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ABSTRACT

Maps are tools used by amost everyonein society for ava-
riety of applications. However, when maps are used with
computers they are almost always used with small, low
pixel count displays, such as desktop monitors. We per-
formed two experiments involving map usage with various
tiled display configurations (one monitor, four monitors,
and nine monitors). The first experiment focused on basic
map navigation tasks and the second experiment focused
on how to maximize the effectiveness of the details-on-
demand interactive technique with large, high pixel count
displays. We conclusively found from the experiments that
finding objects and route tracing in maps was performed on
average twice as fast on the nine monitors as the one mon-
itor. We also found that participants on the nine monitor
configuration had 70% less mouse clicks, 90% less window
management, and a general accuracy and performance im-
provement over the one monitor. This indicates improved
insight for large, high pixel count displays.
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1 Introduction

The motivation behind this experiment comes from eval-
uating the effectiveness of using large, high pixel count
displays when navigating maps. Essentially, our research
guestions were;

e Does the use of large, high pixel count displays help
navigate maps more efficiently?

e Can the higher pixel count that comes with tiled dis-
plays be used to improve performance with navigation
techniques such as detail s-on-demand?

To answer our research questions we conducted two
experimentsinvolving large, high pixel count displayswith
maps. For each of the two experiments we used three mon-
itor configurations: one, four, and nine tiled monitors. Fig-
ure 1 showsa person using thetiled display. Thetwo exper-
iments we used were: Navigating Large Maps and Using
Details-on-Demand for Strategic Planning.

Figure 1. Example of navigating alarge map on nine tiled
monitors at aresolution of 3840x3072.

This paper isbased on the results from Ball and North
[3] which show that higher pixel counts positively affect
basic navigation tasks with a static view. They show that
people do not always perform better at higher pixelscounts.
Using one, four, and nine monitor configurations, they
showed that if the target size is large enough people can
zoom out to get an adequate overview of the visualization.

However, where their study had images that were
the same size as their largest display, our first experi-
ment used a map that was 50% larger than the largest dis-
play. The second experiment only had tasks directed to-
wards the overview of amap, therefore, it used a” best-fit”
overview for each monitor configuration without the need
to zoom. Ball and North's results also were dependent on
non-optimal image viewing software using basic pan and
zoom techniques. As a result we used top of the line GIS
software that has much better navigation techniques.

We wanted to know if other navigation techniques be-
sides pan and zoom alowed for similar increases in per-
formance. We chose a details-on-demand navigation tech-
nique as details-on-demand isfundamentally different from
pan and zoom.

2 PreviousWork

Different studies have been performed on large screens and
multiple screens to compare their effectiveness to that of
small or single screens. As mentioned above, the paper



that most relates to this work is from Ball and North [3].
Other papersinclude generally usability of high pixel count
displays from Ball [2] and Czerwinksi [5]. Tan et a. show
how performance on a large screen can be better than a
conventional screen even at the same resolution [13].

A range of research has been performed investigat-
ing usage with tiled displays. Two example field studies
include [11] and [7]. Hutchings, et a. have performed a
number window management experiments (e.g. citehutch-
ings.revisiting:2004.

A few interaction techniques developed on multiple
displaysinclude pen-based approachs[ 8], mouse-based ap-
proaches [4], and head-tracking approaches[1].

3 Hardware Used

We assembled nine monitors that all run off one computer
with 5 dual-head graphics cards. We created a 3x3 ma-
trix of monitors with minimal effort. We also removed the
plastic bezel sthat surrounds each monitor to reducethedis-
tance between monitors.
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Figure 2. The monitor configurations were one, four, or
nine monitorswith aresolution of 1280x1024, 2560x2048,
and 3840x3072 respectively.

3.1 Protocol

All volunteersfor the two experiments were screened prior
to participation. All participants were required to have
normal to corrected-normal vision, no color blindness, no
familiarity with traveling/navigating through the state of
Rhode Island (all maps used were from the state of Rhode
Island), and no prior experience with large displays.

All participants were undergraduate students between
the ages of 18 and 24. Twenty-four people participated in
the navigating large maps experiment . They were all male
computer science undergraduate students who received ex-
tra credit for their participation. Thirty-six participants
were used for the details-on-demand strategic planning ex-
periment. Twelve participantswerefemal e and twenty-four
were male. Participants were 78% undergraduate computer
science or computer engineering majors while the rest was
amix of different types of undergraduate majors. Sixty-six
percent of the participants did the strategic planning exper-
iment for extra credit.

All statistical analyzes for this paper were performed
in SAS's IMP using standard ANOVA techniques.

4 Navigating Large Maps

Maps are used for a variety of reasons. More common us-
ages include route tracing to more complex tasks such as
deciding where building should be erected. Asaresult, our
first experiment included six different types of tasks: Three
search tasks; two route tracing tasks; two counting tasks;
five comparison tasks (e.g. Which destination is closest);
three intermediate tasks (e.g. Find the deepest water in
Providence River); four advanced understanding task (e.g.
Why isthis area not devel oped?)

Using a between-subject design, all participants used
the same map of Providence, Rhode Island. Performance
time and accuracy were recorded as the dependent vari-
ables. Each participant was randomly assigned to amonitor
configuration. Each participant was given a brief five to ten
minute tutorial on how the software worked using a prac-
tice map prior to the actual experiment.

For this experiment, we used pan and zoom as our in-
teractive technique. The software that participants used to
navigate the map was ArcView: a full-featured GIS soft-
ware program for visualizing geographical data by Envi-
ronmental Systems Research Institute (ESRI). Participants
were filtered to ensure they had no prior experience with
ArcView.

4.1 LargeMap Quantitative Results

We found the search task correlated to display size (p
<0.01) with differences between the one and four mon-
itor configuration and between the one and nine monitor
configurations. Looking at figure 3 one can see that the
search task was performed more than twice as fast on the
nine monitor configuration than on the one monitor config-

uration.
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Figure 3. &) Average time in seconds for a participant to
find a particular object or location on the map at different
monitor configuration sizes. b) Averagetimein secondsfor
aparticipant to trace aroute on the map at different monitor
configuration sizes.

The route tracing tasks showed statistical significant
(p <0.01) when correlated to display size. Participants
were instructed to trace a route from a source location to
a destination location. Participants were able to accom-
plish this task on the nine monitor configuration more than
twice as fast than on the one monitor configuration. Figure
3 shows the same trends as figure 3; participants were able



to trace routes more than twice as fast on the nine monitor
configuration compared to the one monitor configuration.

One reason for the increase in performance times
could be the fact that participants on the larger monitor
configurations navigated less with the map. In effect, as
participants could see more of the map at atime, less nav-
igation was required and conseguently more time could be
spent on the task at hand.

4.2 LargeMap Qualitative Results

Although bezelsare generally considered adistraction[10],
we observed that participants used bezels to their advan-
tage. A bezel isthe border between monitors. A bezel isthe
limiting factor of how close two monitors can be together.
When using the four and nine monitors participants would
use the bezelsto segregate the map into portions. By divid-
ing the map into parts they were able to better keep track of
which part of they map they had previously searched.

Similar to Furnas and Bederson’s predictions [6], we
observed that participants did not in general like to zoom
in. If possible, participants would use the bounding box
zoom rectangleto clip out all unnecessary parts of the map
for the task. Then participants would often squint at the
overview to try to gain as much detail as possible without
having to actually zoom in any further and lose context of
the entire overview.

We aso observed that on the one and four moni-
tor configurations people were more algorithmic in their
approach to finding objects. As explained, on the nine
monitor configuration participants rarely zoomed in. So,
for most tasks, especially the search tasks, participants on
the nine monitor configuration would use more intelligent
heuristics to finding an object. For example, instead of
searching the entire map for auniversity, asdid participants
on the one and four monitor configurations, the participants
on the nine monitor configuration wold search logical ar-
eas, such as dense city areas or other areasthat auniversity
would logically be located. This might give indication of
increased insight and awareness into the overall map [12].
By having a higher pixel count, participants were able to
get amore accurate mental model of the map.

5 Details-on-Demand Strategic Planning

The main motivation for our detail s-on-demand experiment
was to evaluate the results of [3] on ainteractive technique
that is distinctly different from pan and zoom for perfor-
mance increases on large, high pixel count displays. An-
other motivation for this experiment was to see if the addi-
tional pixels could be used to increase the usability of the
application by adding additional details to the overview.
There were two different versions of the experiment.
Thefirst version of the experiment did not display any de-
tails on the icon, just an image of soldiers. The second

version included displaying a team icon with aggregated
details about the team on theicon (see figure 4).

Figure 4. Example of an icon with details in the overview
for the nine monitor configuration.

We presumed that the first version of the experiment
had been created for the use of a single monitor. The first
version did not have any details on the icon because it is
hard to have an icon that is both small enough for the un-
derlying map to be usable and have readable details on the
icon itself. The second version was created with the intent
of changing the first version to take advantage of the extra
pixels that come with tiled displays.

Theamount of detail on theicon displayed in the sec-
ond version was dependent on the monitor configuration
size. While maintaining the same area of the map, icons
that had more pixels had more details on them. This idea
is shown in figure 5. Figure 5 shows how the icons in the
left image take up as much area as on the right image even
though the left image is a screen shot of the nine monitor
configuration and the right image is a screen shot of the one
monitor configuration.

Figure 5. &) Screenshot from the nine monitor configura-
tion. b) Screenshot from the one monitor configuration.
Both screenshots have been shrunk to show that the icons
take up the same areain the map. The screenshots are not
proportional to each other.

The reasoning behind this design decision was based
on the fact that more pixels were available for each icon at
larger monitor configurations. By keeping the size of the
icon to the size of the map ratio the same (the same area),
the larger the monitor configuration, the more room was



available for aggregated detailsin the overview.

5.1 Experiment Setup

The experiment consisted of displaying a map with multi-
ple army teams |ocated across the map. The team locations
were represented by a team icon, with the lower left hand
corner representing the team’s exact location. A left click
on a team icon displayed a popup window about the team
and their statistics (seefigure 6). A range of team informa-
tion was displayed within the window (e.g. team name and
average health). Listed with each soldier's name was their
respective job and personal statistics. The window was re-
sizable and movable.

Figure 6. Example of an icon with detail in the overview
with an associated popup window showing details.

The experiment was developed using C# in a Visua
Studio.NET environment with Microsoft Access as a back-
end. All participant moves, resizes, and clicksweretracked
and recorded by the application. In order to change scenar-
ios and enable or disable monitors quickly UltraMon was
used.

Participants were told that they were to act as a gen-
eral in an army to decide which team should be used for an
ensuing battle. Participants had a range of tasks which in-
cluded different types of analysis. The following list shows
the different types of tasks: First, details only: Find the
weakest soldier. This task entailed looking at the details
of every soldier. The aggregated details did not help in this
task. Second, overall statistics of teams: Find the team with
the strongest overall statistics. Third, map only: Find the
team with the best geographic location in reference to the
attack point. Fourth, map and overall statistics of teams:
Find which team is the best to attack with based on the best
geographic location and statistics. Fifth, map and overall
statistics of teams: Find which team is the worst to attack
with based on the worst geographic location and statistics.

In this experiment we used three different monitor
configurations as the first experiment (one, four, and nine

tiled monitors). However, we used a within-subject design
so that every participant used every monitor configuration.
However, participants only used one version of the exper-
iment (with or without aggregated details) for a between-
subject design. We used two Latin Square designs (one
for each of the two versions) for counter balancing. To get
an equal distribution of gender, we used six females and
twelve males for both versions of the experiment.

We also used three different scenarios each with a dif-
ferent map. We did this so that participants would not be-
come overly familiar with asingle map. All scenarioswere
performed in the same order. A ten minute tutorial was
given to the participant about how to use the applicationin
order to baseline the participants.

In summary, our independent variables were: Mon-
itor configurations (one, four, or nine monitors); with or
without aggregated details in the overview; map (three dif-
ferent maps from Rhode Island). Our dependent variables
were: amount of interaction (clicks, moves, and resizes),
performancetime, and accuracy.

5.2 Interaction Quantitative Results

By recording mouse events of each participant, we were
able to track how much interaction took place. We found
that the monitor configuration size statistically correlated to
the number of mouseclicks (p < 0.001). We also found that
our independent variable of with or without aggregated de-
tails also correlated to mouse clicks (p = 0.003). We tested
for an interaction effect and for multicollinearity and did
not find either.

Looking at figure 7 one can see that participants on
the nine monitor configuration clicked on average 70% less
than on the one monitor configuration. Also, participants
that had aggregated details in the overview clicked 15%
less than participantsthat did not havethe extradetails. All
that can be concluded about the mouse clicks is that more
mechanical effort was required for the smaller displays.
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Figure 7. &) Chart showing the trend of number of clicks
decreasing as monitor configuration increases. b) Chart
showing how the number of clicks was less with icons that
had aggregated details.

We found similar results with window moves (i.e.
window management). Participants often moved the popup
window for a number of reasons. For instance, they moved



windows closer to compare different team statistics and
they moved windows to see the underlying map. We found
that the monitor configuration size statistically correlated
to the number of mouse moves (p = 0.0509) as did the ag-
gregated details variable (p = 0.0572). Again we tested for
an interaction effect and for multicollinearity and did not
find either.

The number of window moves was approximately
equa for the four and nine monitor configurations. How-
ever, the four and nine monitor configurations moved win-
dows approximately 90% less than the one monitor con-
figuration. We aso found that participants that used the
aggregated details in the overview moved windows 60%
less than than participants that did not used the aggregated
detailsin the overview.

This data objectively supports many of the subjec-
tive finding in [2] and [9] that shows that people perform
less window management with higher pixel counts. Also,
the implications of this decrease in window management
means that people can use tiled displays to help them per-
form less window management and focus more on the tasks
they want to accomplish.

5.3 Performance and Accuracy Quantitative
Results

The users on the nine monitor configuration performed bet-
ter on the second task, which asked about overall statistics,
and had an interactive effect between monitor configura-
tion size and the details variable (p=0.04). The fourth task,
finding the team with the best overall statistics and geospa-
tial location had similar results as the second task with an
interactive effect (p = 0.002).
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Figure8. Chart showing genera trendsfor finding the team
with the best statistics.

Figure 8 shows the average time to compl ete the sec-
ond task did not vary much for the non-details version of
the experiment as the monitor configuration size increased.
However, for the details version, as more details were
added as each monitor configuration size afforded more
pixels, the task performance was improved. For the aggre-
gated details version of the experiment, participants per-
formed 57% faster on the nine monitor configuration com-
pared to the one monitor configuration.

Accuracy was found to be statistically correlated to
the aggregated details variable (p = 0.0115), but not to the
monitor configuration size. Participants who used the de-
tailsversion of the experiment totaled 47 incorrect answers,
while participantswho used the non-detailsversion, totaled
74 incorrect answers.

This trend of greater performance, accuracy and the
fact more detail s can be shown on larger configurationsin-
dicates that these large configurations can improve insight
and understanding the task at hand.

5.4 Qualitative Results

Window management was a major issue between the dif-
ferent monitor configurations that participants were con-
fronted with. When participants were given more monitors
to work with, they did not necessarily use it to their ad-
vantage. Many participants during the study would move
their windows to different locations. One common tech-
nique participants used on larger monitor configurationsis
putting al team windows together on the same monitor.
This method of clustering windows together was consis-
tently seen as participants were given more monitors.

Figure 5 shows much of the screen the popup win-
dows used on the different monitor configurations. Theleft
image shows the amount of room that the windows take up
on the nine monitor configuration while the image on the
right shows the amount or room that the windows take up
on the one monitor configuration.

A map reading error that participants often made was
focusing on a specific area of the map and not observing
other areas. This was especially prevaent on the nine-
monitor configuration where participants would focus their
attention on where most teams were and not analyze teams
that were farther away.

Participant’s responses indicate that participant pref-
erence for monitor configuration size was split. We found
that 15 of the 36 participants preferred the four monitor
configuration. The four-monitor configuration provides
somewhat of a threshold where participants can perform
better than the one-monitor configuration without the over-
whelming setup of nine monitors. Sixteen participants pre-
ferred the nine-monitor configuration. Participants cited
the novelty of the nine-monitor configuration as the rea-
son for their preference. Three participants preferred the
one-monitor configuration. Their reasoning was that the
larger-configurations were overwhelming. The remaining
two participants had no preference.

6 Conclusion

We found a number of benefits for the nine monitor config-
uration compared to the one monitor configuration which
include: Finding objects twice as fast; performing route
tracing twice asfast; 70% less mouse clicks; 90% lesswin-
dows management. With our details-on-demand strategic



planning experiment we found that having more pixels al-
lowed us to put aggregated details in the overview even
with keeping the same ratio of icon size to map size. By
putting aggregated details into the overview participants
not only performed faster but 73% more accurately.

Overall, improved performance on geospatial inter-
pretive tasks indicates that the large, high pixel count dis-
plays can improve insight and understanding into the data.
With alarger screen real estate, people are able to analyze
more data, more accurately, faster, and with less interac-
tion. The results from this paper show that larger configu-
rations can be applied to a variety of dataanalysistasks.

Not only can the information visualization commu-
nity benefit by being able to display more data and conse-
guently interpret the data more accurately, these displays
can also be used for a diverse set of applicationsincluding
company analysis, government intelligence agencies, and
even home computing.

7 Future Work

This paper has brought up a number of interesting issues
that need to be addressed. The following is alist of future
work:

e Improving interactive techniques and notification sys-
tems for large, high-resolution displays.

e More in-depth studies with maps and large displays
using expert geographers and cartographers.

o Objectively measure the awareness and interaction ad-
vantages of large, tiled displays.
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