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Abstract. We conducted a usability study com-
paring three different browser alternatives 
(iconic, zoom-and-pan, and fisheye) for an elec-
tronic bulletin board containing thumbnails of 
notes. The iconic browser behaves in the manner 
of a standard windowing system. The zoom-and-
pan browser allows the user to pan over a note 
and zoom to a readable size. The fisheye browser 
was an implementation of the bifocal view. We 
conducted an experiment where 21 subjects per-
formed browsing tasks with each browser. We 
found that users performed best with the iconic 
browser and that young people (20-25) were sig-
nificantly faster than older (31-53).  

Keywords. Thumbnail browsing, user study, 
zooming user interface, fisheye interface. 

1. Introduction 

In their provocative paper, “The Anti-Mac In-
terface”, Gentner and Nielsen [6] argue for a 
richer representation of on-screen objects. In this 
way today’s high-resolution graphics displays 
can be exploited to aid users when choosing 
documents. If all document icons have a different 
appearance, users can use image-recognition 
abilities to rapidly select the desired document 
from a group. In the context of designing an elec-
tronic bulletin board, an image of a document’s 
first page is a natural iconic representation. 
However, affordable computer displays have yet 
to reach the size and resolution of a bulletin 
board. This forces a compromise for the docu-
ment’s iconic representation and implies that us-
ers will be forced to navigate in order to select 
and view full-sized documents. 

We faced this issue when designing an elec-
tronic bulletin board. For an iconic representa-
tion, a thumbnail of the first page seems natural. 
However, the method for navigation and for 
presentation of full-sized objects is less clear. 
Among the alternatives that we explored are: an 
iconic browser, a zoom-and-pan browser, and a 
fisheye browser. Our iconic browser operates in 

a manner very similar to the standard windowing 
system. Clicking a thumbnail creates a new win-
dow that appears on top of the bulletin board and 
contains a readable-sized version of the note. Our 
zoom-and-pan browser was implemented by us-
ing the Jazz [2] toolkit and uses the navigation 
provided by it. Finally, we implemented a type of 
fisheye browser called the “bifocal view” [10]. 

Our electronic bulletin board is designed to 
replace the family bulletin board that seems to be 
a central tool for coordination and planning 
among Swedish families [12]. We envision that 
the bulletin board has three different interfaces 
for three different locations: The first location is 
in the home, and the interface blends physical 
and electronic notes. The other locations are out-
side of the home, and there, the bulletin board is 
purely electronic. The second location is “on-the-
run”. Access to the bulletin board is via a PDA 
or similar device with a small display. The third 
is at the office. Here, the bulletin board is ac-
cessed through a computer with a high-resolution 
graphics display. It is this location that is the sub-
ject of our current investigation. 

In order to determine which had the best per-
formance, we conducted a usability study com-
paring the iconic, zoom-and-pan, and bifocal-
view browsers. Twenty-one subjects completed 
our study. Each participant used each browser 
during the experiment. In addition to comparing 
the browsers, we also wished to determine if stu-
dents could be a representative group for testing 
our designs. Therefore, we recruited two differ-
ent groups of participants, students and people 
from the general community. 

After a review of related work, we will de-
scribe the browsers and the study in detail. This 
will be followed by a discussion of the results 
and a summary with a discussion of future work. 

2. Related work 

Our thumbnail browsing task requires both an 
overview for locating one of many notes and a 
detailed view for reading it. Thus, our browser 
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design problem is one that occurs repeatedly and 
has been studied in related context by others. 

Plaisant, Carr, and Shneiderman [14] pre-
sented a taxonomy of different browsing tech-
niques and a set of guidelines that apply to our 
problem. One problem with their guidelines (as 
they admitted), was that there was very little em-
pirical support for them. We will review their 
recommendations as they apply to our design and 
also review relevant empirical studies. 

Plaisant, et. al. recommend a detail-only 
browser only when the zooming factor (i.e. the 
size difference between the detailed and the 
global views), is four or less, or when seeing the 
global view is unnecessary. Our magnification 
factor is about six, and the global view assists in 
learning note locations. Furthermore, a study by 
Kaptelinin [9] compared four interfaces for navi-
gating in a 6x6 icon view that did not fit within 
the window.  He used scroll bars, dragging, a 
pop-up overview, and a pop-up overview con-
taining a field-of-view indicator. The pop-up 
overview (activated by a mouse button press) 
gave a bird’s-eye view of all icons. The user 
could center the detailed view around an icon by 
selecting it in the overview. The field-of-view 
indicator was a rectangle in the overview that 
showed the current location of the detailed view. 
Kaptelinin found that the interfaces with a pop-
up overview were significantly faster than both 
the scroll-bar interface and the drag interface. 
Beard and Walker [1] provide additional evi-
dence about the benefits of an overview and the 
inefficiency of scroll bars. They compared inter-
faces using scrollbars, zoom, and roam (pan) 
with and without overview. All techniques gave 
better results with the overview, and scroll bars 
were significantly slower than the other two 
techniques. 

In view of these results and recommenda-
tions, a browser that included some form of 
overview seemed appropriate. Indeed, we believe 
that the predominant task would be to choose a 
note from the overview and read its details. The 
question of whether or not this task simultane-
ously requires both an overview and a detailed 
view appears to still be unresolved. Plaisant, et. 
al. recommend single-view browsers when pan-
ning is limited and the task requires users to con-
centrate on a part of an image that fits on the 
screen. A study by Hornbæk, Plaisant, and 
Bederson [8] comparing zooming interfaces with 
and without an overview found that subjects 
were faster without the overview but preferred an 
interface with one. 

In view of the above information, we decided 
to base our bulletin board browser on a single 
view. The easiest such browser to implement is 
to use the windowing system’s own primitives to 
implement an expand-and-overlap browser. 
However, some claim that the animation of a 
zoom-and-pan interface helps users by maintain-
ing a continuous spatial reference. The same has 
been claimed for the fisheye view, although Plai-
sant, et. al. warn that distortion can be a severe 
problem when size and geometry is important. 

Since it’s introduction [5], the distortion-
based or fisheye view has been used to construct 
browsers. Examples for documents include the 
perspective wall [11] and the document lens [15]. 
Sarkar and Brown [16] present general methods 
to apply the fisheye to graphs. A general over-
view of techniques can be found in [10]. The 
case for fisheye usability is mixed. 

Donskoy and Kaptelinin [4] compared scroll-
bar, zoom, and fisheye interfaces with and with-
out animation. Their zoom interface used two 
levels where pressing the right mouse button 
zoomed out to an overview. For the fisheye inter-
face, the focus changed when the mouse was 
clicked. Participants retrieved 12 named icons 
from three windows, each of which contained 48 
icons. Since no location was given for the target 
objects, browsing rather than navigating was re-
quired. The lowest task completion times were 
achieved with the zooming interface, with 
animation as well as without. The fisheye turned 
out to be the slowest technique, and was also the 
only technique that was faster with animation 
than without. However, subjects preferred 
animation in general. 

In a study into how browsers affect the read-
ability of electronic documents, Hornbæk and 
Frøkjær [7] compared linear, fisheye, and over-
view-plus-detail interfaces. The participants read 
scientific documents and then wrote essays and 
answered questions about their contents. Partici-
pants performed faster with the fisheye interface 
on essays but received higher grades with the 
overview-plus-detail interface. Therefore, Horn-
bæk and Frøkjær recommend that overview-plus-
detail interfaces be used when understanding was 
important, and that fisheye interfaces be used for 
time-critical tasks. The linear interface (a stan-
dard window with a vertical scroll bar), was 
good for answering questions. Participants were 
fastest with it and also had better incidental 
learning than with the fisheye interface. 

In a final study on the efficiency of fisheye 
browsers, Schaffer, et. al. [17] compared fisheye 
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and zoom-and-replace interfaces on node-link 
diagrams representing a telephone network. In 
both interfaces, the participant clicked on a node 
to open it and view its details. The difference 
was that the zoom-and-replace interface created a 
detailed view that occupied the entire display 
while the fisheye interface created a smaller de-
tailed view in the context of the entire telephone 
network – about 25% of the display with one 
node open. For this task, the fisheye view was 
significantly faster than the zoom-and-replace. It 
should be emphasized that the tasks in this study 
did not require a spatial representation that corre-
sponded to the network’s geographic layout. 

Finally, in a study that most closely matches 
our application, Combs and Bederson [3] com-
pared four browsers for photographs and asked 
the question: “Does zooming improve image 
browsing?” They included one thumbnail 
browser featuring a horizontal scrollbar, a zoom-
and-pan browser, and two 3D browsers. The par-
ticipants in this test identified and selected re-
quested images from sets of different sizes (25, 
75, 225). Participants performed better with both 
2D browsers than with the 3D browsers. They 
made fewer incorrect selections with 2D brows-
ers, and rated them higher. The test did not show 
any significant difference between the thumbnail 
browser and the zoom-and-pan browser. How-
ever, it was observed that about half of the sub-
jects did not use the zoom at all, which indicates 
that zooming was not tested by all.  

Given the conflicting evidence above, it is 
clear that browser design is highly task depend-
ent. The tasks with our bulletin board are not 
covered in any comparative study with iconic, 
fisheye, and zoom-and-pan. Therefore, we de-
cided that a test of alternatives was indicated. 

3. The usability experiment 

In order to determine which type of browser 
would be best for our bulletin board, we con-
ducted an experiment to compare three browsing 
techniques: iconic, zoom-and-pan, and a fisheye 
of the type called a “bifocal view”. We recruited 
24 participants and paid them with a gift certifi-
cate for a movie at the local theater. The data 
from three participants was not analyzed due to 
technical problems. Half of the participants were 
students at our university, and half were from the 
community. In addition, about half were male 
and half female. Since there was a gap in age 
with half of the participants being younger than 

26, and the other half older than 31, we used this 
as a breakpoint to compare performance by age. 

Each participant performed a set of tasks with 
each of the different browsers in a within-
subjects experiment design. For each participant, 
we measured total time to complete a task set 
and number of errors. These became our depend-
ant variables with browser type, task set, gender, 
age, and student status as independent variables. 

3.1. The browsers 

The browsers were implemented in Java on a 
200MHz Pentium MMX running Windows 2000. 
The system had a 19” display with a 1024x768 
resolution. The test program divided the display 
vertically with a task panel covering the left fifth. 
The questions were displayed and answered in 
this panel. The bulletin board used the rest of the 
display. The bulletin board used one of three 
browser types: iconic, zoom-and-pan, or bifocal. 
All answers and task times were logged by the 
test program. 

The iconic browser (Fig. 1), works the same 
as a standard iconic desktop. When an icon is 
clicked, a new window opens, positioned so that 
it does not cover the task panel. The size of the 
new window matches the size of the enlarged 
note, unless it is too large to fit the screen. Then 
the new window will feature scrollbars. An 
enlarged note is closed a click on the “X” button 
in its upper-right corner. Answering a question 
also caused an enlarged note to disappear. 

The zoom-and-pan browser (Fig. 2), was im-
plemented using Jazz [2]. Initially, it displayed 
all notes on the screen in the same size and order 
as the iconic browser. Zooming to readable size 
was done by pressing the right mouse button and 
moving the mouse to the right. Zooming out was 
done similarly, but with mouse movement to the 

 
Figure 1. The iconic browser 
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left. With the left mouse button pressed, the view 
can be panned in any direction by dragging the 
mouse. Since the lack of an overview can cause 
the user to become lost, a restore button was in-
cluded on the task panel. Pressing this button 
restored the starting view with all notes visible. 

The bifocal-view [10] browser (Fig. 3), con-
sists of 3 x 3 regions where the middle rectangle 
is a flat magnifying glass that can be dragged in 
any direction to view any part of the bulletin 
board. The other regions contain the distorted 
surroundings of the bulletin board. The regions 
above and below the center region are com-
pressed horizontally, and the regions to the left 
and to the right of the center are compressed ver-
tically. The four corners are compressed both 
horizontally and vertically. As the magnifying 
area is moved, the other regions change size ac-
cording to the location of the center region. 

3.2. Tasks 

We conducted a within subjects test where 
each of the participants used all three techniques, 
iconic, bifocal, and zoom-and-pan. The order of 

browsers was assigned randomly for each par-
ticipant, under the condition that all browsers 
would appear about the same amount of times as 
first, second, and third technique. 

Each browser was presented with a set of nine 
tasks with a corresponding set of 30 notes. To 
avoid a learning effect, we used three different 
sets of tasks and notes. Each set was randomly 
assigned to a browser for each participant, again 
under the condition that the distribution would be 
counterbalanced. 

The goal of each task was to retrieve certain 
requested information by browsing the bulletin 
board. The questions were simple and typical for 
bulletin board contents, such as closing hours for 
the library on a certain day, or the phone number 
for a given person. Each question was presented 
with four alternative answers. To encourage par-
ticipants to keep looking until they found the 
right answer, they were told in advance that all 
information was available, and that there were no 
trick questions with ambiguous answers. They 
were however allowed to skip a question if they 
felt uncomfortable with it. 

Before dividing the notes into three sets, they 
were thoroughly compared regarding content, 
color, and size, so that all sets would be fairly 
equal. The number of notes in a set was deter-
mined so that they would be distinguishable from 
each other, but not readable. It was further moti-
vated by a study of actual family bulletin boards 
[13], where it was found that the number of notes 
rarely exceeds 20. Notes containing answers 
were distributed throughout the bulletin board. 

Before testing each technique, all participants 
were given three practice tasks that they could 
perform without time pressure. These tasks were 
performed on a fourth set of notes. 

3.3. Test participants 

Of the 21 participants whose data was ana-
lyzed, 11 were men and 10 were women. Their 
average age was 31, ranging from 20 to 53. Par-
ticipants were divided into two groups, depend-
ing on whether they were currently studying at a 
university (12) or not (9). There was a gap in age 
within the test group. Half of the participants 
were younger than 26 (mean 23.5), and the other 
half were older than 31 (mean 39.3). Both groups 
were roughly half men and half women. 

Most participants were experienced with 
computers and used them frequently. The pre-
dominant operating system was some version of 
Microsoft Windows. A majority used computers 

 
Figure 2. The zoom-and-pan browser 

 

Figure 3. The bifocal browser 
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for office work and surfing the Internet. Nine 
participants also used their machines for playing 
games. None of the non-students had any pro-
gramming experience, while 8 of the 12 students 
did. Seven of these were in the younger group. In 
contrast to our expectations, there was no signifi-
cant difference in weekly computer usage be-
tween students and non-students or between 
younger and older participants. However, older 
participants had used computers for a signifi-
cantly longer time (15.7 vs. 10.1 years, p<.05). 

3.4. Hypotheses 

We expected the following results from this ex-
periment: 
• The iconic browser would be more efficient 

than either the zoom-and-pan or the bifocal 
browser. 

• The zoom-and-pan browser would be more 
efficient than the bifocal browser.  

• Students would perform better than non-
students. 

• Students would perform proportionally better 
with the zoom-and-pan and the bifocal brows-
ers than non-students (an interaction between 
student status and browser type). 

• There would be no difference in performance 
between men and women. 

• Subjective preference would be for the iconic 
browser, and zoom-and-pan would be pre-
ferred over the bifocal view. 
We reasoned that the iconic browser would be 

fastest because users would be most familiar 
with it. They would learn the positions of notes 
as they performed the experiment. (A pilot test, 
where one set of notes was used twice, clearly 
demonstrated this effect.) We felt that these fac-
tors would outweigh the cognitive disruption 
caused by covering the bulletin board. Finally, 
the iconic technique produces a fast response in 
the implemented browser. 

We hypothesized that the zoom-and-pan 
browser would be second because it gives a good 
overview of the notes and maintains a smooth 
transition, which should allow incidental learning 
of neighboring notes. However, we felt that the 
time required to zoom and pan combined with 
unfamiliarity would slow the users. In particular, 
the animation time in a zoom-and-pan browser is 
significant compared to the pop-up time in an 
iconic browser. In addition, Jazz’s mouse-based 

commands to zoom and pan require practice to 
master, which we did not believe would be com-
pletely achieved during the experiment. Finally, 
the zoom-and-pan technique can cause the user 
to become lost in the details. For this reason, we 
added a button that restored the display to the 
original overview. 

We believed that the bifocal view would be 
slowest because it distorts the bulletin board and 
gives the impression that things are moving 
around. We felt that this would disorient the us-
ers and result in slower task times. We did not 
believe that its greater speed in magnifying notes 
would compensate.  

In addition to comparing browsing tech-
niques, we also wanted to compare students to 
non-students in order to test the validity, for the 
general population, of experiments using stu-
dents exclusively. We believed that students 
would be faster because they are more experi-
enced with computers and younger. We also be-
lieved that they would be more adaptable, be 
able to learn the non-iconic browsers faster, and 
perform better with them. Finally regarding gen-
der, we found no reason to believe that it would 
affect performance. 

3.5. Results 

We performed a multifactor ANOVA with the 
total time used to complete one task set with one 
browser as the dependent variable. Independent 
variables were: browsing technique, student 
status, age group, gender, task set, and browser 
order. There was a significant effect for browsing 
technique (F = 8.33, p = 0.0008), and a signifi-
cant effect for age group (F = 8.16, p = 0.0062). 
No significant effect was found for student 
status, gender, task set, or browser order. There 
were also no significant interactions among ex-
periment factors. We then performed range tests 
with a 95% Least Significant Difference (LSD), 
for both browsing technique and age. The test 
showed the iconic browser to be significantly 
faster than either the zoom-and-pan browser or 

225

300

375

450

Iconic   
(265 sec.)

Bifocal   
(334 sec.)

Zoom   
(393 sec.)

Browsing Technique

Ta
sk

 T
im

es

 
Figure 4. Browser means with 95% intervals 
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the bifocal-view browser (Fig. 4). Also, younger 
participants were shown to be significantly faster 
than older (Fig. 5). 

Errors were not a significant factor. On 567 
tasks (21 x 3 x 9), there were only 18 errors 
(3%). Errors were distributed evenly among all 
browsers. Nine errors were incorrect answers, 
where the notes had been found but misinter-
preted. Nine errors were cases where the notes 
could not be found, and the alternative, 
“information missing” was selected. 

3.6. Subjective satisfaction 

The participants were asked to rate each tech-
nique on a scale from one (bad), to seven (good). 
The iconic browser received higher mean ratings  
(5.6). Participants’ ratings for the iconic browser 
centered around six (Fig. 6), while their ratings 
for the zoom-and-pan browser seemed to be a 
little lower (mean 4.5). The bifocal-browser rat-
ings (mean 4.4) were spread throughout the 
range with no clear center. The ratings corre-
sponded well to performance where iconic per-
formance was best with the zoom-and-pan and 
the bifocal browser performance about equal. 

4. Discussion 

Not all of our hypotheses were upheld. While 
the iconic browser was fastest, there was no sig-

nificant difference between the fisheye and the 
zoom-and-pan browsers. In fact, the zoom-and-
pan browser was the slowest, even if the differ-
ence was not statistically significant. We believe 
part of the cause for this to be the response time 
of our test computer. However, our conclusion is 
tempered by the observation of the distribution 
of the task times for older participants. Some 
older participants seem to have had more trouble 
with the zoom-and-pan browser. Nearly all 
longer times were in the older group, and the 
variation was high for this group (Fig. 7). Indeed, 
one older, non-student participant had a very dif-
ficult time with the zoom-and-pan interface. This 
participant was unable to finish the experiment 
before another appointment so her data is not 
included in the analysis. This data suggests that 
some portion of the older population may have 
problems with zoom-and-pan interfaces and that 
further study may be warranted. 

As we expected, students were faster than 
non-students. However, all differences can be 
attributed to age. We will need to perform a fur-
ther experiment specifically separating student 
status and age in order to test if there is a differ-
ence. We originally believed that students would 
have more experience with computers and con-
sequently would have less trouble learning the 
bifocal and zoom-and-pan interfaces. However, 
our questionnaire revealed no significant differ-
ence in reported experience based on age or stu-
dent status, and the experiment revealed no inter-
action between age or student status and browser 
type. Indeed, the percentage of time using each 
browser was about the same for both age groups 
(Fig. 8). Thus, it would seem that while younger 
users perform faster as a group, they can be an 
indicator of differences in the general population. 

During the experiment we noticed a definite 
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learning effect with respect to the contents of the 
bulletin board. Most participants spent the long-
est time on the first task in each set. In each suc-
cessive task, they seemed to have better knowl-
edge of the notes on the bulletin board and were 
more likely to move directly to the correct note. 

With the iconic browser, participants used 
one of two strategies. Either they opened note 
after note until they found the correct one, or else 
they tried to identify it’s thumbnail. Participants 
said that the iconic browser was familiar and 
easy to use. Some stated that there was too much 
work involved with opening and closing win-
dows in order to find the right note. One partici-
pant expressed a wish for explanatory text under 
each icon or another characteristic that would 
have made it easier to distinguish among notes. 

Many used the zoom-and-pan browser by first 
zooming in to readable size, and then panning 
the bulletin board. A few participants did not use 
the pan function and instead zoomed in and out. 
Half of the participants did not use the restore 
button. Among the 10 participants who used it, 
only three used it more than once for each task. 
We found no significant difference in perform-
ance between participants who used the restore 
button and those who did not (F=1.33, df=1,19, 
p=.2632). Several participants claimed to like the 
zoom-and-pan browser once they had learned 
how to use it. Others complained that they had to 
use the mouse too much, that it was hard to get 
an overview, easy to get lost, and that it did not 
stop zooming when they wanted. 

With the bifocal browser most participants 
seemed to search linearly. They seemed to have 
difficulty with the apparent movement of notes 
as they moved the magnifier. A few participants 
had problems with the mouse being too sensitive 
to movement and easily moved off of a note after 
they initially focused on it. Moving the mouse 
just a little could transfer focus a large distance 
on the actual bulletin board. This effect is caused 
by interactions between the size of the bulletin 
board, the magnification, and the size of the 

magnified area. A couple of participants stated 
that they felt as if the bifocal was the fastest al-
though they performed better with the iconic. 
Several participants liked the bifocal view. How-
ever, there were also complaints about confusing 
perspective and difficulty in recognizing the sur-
rounding icons. 

5. Conclusions and future work 

We have tested three possible interfaces for 
an electronic bulletin board: an iconic browser, a 
zoom-and-pan browser, and a bifocal-view 
browser. Participants were fastest with the iconic 
browser, and there was no difference in error rate 
among the browsers. Furthermore, we compared 
students with non-students and older participants 
with younger in order to determine if tests in-
volving only younger students were valid predic-
tors of usability. While our test showed that 
younger participants were significantly faster, the 
proportion of time that both younger and older 
participants spent on each browser was approxi-
mately the same. This indicates that the perform-
ance of younger users can be taken as an indica-
tor of the general population. However, we feel 
that the apparent problems experienced by some 
older users when using the zoom-and-pan 
browser warrant further investigation. 

While our experiment would indicate that the 
best interface would be to adopt the interface 
provided by a standard windowing system, we 
have tested only one of three possible use scenar-
ios. We have yet to investigate bulletin board 
access from a small screen such as a PDA and 
from an interface mixing physical and electronic 
notes. It may be that the bifocal view or zoom-
and-pan is more effective on a PDA. In any case, 
a similar interface on both the PDA and standard 
computer may be desirable. Finally, we could 
incorporate elements from the iconic interface 
into the bifocal-view and the zoom-and-pan 
browsers. A way to modify both would be to im-
plement click-to-expand operations on thumb-
nails. However, this would in a sense convert the 
non-iconic interfaces into variations of the 
iconic. The bifocal view would become an iconic 
browser with a fisheye magnified view, and the 
zoom-and-pan browser would become a zoom-
and-replace browser. 

Finally, our results indicate the resiliency of 
the click-to-launch-a-new-window style, which 
has been the mainstay of graphical user inter-
faces for over twenty years. Perhaps, it will take 
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Figure 8. Percentage of time with each 
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a fundamental change in displays or display size 
to render it obsolete. 
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