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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 Zoom World and is based on the 
idea that you have access to an infinite plane of information having infinite 
resolution. The plane is Zoom World. Everything you can access is displayed 
somewhere on Zoom World, 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 Zoom World, 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 Zoom World and by doing content searches. 

Zoom World 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 
inustrated or cliagrammed. 

The ZIP rl!adily permics fabels to be attached co images ;111d to collec­
tions of images yet does not impose a11y crucrure, hierarchical or otbenvisc, 
beyond association due to proximity. l suspect that most users will ccnd to 
organize collections of images inm clusters and chat some will create mfor­
mal bier:irchies. For e::-::ample, a large heading Personal Photos might, when 
zoomed in on, reveal smaller headings o.n groups of pictures labeled Baby 
Picrnres, Vacations, Pees, Hobbies, Friends, Relatives, and so forth . Zooming 
in to the writing under tbe heading Bt1by Pictures 11iight reveal the children's 
names, Agatha, Gidecrn, and Herrruone. A profoss1ona] phocog1.--apher is 
likely to have a very carefully consb·ucted and organized collection. Note 
that you a.re not required co remember the names; you find them as you 
zoom and glide about and decide whether tbe unage you want is likely to be 
in the named category. The s:une can be done with films and collections of 
sound, although you may have to activate a film or a sound co make sure that 
it is the one you want. 

The co tally 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 is 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 Zoom World. The method of getting around will not be via 
scroll bars, which are slow. Qust 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 arc 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 sec 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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For compatibility with the application-free systems described in Sections 5-
7 and 5-8, the zoom quasimodes can be positioned elsewhere, such as on a 
second graphical input device, on the keyboard, or as dedicated, labeled 
extra buttons on the graphical input device (see Appendix A). 

Wherever the zooming controls are located, the point you are zoom­
ing in on is the cursor location, which can be adjusted during the zoom by 
the graphical input device, being used in its role as a positional pointing 
device. That is, during zooming, the system moves the Zoom World plane so 
that the cursor position is at or near the center of the display. If zooming is 
quick-at least a factor of 2 in linear dimensions per second-and has the 
appearance of being continuous, zooming to and from the cursor position 
will suffice as a graphical navigational tool. 

In the planning room, you might put up larger signs over the main 
areas, signs you can read from anywhere in the room. Zooming operates 
similarly; the sizes of headings and text determine how far in you have to 
zoom before you can see details. This technique substitutes for, and improves 
on, hierarchical directories. A fast text search, such as LEAP, is an important 
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(URLs) can bring you immediately to other documents at a place and size 
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determined at the creation of the link. Buttons can have as much inform~­
tion on them as you wish, including a complete manual, with examples, 
without affecting their simplicity when vjewed 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 ~n also slow down and briefly stop at cer­
ta.in predefined zoom ratios, ma.king 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 G Uls. 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 temper,m.tre converter solu­
tion in Section -1-3-2, we let the mc1.chine do extra work or preparation that 
may never be used, in the interest of easing human workload. Comparisons 
cart be effected by a split screen, which requires controls for splitting but that 
allows for independent zooming, and by a typicaJ ZIP trick: moving copies 
of the two documents or two copies of the same document so that the pares 
to be compared are adjacent. The ability to move and to sea.le any obJect cer­
tainly applies to text objects, which is how you can rnak:e 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 ouc; you do not have to keep a 
trail of where you have ht'en. To make it easy co find a sec of documents. the 
documents themselves can be arranged in a dis6nctive pattern tha.t 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 is placed in his or her own region . In a ZIP collaboranve space, you 
can choose to keep as much of your work visible or invisible co others as you 
wish. Invisible documents are also a way to implement varying levels of 
access permission.3 

3. An interesting zooming user mtcrface (ZU1). calkd PAD++ (it is now cilled Jrr.:z}, h.,s 
been devcloped mdependemly, origio:illy :ir the University of New Mexico. See http:// 
\.·vww.cs.umd.edu/hciJ/ pad++/ . I :un gr:1teful ro Dr. Dona.Id Norman, then at Apple, for point­
ing out this work to me. 



Figure 3.4. Fluke scopemeter: powerful and rugged, 
zillions of functions, a paucity of keys, but dfflicult to 
learn and sometimes slow to get to the function you 
need. On the other hand, its color-coded leads elimi­
nate a traditional source of confusion about which 
lead does what. 
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Figure]; 7. Tlie S011y 2010 multi-ba11d mdio achieves ease of use by 
providing thirty-two dedicated b11ttotts .fol' presets. When a preset is 
tapped, it sim11ltaueo11sly sets aU parameters to tlzc .stnfe they were 
w/,en the user stored the station. Unlike many radio preset systems, 
which assign preset_s 011lj) tvitl, oue JJOf'tic11/ar ba11d (for example, AM 
or FM)> any b11tto11 "'")' nccc.ss ""J' station on the Sony 2010. 

Storing statio11s is also easy: A dedicated and labeled SET button 
establishes a q11asimode d11riug w/iich a press of a preset button stores 
the current slatio11 aud all other pertinent operating parameters. It is 
nearly impossible to accidet1tal11• store .a station when you intend to 
listm to oue, and tlie label makes the SET function visible. 

It is rare when a product combines both superior electronic technol­
ogy and interface tcch11ology. Perhaps this explains why the Sony 
2010 has bec11 ill co11ti1111011s produdionfor 011er a decade in an indus­
try where mos£ models Jnde itr moutlis. 
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Fig11re 3.9. Ca11011 Cat's Use Frout key a11d some of the command 
keys. The words USE FRONT are liglit blue, as are the legends on 
tl,e fro11 ts of the keys that are enabled by tire Use Front key. 
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Figure 4.3. A GUifor Hal's interface. 
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Figure 4. 7. The Macintosh me1111, at the top edge of the screen, ejfec­
tively increases its size compared to a menu that floats away from the 
edge. 
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Figi,re 4.8. The Windows meni, is below the top edge of the screen; 
you have to place the cursor more carefully to pull down a submentl. 
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Figure 6.1. A ZIP view of an ICU. The numbered rectangles are 
rooms, and the names are those of the patients in tltem (no real data 
shown). 
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Figiire 6.2. The charts for a particular patient can be seen when 
zoomed in this far. 
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Figure 6.4. Zoomed out beyond the view shown in Figure 6.1, the 
entire fi rst floor is ,,isible. 
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Figure 6.5. The entire O 'Connor hospital can be seeti. 
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Figure 6. 6. The entire enterprise can be accessed from this level. 
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Figure 6. 7. A Zoom World portal to the World Wide ~b. 
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Fig,ire 6.11. Bibliograpliic icons (from: littp: llwll'w.scra11.ac. 11k/ 
iconstdl). Many are inscrutable, as you ca11 ascertain by looking al 
encl, and decidi11g 1111,at bibliographic category or operation it is sup­
posed to represent. 
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A typical application for Zoom World arose in a design created for 
Apricus, which was trying to find a way to computerize a large (about a 
square meter) medical chart of the kind used in an intensive care unit (lCU). 
All of the methods tried proved slower than accessing the cbart manually 
and also required excessive training; multiple displays could not be used to 
show the entire chart at once. Not only could ZoomWorld accommodate 
the chart, but also the same interface could serve as an enterprisewide data­
base without significant extra development effort, allowing the company to 
extend its sights beyond automating the ICU database. The better interface 
allowed an exparuion of the business model and the range of applications 
without requiring a more complex interface or any additional interface 
implementation, although a larger database was, of course, nece-ssary. Figures 
6.1-6.8 show versions of Zoom World thac were developed atApricus.4 In 
testing, it was found that nurses could use the system after less than one 
minute of training. 

In Figure 6.1, the ZIP shows an ICU unit, sun·ounded by otber units. 
You can zoom in to see the kinds of data available for any of the rooms, 
some of which are unoccupied. In Figure 6.2, you have zoomed in to room 
132, and the major charts can be seen. 

You can continue to zoom in to a particular chart. When the text 
becomes large enough to be readable, it also becomes editable. In Figure 6.3, 
a horizontal tin1e ·cale and a vertical set of legends have automacicaily 
appeared. These "floac·• over the background image so that as you move 
arow1d 10 the chart, the scales stay in p1-ice relacive to the screen. They auto­
m:.1tically disappear if you zoom out to or beyond the point where the text is 
w1readable or if you zo01n inside an entry in the chart. 

For example, yOll might zoom in to a particular value and find usefuJ 
data, such as normal ranges for the measurement or even a lengthy quote 
from a merucal text. Note that such detai] does not get in the "vay or take up 
any apparent display space, yet it is there, where it is needed. 

The zooming can take place in the other direction. Climbing high 
above Figure 6.1, our first view of the hospital, you can see that the ICU 
unit is on Floor 1, and you can tell what other units are on the same floor. In 
addition, the physical layout of the floor is apparent (Figure 6.4) . 

-1 My thanks to Apricus for permission co describe its vcrsiou of Zoom World and for the use 
of some of the screens as ilJuscmtions. Ivlnny dcca.ils 011d cbe implementation were prov1ded by 
Drs. David Mosha! and Emanuel Noik :md their c.-re,\~ Tht! cusromjzation to the hospital set­
ong is due prim:tril)• to Betti Ne,vburn. R .N, 
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Figure 6.1. A ZIP view of an ICU. The numbered rectangles are 
rooms, and the names are those of the patients in them (no real data 
shown). (See color insert.) 
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Fig11re 6.2. The charts for a partic11lar patient can be seen when 
zoomed in this far. (See color insert.) 

Fly still higher above the first-floor view, and the entire hospital 
becomes visible, with a one-story set of doctor's offices and a hospital tower 
of three floors (Figure 6.5). 

Gradually climbing still higher, the entire chain of hospitals can be 
viewed (Figure 6.6), roughly in their geographic alignment. It is a matter of 
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Figure 6.4. Zoomed out beyond the view shown in Figure 6.1, the 
entire.first.floor is visible. (See color insert.) 
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Figure 6.5. The entire O'Connor hospital cati be seen . (See color 
insert.) 

seconds to ger to any panent's chart m any hospital, and the means to do it 
are evident with only a few seconds of 111struccion. You could operate chis 
interface from what you've read here, and you would do it correctly. 

lt is not only patient charts thac can be found from the Zoom.World 
image of the hospital system. Assuming thac you had logged on at the appro-
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Figure 6.6. The entire enterprise can be accessed from this level. (See 
color insert.) 

priate level of secmity, you could also zoom in on the comptroller's office, 
check on budgets, inventory records of medlcine and supplies, and check 
human re-sources records or any other facet of the enterprise. 

It is clear that Zoom World can serve as a database search interface for 
an enterprise or for a set of enterprises, governmental agencies, schools, and 
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scientific data sets, to name a few examples. Three-dimensional objects are 
represented by a two-dimensional projection or other transformation on dis­
plays, although a three-dimensional Zoom World can be created. 

Although move within ZoomWorld are usually accomplished by 
zooming out and in to the new location, a short move that preserves readabil­
ity and context is sometimes needed. Therefore, interface designer Emanuel 
Noik's implementation of this system included a convention chat delayed the 
beginning of zooming. if the graphical input device was moved during the 
brief delay--a few hundred millisecond~instead of moving the zooming 
point, the graphical input device dragged the image. In testing, it worked 
well, although in general, the use of such delays can cause problems (see Sec­
tion 6-4-5); in this case, an occasional zoom when a drag was intended and 
vice versa was observed. Faster and more certain is co drag the image while 
both GID buttons are held. Either mechanism is superior co conventional 
scroll bars, which, aside from the difficulties already discussed, may require 
the user co decide whether to move horizontally or vertically first and then to 
decide whether to use the arrows, to move the scroll box, or to click above or 
below the scroll box. Such decisions cause Hick's law delays (see Section 4-4). 
Scrolling itself is inherently sJow. The user is limited by the system's speed of 
scrolling, which cannot be made too fast because the user will not be able to 
see what is flitting by the window; zooming can be fast because the visual 
images don't change but only scak, and you do not lo e your sense of where 
you are. Note also that when you zoom in, that area is active co the extent that 
you can operate withm an area. You do not have co click or othenvise signal 
the system that you want to use whatever facility you have zoomed :in on. 
The conventional concepts of "opening" and "do5ing" documents or appli­
cations do not apply, either in Zoom World or in the complementary meth­
ods discussed in this book. 

Lf we zoom out from Figure 6.6, the image of the hospital enterprise 
gets smaller and is surrounded by empty space, like an island. As this hap­
pens, other islands come into view, and when we zoom in one of them, we 
find chat it is a portal to the World Wide Web (Figure 6. 7). From that portal, 
we can zoom in to a specific: area of the World Wide Web (Figure 6.8) . 

It is clear how the World Wide Web is surfed in Zoom World (see 
Figure 6. 9). Another island is your local system, its mass storage, and any 
other information that can be reached without going over a network. W hen 
a volume, such as a DVD, is mounted, it appears adjacent to your local sys­
tem island. 

The consequence of this discussion should now be obvious: The 
zoomi11g interface paradigm ca1t replace the bro111se1; the desktop metapho1; alld the tra-
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Figure 6. 7. A Zoom World portal to the World Wide Uteb. (See color 
insert.) 

ditional operating system. Applications per se disappear. Combined with the 
methods described earlier in this book, Zoom World can simplify the use of 
computer systems m general. With care and understanding of cognetic prin­
ciples, it can be built so as to completely conform to the requirements of 
human cognitive abilities and would be easier to implement, learn, and use 
than present software methods. 
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Figure 6. 8. Zoomed in to one area of the Ui1rld Wide J#b. (See color 
insert.) 

ZIPs may help alleviate another seldom-recognized interface desigi 
problem. We have acquired a fashjonable verbal terseness in our interfaces 
trymg to :find the ideal one ·word that will make the menu item meaningful 
and have been forced into being cryptic in order to cram more labels on ou 
displays. Sometimes, a few words or a sentence would better serve the pur 
pose; in connnunicaring, one should always use as few words a.s possible, bt 
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always ha~ 
·access to yon e-mail. 

Downloads 

Figure 6. 9. Zoomed in on a list of browsers. Of co11rse, Zoom JiVorld is 
a.fine browser in its own right. (See color insert.) 

computer interfaces sometimes go beyond possible to the point of incom­
prehensibility. With a ZIP, screen real estate becomes more available, and we 
can more easily afford to ma..-x.imize clarity rather than to minimize the use of 
pixels. Of course, even without a ZIP, 1/le should always prefer clarity over b1wity 
in our labels. 

The current crop of interface-building tools cannot be used to build 
Zoom World. It must be programmed in a language such as Perl, C, C + +, or 
Smalltalk; a reasonable mockup can be done with Macromedia Flash. If the 
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programmers have not studied the rationale for the change in paradigm, 
when Zoom World or LEAP is implemented, the programmers and design­
ers working on the project tend to slip in details that work the old ways. 
Many times I've come in to review a client's progress only to discover that 
someone had built in a toggle or another modal feature or had used dialog 
boxes. This is one of the difficulties in maintaining the quality of these inter­
faces, namely, our old design habits. The 01L!y solution to keepiiig all interface 
desigu on track is crmfrtl study ef mid attcntion to the fimda111c1Ztals of i1Lte1face design 
so as to take cog,iitivc issues into accoimt. That oftm means retraitiing the whole team1 

from management to designers to testers, so that they understand the parts of 
cognetic technology pertinent to their roles. The training needs to include a 
study of design heuristics not discussed in this book but well known to the 
human factors community. 

On the hardware side, a mouse for working with a ZIP might have 
three buttons: two marked Select and Activate on top and one marked Grab 
on the side, and which might zoom in when you twist it clockwise and 
zoom out when you twist it counterclockwise, as with standard screw thread 
direction, on the side. 

6-3 Icons 

Icons, those familiar little pictures used to identify buttons and other 
objects, are a shibboleth of modern interface design. Apple Computer, 
which is well known for its leadership in this field, advised us that "icons can 
contribute greatly to the clarity and attractiveness of an application. The use 
of icons also makes it much easier to translate programs into other languages. 
Wherever an explanation or label is needed, consider using an icon instead 
of text" (Apple Computer 1985, p. 1-32). Later versions of the manual were 
not so dogmatic about using icons, but the damage had already been done. 

Icons contribute to visual attractiveness of an interface and, under the 
appropriate circumstances, can contribute to clarity; however, the failings of 
icons have become clearer with time. For example, both the Mac and Win­
dows 95 operating systems now provide aids to explain icons: When you 
point at the icon, a small text box appears that tells you what the icon stands 
for. The obvious reaction, which I have observed repeatedly when users first 
see this facility, is Why not just use the words in the first place? Why not 
indeed? Instead ef icom cxpfoini11g, we have fowid that icolls oftc11 require explmia­
tioll. If you wanted to obscure or to encode an idea to keep it from prying 
eyes, substituting icons for the words might not be a bad start. The problem 
with icons can be considered an issue of diminished visibility: The interface 
presents an icon, but the meaning of tbe icon is not visible, or it may give 
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the wrong message to someone for whom the graphic is unfamiliar or has a 
different interpretation. For example, an icon that shows the palm of an 
upraised hand indicates "halt" in the United States but signifies "here's 
excrement in your face" in Greece (Horton 1994, p. 245). 

You do not have to be an interface expert to be bothered by icons. A 
car reviewer's complaint is typical, "You had to get out the manual to under­
stand the (radio's] controls--there were no words on the buttons (you know, 
like 'volume'), only syrnbols" (Hotchkiss 1997, p. 14A). 

Sometimes, the use of icons is rationalized on the grounds that they 
are language-independent, which is a useful property for software to have in 
an increasingly international marketplace, although, as noted, icons are not 
culturally independent. But even if an icon does not require translation, the 
linguistic aids and help screens used to explain it must be translated, nullify­
ing any supposed advant::i.ge. With either icons or words, careful translation 
by an acculturated e>..'Pert native speaker and writer of the language used by 
the target audience is required, as well as review by editors who have grown 
up and Uved in the culture. Although words can be understood in at least one 
language, an icon is an equal-opportunity puzzle, potentially lacking com­
prehensibility across the entire spectrum of Earth's congues. 

In this example, the meaning of an icon was understood by only a 
minor subculture, to the detriment of nearly everybody else: On the 
Apple Ile, each connector on the back was identified by a distinctive icon. 
One especially enigmatic icon consisted of a horizontal line under which 
was a dashed three-segment line of the same total length (Figure 6.10). Of 
the thousand or so people I have asked, primarily at conferences, fewer 
than a dozen have known unequivocally its meaning and fewer still its 
derivation. 

The jcon represents an oscilloscope trace: An oscilloscope (Figure 
3.5) is a device used by electronics technicians to render electrical parame­
ters, such as voltage, visible. The dashed line in Figure 6.10 is the zero volt 
position, and the solid line is what you would see on the display of the oscil­
loscope if you put the DC voltage from the power supply across its inputs. 

In the preface to The Icon Book, author William Horton says, "I've 
used systems with graphical user interfaces for a decade and would prefer to 

- - -
Figure 6.10. A particularly obscure icon. 
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click on an undersc:mdable image than to enter tcchnojargon commands­
even if I could remernber hO\;\,,. to spell them" (Horton 1994). Of the two 
poor choices he presents, icons may be preferable, especially for the new­
comer or the occasional user. However, he omits another choice: dicking 
on a button identified by a well-chosen word or two. To be fair to Mr. Hor­
ton, he states th:1t in certain places, both words and icons are needed, and he 
correctly emph:-1sizes the importance of testing, whether words or icons or 
both are used in an interface. Bob Horn (Jacobson ] 999) has developed a 

style of combining the attributes of words and icons into combined sym­
bols, which reinforces the dictum that fc.'.;t is oftc:1t the: hcst 11is11<1l Cllt'. We arc 
expert at visually differentiating one word from :mother, and words can con­
vey quite specific content. Ergonomic factors, such as case, font size, color, 
and other attributes of the text, are also important. 

Mayhew (1992) cices :t number of research scudie on the use of 
icons. Unforcunatdy, most of the ·cudic d1d noc compare labels co icons. 
But from these and ocher studies, we can conclude that icons are most effec­
tive when there are at most a dozen of chem and when at most a dozen arc 
seen at one time. In addition, it is essenfrll that they 

• Are visually distinct 

• Do a good job of representing the appropriate concept 

• Are presented at a reasonably large size, typically larger than a text 
label would be 

In every study that considered the question, icons were demonstrated 
to be more difficult to understand than were labels, especially at first view­
ing, which contradicts one of the most frequently cited reasons for usmg 
icons. namely, comprehensibility for begmners. GUL~ often present us with 
v.rindows full of identical icons, each with a label. T he icons are small and 
numerous, and there are dozens of different icons. The limited conditions 
under which icons are effective do not obtain in present computer systems. 

Although it is true char tiny icons can cake less screen space than 
labels, you have to a k: At w hat cost? The smaller a butcon, che longer ic 
cakes to operate it, and the more difficult ic is co find; also, it is difficult to 
make l ~-mall icon distinctive. Anorher small point: Icons cake more time co 
create th:m do words. 

A major problem with icons is that it is often difficult to figure what 
to call them, whether for comn1unicating with others, ,vhen writing about 
them, or even if you want to think about them in a verbal ,vay. H ow do you 
sort or classify them· where do they fit in an index? For example, one icon 
on Macintosh keyboards looks somewhat like a diagram of a freeway clover-
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leaf interchange. In print, it has been called a cloverleaf, the propeller, or the 
pretzel. In this case, the key does have a name: In Apple manuals, it is called 
the Command key. This leads to the natural question as to why, on a key­
board that has explicitly labeled Shift, Option, and Return keys, did Apple 
not put the word Command on this key? What advantage does this icon con­
fer on the user? How can you tell, by looking at it, that it is the Command 
key? The key with the little window on it on current Windows-specific key­
board falls into the same category of marketing triumphant over usability. 

If we are to be consistent, pressing a key ,vith a funny shape on it 
should simply type that funny shape into our document; keys with words 
perform other functions. (Arrow keys are probably a useful exception.) I sus­
pect that the increase in sales due to such shenanigans is nil, whereas the dif­
ficulties that they cause--for example, requiring a new character in the fonts 
used for writing the manuals of every product that will require mentioning 
that key-are unending. 

Trying to describe icons vvith words can lead to extreme verbal cal­
isthenics. Consider the elaborate vocabulary that describes the heraldic 
symbols of English nobility. A shield might be emblazoned "Per pale or and 
vert a lion argent rampant."* Will we require such a language to describe 
icons when you phone up someone to get help in making a computer work 
properly? 

There are, of course, many places where words fail. A color palette is 
such an example. One program on my computer offers the palette in words, 
presented in (mostly!) alphabetic order. Here is a portion of the list: 

Cyan Blue Violet 

Blue Brick Red 

Magenda [sic] Burnt Orange 

Apricot Burnt Sienna 

Aquamarine Cadet Blue 

Bittersweet Carnation Pink 

Blue Green Corn Flower 

Blue Gray Forest Green 

* I believe the translation is: a shield divided into left and right halves, with the left half gold 
and the right half green. In the center of the green half is a silver image of a lion in heraldic 
style, set at about a 45 degree angle to the horizontal, with its head to the right and above. 



1 T! NA V l GA Tl ON AN D OT H ER AS PE CT S OF H UM 1\ N E l NT ER FA C ES 

Gold 

Goldenrod 

Gray 

Green Blue 

Green Yellow 

Indian Red 

Lemon Yellow 

Maize 

Maroon 

What color is "Bittersweet"? What if you are botanically challenged 
and doa 't know a dandelion from a corn Aower? The index for a collection 
of clip art is often effective when it has thumbnail representations of each 
image, buc: the list of categories of images, or any higher-level organization, 
should be teA"t:. An image of a number of a flowers does not convey the same 
information as the word "flowers." The image might represent "sununer," 
"a listing of A.orisrs," or "hayfever sufferers chat room." 

On the deshop of my Mac. I have exactly one often-used icon our­
lined in red; changing the border color of a.n icon is a system option. The 
color does make that particular icon easier to find among the dozen or so 
jcons chat clutter my desktop. I do nor have the option, which I would pre­
fer, of bayjng one red word. Horton (1994) points out that "color coding 
can fail if you use too many colors or if there are too many icons in each 
color." He specifies that if the icons are close together, you should use no 
more than seven colors; if they are scattered abouc, you should use no more 
than four colors. He is right, and his suggested limits apply to the use of 
color with words, as well. Bue too many GUT designers seem not to be read­
ing Horton. 

Apple's early guidelines state that "To use the screen to its best advan­
tage, Macintosh applications use graphics copiously, even in places where 
other applications use text. A much as possible, all comn1ands, features, and 
parameters of an application, and all the u$er'· data, appear as graphic objects 
on the screen" (Apple Computer, fnc. 1985, p. 1-31). However, the best 
advantage for the user is to achieve clarity and ease of use. The tendency to 
overuse graphics has been an impediment to good interface design. 

In creating a telecommunications interface, its designers had to indi­
cate the foilo·wing states: dialing, ringing, busy, no dial tone, excessive noise 
on line, attempting to connect, and connected. After some months of trying 
icons and testing them, they found it impossible to design a set of icons that 
would invariably convey the infonn:1tion to users. When consulted about 
this problem, I asked: How do you draw the sound of a busy signal? I sug­
gested that they use the list of words they had provided instead of icons; they 
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did, and testing confirmed the utility of the solution. That they did not see 
this for themselves is probably a result of the effective "brainwashing" of 
interface guidelines such as those quoted. 

Using icons sometimes prevents designers from seeing the possibility 
of direct manipubltion. To discard a document in most GUis, you drag its 
icon to the wastebasket or trash can. If the document is visible. at the time, 
why not drag the document itself? In a case like th.is, the icon is an unneces­
sary proxy and a level of abstraction you must learn and understand. We can 
do even better and avoid having a trash icon altogether: Why not simply 
select the document to be erased and use the Dele1:e key? That would make 
deleting a document monotonous with other forms of deletion. 

lcons seduce designers into looking for a representation, model or 
analog for the task and then implementing an operation on the repre enta­
tion instead of tbe thing itself. On occasions such as the one just mentioned, 
this is a design error. Sometimes icons seduce designers into creating yet 
more icons. A bibliographic database application designer asked me to com­
ment on the quality of his team's choice of icons. I responded that most 
people who use bibliographies can read and that therefore words might be 
preferred. Figure 6.11 shows a few of the dozens of icons they had created. 
See whether you can decipher them (footnoted answers on next page).5 

The clearest ones are probably Menu. AND, and, especially if you are 
professionally interested in books, ISBN. Having read rhe intended interpre­
tation of each only two days before writing this paragraph, I find that I still 
cannot remember what they all mean. especially the one that looks to me 
like a beach ball. 

To summarize: Surprisingly, icons violate the principle of visibility: It 
is their 1Hca11ings tha.t are not visible. Use icons only in the few situations 

Figut'e 6.11. Bibliograpliic icons (fi·om: http://tmvw.scran.ac.11k/ 
ico,istdl) . .A-Lmy are inscnttable, as 1 1011 can ascertain by looking at 
eacli and deciding wl,at bibliographic category or operation it is s1tp­
posed to represent. 
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where research has shown them to be advantageous .. Otherwise, words are 
better. 

6-4 Techniques and Help Facilities in 
Humane Interfaces 

Be a driver, not a ,nechan.ic. 

-A11to111obilc ad1,crtisc111ent 

A desktop-based interface has a very low efficiency because you do 
not accomplish your tasks when you are in the desktop. A humane design 
that has neither desktop nor applications should leave the user involved with 
content at all times. 

As we have seen, we can eliminate files and file names, leaving only 
one universe, or content space. You do not need to open or close documents; 
you zoom to them and just start working. You do not open applications; you 
duplicate a blank document (or whatever). You do not launch a game; you 
zoom in on it (a multiuser game may even be in progress). Separation of text 
into user- defined content areas uses the separators from the character set, 
user-chosen words or codes, or by making positional distinctions. 

As the testing that led to SwyftWare and the Canon Cat demonstrated, 
neophytes find a system without a desktop or named files very easy to use. 
However, if experienced users of present systems are not given a few minutes 
of explanation, they can find these interface concepts so alien to their experi­
ence that they seem puzzling. An extreme example of this was when IBM 
reviewed the Canon Cat for possible interest in the interface. To avoid having 
to execute a nondisclosure agreement, IBM chose two ex-IBM employees 
who were experienced personal computer users to review the interface. 
Their self-chosen modus operandi was to see whether they could quickly 
learn the interface without manuals, online help screens, or tutoring. 

At the end of the time, they reported failure. They had experimented 
with a range of command techniques, from the slashes of the IBM punch 

5. A11s111ers: display the m;1.in menu, change language, display information about this facility, 
browse, thesaurus, reduce the number of returned results, display information about the 
selected obj ect's location (for example, the URL of a web page or a shelf location in a 
library), retrieve items in search for which both Boolean expressions are true, international 
standard book number, keyv,rord, subject, title, clear current information, reduce view of cur­
rent information, display a brief list of current search results, show all fields, show the results 
of the current search, author. 
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card-based Job Control Language--an ugly style of delimiter that, amaz­
ingly enough, persists to this day in web addresses-to IBM DOS com­
mands, in their attempt to get the word processor started. They were, of 
course, typing and erasing text as they made these attempts. But they 
assumed that they were doing this at a "system level." 

An interface, as far as is possible, should be self-teaching. This does 
not mean that an interface is, or can be, intuitive but that a user can readily 
find comprehensible explanations or instructions when she needs them. 

To facilitate learning, a display of instructional text should be pre­
sented the first time the product is activated. A tutorial and the complete ref­
erence manual should be part of the interface, accessible at any time. Help 
displays are simply part of the content. No special mechanisms or techniques 
are required to use them. A LEAP to any keyword-and perhaps a few taps 
of a LEAP Again key-will suffice to find the desired information. Alterna­
tively, you can zoom to a help area and then into the particular portion you 
need. Help systems in GUis are an addition to the rest of the interface and 
have their own rules and implementation, which are an additional burden 
on the user and on the system's implementers. To where do you turn if you 
need help learning to use the help system in a conventional GUI: the help 
system's help system? As with lists of commands, which were removed from 
the realm of programmer-only creations and became a specie of ordinary 
text (in Section 5-4), the help feature of a humane interface can be operated 
without any special methods. 

You're in Locked Text and Try to Type 

You can move the cursor into locked text, say, by LEAPing there or 
just positioning the cursor directly. Now, if you try to type, what 
should the system do? 

The more or less traditional computer method is to give you a beep 
and possibly flash the screen or the menu bar to indicate that you are 
doing something wrong and perhaps offer a dialog box with a mes­
sage saying that you are doing an illegal operation. This is not a 
humane interface: It gives you an error message that you have to dis­
miss, and any characters you typed are lost, violating our parallel to 
Asimov's first law, that all user content is sacred. 

It is also unacceptable for the system to move your input point to 
somewhere else in the document or universe. You have determined 
what you want to look at, and the machine shall not change it. A 
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number of options do not violate the cognitive principles of 
humane-interface designing. For example, the screen could split, 
one part showing the cursor in the locked text, with the material 
you are typing in the other part, say, just after the locked text. 
Another solution might be to provide a transparent overlay with the 
message that you are trymg to modify locked text, that same overlay 
accepting the text you do type, and selecting it so that you can read­
ily move it to wherever you wish. As soon as you move the text to 
where you wish it to be, the overlay disappears. 

Transmitting e-mail i a separate application in most systems. Io the 
system being discussed here, emimg e-mail consists of selecting che rexc, 
selecting the address, and executing a Send conunand. Because nearly every 
operation begin · by making a selection and end by execming a command, 
the standard sequence of operations becomes habitual. and the operation of 
·ending e-mail does not fed like three distinct steps but only one. 

Your e-mail directory is imply your address list or any list containing 
nan1es and e-mail addresses. lt is just ordinary te...'\.'t, not a special mechanism. 
Say chat you ·wanr to send an e-mail to your Uncle Herman. You type the 
note and sdect it. You then LEAP to Her111,111 Jackso11 or hO\,vever you have 
him listed and then select hie; e-mail addrcs.s. La tly, you type or !;elect from a 
menu the Send co1111nand and execute it as previously described, with the 
Command key. Instead of a single name, of course, you could have sdected 
a list of names for an e-mail bro1dcast. 

Another approach is to have an e-1nail command use the first line of 
the selection as an address, the second line as the subject heading, and the 
remainder as the content of the message. A command wonld be used for 
making a selection an attachment to an e-mm. No doubt various vendors 
would supply different methods for seuding e-mail. A wise user would buy 
only one. 

Here is a seemingly peculiar method of receiving e-mail that, in 
practice works much better than it sounds. When an e-mail arrives, two 
docrn11ent characters, which sandwich the grO\vmg contents of the e-mail, 
are inserted immediately before your current cursor location. You can, of 
course, continue to work as the e-mail streams in. No special window or 
"You have mail" message is needed. You can ignore the e-mail or read it in 
progress. At any rime, during transmission or afterward, you can select the e­
mail and then move it to wherever you wish. An experienced user is likely to 
have a spot labeled "E-Mail Repository;' "E-Mail Goes H ere;' or some such 
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so that it can be LEAPed to and the e-mail (deposited there automatically as 
well as being presented ac the focus as it arrived) can be read at leisure. The 
value is that the e-mail, with any attachments, comes in automatically and 
visibly and becomes part of your text; you already know how to move text 
co where you wane it. Attachments download in the background so that your 
work is not interrupted and that, if there is fear of software viruses, can be 
placed into a nonexecmable software quarantine. A command that gathers 
recently received e-mail and puts it into a particular area in your universe is a 
feature that software vendors might supply. 

Encryption is a matter of selecting some text and applying the 
encryption command. Encrypted text can be left in place, e-mailed, or oth­
erwise used. Decryption is similar. 

Any abilities n.ow provided by applications also fit into the same men­
tal model. Consider spreadsheets: lf a selection bas the synta.x of an algebraic 
expression and if a Cale command is executed, the expression js tored, and 
the re ults of the e::-.rpression are displayed in its place. Another command 
rever es the process and shows the stored e;-;pression, which, if necessary, ca.n 
be edited and recalculated. ff e1\.-pressions are permitted to have variables, if 
values can be given names, if a syn~'- that allows position-relative references 
is provided, if there is some notation for ranges, and if the expressions are 
put into a table, a fully fi.mccional spreadsheet has been created. B ut it is more 
than just a preadsheet, bec~use references to the spreadsheet values can be 
incorporated anywhere in text, and any ,-a.lue in the text can be incorpo­
rated, by name, in the spreadsheet. Tbat is, the results from a spreadsheet in a 
report can be used in the introduction to the report, and values in the text 
can be used in the spreadsheet- without having to sec up any special mech­
anisms. There are no harp demarcariom among cexc, mail, and spreadsheets 
or, for that matter, any other content. 

6-4-1 Cut and Paste 

Another problem with conventional interfaces is the cut-and-paste 
paradigm. Most users of cut and paste have experienced the loss of some 
work when they inadvertently performed a second cut before pasting the 
first. When text is deleted, it should not disappear into limbo, especially not 
into an invisible cut buffer. One solution is to have the cut text appear as the 
last item in a document that collects deletions. The deletion document is just 
an ordinary document and can be treated as ordinary text. (It may be useful 
to have a special command that deletes in a more permanent way.) The 
essential point here is that nothing mysterious happens to deleted text, and 
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no special command or knowledge is needed to find the document contain­
ing deleted text, beyond having to know that the plaintext words, such as 
"This document contains deleted text," are in it. The user could type in any 
phrase to use as a target for this document. Of course, any phrase in the 
recently deleted text can also serve to find it, just as if it hadn't been deleted. 

Any huma11e design for deletion 

• Has deletion operating no differently from other commands 

• Puts nothi,ig at risk whw text is deleted or 1noved 

• Creates no special bieffer or other "system-level)' or liidden place to where 
text is moved 

• Treats si1tglc-clzaracter deletio,is no differently from multiple-character dele­
tio1ts 

• Ca11 be undone mid redo11e 

6-4-2 Messages to the User 

Always do r(~ht. This will gratify some people, and astonish the rest. 

-A1ark 1111ain 

Whenever you find yourself specifying an error message, please stop; 
then redesign the interface so that the condition that generated the error 
message does not arise. In other words, an error message signals an error to 
be sure, but the error is usually in the design of the system or its interface, 
not on the part of the user. On occasion, the work my associates and I have 
done in trying to eliminate an error message has resulted in our realizing that 
fundamental design decisions were incorrect and that design revisions were 
in order. In this regard, and in this regard only, error messages are a great 
boon. For example, in designing a package to do arithmetic. there seemed, at 
first, to be no way to avoid giving an error message when the user tried to 
divide by 0, but a better solution was the creation of a value called 1mdefiued. 
The lEEE (f nstitttte for Electrical and Electronic Engineers) 754 tandard for 
arithmetic uses NaN, or "not a number,'' for this. Arithmetic on undefi.TLed is 
well defined (imdefi-ned + 3 === u11,d~fined, for ex:ample), and .r;esuJts involving 1t 

are more useful and diagnostic than simply stopping che calculation. Using 
1mdefi-11ed also solves the problem of what to do when the Calculate com­
mand is applied to an object that does not have the synta..x of an arithmetic 
expression. The information that something has gone wrong appears as the 
user's locus of attention, namely, as the result desired. More in.fonnative is to 
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replace the simple undefined by divide-by-0 and other messages as appropri­
ate. Arithmetically; they all behave as does undefined. 

Another example of where the desire to eliminate an error message 
affected a hardware decision arose in the design of the Macintosh; it is also an 
example of a "bet the farm" lcind of decision that often arises when you are 
creating a new product. At the time. we were choosing the storage med:iun1 
for the Macintosh. Hard drives were too expensive to be considered. The 5¼­
inch floppy was in nearly universal use. and a number of technologies were 
competing to replace it. The Macintosh tean1 decided on the 3¼ inch floppy, 
which turned out to be the right decisi,on, as the rest of the personal comput­
ing world went the same way. Had I.BM, for example, chosen otherwise, 
users might have found it difficult to buy diskettes for the Mac. 

But the choice of the Sony drive was, for us, sealed by a humane 
interface consideration: Most of the brands of drives we examined allowed 
you to eject a disk by pressing a button on the disk drive. Unfortunately, 
nothing prevented you from doing this before your current work had been 
saved on the disk. ln chat case, we would need a warning message to let users 
know that they had made an error: "You have removed the diskette that this 
document came from. To save your work back onto the diskette, please 
replace the ruskette in the drive." Of course, if the user had already moved 
away from ch~ computer, tak:i11g the disk, the next user would be stuck. 
Then I learned of a drive that did not have an Eject button but that ejected 
the clisk only on a command from the computer. Now, when you wanted to 
eject the disk, you signaled the computer, and the computer had time to 
check that your command was appropriate before ejecting the disk. If your 
command would lose some data or would otherwise cause a problem, the 
system could correct the situation before ejecting the clisk. We chose the 
self-ejecting disk drives, which, during the reign of the floppy, was one of 
the many factors that made the Mac easier to use than its competition. 

If a message must be given and no user response is required, the mes­
sage can usually be eliminated. If, for some reason, the message absolutely 
must appear, it can be presented as an overlaying transparency, as discussed in 
Section 5-2-3. With a transparent layer for messages, the underlying screen 
can be seen and used as if the transparency were not there. In other words, 
no special action need be taken to dismiss the message. You just work 
through the message, and the message disappears when you perform any 
operation on the underlying layer; moving the cursor is not an operation in 
this sense. Unlike a standard dialog box, no extra user actions are required to 
dismiss a message, and a message never totally obscures any information on 
the display, a problem common in today's interfaces. 
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The claim is sometimes made that responding to a message is neces­
sary to meet a legal standard. This presumption could, I believe, be chal­
lenged in court by pointing out that a user closes such message boxes 
habitually and that closing the message box does not imply that the user has 
read, or even consciously seen, the message (see Section 2-3-2). 

Messages: A Case St11dy 

One of the more remarkable designs that came from eliminating a 
set of error messages was the set of methods developed by Dr. James 
Winter for storing and retrieving information from mass storage on 
Canon Cat. Users of GUis are familiar with the many messages asso­
ciated with storing and retriev.ing information; for example, you are 
warned if you try to close a file that h:,1s not been saved. Originally, I 
had proposed that we have a pair of commands, each activated by a 
dedicated button, for saving and retrievmg the user's universe; there 
was, as I have discussed, no file structure." 

Dr. Winter showed that only one command was needed and that this 
interface would be more secure. My first reaction was that it could 
not pos ibly work, a common response to good, radical ideas. After 
all, what could be si1npler than my two commands? Dr. Winter's 
method did all that he had claimed, and ir was implemented in the 
commercial product, where it proved successful and popular. In par­
ticular, many errors made in saving and loading information, which 
can so often devastate a user's data, could not occur. 

To follow his idea requires a bit of background. The Cat bad already 
dispensed with the concept of files in the usual sense, so that all 
work "-vas stored in a user's workspace. The removable torage-in 
those days, a floppy disk-contained the same amount of informa­
tion as memory, so the entire workspace was kept whole whetber in 
memory or on disk. One then had the mental model of swapping 
entire workspaces, a concept users found very comfortable. Once a 
workspace was swapped in, the computer kept crack of whether it 
had been modified, and every disk was given a probably unique se­
rial number derived from a checksum on its contents. 

6. [de-ally, there would be no conunands for saving your wo1;k whatsoever. Your 111.:ueria.l, 
includmg all intermediate scaces of its devdopmcnc, 'ihou]d be autonmrically preserved, unless 
you deliberately perm:'lflcntly dc_leted :my or all of it. Our lurrlwarc resources .at the rime did 
not allow such :m implement::ttion. 
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Winter's idea was this: Only one command, which he called DISK, 
was needed. It would consider the state of affairs and automatically 
do the right thing. To demonstrate that this would work, he created 
a simple chart that showed the action the system would take when 
the DISK command was activated under various conditions. Here is 
the central portion of that chart. 

State of memory: Unchanged Changed Empty 

State of disk: 

Same no action save no action 

Different load warn load 

Blank save (dup) save no action 

If you have placed a workspace from disk into memory and not 
changed it, the memory state was " unchanged." If that same disk 
were in the machine and you pressed DISK, there is no need to do 
anything; it was suggested that this might trigger a verification of the 
memory contents against the disk. However, if the disk had been 
removed and rep1aced with another disk ("different"), because there 
was a copy of the workspace-on the disk from which it had been 
taken--so that the system knows that no information would be lost, 
it erased memory and loaded the workspace from the disk. In the 
third case, there might be a blank, unused diskette, in which case the 
user probably wants to make a copy of the workspace, and that's 
what the system does; diskettes did not have to be formatted, as this 
was done "on the fly," as necessary. If the system has guessed wrong 
in any of these cases, no harm has been done. 

The rest of the chart is self-explanatory. The term "warn" means 
that a message was made available that told the user that because the 
workspace had been changed and the disk in the drive had also been 
changed, the system could not do anything without losing informa­
tion. It recommended that if the user wanted to retain the changes, 
he or she return to the original disk or save the workspace to a blank 
disk. After that was done, the DISK command would load the new 
workspace. There was a way to force a load. The system also auto­
matically performed a DISK command if the system were left 
unused with the workspace in the changed state for a few minutes, 
adding further safety to the system. 

Winter had originally proposed an even easier method, based on 
making use of a disk drive that could detect when a disk was 
inserted and eject it under program control. Unfortunately, these 
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drives were made by Sony, and we could not convince Canon, a 
competitor, to use them: an example of making users suffer in the 
name of corporate pride. Given the Sony hard,-.vare, we would have 
needed no disk-related commands at; aD, just an Eject button on the 
drive that would have been read by the system and the disk ejected 
or not. depending on tbe chart. At Apple, which did not make disk 
drives, we were able to specify the Sony drive; howeve1·, I did not 
have the benefit of Dr. Winter's ins~ght at the time I was writing the 
specifications for the Macintosh project. 

In classroom testing, the DISK command was often praised by edu­
cators. Aside from requiring almost no class time to learn, and no 
time was wasted formatting diskettes, it prevented one of the most 
frequent excuses for lost work: If a first student left without saving 
her or his work and a second student put a disk in and tapped the 
DISK command, the warning would appear. The second student 
would then either ru h ro 6nd the first student or would save the 
material on a blank disk for the first student, because the second 
student's disk would not load until that had been done! 

Winter's DISK command was easy to use. The instructions reduced 
to: Whenever you want to do something with the disk, rap this but­
ton. It also made every attempt to preserve the users' work. The 
one-disk-equals-one-workspace concept also vastly simplified the 
user's mental model; the CAT became a "window" that apparently 
looked at the information on the diskette. 

It has been suggested that the DISK command created a modal situa­
tion. The objection, however~ occurs only if the DISK command is 
thought of as Load and Save commands hidden behind the same key. 
But if you don't know about those commands, as on conventional 
systems, you may just think of the DISK button as the "do-what­
needs-to-be-done-with-the disk" command. lo the event, no mode 
errors were observed in testing. 

If your computer still uses floppy disks, you are probably aware that 
you must either "format" a floppy before you can use it or purchase 
"preformatted" floppy disks. On the Canon Cat, clisk formatting was 
done as data was stored, so that it seemed to take no rime and the 
user did not have to be aware that the process existed. Because the 
user gets no utility from being able to control the formatting process, 
there is no reason for the user to know that it exists. This is another 
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example of the general principle: If a control must always (or never) be 
operated, don't provide it. 

6-4-3 Simplified Sign-Ons 

Users are doing more work than necessary when signing on to most 
systems. You first state who you are-your "handle," "online name;' or "sys­
tem name"-and then you provide a password. The name presumably tells 
the system who you are, and the password prevents unauthorized persons 
from using your account. 

In fact, you are telling the system who you are twice. All that is logi­
cally required is that you type in a password. There is no loss of system secu­
rity: The probability of guessing someone's name and password depends on 
how the password was chosen, its length, and the like. Finding the user's 
online name is usually trivial; in fact, it is commonly made public so that she 
can be communicated with. A badly chosen password, such as your dog's 
name, is the most common reason for poor security. 

The technical argument that typing two separate strings of characters 
gives more security is false. If the online name is j characters and the password 
is k characters, the user, to sign on, must type j + k characters, of which only 
k characters are unknown to a potential interloper. If the password was cho­
sen randomly-this is the best you can do- from a character set with q char­
acters, the probability of breaking into the account on a single guess is 1 / l-

Requiring a password of even one additional character and eliminat­
ing the requirement that a user supply a name increases the difficulty of 
guessing the password by a factor of q and saves the user from having to type 
j - 1 characters and from having to wait for, recognize, and respond to two 
prompts, or fill in two fields, instead of one. We get greater security, use less 
screen real estate, and gain greater ease of use by increasing the minimum 
password length by one character and eliminating the name field. We lose 
nothing by just dropping the name. Less bothersome security techniques, 
such as voiceprinting or using fingerprints or another unmodifiable physical 
characteristic of a user, would be better yet for some applications, although 
you could not tell a trusted associate how to sign on to your account unless 
there was also an alternative way to pass the security check. 

The question arises: How can you ensure that everybody has a 
unique password in a password-only system? What if two or more users 
choose the same password? One option is to have the system assign them. 
Badly implemented, the passwords are unmemorable, such as 2534-788834-
003PR7 or ty6*>jj'd%d. 
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There are many ways of creating memorable passwords, and in such 
quantity that you can give the user a choice of five or si.,-x. For example, you 
can have the computer choose tvvo adjectives and a noun at random from a 
large dictionary, and present a list such as 

• savory manlike oracle 

• exclusive malformed seal 

• old free papaya 

• blooming small labyrinth 

• rotten turnip sob story 

from which the user can choose her favorite. In English, there are at least two 
trillion such combinations. With a milbon tries a day, it would take an average 
of over 25 years to guess such a password. That's reasonably secure. 

When the idea of improving the interface to a web site or a computer 
system by simplifying the sign-on process to require only a password is sug­
gested, it is usually rejected on one of two grounds. Either the programmers 
say that that's just not the way it's done, or they say that they have no control 
over the sign-on procedure. But someone, of course, does have that control. 

6-4-4 Time Delays and Keyboard Tricks 

We are likely to have conventional alphanumeric keyboards attached 
to our computers for a ·while. In spite of many attempts at reform, such as 
the Dvorak arrangement of keys, the inertia of the mass of millions of 
people trained to touch-type on the QWERTY keyboard has proved 
impossible to overcome. AU we can do as interface designers is to peck at the 
edges and make small improvements that do not require tedious retraining. 
H erc are some small improvements that we might get away with. 

Initiating automatic repeat on most keyboards requires that you hold a 
key for 500 msec, after which the repetition begins. This is an example of a 
fo-;:ed delay; however, there are good reasons to avoid using fo-;:ed timed delays 
in interface design. Any choice of delay is likely to be both too long and too 
short, depending on the user and the circumstance. In this case 500 msec is 
too short \vhen you linger while holding down a key, perhaps because you are 
thinking about what you want to type next. In this case, you may awake from 
your reverie to discover a few lines of ssssssssssssssssssss on your page. (My cat 
is adept at eliciting this behavior from my computer.) A slow typist or a per­
son who suffers from any of a number of neurological or physiological prob­
lems may also find the 500 msec autorepeat delay too short. 

Nevertheless, 500 msec is also too long. For one thing, delays are just 
that: delays. The user has to wait for an effect to take place. An example that 
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users find particularly annoying occurs in the Macintosh interface: To 
change a file name after you open a volume or a folder, you click on the 
name and then wait for about half a second for a special border or color to 
appear, indicating that it is now editable. The reason for doing this was to 
allow you to select a file name with a simple click, without risking acciden­
tally editing it. Once the file name changes to the preeditable state, you must 
click on the name again to put the system in the editing state. Evidence that 
the delay annoys users comes both from interviews and from the number of 
times that magazines mention tricks for getting around the delay. Users do 
not like to be forced to wait. 

John Bumgan1er, while "\vork.ing at 1nformadon Appliance, came up 
with an elegant solution to the au ton:peac problem. He began with cb.e 
observation that in most phonetic languages. the same character is almost 
never typed three times in a. row. H e also observed that autorepeat is rarely 
used unless more th.an five instances of the repeated character are required; 
otherwise, the user simply types the character the desired number of times. 
His autorepeat software started to autorepeat if a key was held down for 
more than 100 m ec after the durd consecutive instance of a key being 
typed. In other words, to get a line of equal signs, you would type 

= = =t 
You would then wai t until the desired length of equal signs was produced 
before releasing the Equal-Sign key. 

Pressing the same key repeatedly is faster than typing different letter , 
and a GOMS analysis shows that the e~-pecced time fo r starting autorepeat 
drops from the conventionaJ met.hod's 700 msec to -J.00 msec. Bumgarner's 
autorepeat proved easy to learn and, in our testing, ·was never activ:ited acci­
dentally. (It won't autorepeat even if your cat sits on the keyboard.) One 
negative that it shares with the standard autorepeat method: It is an invisible 
function, labeled nowhere on the computer. 

Well-designed computers and information appliances have chord 
keyboards, so that the software can recognize multiple keys held down simul­
taneously. Older and more primitive computers had keyboards that could rec­
ognize only a few special keys, such as Shift, that could be recognized as being 
pressed at the same time as were other keys. Chord keyboards allow us to solve 
a number of otherwise difficult interface problems. For example, how to do 
an overstrike: A logical method of creating two symbols that appear in the 
same character location is needed. For example, if you wanted t0 create a dol­
lar sign by overstriking ans with a vertical bar ( I ), you shou]d be able to use a 
temporal "overstrike" on the keyboard to represent the physical overstrike: 
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This would not conflict with the overlapping keystrokes that occur in nor­
mal high-speed typing, whereby the key pressed first is released only after 
one or more other keys have been struck. The word the is often typed not as 

t-l- ti h-l- h I e-l- e I 
but, to give one of many possible sequences, as 

t-l- h-l- e-l- ti h I e I 
Modern keyboards and their enabling software can accommodate 

these overlapped keystrokes, a phenomenon called rollover. Most keyboards 
have n-key rollover, which means that the system will not get confused if 
as many as n keys are held down at once while typing continues. Given 
human anatomy, there is little need for n to be greater than 10, although 
there is no technical reason for n to be limited at all if the computer has a 
chord keyboard. 

Given the convention of creating overstrikes by holding one key 
while tapping another, accents and diacritical marks could be treated as over­
strikes and handled in a uniform way. For example, e) as in the name Dupre, 
is produced on the Macintosh with the unguessable key sequence 

Option-l- e-l-1i e-l- e i 

Note that this is an example of a modal, verb-noun method, a violation of 
Apple's own guidelines. It also operates inconsistently. If you type the fol­
lowing sequence, you get a quote followed by a t, not a t with an acute 
accent, as you might expect:* 

Option-l- t-l-ii t-l- ti 
Typing accents and diacritical marks becomes simpler and more logical if 
overstriking is accomplished with a quasimode: 

e-l- 'J, Ji e i 

You hold down e and, while holding it down, tap the accent. You could also 
type e by overstriking in the reverse order: 

'J, e-l- e i 'i 
It makes no difference, logically, in which order you perform the operations. 

Overstriking is also useful in creating mathematical and other special 
symbols and for some computer languages, such as APL. You might argue that 
rather than accommodate overstriking, we should just add whatever characters 

* If you guessed OptionJ,eJ.. ii tJ.. ti to get an accented t, you'd still be wrong. 
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we need to the character set; after all, we have fully bitmapped displays. True, 
but not all of us want to take time or have the skills to design and to install a 
new character and add it to every font in which we want the new character to 
appear. Also, it seems absurd that on a modern computer we cannot accom­
plish what we used to be able to do with the lowly mechanical typewriter! 

Overstriking need not be limited to two characters; any number can 
be overlaid, such as 

Shijtt sJ. Shift I I J. I J /1 I i s i 
That sequence will produce a dollar sign with a slash through jt. Considera­
tions of esthetics and readability, rather than hardware or software concerns, 
should form the only limits to overstriking. 

To give irrunecliate feedback to che user as each key is cyped, assuming 
that 11-key rollover and this book's overstriking technique are both operating, 
the interface may have to temporarily display a pair of overstruck characters 
as adjacent characters. The reason is chat it cannot tell the difference between 
overstriking and rollover until the keys are released, at which time overstruck 
characters would coalesce automatically. I will mention here an essential key­
board reform that I touched on earlier-the elimination of the Caps-Lock 
key. It 1ntroduces a mode. 

6-5 Letter from a User 

When I was working on a project for a large company, an experi­
enced user of that company's sofu1Vare wrote a letter that illustrates a few of 
the points made in this book. The quoted statements are from the letter. 

• ''The software was represented to me as a more mature product." 
Interviewing the programmers revealed that schedule was put ahead 
of quality in the priorities. What had been offered to the customers 
was the dream of the original project leaders. What was delivered 
was a schedule-driven "minimal usable subset." Many desirable 
details had to be omitted because the tools, which had been chosen 
prior to the completion of the interface design, could not imple­
ment the desired interactions. 

• "The user is required to press Enter or click the mouse button 
many more times than is necessary to enter information." When 
entering material into a field, it is not necessary to have the user press 
Return or Enter or do anything else at all. When the user moves to the 
next field or screen or uses a menu or a button, the system should just accept 
the input as it stands. 
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Using Tab instead of arrow keys to move between fields caused 
problems. Two of the fields on one screen had free-form tex't input. 
In those fields, a user could tab to indenr paragraphs or make 
indented lists. Therefore, Tab would not get the user to the next 
field. It was painful to watch a user repeatedly tap the Tab key to try 
to get to the next field. 7 

These examples represent two common interface problems. The 
first is the use of Return to delimit a field, a custom that dates back 
to the limitations of the teletype machine as used in time-sharing 
and minicomputer applications many decades ago. The second is the 
overloading of R eturn and Tab1 using chem to mean one thing in 
free-form text fields and another in shorter fields. 

• "When a search option is selected, che cursor should appear in the 
appropriate text box so the user can start entenng information with­
out having to dick the box with the mouse or press the Tab button ." 
This is a specific case of a general principle: If tire user can do 011/y one 
thing next, have the computer do it. 

• "Useless dialog boxes are probably the major cause for wasted user 
jnpttt and frustration." The dialog boxes he showed were the kind 
that inform the user that something bas happened and require a 
mouse click or a press of the Enter key co get rjd of them. There is 
no choice; you must click the box to go on. This is another spe<::ific 
case of the general principle just mentioned: If the user can do only 
one thing next, do it for him. As the writer said elsewhere in his let­
ter, "It is important that every time a user must interact with a dialog 
box that there is a productive outcome to the interaction." This can 
be generalized to: B11ery ti111e a ,iscr must interact with a computer, there 
11111s t be a prod11ctive outcome to tile interaction. Movingforward in the work 
flow in rmd ef itsc!f is Not a produ,ti11e outcome. 

The writer went on to complain that another dialog box merely 
"tells the user that the item is already listed" when the nlme or 
number of an existing item was entered on the screen that allowed 
you to enter a new item. You had to dismiss the dialog box before 
you could go on. He suggested instead that three buttons should 
appear, allowing you to leave che item as is, to delete the listed item, 
or to bringyou to a screen where you could edit it. His design is bet­
ter than what was provided, but we can do better still. Part of this 
problem is the idea that entering a new item is different from editing 

7. A Next Field key would seem to be a useful addition to computer keyboards. 
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or deleting it. Here is a simpler method: The user summons the 
form and puts in the item descriptor; if it is new, the item is entered, 
and the user continues as she had expected to continue. If it is an 
item already on the Jist, that item's data is brought up so that che user 
can instantly see that it already exists. She can then edit it directly. 
Deletion, of course, is just one of the ways you can edit. 

• The writer pointed out that a screen oon fills up '1Vith identical 
icons differentiated only by the names that appear underneath each of 
them. He suggested that a greater variety of icons be used because the 
"environment is a visual one." He's right in that the icons in a screen 
full of jdenrical icons just wastes space. He suggested that four differ­
ent icons be used. But with only four, there will still be lots of identi­
cal icons lying around. The solution is to realize that che icons are 
unnec~ssary. In making graphics-based interfaces, we must remember 
that text is also a visual we; it is a very powerful one tbat is full of spe­
cific conte11t and one that we all know very well (see Section 6-3). 

• " If you have a purchase order open and you want to do aa item 
inquiry, you receive the followi.11g dialog box:" The box says: "This 
application may not be used when 'Create / Update P.O: is run­
ning." The correct user reaction is 11Wby not?" Here, the designers 
were not aware of che real work flow of the user's cask. 

The general principle is that almost any overly structured work 
flow approach to system design risks impeding a user whose task or 
inspiration demands a different approach. In th.is case, the interface 
moves from aiding the user to be:ing a dictator. A cot11pt1ter should be a 
ser11a11l, 11ot a peer or a boss. 

• "There is a tendency in the computer industry co conform 
whether or not it has a productive outcome .. .. . Conforming and 
having a standard design are very important . . . because it takes tbe 
user less cime to get up to speed ... , bot if by conforming or stan­
dardizing, you are creating uselessness, then you have failed in your 
design." This is exactly one of the points made a few years back by 
Grudin's well-known article "The Case Against User [nterface Con­
s_i tency" (Grudin 1989). Obviously, Grudin's analysis has not per­
meated into fue industry. A.bcmdon a stm1dard when it is de111011slmbly 
l1t1mifi.,l to prod11ctiuity or 11ser satisfaction. 

• "When the softvvare was designed, it used the standard W.indows 
menuing style." His example showed: ·• All the menus have useless­
ness built into them. One menu has the Exit command bidden 
below the File menu." He was crying to point out that Exit was the 



190 NAVIGATION AND OTHER ASPECTS OF HUMANE I NTER.FACES 

only item in that menu. "Exit should sit on the main menu line and 
the choice File should be removed." As he says, "one item does not 
make a list." It is wasteful to have to open a menu when there is no further 
choice. 

• The writer often made specific suggestions to improve a detail 
when there was a deeper design flaw that needed correction. For 
example, in making up a purchase order, the user is first given a 
screen, called Purchase Order Direct Entry (Add), for a particular 
product. The user must then choose a quantity. The default quantity 
is 0, and as the writer points out, "The default value should be 1. I 
really doubt that anyone will order a quantity of O." He's right. But 
the whole screen is a mistake. The user should be presented with a 
list of items that he can scroll through or access by means of a search. 
Then he would just change the quantity in the list. In this case, 0 
would be an appropriate default. In some applications, the list should 
retain a particular user-chosen quantity- for example, the last quan­
tity ordered- as the starting point. Depending on the demands of 
the task, it might be useful to have a Set All Quantities to O button. 
Clearly labeled and undoable, of course. 

There is also a Purchase Order Direct Entry (Remove) screen in 
the system. This screen is unnecessary: Setting the quantity to O in a 
Purchase Order Direct Entry should remove the item from the pur­
chase order. 

The screens have another wasteful convention. There are buttons, 
marked Save and Exit, at the bottom. Most users are not sure what 
they do. Does Save both save and exit, in which case it should be 
labeled Save and Exit, or do you have to click them both in sequence 
to get out of the screen with the entry saved? If you exit without 
saving, do you get a warning, such as "Do you want to save your 
changes before exiting?" or does it just dump your work? In any 
case, having either button is unnecessary. Once you move the cursor 
outside the box and start to do anything else, the system should 
allow you to do it, saving the contents of the old dialog box. 

• When a customer takes the time to carefully analyze and make 
constructive suggestions about your product, pay attention! It is not 
an attack or an embarrassment. This person is not an enemy attack­
ing you; he or she is showing loyalty to and interest in your product. 



SEVEN 

Interface Issues Outside 
the User Interface 
It is a profoundly erroneous truism, repeated by copybooks and 
by eminent people when they are making speeches, that we 
should cultivate the habit of thinking of what we are doing. 
The precise opposite is the case. Civilization advances by 
extending the number of important operations which we can 
perform without thinking about them. 

-Alfred North Ul11itehead 

T ' 
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guage environments contain some of the worst human interfaces in the 
industry. We look at two aspects that could be improved. One is that the ini­
tial hurdle in terms of system and development environment has become so 
large e inning - ,. rammer is not encour, g to experiment and 
to lea b • g. The s n is that although the b fits of documenta-
tion are well known, not much of it is done. A small change to program­
ming languages might make the process easier. 
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to make • 1 "'~,,-n ,~,'li" 'l •., te curricula ining for practition-
ers of th ~ ter ~ cial arts, t r .ec users of their _· .. , • • , but not much has 
been said of what safeguards and societal protections are needed to allow the 
competent designer to do good work. 

7-1 More Humane Programming 
Language Environments 

7-1-1 System and Development Environment 

Programming environments have had even less benefit from research 
into cognetics than user interfaces have had. There is no question that mod-
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working in today's computer environment. 
I will start ~,i' a si 1 _ 1 example. To write a p 

numbers on the l : --dea_ 1 Apple II, you turn it on , I 
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400MHz 32-bit processor with 192MB of RAM (and there's room for 
more!) and gigabytes of disk storage takes more than three minutes. Consid­
ering bus width and processor speed, the new machine is about 1~500 times 
faster than the old. Co; , d ·ng the • , , _ rt t ~ k I- get started on writing a 
program, the new mac • e I about 6 tin es ~lo~ r. 
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pr fil'al 

Private sub Commandl_Click () 

MsgBox 3 + 4 

End Sub 

Private sub Form-Load() 

MsgBox Str (3 + 4) 

End Sub 

I asked the second programmer why he didn't use what the first pro­
gram.mer had: 

MsgBox 3 + 4 

He said he wasn't sure that it would work. In other words, he wasn't sure how 
VB worked in this case. There's nothing odd about this; like other modern 
. mpu r I , • h g LLL"-''"' A~-'-1 ....... ,......... tl • 

i iz • th· • ~-"·-., j t 

out 
• 1er. It is only 
- er ed VB pro-

sure o e proper syntax for an 
elementary program. I got similar times and results with three Smalltalk pro-

s t it is 
Ob. h ~~~~ ilio 

1 ~ j n • . n I had )e r ... .. ,.1Lc• ~,,...,...."' 0 ' 1
1 fi 

factors viewpoint, the advantages could have been had at less human cost. 
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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. l 64). A typical program has an occasional line or two of comments and 
somewhat more frequent single-line conunents 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. I 
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 rime, 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 
allmved, there is often no word wrap or other features that the simplest word 
processors have ro aid che typing process. (Two exceptions are UCSD Pascal 
and Oberon.) If you wam to edit a paragraph-length comment in Visual 
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the human-computer interface field examined this very question: Wein-
berg's Psych IL 1 qf mu ifng, published in 1971, was very far 
ahead of its ··_ e. • 't ,---..--. . ... .--. .... ,,. u yet. 

7-2 Modes and Cables 
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not. (Cables that are not "hot-swappable" are modal!) You should not have 
to configure devices, as is required for SCSI connections. With the USB and 
Fire Wire standards, these desiderata are finally being addressed. But there are 
still interface issues that have not been addressed, even with the new stan­
dards. For example, it is frustrating to have a cable with the right kind of 
connector but of the wrong sex. Because there are male and female ends to 
cables and because some pieces of equipment have connectors that mate 
with the male ends of cables and others that mate with the female ends of 
cables, you end up owning a surprising number of variations of each kind of 
cable. Many computer owners find themselves also purchasing sex-changing 
adapters because adapters are smaller and less expensive than cables. For 
example, say you own only male-to-female cables but you need to connect 
two devices that both have female connectors. You might choose to pur­
chase a male-to-male cable, or you might choose instead to buy a male-to­
female adapter and attach it to the female end of the cable you already own. 
Attaching the adapter results in a cable that is, effectively, male to male. 

This dilemma is avoidable, but the methods usually proposed do not 
work. One solution I have heard is that all connectors on equipment could 
be standardized to be, say, female, and therefore all connectors on cables 
would be male. Even so, you would still need female-to-female adapters to 
join two short cables into one longer one, and a manufacturer would be wise 
to supply male-to-female cables to act as extensions for existing cables. Fol­
lowing this logic, you can construct situations that require every possible 
combination of male and female ends on cables and adapters, even with the 
convention specifying that all connectors on equipment will be female. 

A conventional connector pair is typically built as a male connector 
with pins and a mating female connector with sockets. This approach results 
in an inventory of eight kinds of parts that can be used as connectors on 
equipment or cables: 

• Male connector for equipment 

• Female connector for equipment 

• Male connector for cables 

• Female connector for cables 

• Male-to-female adapters 

• Female-to-male adapters 

• Male-to-male adapters 

• Female-to-female adapters 
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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. 1 

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 

• Simpler 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 n 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 a.~ 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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a b c d 

Top (schematic) Side 

d c b a 

Figure 7.1. A hermaphroditic four-conductor connector. The four con­
ductors are labeled a, b, c, 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. 

-Georte Bernard S11aw 

It is 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 
comiecl to units (at top and bottom of each column) or as an extension 
cable (rig /at 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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Fig11r 7. 
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Interface designers are rarely in a position to control where in the develop­
ment cycle interface design will occur and what weight will be given to its 
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id 
have moved into higher manageme ~ i 
designers have little professional or collective clout. There is some work 
toward partially solving this problem by proposing educational standards and 
testing, but a practitioner's having a certificate is no guarantee of compe­
tence. The concern addressed here is with the other face of the problem: 
Assuming that a designer is competent, he or she is often required to design 
bad interfaces. I note with a trace of envy that doctors have legal safeguards if 
they wish to do right. For example, doctors can sue for wrongful termina­
tion if they are fired for refusing to follow a course of action that poses a 
threat to their patients. Structural engineers can seek the protection of the 
law if fired for being asked to violate the canons of their profession. 
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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 ofless 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 WTiter for Business vveek, 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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An interface-quality rating system, administered by an independent 
organization, might be of value to buyers of products that have a significant 
interface component. User interface design itself must not be regulated or 
restricted, and we must avoid guidelines that are based on specific interface 
mechanisms so that innovation will not be penalized, but relative perfor­
mance ratings that compare the productivity of comparable products will 
spur designers to move in the right direct10ns. 

We must walk a fine line be ween making a product so novel that 
users experienced with conventional interfaces will feel lost, and making it 
so much like standard GUis that we are failing to aid users to the best of our 
ability. At one extreme, we must avmd novelty for its own sake, although at 
the other extreme, we must not lose a valuable marketing opportunity by 
slavishly making our product too much like other products. 

One of the oldest canards in the interface business is the one that says 
"Maximizing functionality and maintaining simplicity work against each 
other in the interface" (Microsoft 199 5, p. 8). What is true is that adding ad 
hoc features works against simplicity. But that's just bad design. It is often, but 
not always, possible to increase functionality without increasing difficulty at 
a greater rate. Often, added functionality can be had without any added 
interface complexity; note the difference between interface complexity and 
task complexity. If the added functionality unifies what had previously been 
disparate features, the interface can get simpler. 

"One way to support simplicity is to reduce the presentation of infor­
mation to the minimum required to communicate adequately" (Microsoft 
1995, p. 8). That is certainly the case, except that I'd replace "adequately" 
with "well." They err, however, by saying, "For example, avoid wordy 
descriptions for command names or messages" (Microsoft 1995, p. 8). But 
what is the minimum required to communicate well? Most of today's inter­
faces emphasize brevity at the expense of clarity. Why should we have to 
decipher a cryptic item marked "List" in a word processor's pull-down menu 
when it could say "Make Index or Table of Contents"? (Remember that a 
pull-down menu takes up no room from your document, because it goes 
away as soon as you move the cursor away from it or choose an option.) Do 
not confuse a clean, open look to the screen with a simple-to-use interface. 

Navigation versus White Space 

We seem to have a real fear of displaying data in our interfaces. We 
kn that e p l rue kl c ~ ~~~~!-:!-:!' few 1 e h 
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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 a 
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 can.) 

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 
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approximately 30 milliseconds per item (p. 126). Tullis's major results 
apply to 24-by-80 alphanumeric displays and gave a quantitative 
evaluation. 2 If the results were extended to today's bitmapped dis­
plays and could give a measure of target-finding time, that could be 
used to optimize not only single, isolated, nonwindowed displays 
(Tullis's restrictions) but also, in conjunction with estimates of navi­
gation time, could lead to a more global optimization. There is 
almost certainly a tradeoff between screen complexity and naviga­
tional complexity, as Tullis himself noted (p. 132). The tradeoff 
depends on the speed and ease of navigation and how the data is 
structured. Where a search facility, such as LEAP, is used for a signifi­
cant percentage of within-screen searches instead of visual scanning, 
still other measures would have to be devised. This is a lively area for 
further research. 

In any case, following the popular white-space-makes-for-readability 
philosophy of screen design to its logical conclusion would teach us 
that there should only be one item of data on any screen. Thus, the 
user will always be able to detect it visually with an irreducible mini­
mum of effort. 

Having improved many products by decreasing the number of 
screens and increasing the information on each of the remaining 
screens-improving the logic of the design to achieve the reduc­
tion-I have come to believe that, in almost all commercial software, 
we have erred on the side of too little data per screen. 

The best way to differentiate your product~ interface is to make it work. A 
well-written and cogent argument for the importance of interface issues, 
directed in large part to management, is The Invisible Computer (Norman 
1998). 

2. Tullis's measures did not look at content quality but only layout. It is possible to construct 
counterexamples, that is, displays that rate highly on his measures but which are difficult to 
use. 
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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 k110111 wfiat to do with himself. 

-C. G. Grey (i11Jane'., All the World's Aircraft 1919) 

If you start with the goal of making interfaces as simple 
as you can, tiling 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 engjneering discipline 
of cognecics. 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 rhe central nature of habit 
formation in how we react co various interface methodologies. We also learn 
that individual differences are small when dealing with habituation, in con­
trast to cbe large differences between individuals in other regards. 

From the science, we learn that modes, long recognized as unde­
sir.lble, are at the heart of some of the most ve..xing 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 a 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. 



APPENDIX A 

The One-Button Mouse: 
History and Future 
Men !oven of propre kynde newefangelnesse. 

-Chaucer, "77te Squire's Tale" 

I have been variously castigated and applauded for creat­
ing the one-button mouse and some of the basic methods for using it. Ques­
tions from readers of drafts of this book indicated that they thought that the 
way the Macintosh worked was the way that earlier mouse-driven systems 
from Xerox PARC worked and were curious as to the differences. This 
appendix describes the mouse-based systems that I saw at Xerox Palo Alto 
Research Center (PARC) when I was a visitor there. The even earlier use of 
the mouse at Douglas Englebart's group at the Stanford Research Institute 
(SRI) was embedded in a system that was decades ahead of its time in many 
ways and contained valuable ideas that have not yet been widely applied. 
Englebart's software, however, was often modal and was sometimes ineffi­
cient at the keystroke level. 

Few users of modern personal computers remember what you had to 
go through to make a selection with the PARC system, as exemplified by its 
most popular text editor, BRAVO. Tapping each of the three mouse buttons 
on the PARC mice will be denoted by L, M, and R (for left, middle, and 
right). BRAVO did not use mouse button quasimodes. 
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To select a character: point to the character, L. , 

To select a word: point to word, M. 

To select an arbitrary string of characters: point to first character, L; 
point to last character, R. 

To select a string of words: point to first word, M; point to last 
word, R. 

A typical mistake was using L and then M, which merely restarted the 
selection at what you thought was going to be the end of the desired selec­
tion. This was very frustrating, especially when the selection was large. 
Notice, however, that you never had to "back out" of a selection; you could 
always just start a new one without penalty. This was a true advance over 
most contemporaneous systems, which required that you use ESC or some 
such to cancel a selection-in-progress before you could start another. 

There was an earlier editor developed, but not used much, at PARC 
(and of which I was unaware at the time) that used click and drag to select 
text. Using the notation pre en -, in S . n 3-1: To select - me text, point 
to the top of the text, Lt, point in the t L f . But this 
idea was not extended to other kinds of selection. 

At Apple, I demonstrated how we could use one button for selections 
more broadly: To s J t any ntl, u u area on the screen, - h -• er xt or 
not, point to one c .rn r of · e ·, g· 1 Lt, and point to the _- r · ·nd, Li. 
This technique came to be called "click and drag." 

Other BRAVO methods were also more complex than the Mac's. 
To delete text: Select text and type d. The problem here was that you 

had to be aware of the existence of a selection before you knew what typing 
the letter d would do. In the Macintosh, I chose to use the Delete key to 
delete text both when you are typing and when you are editing. 

To insert text: Point to an insertion point, L; type i; type the new 
text, tap the ESC key. The ESC key took you out of insert mode. The Mac­
intosh's design did not have an insert mode, and its method has become uni­
versal: To insert text, point and click at the desired insertion point, L; type 
new text. Instead of having an explicit delimiter to start the typing, as at 
PARC, you just started typing. You did not have to press ESC or anything 
else at the end; merely starting a new task would end the old. In BRA VO, 
you replaced text with this method: Sel~ct old text, type r, type new text, tap 
the ESC key. To replace text on the Macintosh: select old text, tap Delete, 
type new text. This design differs from the current Macintosh and Windows 
model, which seems simpler: To replace text, select old text, type new text. 
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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 less-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. 



APPENDIX B 

SwyftCard Interface Theory 
of Operation 

Some of the principles discussed in this book were first 
published in the SwyftCard manual, released in 1984. SwyftCard, which 
plugged into the then highly successful Apple II, was simple by today's stan­
dards. Appendix B of its manual contained an unusual feature: Along with 
the usual theory of operation of the hardware, it also contained a theory of 
operation of the software and what is probably the first appearance of a user 
interface theory of operation in any commercial product. In a way, that 
appendix was the beginning of this book. The quoted material is from the 
second edition (Alzofon and Raskin 1985). 

The paradigms used in SwyftCard were invented to cure a host of 
problems shared by almost all current systems-most of them small 
enough in their own right, but which taken together make learning 
and using conventional software far more time-consuming than nec­
essary, and which make using computers a frustrating and annoying 
process. 

We have always wondered why, for example, you have to format 
disks-isn't the computer smart enough to see if a disk isn't formatted 
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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 ochers 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
acing system., expensive price tag, or bells and whistles. 

The major design principles include numerous innovations, as weU 
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 cbat 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. It is 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 is 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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