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ABSTRACT

We have developed and evaluated a prototype image
browser based on flip zooming, a focus+context visualiza-
tion technique. In aformative evaluation, we contrasted the
technique with two other methods to present images. The
evaluation showed that users appreciated the overview that
the flip zooming prototype provided. However, we also
learned that the current prototype lacked some important
features, and that some users felt that the flip zooming lay-
out was confusing. By using a formative evaluation method
we gained valuable information which may be used when
developing this or other focus+context techniques.
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INTRODUCTION
Small screens and the big picture

Despite the advances in human-computer interface research
during recent years, the basic channel that is used for com-
municating information from the computer to the user has
remained the same: a screen. Computer displays have not
changed much since the days of the first workstations. But
with the accelerating development in computer hardware
and software, not to mention the fact that most computers
nowadays are not isolated but part of a network, the users of
today have access to hundreds or perhaps thousands of
times more data than only a few years ago. How can we
help making it possible to access al of this information
through the same basic channel, a cathode-ray-tube screen
15 to 20 inches across? How can we present large amounts
of information so that it makes sense and so that users can
keep their overview, without getting lost in the details?

An obvious solution would seem to be to introduce bigger
displays, but with current technology large and cost-effec-
tive screens with adequate resolution are still a long way
off. In fact, it is entirely possible that the trend in the future
will be in the opposite direction. The ongoing miniaturiza-
tion of electronic components will most likely lead to
smaller computing devices and hence smaller screens. It is
obvious that practical strategies for displaying large
amounts of information on small screens are becoming
increasingly important as we approach the computing envi-
ronment of the next century.

Focus+context visualization

In every-day life, people have developed strategies for
working with large amounts of data. They spread out manu-
scripts on their desks to get an overview; they put up com-
plicated diagrams on the wall and take a step back to “get
the full picture”; they arrange notes and pictures on large
surfaces to find meaningful patterns. An equivalent to these
strategies applied to real-time computer graphics displays
can be found in the various techniques collectively termed
focust+context visualization. These are techniques that
attempt to give users both the overview and the details that
they need at the same time. Such techniques take their inspi-
ration from the way that human vision works, in that they
show the centre of attention the focus — with a high
amount of detail, while showing the surrounding informa-
tion —the context — with much less detail. Thus, users can
move their centre of attention to different areas, while main-
taining the crucial overview.

In this paper, we describe the development and evaluation
of a novel focus+context technique, which we hope will be
a step towards solving the problem of displaying large
amounts of information on small screens.

RELATED WORK
Focus+context techniques and applications

The generalized fisheye view provided the basis for much of
the subsequent work on focus+context presentation [8]. An
early graphical focus+context technique was bhéocal
display, which introduced horizontal distortion to the mate-
rial outside the focus [22]. Techniques that introduce both
horizontal and vertical distortion include thebber sheet
view [20] and thegraphical fisheye view [19]. The con-
strained zoom [2] provided a fisheye view of graphs while
maintaining the location of the nodes. Several techniques
have used distortion inspired by geometry or optics, includ-
ing the perspective wall [16], which gave a 3-dimensional
view similar to the bi-focal display, and thecument lens,
which distorted a document in a way similar to a magnify-
ing lens[18]. Several applications have aimed to provide
focus+context views of information on the World Wide
Web, including thehyperbolic tree browser [14], Zippers

[5], theweb book and web forager [6], imagetrees [23], and

the zooming web-browser based on th®AD++ toolkit [3,

4]. An overview of distortion-oriented techniques is given



in [15], and a relevant discussion of effective view naviga-
tionisgivenin[9].

Evaluations of focus+context applications

Evaluation of azooming web-browser based on the PAD++-
interface showed that experienced users found answers to
guestions significantly faster than when using a traditiona
browser [4]. When finding routes on a subway map, fisheye
views showed a dlight advantage over scrolling when all sta-
tions did not show up on the traditional display [10]. The
performance of fisheye and full zoom views of a telephone
network showed subjects completing a task more efficiently
using the fisheye view [21]. An evaluation of elastic win-
dows, a system for non-overlapping windows, showed it to
alow faster performance than traditional window systems
in some tasks [13]. Finally, the CZWeb browser was shown
to aid users in navigating the World Wide Web and under-
standing its organization [7].

DEVELOPING A FLEXIBLE,
FOCUS+CONTEXT TECHNIQUE
Asis evident from the above, alarge number of focus+con-
text techniques have been developed. However, few seem to
have found their way into real-world products. One reason
may be that many of the techniques involve advanced calcu-
lations and hence require expensive hardware to be used
effectively. Another may be that they are best suited for spe-
cialized data sets, such as graphs, and that there is no easy
way to adapt existing data for use with these techniques.
Finaly, it is possible that some of these techniques are sim-
ply too complicated for every day use, and that the gains
users can achieve from these methods are countered by the
efforts needed to understand and learn to use them in the
first place.

LIGHT-WEIGHT

When we set out to develop a new focus+context technique,
we found it very important that our solutions was practical
and put low demands on the hardware that end users would
need. It should also be easy to understand, and be flexible
enough to adapt to many different data set. What we were
looking for was a flexible, light-weight focus+ context tech-
nigue. The need for such a technique can only increase in
view of the likely future proliferation of small, mobile com-
puting devices, since such devices typicaly have very lim-
ited processing power compared to desktop workstations,
and will commonly be placed in the hands of inexperienced

users.

Figure 1. Early design ideas

After studying the earlier focust+context techniques, we
started experimenting with various ways to apply a focus
view to a set of images or document pages laid out sequen-
tially on a 2-dimensional surface. Our first attempt at a
focus+context view (Figure 1, |eft picture) was inspired by
the document lens, but with size reduction applied to each
image individually, equally in both dimensions. A problem
with this view is that the thumbnails close to the focus are
smaller than those further away, which may be undesirable,
since the information closest to the focus is often regarded
as more important for the context. Worse, the distribution of
the non-focus images is unclear — there is no obvious corre-
lation between the un-focused view and the focus view.

A second attempt (Figure 1, right picture) was inspired by
the rubber sheet view but without the deformation of the
individual thumbnails that would occur in such a display.

This view had the advantage of a clear correlation between
the image distribution in the non-focus and focus views, but
it made poor use of the display, with much space left empty.

We finally arrived at the simple method shown in Figure 2.

A data set, such as a the pages of a document, a collection of
images or a set of buttons in a graphical user interface, is
laid out sequentially as a collection of thumbnail representa-
tions (Figure 2, left picture). When a thumbnail is brought
into focus, it is zoomed to full size and placed approxi-
mately in the middle of the display. The remaining thumb-
nails are reduced in size and arranged around the focus
(Figure 2, right picture).

To maintain the context in a sequentially ordered data set
such as a document, it is important to give an indication of
each image’s place in the sequence. To accomplish this, in
the un-zoomed view, the thumbnails are placed sequentially
in a left-to-right, top-to-bottom fashion. In the zoomed
view, the thumbnails which come before the focus image in
the sequence are placed above and to the left of the focus
page, and the following thumbnails are placed below and to
the right. This solution may not communicate the exact
place of the focus image in the sequence very well, but it
should give quite a good idea of its approximate position in
the material, as well as the relative size of the material.

THE FLIP ZOOM TECHNIQUE

We have called the technique described alibpezooming
[12]. Users navigate through a data set by “flipping”

Figure 2. Flip zooming: Un-zoomed view (left); zoomed
view (right)




through it, like the pages in a book. When users wants to B R e Bt e By S -
examine an entry, such as an image, they select it by click- =1 8 = T= -
ing on its thumbnail representation. The image is then Ll—!g ﬂJi ﬂﬂ ﬂ
zoomed to a readable size. The surrounding thumbnails are
reduced in size and re-arranged to accommodate the
expanded image. When users want to view anew entry, they

can either “flip” to the next or previous in the sequence,
using a GUI command or a keyboard short-cut, or they can
select a new entry from another part of the document ran-
domly, by clicking on its thumbnail representation.

Flip zooming offers a good real-time performance, since no
advanced math is required for calculating the context dis-
play. The technique does not introduce spatial deformation
of the context material, unlike many previous focus+context
techniques. It offers the possibility to introduce other con- 2
text information than thumbnails, such as keywords or l=a st " =i
icons. In comparison to currently used methods to present ¢
set of thumbnails and a focus image, which typically
involve two separate displays with thumbnails and focus
image side by side, flip zooming constitutes a more direct
connection between focus and context, since a thumbnailing a Ul button.

and the corresponding focus image never appear on the dis-

play simultaneously. Finally, flip zooming has the advan- The image browser can present image sets of any size, but
tage that all thumbnails are always available, and nowith too many images on the display the thumbnails tend to
scrolling is needed to find the required image. become too small to be useful. It turned out that scaling pic-
tures in real time was too inefficient in the then-current
timplementation of Java, so the applet used a set of pre-
scaled thumbnails in different sizes, which were down-
loaded as they were needed. This limited the flexibility of
the display somewhat but did not seem to pose any major
problems.

Figure 3. Theflip zooming applet, running in a standard
Java-enabled browser

There are some problems with the technique. The mos
notable is that of scalability, an important issue with any
focus+context technique. At some point there will simply be
too many thumbnails on the display, and the method will
break down. This might be overcome by introducing a hier-
archical ordering of the information, to “hide” thumbnails

that are not used. Another problem is that of the unpredicta-, . _—
bility of where the focus images appear, which might be With a stable prototype, we could now proceed to designing

confusing for users and break the context. Solutions mightan Evaluatlon which would help our further development
include smooth animation to ease the transition between dif-"°"
ferent displays, and attempts to place the focus image a
close to where users expect it to appear as possible. Exte AIMS OF THE EVALUATION

sive user studies will be needed to fine-tune such solutions. The second flip zooming prototype had an application area
FLIP ZOOMING PROTOTYPES — image browsing — which was general enough to formulate
a variety of different tests. We decided to design an evalua-
tion where we contrasted the flip zooming prototype with
some other image browsing methods currently in use. When
designing the evaluation we used an accepted standard work
on human-computer interaction as our guide [17].

First prototype: A text-only web browser

The first implementation of flip zooming was the Zoom
Browser [11]. This was a text-only browser for the World
Wide Web, which presented web pages using the flip zoom
technique. The implementation was too limited in function-
ality to be used as the basis of any extensive user studies

but it did serve as a proof-of-concept implementation that goa{ thth.e evafl_fuatu()jrlhwoucljd bet to d(i;[]ertmmehlf thg ftlﬁlp
encouraged us to pursue the technique further. zoom technique otfered the advantages hatl we hoped, those

of a simultaneous good overview and access to the details of
Second prototype: An image browser a large material. But perhaps more importantly, we wanted
For our second prototype we implemented an imagethe evaluation to draw our attention to any flaws in the tech-
browser that presents a set of pictures using the flip zoomnique and/or the design of the prototype. The evaluation
technique (Figure 3). The browser can present any type ofwould be formative in the sense that evaluation process
images, such as photographs, drawings, lecture slides owould affect an evolving design [17, pp. 603]. We wanted
scanned documents, which makes it more flexible than thethe evaluation to be very open-ended, to give us as much
first prototype. The application was written in Java, to allow information as possible. We felt that completely free-form
easy integration with web-based material. The browser letsinput from the users would serve as the most useful help in
users click on any picture to bring it into focus, as describedour continuing design process, since it would provide us
previously. There is also the option to supply a navigation with opinions and suggestions from people not previously
bar, to let users flip to the next or previous picture by click- familiar with the technique.



MATERIALS USED IN THE EVALUATION ated by PowerPoint (Figure 4)

Image sets Since one of our image sets consisted of slides prepared in
We decided to use two image sets as a basis for the evalua- PowerPoint, we used the presentation method provided by
tion: one which consisted of images that were designed to this application. PowerPoint includes functionality to auto-
be read in order, and one which contained no inherent order- matically generate a web page with several frames. In the
ing. One of the image sets would consist mainly of text, and left-hand frame a list of slide titles is shown, and a full-size
the other of pictures only. The image sets were: image of a slide is shown in the right-hand frame. For the

. : : second set of images, we improved the presentation by man-
A set of lecture slides, a total _Of 34 mages ually adding thumbnails (see below). VCR-style navigation

* A set of photographs of various animals, a total of 30 pyttons are provided in two other frames. The presentation
Images method was run in a Java-Script-enabled browser.

Having determined which image sets to use, we then neede

to find some presentation methods to contrast with flip %’etmd 3: The Acrobat Reader (Figure 5)

zooming. The Portable Document Format (PDF) is a popular file for-
. mat for distributing documents on the web. In the Acrobat
Presentation methods Reader for PDF files, one or more columns of thumbnails

We wanted to use popular and readily available applica-are presented in a horizontal strip to the left of the main

tions, which attempted to provide some kind of overview jmage. Typically, the thumbnails are presented as outlines
over an image material. Furthermore, since we realized thepnly (see below). A set of VCR-style navigation buttons are

importance of the Internet and the World Wide Web as aprovided. The presentation method was run as a browser
medium for distribution of images, we wanted all methods plug-in.

to work over the web. _ _
A note on thumbnails and residue

We decided to use two methods in addition to the flip zoom- |, yiscyssions of effective view navigation, information res-

ing image browser: a framel-_bas_ed. Wet()j—padgeb, generatgd bYjue has been introduced as a measure of navigability [9].
Microsoft's PowerPoint application; and Adobe’s Acrobat gy regjgue is meant the amount of information there is in
Reader for PDF files. The presentations were optimized forOne view of an information set about all other possible

a standard 800 by 600 pixel display, and all images were,je\ys of the same information set. Thumbnails would seem
cached on the local machine to avoid any differences due tq, o 4 way to add information residue while navigating a

getquk cf:}onnecyorr spefeﬂ. 'r? the fc;]llo(;/vmg, we dWIH'I set of images, and as the subsequent evaluation showed,
escribe the particulars of the three methods in more detail.\hmpnails were an important factor in users’ appreciation

Method 1: The flip zooming image browser (Figure 3) of a a system. Surprisingly, h_owever, neither PowerPoint
Here, the image sets were presented with the flip zoom technor the Acrobat Reader supplied a straightforward method
nique described previously. No GUI or keyboard short-cuts to include thumbnails in the presentation.

for navigation were supplied, only the basic flip zoom func-
tionality. Two sizes of pre-scaled images were used: a set 0
thumbnails, and a set of full-size images. The presentatio
was run in a Java-enabled browser.

PowerPoint generated a web-page with an index consisting
of the header for each slide, but no thumbnails. There was,
nhowever, the opportunity to view the full text of each slide
in the index. Since the second image set consisted of images
Method 2: A web-page presentation with frames, as gener- with no headers, all index entries simply read “PPT Slide”.
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Figure 4. Web-page generated by Power Point, with Figure5. The Acrobat Reader; notethat thumbnailsare
thumbnails added manually shown only as outlines



Flip zooming | PowerPoint web Page | Acrobat Reader

Strengths

Good overview 10 3 1
Alternative search methods 0 8 0

Clear structure 0 0 5
Weaknesses

No / too small thumbnails 5 0 9
Unclear structure 5 1 0

Table 1: Strengths and weaknesses of the systems, as stated by 10 users

It might be argued that Power Point was not intended for * "Find out if there are more cats than fishes in the pic-
presenting strictly picture-based information, and therefore tures”

we decided to enhance the index crested for the second After the tasks were performed, each user had a debriefing
image set by manually adding thumbnails. (Figure 4) session similar to the ones used in co-operative or participa-
tive evaluation [17, pp. 661-664], and answered a number of
semi-structured interview questions [17, pp. 629]. The users
were asked to point out the strengths and weaknesses of
_each of the presentation methods. At no point did the inter-
viewer try to lead the subjects by suggesting any particular

found that thumbnails have to be generated separately whefitrengths or weaknesses of the different applications. The
a PDF file is created, but not even Adobe themselves seenh!S€rs were also asked to suggest ways in which the different

to see a reason to provide them in the guide documents pro@PPlications could be improved.

vided with the program [1]. We decided to use the thumb- After the interviews were finished, the material was proc-
nail outlines only, partly because it seemed to be the normggsed. The stated strengths and weaknesses of each system
for this presentation style and partly because we found ityere collected in groups, so that differently worded

with others that do. (Figure 5)

A similar problem occurred with the Acrobat Reader. We
were quite puzzled by the fact that the application did not
show “real” thumbnail images, only outlines. Since the
application is capable of scaling pictures in real-time, gener
ating thumbnails should not be a problem. Eventually, we

EVALUATION RESULTS

EVALUATION METHOD The users were allowed to submit the same strength or
The evaluation group consisted of ten subjects with compu-weakness for more than one system. In the following, we
ter experience ranging from moderate to very high. Thewill list those points which were mentioned regarding at
group was chosen from co-workers and associates whicHeast one of the presentation methods by at least 50% of the
had no previous experience of flip zooming. The group subjects (i.e. 5 or more out of 10 subjects). The results are
included four females and six males, with ages ranging fromsummarized in Table 1.

20 to 60. The users were told that they would help evaluate L L

three different systems for presenting images. The users/Vhen considering the results, it is important to remember
knew that the flip zooming image browser had been devel-that we wanted to evaluate thép zooming technique,

oped by the research group. Think aloud protocols werefather than the specific applications used. Our main goal

used [17, pp. 622] and care was taken not to inhibit the par-Was to find the strengths and weaknesses of the technique as
ticipants.’ currently implemented, and draw conclusions on possible

areas of improvement for future prototypes. Because of this,
The subjects were first asked to perform a number of tasksve will not attempt to draw any conclusions on which of the
to bring their attention to different ways of using the sys- applications was the “best”.
tems. There were a total of nine tasks, which were rotated SQirenaths
that each task was performed with each system at some 9 . _ .
point. The tasks were varied so that they required the use of?00d overview (flip zooming) o
different search strategies, such as pattern recognitionAll 10 users said that the flip zooming image browser pro-
image recall, and so on. The users were permitted to pery|ded a gOOd overview of the mate.rlal. We felt that this
form the tasks in any way they liked, using all available fea- Fesponse was very encouraging in view of the fact that the

tures of the respective applications. Examples of tasks weref€sponses were totally free-form, with no leading questions
from the interviewers. Only 3 users felt that the PowerPoint-

* "Find the slide on which the ternmush and pull are generated web page gave a good overview, and only one
used” user felt that a good overview was a strength of the Adobe



Acrobat Reader. (It is quite possible that more users would
have felt that the Acrobat Reader offered a good overview if

we had included “real” thumbnails, but this should have lit-
tle bearing on the result for the flip zooming application.)

answer or confusing issues like “the number of cats” and
“the number of pictures of cats”. These errors were far
less common when users took advantage of an overview
display.

Alternative search methods (PowerPoint web page) CONCLUSIONS AND DISCUSSION

8 users thought that the fact that the PowerPoint-generated@ur main conclusion from the evaluations were:
web pages provided alternative search methods was a Ei . id d .
strength. The subjects used the built-in search function in Ip Zooming provides a good overview

the web browser to search for important keywords, probably ~All 10 subjects in the evaluation pointed out good over-
because they were already familiar with this feature being View as a strength of flip zooming. In this respect, flip
offered by the browser. The flip zooming prototype pro- zooming performed significantly better than the other
vided no alternative to visual search, and although the Acro- Mmethods evaluated (although it is possible that if we had

bat Reader does provide text search, this function was included “real” thumbnails, the Acrobat Reader might
unknown to most users and was not used. have performed better than it now did). The result serves
as an indication that in situations when an overview is
needed, the flip zoom technique provides a viable way to
achieve such an overview.

A clear structure is important to users

The evaluation indicates that it can be a good idea to con-
sider a trade-off between information density and clarity.
Although some users complained that the thumbnails pro-

Clear presentation —
Reader)

5 users thought that a strength of the Acrobat Reader was .
that the material was very clearly presented — several users
spoke of it as “neat and tidy”. No user thought that any of
the other methods had a clear presentation structure.

‘neat and tidy” display (Acrobat

Weaknesses vided by flip zooming were too small, a cluttered display
No thumbnails / Too small thumbnails (Acrobat Reader / flip crammed with information might not be as useful as a
zooming) well structured display with slightly less information.

9 out of the 10 users we interviewed thought that the lack of,
real thumbnails was a weakness in the Acrobat Reader (as
mentioned above, only outlines of the images were shown).
5 users also complained that the thumbnails provided by the
flip zooming browser were too small. If we had not manu-
ally added thumbnails to the PowerPoint-generated web
page, it is likely that it would fallen under this point as well.

Thumbnails are appreciated by users, but are not always
easy to provide

Thumbnails provide important information residue, and
this may be an important factor in the relative success of
flip zooming. This was not particularly surprising, but
what surprised us was that it was so difficult to provide
thumbnails using the commercia applications in the
study.

» Users want alternative search methods

Confusing presentation — “messy” display (flip zooming)
5 users thought that the flip zooming image browser was
confusing and gave no clear indication of the structure of . . .
the presented material. They thought that the display was Again, not partlculgrly surprising, but we had not thought
too crowded and “messy”. Only one user thought that the O Provide alternative search methods in our prototype,
presentation on the PowerPoint-generated web page was &d most users never found the text search function pro-
confusing, whereas no users mentioned the Acrobat Reader Vided by Acrobat Reader.
in this regard. Our other observations seemed to confirm that the overview
Other observations provided py flip zooming wasahelp to users when perform- _

i ) ing the different tasks. When using “brute force” searching,
We also made a number of other observations while the,sers seemed less efficient and often made errors, whereas a

users were performing the tasks, which were not easy 104504 gverview allowed them to give approximate answers
quantify. The most important were: quickly and then refine them.

* Overview allows approximative answers and “multi-task- The evaluation served to encourage us to pursue the work
Ing with flip zooming further, while at the same time pointing
When asked questions such as "Are there more cats thawut several areas for possible improvement. We feel confi-
fishes in the pictures?” many users would quickly give an dent in concluding that flip zooming provided a good over-
approximate answer if they had an overview of the whole view, but the presentation will need to be tightened up to
set. They then examined some pictures in detail to con-convey the structure of the material more clearly. We
firm the answer. The overview also allowed a form of believe that focus+context methods can be useful for many
"multi-tasking”: When explaining a search strategy used situations when display space is scarce, and that flip zoom-
in the flip zooming image browser, users sometimes con-ing presents a realistic alternative to other methods.
tinued to check the pictures, occasionally correcting the FUTURE WORK

original answer while explaining how it was found! . . L .

. . o The evaluation described in this paper points to several pos-
* “Brute force” searching is prone to errors sible improvements of the existing flip zooming prototype,

Using “brute force” searching, i.e. looking at each image including providing a more clearly structured display and

in turn, often led to mistakes such as overlooking the right alternative search methods. With an improved prototype,



new evaluations could be performed, including quantitative
teststo determineif the flip zooming image browser is more
efficient than other applications for performing some well-
defined task.

To date, we have implemented flip zooming for use with
text documents and image sets. There is need to determine
how to adapt flip zooming to other types of data. This might
include a general presentation or windowing system which
uses flip zooming instead of e.g. overlapping windows. Flip
zooming might also be integrated in a graphical user inter-
face, so that various buttons or menu items can be brought
in and out of focus as they are needed.

The development of small but powerful computing devices
should provide many interesting opportunities for
focust+context visualization research. An important future
work will be to adapt flip zooming and similar techniquesto
work on small devices such as PDAs and mobile phones.
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