techniques include
fisheye views [17], bifocal displays [16], and table lenses
[14]. Fisheye systems have been studied in a number of
contexts, and have been shown to perform well for navigating networks [18], for using menus [2], and for large
tracing and steering tasks [7]. However, distortionoriented techniques can also cause problems for some
interactions such as targeting [8].

2 Large spaces and small screens
2.1 2D navigation mechanisms
The general problem of how to deal with data that does
not fit on a single screen is well-known in HCI research.
The main focus has been on navigating large documents
and 2D data spaces; work has been done to develop different representations and navigation mechanisms, and
also to compare different techniques against one another.
Four approaches that have been identified are panning,
zooming, multiple views, and focus+context.
Panning. The earliest systems that were able to navigate a large space did so by scrolling, panning, or paging, all of which either move a fixed viewport over the
document, or move the document under the viewport.
Studies have compared different mechanisms in a variety
of task situations (e.g., [10,12]). One result shows that
for touch screens, panning by dragging the background
was superior to either pushing the viewport or touching
the window border [10].
Zooming. When documents are particularly large,
scrolling alone becomes tedious. A number of systems
have implemented the idea of zooming, both to speed
navigation and also to provide multiple perspectives on
the data. For example, Pad++ is a toolkit that allows infinite zoom and pan in a 2D space [3]. Zoom can either
be dynamically controlled by the user, or can use a set of
levels that have some meaning to the task at hand. Systems where zooming is used to provide an overview of
the space have been shown to perform better than basic
scrolling systems (e.g. [12]).
Multiple views. Although zooming allows people to
look at the data from any distance, it allows only one
type of view at a time. It is often useful to have more
than one of these perspectives available concurrently,
and this is provided in multiple view approaches. The
most common of these provides an overview that shows

2.2 Small-screen design strategies
Some of the above techniques have been applied to
small-screen displays (e.g. [1,2]), but design for mobile
devices has more often looked at changing the representation of the interface or the data. Past work on the interface side has explored transparent interface objects [11],
the use of enhanced interaction techniques such as tilting
to make up for reduced screen space [15], or the use of
sound to reduce the dependence on visual data [4].
Changes to the data often involve creating summaries of
documents that fit more easily on the small screen (e.g.
[5]), or using context and location awareness to show a
subset of the data space (e.g. [13]).
These techniques for redesigning the interface or the
presentation of the data to fit a small screen are valuable,
but only in situations where redesign is possible, where
the original interface is not too large, and where users are
willing to learn the new UI and the new interaction techniques. For scenarios in which it is useful to maintain the
layout and interactivity of the original system, however,
there is a scarcity of research about how different navigation approaches like zoom and pan or focus+contex
might affect performance and satisfaction.
To investigate this problem in more detail, we carried
out a exploratory experiment with three different mechanisms for navigating a large interface on a small screen.
3 Study methodology
3.1 Participants
Fifteen people (fourteen male, one female) were recruited from a local university and were given course
credit for participating in the study. All participants were
frequent users of mouse-and-windows based systems (>
eight hrs/wk). All had seen both panning and zooming
systems, but none had prior experience with fisheyes.

3.2 Apparatus and Study Conditions
The experiment was conducted on a P4 Windows XP
PC, running a custom-built C++ application. The system
used two monitors, one large (41cm x 30cm, 1600x1200
resolution) and one small (26cm x 19cm, 1024x768 resolution). The large display was used for the source window of an application’s interface, and the small display
was used to present the small-screen version. To simulate different small display sizes, a window was displayed on the small screen. Therefore, no actual handheld devices were used – all study conditions were simulated on this apparatus. For the small-screen conditions,
participants could only see the small monitor (Figure 2).
Three small-screen techniques were tested in the
study: a panning system, a two-level zoom, and a fisheye
view. We did not test any multiple-view techniques because of the extra screen space they require. All the
techniques are shown in Figure 3 below.
Monitor with smallscreen display

Large monitor with
source interface

Figure 2. Experiment setup.
Panning. This technique implements the ‘sliding
window’ used by some laptop computers. The system
shows only a portion of the source screen, but at full
size. This viewport moves whenever the user pushes
their mouse pointer on the boundary of the window; the
amount of view movement is equal to the amount of
mouse movement. This allows much faster panning than
other techniques (such as autoscroll or dragging the
background), because the motion of the mouse is not
constrained to the size of the screen.
Two-level zoom. The two-level zoom provides users
with two different magnifications: an overview, which
shows the entire screen in a reduced form; and a zoomed
view, which behaved in the same way as the panning
system. Users can switch between the two magnifications using a key combination (Control-F1). When
zoomed out, the system shows a viewfinder rectangle on
the screen to indicate what will be visible after zooming
in.
Fisheye view. The fisheye presents an overview of
the entire large screen, like the two-level zoom, but also
includes a detail region inset into the same view. This
region uses nonlinear magnification to provide a smooth
transition from the de-magnified surrounding context to
the magnified focus area. The system used a flat-topped
pyramid lens built with the Idelix PDT library
(www.idelix.com). The lens was always centred around
the mouse cursor, and the magnification at the focus of
the lens was set to show the source screen at normal size.

All three techniques actually did operate the largescreen system; when participants carried out interface
actions with the small screen, they worked normally as
they would with the large interface. The small-screen
techniques were all implemented using the following
general algorithm: first, an image of the large screen was
captured to memory; second, transformations were applied according to the type of technique (e.g. cropping,
scaling, or adding the fisheye effect); third, the image
was copied to the window of the simulated small-screen
device. The steps are repeated as often as possible; with
our study setup, the system showed about 10 frames per
second. This meant both panning and the motion of the
fisheye lens were noticeably slow, but still usable.
3.3 Tasks and measures
We chose tasks and task situations that were realistic
enough to reflect real-world performance and usability
issues. We focused on tasks where the user is already
familiar with the interface, as in the case of a user who
frequently uses a desktop version of an application, but
who on occasion must work from a mobile device. We
chose three tasks that covered a range of pointer-based
interaction techniques: editing a document, navigating
the web, and monitoring a control panel. Screens from
each tasks are illustrated in Figure 3. For each task, we
chose screen sizes for both large and small screens that
were appropriate for the task scenario (see Figure 4). Our
experiment only looked at selected situations in the design space rather than a full crossing of independent
variables, in order to get an initial broad range of experience with the different possible size combinations.
Editing task
This task involved using a standard office application
(Microsoft PowerPoint) to create a presentation document and add objects to a slide. The usage scenario is
that of someone needing to edit a presentation while out
of the office. Participants followed a set of instructions
that had them carry out a set of actions using the menus
and toolbars of the application: e.g., create a file, change
the layout of a slide, add a rectangle and a circle of particular sizes to the slide, select and change the colour of
certain objects, and save the updated presentation.
The interaction techniques used in this task included:
finding and selecting icons and menus, drawing shapes
(by dragging the mouse), selecting data objects on the
slide, and aligning slide elements. The experimenter
watched the session and ensured that all steps were completed correctly. No shortcuts or additional steps were
allowed. The primary measure recorded for this task was
the time to complete the steps.

Two-level zoom (overview)

Panning (and zoomed-in) view

Fisheye view

Figure 3. Small-screen display types and tasks used in the study. From top: editing task, navigation task, monitoring task.
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Figure 4. Relative screen sizes for source interfaces and small-screen versions. All small interfaces appeared as windows
on the small (26cm x 19cm) monitor.
user had only a mobile device (e.g. riding the bus). In
the task, participants were given verbal instructions
Navigation task
about which web link or browser function to select
This task used a standard web browser (Internet Exnext. In total, there were 18 different actions to be perplorer) and asked participants to visit a given sequence
formed. Pages were cached locally for consistent reof links as quickly as possible. The scenario for this
trieval times.
task is that of a student who wants to check for updates
Interaction techniques involved in this task are:
to a set of pages: announcements on class pages for the
finding and selecting text links, scrolling, constrained
courses she has that day, new job postings, and the
visual search to find particular information, and finding
seminar schedule for that afternoon. This is a task that
and clicking buttons in the browser’s toolbar. When an
would be done regularly, and in a situation where the

Monitoring task
This task used a custom Tcl/Tk application to display a
control panel for a simulated real-time device array.
The user’s job was to monitor the panel for failures, and
then restart failed devices. Unlike the other two tasks,
this used an artificial simulation. Although there are
many real-world situations where users monitor dynamic displays (e.g., instant messaging, live web content, interactive games, command-and-control systems),
we chose to regulate the progress of the monitoring
activity and the number of events with an artificial system. Our work scenario for this task is that of a controlroom operator who must periodically visit different
locations on the work site, but must continue monitoring events using a handheld computer.
In the task, participants monitored a display showing 21 devices and their associated restart switches.
Participants worked for two minutes, watching for any
device alarms (shown by a change from a yellow status
icon to black). When a device failed, the user had to
operate the corresponding switch by clicking an onscreen button with the mouse. Failures occurred randomly with a 1% probability (per device), calculated
every second. On average, there were about 24 failures
over the 120 seconds of the task. This task involved
visual monitoring, determination of which switch belonged to which device, and finding and targeting particular switches. The primary measure was the amount
of time needed to attend to failures.
3.4 Procedure
Participants were randomly assigned to one of three
order groups that determined which technique they
would use first in each task (tasks were done in the
same order). Participants were then introduced to the
study, the tasks, and each of the small-screen techniques. For each task and each technique, the participant first practiced until all task elements could be carried out successfully, and then did the task on the large
screen to get a baseline completion time. The task was
then carried out again with each of the three study systems, with rest provided between tasks.
After each task, participants completed a short questionnaire asking them which system they preferred for
that task, considering both speed and accuracy.

monitoring) and display type (normal screen, panning,
two-level zoom, or fisheye). Order was balanced so that
each task and each small-screen system was seen in
each position equally. With 15 participants carrying out
three tasks with four display techniques (including the
normal screen), 180 data points were collected.
4 Results
We first compare performance on the small-screen interfaces to that on the normal screen, and then look
more closely at small-screen performance for each task.
We carried out separate analyses by task, since each
task had a different expected completion time.
4.1 Small screen vs. large screen
A preliminary analysis was carried out to compare performance on the small-screen interfaces and the normal-sized screen. An overall analysis of variance
(ANOVA) was carried out with the data from the normal view included. As expected, there was a large main
effect of display type (F3,42=88.55,p<0.001). Follow-up
analyses showed significant differences between the
normal view and each of the small-screen displays, in
every task (all p<0.005). The charts below include the
normal view data for comparison, although analysis
from this point on considers only the three small-screen
views.
4.2 Comparison of small-screen displays
Editing task
ANOVA showed a main effect of display type on completion time (F2,28=11.04,p<0.001). Subsequent oneway analyses between each pair of conditions showed
that the fisheye and two-level zoom were significantly
faster than panning (for the fisheye, F1,14=9.26,p<0.01;
for the two-level zoom, F1,14=20.86, p<0.001). There
was no difference between the fisheye and two-level
zoom (F1,14=1.66,p=0.218). Mean completion times for
all display types are shown in Figure 5.
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Figure 5. Mean completion times for the presentation
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Figure 8. Participant preferences.
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Figure 6. Mean completion times for the web navigation task. Error bars show standard deviation.
Monitoring task
A main effect of display type was also found for the
monitoring task (F2,28=26.65,p<0.001). In this task, the
two-level zoom was shown to be better than either the
fisheye (F1,14=7.53,p<0.05) or the panning system
(F1,14=30.68,p<0.001). In addition, the fisheye was
faster than panning (F1,14=25.53, p<0.001). Again,
completion times are shown in Figure 7. With the twolevel zoom, people were able to restart failures about
three seconds faster than with the fisheye, and almost
14 seconds faster than with the panning technique.
Completion time per event (seconds)

12

number of participants

Navigation task
A main effect of display type was also found for the
web navigation task (F2,28=6.66,p<0.005). Follow-up
analyses showed that the fisheye technique was significantly faster than either the two-level zoom
(F1,14=17.57, p<0.005) or the panning system
(F1,14=6.77,p<0.05). There was no difference between
panning and the two-level zoom (F1,14=0.26,p=0.62).
Completion times are shown in Figure 6.
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Figure 7. Mean completion times for the monitoring
task. Error bars show standard deviation.
4.3 Preferences
At the end of the session, we asked participants which
small-screen display they preferred. As shown in Figure
8, most people chose the two-level zoom – even for the
task where it had the slowest completion time.

5 Discussion
The study showed that there can be substantial performance differences depending on the interface navigation technique used on the small-screen system. In
particular, the fisheye and the two-level zoom were
significantly faster than the panning method in all cases
except for web navigation, where two-level zoom was
also slow. In this task, the fisheye view was better than
the two-level zoom, and in the monitoring task, the
two-level zoom was better than the fisheye. In the following paragraphs we consider explanations for these
results, and discuss how our findings generalize.
5.1 Explaining the differences
Speed of the panning system
There were four reasons that participants took longer
with the panning system: the time required to move the
viewport, the costs of finding the correct location, the
problem of missing events that happen outside the
viewport, and the problem of scrolling the document.
• Although the viewport could be moved quickly
with a large mouse move, the total amount of
movement was necessarily larger with this system
than the overview-based methods (since these allow movement at the reduced scale of the overview).
• Since the target of a move was often outside the
viewport, participants made errors in the direction
they moved. Although they were easily able to correct these errors, the extra movement took time.
• In the monitoring task, it was clear that not having
an overview hindered participants as they tried to
watch the control panel for failures. People had to
resort to moving back and forth across the large interface in order to notice changes in device icons.
• In several cases, participants got confused between
navigating the screen and the actual document (i.e.

remembering to use the scroll bars). In the web
task (where the data occasionally required scrolling), people would sometimes pan to the bottom of
the interface, but then wonder why they still
couldn’t see the links that they were looking for
(which were in the document but ‘below the fold’).
Differences in the navigation task
The performance difference between the fisheye and
the two-level zoom in web navigation can be attributed
to the two-level zoom, since the fisheye view performed similarly in relation to the panning view as it
did on other tasks. Our observations suggest that people
had to do more zooming in this task, which may have
caused problems that slowed them down.
Switching back and forth between the overview and
the zoomed-in view incurs costs that are not present in
the fisheye. The more switching that is required, the
more time will be needed by the two-level zoom. In the
other two tasks, people were often able to carry out
most of the task without zooming in at all; but the
smaller size (and greater reduction) of the web navigation task made the web links too small to read in the
overview. We saw three types of switching costs: adjusting to the new context, remembering to switch, and
performing the switch itself.
• Changing zoom levels requires that users adjust to
the new view – for example, they must find the
cursor and reorient themselves to where they are in
the interface.
• Switching between modes requires that the user
remember to do so, and we noticed that some users
did not zoom optimally. When people were concentrating on the task, they would sometimes stay
at the zoomed-in view longer than was strictly necessary – that is, longer than they needed to read and
select the text link.
• The switch was performed with a key combination,
a mechanism that required effort. People would often remove their fingers from the keyboard, and
when switching had to be performed, it was clear
that looking away from the screen and finding the
correct keys took extra time.
Differences in the monitoring task
The differences between the fisheye and the two-level
zoom in the monitoring task appeared to be related primarily to targeting. For each device failure, the user had
to target the associated switch – accurately positioning
the cursor over the on-screen button, and ensuring that
it was the correct one among several that looked similar.

The fisheye view caused difficulties in both aspects of
the task. First, targeting with a fisheye lens can be difficult because the magnification makes it appear that
objects under the lens move as the lens itself comes
closer. This can cause people to overshoot the target,
since objects move just as the cursor arrives, and we
observed some participants having this difficulty.
Second, the ‘wires’ connecting devices to switches
showed the distorting effects of the fisheye, particularly
on the shoulder of the lens (see Figure 3). As the participant moved towards the switches, this distortion and
the magnification effect just described could make it
more difficult for people to keep track of which switch
lined up with which device icon.
5.2 Generalizing the results
The generality of our results can be considered in terms
of the tasks, the implementation of the techniques, and
the physical characteristics of real small-screen devices.
The realism of our study tasks provides good evidence
that the results can be generalized to real-life situations
where people are familiar with the large interface. The
editing and navigating tasks in particular already involve real applications, real data, and a large subset of
the interactions that will occur in most applications.
There may be additional differences, however, in tasks
that involve other interaction styles (e.g. reading of
text, visual search).
Although we believe that the differences between
the individual techniques will also be apparent in other
situations, it is possible that these differences could be
reduced by changing the way that the techniques were
implemented. For example, targeting in the fisheye can
be improved by coupling the lens’s magnification to the
speed of the cursor [8]; similarly, a simpler and more
ready-to-hand mechanism for switching levels in the
zoom system could improve performance in situations
where switching is frequent.
Finally, there are various limitations in the physical
devices themselves that may affect the navigation
scheme. For example, in some stylus-based systems,
there is no notion of moving the pointer without dragging, because the screen cannot detect the stylus unless
it is pressed onto the screen (others detect the stylus a
few centimeters away). This makes moving a fisheye
lens or viewfinder more difficult, and these techniques
may require modification to work properly with this
type of input system. Similarly, panning with stylus
systems often entails either dragging the background or
using a second control, since the stylus is restricted to
the visible screen area. This would likely cause further
problems for the panning technique. However, there are
also many devices where the input systems are similar

to our simulation (e.g. sub-notebooks with ordinary
mice), and where our results should hold.
6 Conclusions and future work
We carried out an experiment to compare different
methods of navigating a large interface through a small
screen. There are five main findings from the study that
can be used in designing such systems:
• even at its best, navigating on the small screen is
considerably slower than on the normal screen;
• overviews of the entire interface are valuable, both
because the global context allows faster navigation
and because many interactions can be carried out at
the overview level;
• fisheye views and two-level zoom systems are both
effective techniques for navigating interfaces, particularly if targeting (in the fisheye) and viewswitching (in the two-level zoom) can be improved;
• for tasks where movements are large or events
happen elsewhere on the screen, panning strategies
perform poorly and are disliked by users;
• users like the two-level zoom, even when its performance is less than optimal.
In future, we will both expand on the results reported
here, and investigate the techniques in a wider variety
of usage situations. First, the performance of the overview techniques we tested can be improved – perhaps
dramatically, if we move the processing to a pixel
shader program on the graphics card. They can also be
better tuned to provide more appropriate magnification
levels – for example, our observations that people do
not need full size in order to carry out tasks could allow
a fisheye view to get by with considerably less magnification (and thus fewer problems from distortion). Second, we want to look more closely at issues and problems raised by having to interact with an interface component (e.g. a menu) and navigate the view at the same
time. Third, we also plan to consider these techniques
in situations where the reduction in size from the original interface is not so extreme – for example, we plan to
determine whether it possible to have an effective and
usable 1600x1200 desktop on a 1280x1024 monitor.
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