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while under way, making it equally easy to get back. An elegant solution
is the zooming interface paradigm (ZIP), which in many situations solves
the navigation problem and also provides a way around the problem of the
limited screen real estate that any real display system must confront. Imag-
ine, if you will, how readily mazes could be solved if only you could
fly above them, see their layout, and go directly to your destination. A
zooming interface paradigm offers that kind of fluidity and facility for many
tasks you perform with computers. Although a ZIP is not optimal for all sit-
uations, I will concentrate on its positive aspects, with the aim of demon-
strating that there are alternatives superior to desktop-oriented graphical
user interfaces.

The ZIP described here is called ZoomWorld and is based on the
idea that you have access to an infinite plane of information having infinite
resolution. The plane is ZoomWorld. Everything you can access is displayed
somewhere on ZoomWorld, whether it is on your computer, on a local net-
work to which your computer is attached, or on a network of networks,
such as the Internet.

To see more of ZoomWortld, you think of yourself as flying higher
and higher above it. To look at a particular item, you dive down to it. Zoom-
World also has a content searching mechanism. The overall metaphor is one
of flying, climbing to zoom out and diving to zoom in. You navigate both
by flying above ZoomWorld and by doing content searches.

ZoomWorld is conceptually similar to the walls of a project planning
room. After a while, the walls become covered with annotations, tacked-up
sheets of paper, sticky notes, photos, or whatever else helps us to remember
and to explain our ideas. When you come into the room, you may stand in
the center and glance around, spot a place, walk over, and look at the mate-
rial in detail. At other times, you walk directly to the place where the infor-
mation you want to review or modify has been posted.

We can find things in such a planning room because we tend to
remember landmarks and relative position, a fact sometimes called the psi
effect and long known to psychological researchers. “The stuff about mar-
keting is on the right wall, sort of lower down near the far corner,” someone
might tell you. On another occasion, you go right to a particular document
because you remember that it is just to the left of the orange piece of paper
that Aviva put up. As you work in the room, you sometimes step back to get
your bearings. You don’t have to step back far before you can no longer read
the small print, but you can see headings and larger diagrams. From still far-
ther away, you can make out only a few of the largest headings, colors of
whole sheets, layouts of areas, and tell whether there are illustrations,
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diagrams, or cartoons on them, even if you can’t make out just what is being
illustrated or diagrammed.

The ZIP readily permits labels to be attached to images and to collec-
tions of images yet does not itnpose any structure, hierarchical or otherwise,
beyond association due to proximity. | suspect that most users will tend to
organize collections of images into clusters and that some will create infor-
mal hierarchies. For example, a large heading Personal Photos might, when
zoomed in on, reveal smaller headings on groups of pictures labeled Baby
Pictures, Vacations, Pets, Hobbies, Friends, Relatives, and so forth. Zooming
in to the writing under the heading Baby Pictures might reveal the children’s
names, Agatha, Gideon, and Hermione. A professional photographer is
likely to have a very carefully constructed and organized collection. Note
that you are not required to remember the names; you find them as you
zoom and glide about and decide whether the image you want is likely to be
in the named category. The same can be done with films and collections of
sound, although you may have to activate a film or a sound to make sure that
it is the one you want.

The totally disorganized have hope: If you are one such, you can just
lay out the images any old way and zoom around until you find the one you
want. You may remember its approximate position due to your spatial mem-
ory, which will speed the search.

If you want larger characters, say, in a document you are reading, it is
clear that zooming in makes the characters larger, but you may not be able to
fit entire lines into the width of the display, making reading from the screen
difficult. The solution in this case 1s to use a command to enlarge the font,
making the line length, in terms of number of characters, shorter.

Our inherent tendency to remember position and landmarks can be
put to work in ZoomWorld. The method of getting around will not be via
scroll bars, which are slow. (Just consider, in Fitts” law terms (Section 4-4),
the size of the arrow boxes you must click on.) Nor will it be by clicking on
zoom-in and zoom-out icons or menu items, which are also slow, but rather
by emulating what a person does in a planning room: stepping back to view
large areas, then walking up to just the one that is desired, and finally leaning
forward to read the fine print or using a magnifying glass to see a detail in a
photo.

Zooming in, so that you can see portions of the space in detail, is
probably best implemented as a quasimode (see Section 3-2-3). In this quasi-
mode, the graphical input device button causes a real-time zoom-in to
wherever the cursor is located: The center of zooming follows the cursor.
The secondary graphical input device button can be used for this function.
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determined at the creation of the link. Buttons can have as much informa-
tion on them as you wish, including a complete manual, with examples,
without affecting their simplicity when viewed from'afar. Every feature can
have an explanation built into it.

Zooming can also be nonlinear in time, starting more slowly and accel-
erating to full zoom speed, allowing for fine control of small changes without
impeding large changes in scale. It can also slow down and briefly stop at cer-
tain predefined zoom ratios, making it easy to get characters to standard sizes.

Working effectively in a ZIP often permits, and sometimes requires,
strategies that are unlike those used in desktop-based GUIs. For example,
you can have a number of views of the same data kept on hand because real
estate poses no limitations. As with the efficient temperature converter solu-
tion in Section 4-3-2, we let the machine do extra work or preparation that
may never be used, in the interest of easing human workload. Comparisons
can be effected by a split screen, which requires controls for splitting but that
allows for independent zooming, and by a typical ZIP trick: moving copies
of the two documents or two copies of the same document so that the parts
to be compared are adjacent. The ability to move and to scale any object cer-
tainly applies to text objects, which is how you can make a document bigger
and thus visible at a higher hierarchical (and graphical) level.

A footnote can be more than just a reference. You can zoom in to the
entire referenced work. Zooming here is functioning like a link, except that
to get back to the main discussion, you zoom out; you do not have to keep a
trail of where you have been. To make it easy to find a set of documents, the
documents themselves can be arranged in a distinctive pattern that is visible
when zoomed out. A page with very large lettering can be seen while
zoomed out and used as a title. Zooming out can serve in the role of a Back
button in a browser.

Small-scale collaborative endeavors are easily modeled by having col-
laborators all zoom on the same document, with appropriate rules to prevent
interference. A network can be represented as a space in which everyone’s
work 1s placed n his or her own region. In a ZIP collaborative space, you
can choose to keep as much of your work visible or invisible to others as you
wish. Invisible documents are also a way to implement varying levels of
access permission.”

3. An interesting zooming user interface (ZUI), called PAD++ (it is now called Jez=), has
been developed independently, originally at the University of New Mexico. See hup://
www.cs.umd.edu/heil/pad++/. T am grateful to Dr. Donald Norman, then at Apple, for point-
ing out this work to me.
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Something wonderfully straightforward has been lost: in particular,
the immediate feedback that humans need in order to quickly iterate their
way to an effective program. I am not so naive as to think that we can keep
the former simplicity in toto and achieve the level of program complexity
that is now demanded, but I am certain that we can do a lot better than we
have.

7-1-2 Importance of Documentation in Program Creation

Many sources explain that it is important for programmers to copi-
ously document the code they write. Two reasons are usually given: to aid
the reader of the program in understanding it (Knuth 1992, p. 99) and to
make it easier to adapt the program to new circumstances (Weinberg 1971,
p. 164). A typical program has an occasional line or two of comments and
somewhat more frequent single-line comments attached to lines of code.
Many programs are almost totally devoid of comments.

As Knuth also noted, writing the comments before or as one creates
the code seems to make writing code easier, improves the design of the algo-
rithms, lowers the number of errors and iterations required to complete a
project, and also gives the advantages usually cited for providing comments.
There seems to be a good cognitive reason why Knuth’s impressions are
correct.

When we develop algorithms and write code as experienced pro-
grammers, the process is accomplished, in part, by the cognitive uncon-
scious. As has been noted, this mental facility can sustain contradictions. |
suspect that the cause of some programming errors is that your cognitive
unconscious is sustaining a contradiction between what you want to do and
what the code is telling the computer to do.

However, to write out your intentions clearly in natural language
forces you to make your reasoning process conscious, and it is in the cogni-
tive conscious that contradictions most readily become apparent. Even if this
hypothesis is incorrect, writing comments makes you think through the
problem an extra time, in a different medium, and from another point of
view.

Unfortunately, programming environments have been designed to
make comments difficult to add. For example, comments in many computer
languages are limited to one line; where multiple-line comments are
allowed, there is often no word wrap or other features that the simplest word
processors have to aid the typing process. (Two exceptions are UCSD Pascal
and Oberon.) If you want to edit a paragraph-length comment in Visual
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With hermaphroditic connectors, any two cables connect together,
and any cable connects to any connector on a piece of equipment. The
inventory is reduced to two items:

» Connector for equipment
* Connector for cables

Electronic requirements force us to have different cables for different
kinds of signals, but within each class of cables, nothing in the nature of
electronics or manufacturing keeps us from designing hermaphroditic con-
nectors, which are neither male nor female. Any two hermaphroditic con-
nectors of a given class will mate. Surprisingly, any kind of electronic signal
connection or electrical power connection can be made via hermaphroditic
connectors. This includes multiple-pin connectors, power connectors, and
coaxial cables.!

If you have two hermaphroditic cables of a given class, you can use
the cables either as two separate cables or joined together into one extended
cable. In some cases, the hermaphroditic connector would be no more
expensive or complex than a standard, sexed connector. This will not always
be true; in many cases, a hermaphroditic connector will be somewhat more
complex and more expensive to manufacture, but the added expense is
counterbalanced by such factors as

* Increased user satisfaction

* Stmpler manuals

* Fewer manufacturing setups are required

* Distributors and retailers needing to stock fewer different items

Figure 7.1 shows the schematic of a four-conductor linear hermaph-
roditic connector. For # conductors in a linear arrangement, you need a
minimum of 2n — 1 contacts. You can trace the conductors in Figure 7.2 to
see how it works. Figure 7.3 shows the conductors for a hermaphroditic
coaxial connector. The idea can be extended to multiple coaxial conductors.
To make better human-computer interfaces possible, we are willing to pay
for more complex computers. The same reasoning should be applied to the
maddening tangle of wires and cables in which computer and electronics

1. Some cables used in setting up widely spaced components, such as a photographer’s remote
strobe lights, have hermaphroditic connectors. The now obsolete GR. coaxial power radio
frequency connectors are another example.
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Figure 7.1. A hermaphroditic four-conductor connector. The four con-
ductors ave labeled a, b, ¢, and d.

users are perpetually enmeshed. It may seem that some linear scheme with
fewer than 2n — 1 contacts is required, but keep in mind that connecting
cables have also to work as extension cables.

7-3 Ethics and Management of Interface Design

The reasonable man adapts himself to the world, the unreasonable one per-
sists in trying to adapt the world to himself. Therefore all progress depends on
the unreasonable,

—Gearge Bernard Shaw

It 1s difficult to create a good interface when management does not
think that interface design is important. In the short-term view, careful
interface design may appear to add to the expense of creating a product and
to lengthen the development time. In my experience, the short-term view is
wrong even in the short term; improving the user interface often simplifies
the design. Careful design and detailed specifications do not hinder but
rather speed implementation. A superior interface is also an exceptional
long-term investment that returns

» Higher productivity for the customer

* Increased customer satisfaction
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Figure 7.2. Hermaphroditic connector-equipped cables can be used to
connect to units (at top and bottom of each column) or as an extension
cable (right column).

* A greater perceived value

A lowered cost of customer support

Faster and simpler implementation
* A competitive marketing advantage
Brand loyalty

Simpler manuals and online help

Safer products
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Interface designers work in an area in which incorrect decisions can
contribute to physical injury and psychological debility. For example, exces-
sive key- and mouse clicks in an interface can hasten the onset of or exacer-
bate existing repetitive stress injuries (RSI). Poor interface design can cause
psychological distress. What is needed is a basis for establishing legal safe-
guards to protect conscientious practitioners. Another necessity is to estab-
lish some standards of practice—not interface design standards—for the
profession. Measures, such as those discussed in this book and those that will
be developed in the future, may allow numerical, objective benchmarks to
be established. For example, a structural engineer must show that she has
designed a bridge that meets codified standards requiring that it withstand a
load of, say, twice the maximum expected, and a car must have less than 0.2
percent carbon monoxide emissions in its exhaust in order to be licensed.
Similarly, we may be able to specify that an interface to a word processor is
not acceptable if, say, it has an overall information-theoretic efficiency of less
than 0.7 or an overall character efficiency of less than 0.8, with no individual
feature rating less than 0.5.

Criteria might also be developed such that the average times—and
number of keystrokes and graphical input device movements and clicks—to
do tasks, averaged over a frequency-of-use weighted set of tasks, in a new
word processor cannot exceed those of any prior or contemporary commer-
cial product that does substantially the same task. Products that meet the cri-
teria would receive some form of certification. The criteria would self-adjust
as interface technology improves. At present, new products are often more
difficult to use than older ones, but there is no way to know this until you've
tried the product. Because these criteria affect productivity, and thus the bot-
tom line, enterprise management should take great interest in them. Not only
practitioners and management but also consumers would gain protection
from the publication of objective standards of interface quality.

Steve Wildstrom, a writer for Business WWeek, pointed out that “com-
puter manufacturers, and especially software publishers, often seem to
believe that the requirements of the Uniform Commercial Code only apply
to other people” (personal communication, October 1998). Many of the
present software licenses that are unilaterally foisted on consumers do not
promise even that the software will do the task for which it is advertised.
Many of these documents specifically deny merchantability, the concept that
the sale of a product automatically carries with it the presumption and
promise that the product can do the task for which it was clearly intended.
Some states in the United States have passed legislation that nullifies denials
of merchantability for computer products; all sovereign powers should do so.
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look through. But it does not follow, as some seem to think, that it is
therefore better to have fewer items on each screen. If you have hun-
dreds of items and split them up among dozens of screens, you lose
more in navigation time than you gain in searching for the individual
item, even if the one you seek is swimming in a sea of similar-
looking items. Looking for something in long, gray lists is not always
a terrible thing in an interface.

If people weren’t good at finding tiny things in long lists, the Wall
Street Journal would have gone out of business years ago. Would you
rather have the stocks listed 15 to a page, each page decorated like 2
modern GUI screen, even given some scheme for helping you to
find the right page, such as:

STOCKS PAGE
AA-AD 1
AD-AS 2
AT-AZ 3
BA-BK 4

and so forth

Such a scheme would be considered childish, wasteful, and a nuisance.
Yet we sometimes spend more pixels on a screen in making neat,
gray-shadowed borders than we do in presenting information. When
a person is motivated—>by interest or by salary—to refer to data, he
finds long lists no problem at all. Visual designer Edward Tufte’s (1983,
p. 105) first three principles for displaying information are:

* Above all else, show the data.
» Maximize the data-ink ratio.
* Erase nondata ink.

All we need do is substitute pixels for ink for his advice to apply to
display-based devices. A serious, professional user wants screens
packed with useful stuff. Screens should be well labeled, with meth-
ods to make finding things easier and dense with the information
that represents the real value of each screen. (After all, we do have a
computer sitting there, and we should be making the best use of it
we carn.)

There are a multitude of studies on the design of displays. Many
early but still useful studies are discussed in Tullis (1984). Some of
the results are still valid, such as search time through a list of items is






EIGHT

Conclusion

One began to sympathize with the dog whose muzzle is
removed at the end of a prolonged Muzzling Order, and who
does not quite know what to do with himself.

—C. G. Grey (it Jane’s All the World’s Aircraft 1919)

If you start with the goal of making interfaces as simple
as you can, taking account of our limitations and exploiting our abilities,
there are two things you have to do. One is to understand what we can and
cannot do, to study the maps of human thought presented by the science of
cognitive psychology and see where they lead to the engineering discipline
of cognetics. This book has followed one major highway from the map, one
that leads from research into the division of abilities between our cognitive
conscious and our cognitive unconscious, to an understanding that we have
but one locus of attention and a recognition of the central nature of habit
formation in how we react to various interface methodologies. We also learn
that individual differences are small when dealing with habituation, in con-
trast to the large differences between individuals in other regards.

From the science, we learn that modes, long recognized as unde-
sirable, are at the heart of some of the most vexing irritants in current
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computer interface paradigms. Any complete cure requires that an interface
be modeless and is enhanced by as much monotony as we can design in. The
uniformity among individuals is exploited. Productivity is improved by our
being able to spend less time doing a task, and this observation leads to the
interface version of the classical time-and-motion study, the quantitative
GOMS analysis. GOMS leads to a feel for what details make interfaces slow
and fast to use and leads to the question of how fast and efficient an interface
can be and to the need for quantitative measures of efficiency.

Having gone down the road of understanding human capabilities, we
then look at our present computer equipment and how we use it, finding a
small set of elementary actions and methods that apply to a broad and varied
landscape of applications. This uniformity can also be exploited.

We are led by our studies in an unfamiliar direction that turns out to
be a shorter path to usability than the standard methods provide. Fast search
methods combine with the elimination of unnecessary mechanisms, such as
file names and URLs, hierarchical file structures, and applications, to allow
us to take speedy shortcuts. The ZIP allows us to fly over the terrain, to see
more, and to get there more quickly. We have also taken a few side paths, for
example, to see how cables can be made easier to use.

This book has many lacunae; for example, I am sure I have missed
prior work that I should have known about, and I may have failed to cor-
rectly attribute to their originators ideas that were not my own. Parts of this
book lay out areas where, had I the resources, I would have performed
experiments to test my conclusions and guesses. Please consider these areas as
invitations for research.

Thank you for having read this book and for joining me on a quest
for more humane interfaces. Where our journey has crossed untrodden
ground, I may have taken a2 wrong turn here and there. Nonetheless, I am
convinced that my compass is a good one and that my overall direction is
correct.

Starting from what we know of human cognition, we have been led
to fundamental changes in the design of human-machine interfaces. Noth-
ing less will do.
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As users have discovered, however, this often causes accidental loss of
text. In the original design, which requires one keystroke more than the
present method, typing is never destructive, and the text editor is, and feels,
more secure; this is a lot to gain from one additional keystroke.

Unlike BRAVO and some other editors designed at PARC, on the
Macintosh and, to a large extent, on subsequent systems, typing a plain letter
never acts as a command. In retrospect, the improvements seem obvious, but
they did not seem so at the time. My design for an interface based on a one-
button mouse was refined and extended in discussions with many cowork-
ers, most notably Brian Howard and Bill Atkinson, and, of course, many
adjustments were made based on observations made during user testing and
during subsequent development. Some users do have difficulty both holding
down a button and simultaneously moving a graphical input device, but this
is partly dependent on the physical design of the graphical input device and
whether it is a mouse or another input device. In the Macintosh design, this
problem was alleviated by having only one large button on the mouse, with
low holding force and good tactile feedback. (Some of the recent touchpads
with poorly designed buttons, especially those on portables, make dragging
difficult and error-prone.) Additionally, the improvement and error reduc-
tion afforded by the elimination of modes often overweigh the pointing
errors due to dragging, even with Jess-than-optimal graphical input devices.

What I did not see at the time is that multiple buttons on a mouse can
work well if the buttons are labeled. If the Macintosh mouse had had multiple
buttons, if the buttons had been permanently labeled, and if they had been
used only for their designated functions, a multiple-button mouse might
have been a better choice. A better mouse might have two buttons, marked
Select and Activate, on top and on the side, a button activated by a squeezing
action of the thumb. This last button would be marked Grab. Some mice at
present have a wheel on top that is used primarily for scrolling. Better still
would be a small trackball in that location. The mouse would control the
position of the cursor; the trackball could be used, for example, to manipu-
late objects or to make selections from menus that float with the cursor.
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and do it if necessary? We find cursor control keys far too slow, and
when you consider the number of auxiliary commands they require
(move to next/previous word, sentence, paragraph, page, move to
beginning/end of line, document, file . . .) we find them too com-
plex. The GID is only a small improvement because most of them
take your hands away from the keyboard, and uses up much screen
space for menus, scroll bars, and the rest of the associated GID appara-
tus. We are annoyed when we are put through menus instead of being
able to do what we want right now, and we are puzzled by the huge
number of commands in most systems. We hate disk systems that
allow you to lose work through trivial human error. We are amazed
that many word processors cannot keep up with human typing speed.

SwyftCard shows that with proper design all these questions and
bothers—and many others that have plagued us for years—can be
answered and fixed. And the system works on an inexpensive com-
puter with only one disk drive, with minimal memory requirements.
Our product does what most people need done—without an oper-
ating system, expensive price tag, or bells and whistles.

The major design principles include numerous innovations, as well
as applications of what we have learned from the work of others.

1. The cursor LEAP concept, whose average time to target is
about three times faster than that of the most advanced method
in common use up until now: the mouse.

2. The cursor itself, whose two parts show you exactly where
what you type will appear and where delete will operate. The
cursor also collapses upon being moved so that you do not have
to aim “one off™ if you want to delete.

3. A very small set of fundamental operations that allows you to
accomplish a wide range of tasks with ease.

4. The elimination of an operating system, thereby allowing all
operations to be performed directly and immediately from the
editor without having to go into different modes.

5. The elimination of modes in general, which makes habit for-
mation easy because you do not have to think about what state
the system is in to figure out what a command will do. This
property is called modelessness.

6. Not providing many ways to do a task—again so that you do
not have to think about alternate strategies when you are about
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to do something. We call this principle monotony. Like mode-
lessness, monotony aids habit formation.

7. The emphasis on habit formation is itself a fundamental
principle of the design, and one often overlooked by other
designers. We consider it important that after a brief period of
learning, a user should not have to think about the system while
using it.

8. The DISK command, which simplifies the usual complexi-
ties of a DOS (Disk Operating System) into one simple com-
mand. It also provides protection against most common mistakes
that would cause a loss of data on other systems. The technique
of making one disk correspond to one Text is what makes this
command possible.

9. The emphasis on making speed of operation proportional
to frequency of use (often-done tasks must be very fast, seldom-
done tasks can be slow).

10. What you see is what you get—the way it looks on-screen
is the way it prints on paper. (This principle was violated for
underlining due to a limitation in Apple display hardware.)

11. Noun-verb design of commands. First you specify what you
are going to work on (that gives you time to make sure you are
right and to make corrections), then you give the order as to
what to do. Some systems work the other way around, or even
worse, mix the two styles.

12. Itis very hard to louse yourself up or clobber something
you are working on. It’s not impossible, but it’s hard enough to
do that it 1s not likely to happen by chance or a momentary
lapse of attention.

13. The inclusion of programming and communications within
a general purpose environment, where the output is placed in
the editor/retrieval environment.

14. The allowance of months of testing and reworking time in
the schedule, so that purchasers of the system are not being used
as test subjects.

This is only a barest sketch—the system specs run to some 50
pages—but we hope it gives you a feel for what led us to design
SwyftCard the way we did.
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