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can be thought of as an operation on one object that brings in.to view 
another, related object. From the user's point of view, there should not be, 
and there is no need for there to be, any distinction between operating­
system p r tioru an a plication o ations. 

T • ·t r of all • • cations arise from a small set of ele-
mentary operations confirms that the applications themselves, as rich and 
varied as they are from a task-oriented point of view, are not all that different 
from one another from an interface-oriented point of view. This fundamen­
tal similarity can be exploited to create powerful computer systems of 
unprecedented simplicity and productivity. 

- i. t, we need to define s · eth for 
tho 

and marking 
ussed in Sec-1 n 1 -nt on which we want to op ~ . h 

0 - --1 

5-2-1 Highlighting, Indication, and Selection 

ing b , me. ns, a recognizable distinction to a 
• ght is to allow the user to deter­
tern has recognized a particular 

d t e n =::~~~~tics of that status are dependent 
on the nature of the object and on the commands that the user can apply to 
it. F r sigh _, 11 the hi hlio-h • u u ll.. 1 1 of visu _ bi b-
l • • • ng me, h s in - htn ·r oJ r h nge, ch 
contrast, underlining, blinking or other periodic change, and applying a sta-
• n ry or anirn ted ho r to an ~ect. Nonvisual highlighting can be 
h w , for exam e -1 ffe ent ch i ~ of , ices or spoken inflection. 

As the user moves the cursor over objects, the object to which the 
l o il hLhr. 1 r ,_ oh all 

, e bj t ,_...,., .,., , ....... • .&.!,-~-

r withou • . r . h • ng 1 

With indication, the user knows at all times to what object the system thinks 
she • p iI ng. In _ o many present systems, the user 11 't guess at b .t will 
be ll · t d or aca ,ed when she clicks the GID on; if he . -c . ss 1s 

sh will • - . Indic t • n can 
u uld r .I to I cl ct are 

11
• 'P or when their limits are unclear. 

]ndic ti ed in accord with the principle 
f ~ bill . 

The highlighting used for indication must not exhibit too much con­
trast or be overly dramatic, lest the flickering of objects become annoying as 
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the cursor moves over chem; in some situations, it may be helpful not to 
indicate objects when the cursor is moving faster than a threshold velocity. 
Note that a smaller object, as measured by the visual angle the indicated 
object subtends, requires higher visual contrast of the indication, but this is 
an ergonomic issue. 

Indication is underused in present systems. If you use indication 
aggressively in your interface design, you can eliminate a good deal of click­
mg inherent in present designs. ln face, indication can often replace clicking, 
and clicking can be used, as when you follow a link in a browser by means of 
a single click, in place of double clicking. For example, say that a user wants 
to remove inactive windows from a display. Each window has a Close but­
ton. Both rhe Windows and the Macintosh operating systems require that 
the user fir t click on a window co make it active and only then click on the 
Close button to banish the window. This extra click-the one that activates 
a window just so that the user can close it-is especially am1oying. If, how­
ever, merely moving the cursor over a window made it active, a single click 
on the Close button would close it. Of course, if you design a system that 
exhibits activation in only certain places and under only certain conditions, 
you will create a modal inconsistency that will bedevil users. Activation 
should be systemic. As it becomes more familiar, consumer demand will 
force its adoption. 

Selecting is a process by which a user identifies a set of one or more 
objects as having a special status that can be recognized by the ystem, 
thereby creating a selection. Usually, a user creates a selection with the 
intention of applying a command to it in the near future. Unlike indication's 

. more transient highlight, the highlight that signals clectioo persists even 
after the user has moved the cursor away from the selection. The user creates 
a single-object selection by clicking che GID button while the object is indi­
cated. A user can also create a selection by dragging a rectangle or other 
shape across a set of contiguous objects: All objects that intersect the area of 
the shape become selected. Another convenient method of selection is to 
create a polygon or free-form shape; all objects completely inside the shape 
are selected when the user closes the boundary of the shape. When a selec­
tion is made, the previou selection should become the old sele.ction. (Tn 
most present systems, the old selection is simp1y deselected.) This process 
can be iterated so that a user can create, in addition to the first old selection, 
a second old selection, a thi.rd old selection, and so on up to an nth old selec­
tion. A mathematician would be tempted to call the current selection the 
zeroth old selection. The highlighting that signals selection should be dis­
tinct from and more readily apparent than that used for indication; high-
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lighting for older selections should also make them clearly distinguishable 
from one another and probably of lower visual contrast than newer ones. An 
alphanumeric designation may have to accompany old selections so that they 
can be readily identified. 

Selection can be of discrete objects or of geometrical regions of the 
display, or they can be composite, consisting of the union of selections. In 
much of today's software, the user creates composite-possibly discontigu­
ous-selections from a set of smaller selections by first making an initial 
selection. Then, with one common method, she presses and holds Shift and, 
while in this quasimode, clicks on additional objects to toggle them into or 
out of the selection. 

But this method has three drawbacks. First, the command for creating 
composite selections is invisible. Second, it is easy to make errors when set­
tmg up a large composite selection; for example, if the user accidentally 
releases the Shift key in the middle of the process and clicks on another 
object, the work in making the complex selection up to that point is lost. 
Third, the mech_ nism is a toggle: The same gesture deselects an object if 
that object was selected and selects an object if that object was not selected. 

The first problem-lack of visibility-is easily corrected, by use of 
an on-screen hint, for example. The second drawback is the high risk the 
user runs of makmg a mistake during the composition process. A more 
comfortable method for making complex selections includes a command 
that redefines the current selection to be the union of the old selection and 
the current selection. Given such a command, the user can concentrate on 
making a selection without any concern for what she has done previously; 
only after she confirms that the current selection is correct does she add it to 
the composite selection. Making old selections available and, of course, 
marked by a special highlight so that they are visible also allows multiargu­
ment commands, such as the two arguments to a command that inter­
changes a pair of selections. Compare your present method of interchanging 
two pieces of text with the following technique: Make two selections, then 
apply the interchange command. 

Most present systems do not apply their Undo and Redo commands 
to the process of making selections. This omission is unfortunate because 
errors in making selections are frequent. An essential feature of any humane 
interface is a universally applicable pair of Undo and Redo commands. Only 
the amount of available storage should limit the number or levels of undos 

rmitted. Undo and 'o should b a 1 .. ing to any operation 
h. undoing and domg is logi all po ible. _ -, -~ should also be-

again, as far as is logically possible-inverse operations. Undo followed by 
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Redo and Redo f LI.owed by Undo bould cause no change to the content. 
Obviou Ly; the conunanru should not , p ly to themselves. The rind a and redo 
oper. tors are fw1do111 ntal md ar of silficir_nt imporr mrc to dcsi:n e ti, ir 01111 dedi­
caud k y ill ji1t1tre system·. Redo should be hiftj, udot ii with th key cap 
clearly marked with the words U1ido and R~rlo (Figure 5.1 ). This key would 
be g od repla ement for th problematic aps Lock key. 

Rcgardin,. the third dr wback I de cribed the trouble with toggles in 
'ection -2, in which I suc.:,gested that to le .hould nor app ar in a humane 
interfac . A simple solution is to u e one command or quasimode to add an 
bje t to a elecnon an . different connnand r quasim de to remove an 

object fr m sel cti ~ o. Trying to add an object alread selected -will not 
chan e the s 1ection and trying to remov au object not in th selection als 
will not change the lcction. 

An interface tl ually l1as one point at which its designers have interac­
ti D tak plac : the focus. F r ex:impl , if you are a cou h typist and y ur 
typing appears on the • • play the place here the typing app a.r i • the ocus 
md often i coloc, ted with your locus f . ttention. ff you are not a touch 
typisr, your l cui of attention will alternate between the keyboard and the 
di play. In interface th.it have a cur or, there is, t any moment typically 
nly on cur or. I position j controll d by a GID cursor-control keys or 

command such as Find. 

Figure 5.1. An Undo/Redo key. 
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displa e same c 
rent word processors, i 

1 - p ar. 
When the l"I T 'I T"'li"'l..,.'f"'I_. is l a ,.,_ lr"l "T T"l,,.,,. 

the current selecti en 
action, the focus will usually 

5-2-2 Commands 

Me, I I 1 e a scie1 con 1- ri t • _ conviction that tlze damn robot is supposed 
to sp human, , l lz otlz r J around. 

-Spider Robinson 

e en re, t , ...... . ~ .... - ~ J .. ... _ or 

are times when one of these gestures cannot be invoked or if the gesture has 
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different meanings at different times, the system is modal with respect to that 
gesture, giving rise to problems discussed in Chapter 3. 

If you divide the system into applications such that a particular com­
mand can be reused but is given different meanings in different applications, 
you increase the number of commands that a user can invoke for a given 
number of key combinations, but reuse of commands by applications that 
assign those commands different meanings causes the user to make mode 
errors. Varying the meanings of a gesture can also place an unnecessarily 
heavy burden on a user's memory. This burden is partially relieved by menus, 
although she still has to remember in which menu the command she seeks is 
hidden. (She may have to first recall which application contained the desired 
command, especially if several applications have similar capabilities.) This 
process of looking through menus is sometimes trivial, but it can be frustrat­
ing, especially if the command the user seeks is a few submenus deep and if 
what was to the designer the obvious way to organize the menus is not obvi­
ous to the user. 

What is needed for invoking commands is a method that is as fast and 
physically simple to use as typing a few keystrokes and that also makes the 
commands easier and faster to find than does a menu system. We do not 
want to duplicate the dual method used in most popular GUis, which 
includes both a slow menu-based system and an inscrutable set of keyboard 
shortcuts. For example, there is nothing memorable about using 

Command J, vJ, ii 

for insert, aside from the v key's being adjacent to the slightly mnemonic c 
key used in 

Command J, cJ, ii 

for "cut" or "copy." 
An alternative approach solves many of these problems. Assume, for 

the moment, that the keyboard has a key labeled Calculate. When this Cal­
culate key is tapped, the current selection is treated as an arithmetic expres­
sion and evaluated. In the following discussion, I will use underlining to 
indicate selection. Suppose that your text was 

I want to buy 3 + 4 shirts 

A tap of the Calculate key would yield 

I want to buy 1 shirts 
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Before using the Calculate key, the 3 + 4 was ordinary text. Except 
that it was selected, there was still nothing special about it; the five charac­
ters, including spaces, of which the selection was composed could have been 
deleted or moved, or another typical word-processing command could have 
been applied to it. But in chis case, the operation cafe11late was applied. The 
user did not need co open a calculator window or to invoke a calculator 
application. 

Now consider that there was no dedicated Calculate key on the key­
board. (Although evaluation of mathematical eJ1.1)ressions is certainly a can­
didate for a dedicated key, such a key would certainly be more valuable than 
many of the keys we do have, such as F9.) What we need is a 1nore general 
mechanism for commands. 

Before discussing such a mechanism, consider the requfrements for 
an improved method of invoking commands. They might include that 

• It not be modal 

• It accommodate any number of commands-in particular, that it 
not be limited by the size of the keyboard 

• You be able to invoke a command without taking your hands from 
the keyboard 

• You be able to invoke a command with the graphical input 
device 

• It not require a plethora of special keys 

• The system not end up with too many quasimodes 

One quite general method can best be introduced by means of an 
example. (This somewhat trivial arithmetic example is chosen to demon­
strate the method; more efficient means of applying the method will be dis­
cussed later.) Assume that the text was 

I want to buy 3 + 4 shirt s calculate 

Select the sum 3 + 4, and then select the word calculate, which makes the 
sum the old selection. 

In an alternative method, one that gives the power of a command 
line interface to the user, a tap of the Command key can be used to invoke 
the selected command. If the command requires an argument, the old selec­
cion is used. In this method, the command itself is deleted, and the result of 
the evaluation is left selected. 

I want to buy 2 shirts 
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The idea is that commands need not be restricted to supplied menus 
but can be part of your text, or, where appropriate, the command can be a 
graphical object instead of a word or a set of words. It is also important that 
commands can be provided by the user in the simplest possible way, by 
merely typing or drawing them anywhere. This use does not conflict with 
the method in which the command is selected from preexisting text. 

Menus offer the advantage of making a list of commands visible. 
However, instead of selecting a command from a menu, the user could as 
easily select the command from a small document listing commands. It 
would not matter whether the document was provided for the user or 
whether she had typed it herself. Further, the document need not be limited 
to a bald list of commands. For example, each command could be accompa­
nied by a description or even the user's own notes. A document that is used 
as a menu is an ordinary text document, not something that can be changed 
only by programmers or by using a special customization facility. 

This approach has a number of advantages. For example, an online 
manual automatically contains functioning examples of the commands it is 
describing. In present systems, a menu command might or might not have a 
keyboard method. But in this approach, every command described by a 
sequence of characters in a menu has a keyboard equivalent. This is guaran­
teed not by the diligence of the designers but by the very nature of the system. 
If you find a command in a menu, that same spelling is the keyboard equiva­
lent. It is the keyboard equivalent to which most users will habituate. Another 
advantage is that you can make up a menu comprising only those commands 
you use, by merely typing a list of the commands in your word processor. Of 
course, if you continually adjust the arrangement of a list as opposed to, for 
instance, adding to it, you lose the advantages of habituating to their location. 

Just as web links in a text are often distinguished by being visually dis­
tinct-for example, they are often shown in color, typically blue, and are 
sometimes underlined-commands could be shown with some other special 
marking-red, with reverse italics, for instance. With such a distinction, the 
user would point to a command name so that a letter in the command is 
indicated, whereupon a tap of the Command key would invoke the com­
mand. This eliminates the step of having to select the command name in 
invoking a command. 

If there were no special font or color for commands, it would be nec­
essary to have another convention to show that a word or sequence of words 
was to be considered as a single command. It is wise to avoid some of the 
present-day conventions that are used to group separate words into a single 
entity delimited by spaces or other characters. For example, if there were a 
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command that we wanted to call change to JPEG bitmap, present conventions 
w td have us n • t -t it as ch .toJP ' .b tn p <change to JPEG 
bitt p>, or cha , ,_JPEG_b h _ n ns are "computery," 
U l our2 .. ~r .. 1t1 .. JP'i;;.,, .s -, - . Th ' nt l_ r -

11a1 i I 
the e e c _ 1. 

tin e· m rver, any s ch -""" ... . ......,._ ,er n m er 
n na, n I Another ri , is that use of 

co1we11tions not ill accord with our natural-l rn u nventiom h l make computers 
feel unfriendly. vlk must bend the machine to work the way we do rather than chatige 

our language conventions to suit what is easiest to program. 

Another interaction of typing and selection causes problems in cur­
rent interfaces. In a humane interface, typing does not replace selected teA't or 
cause the current selection to become unselected. This is the opposite of the 
common convention that typing replaces the current selection, a practice that 

G 1 nall y causes users consid ], grief when the rial un•>'T'l'"' A.a ,.--.--
-ell • s text they did not to delete. The i that typing 1 L 

replace a selection was introduced to save a single keystroke: In most editors, 
when you wish to replace a block of text, you simply select some text and 
then type. Without this convention, you would select some text, tap Back­
space or Delete, and then enter some text. The only keystroke the current 
convention saves is the backspace. With the usual convention, the text van-
i h _. a ur 1 t ke , stl ke, an ur typing is inserted. This happens whether 
th . ~ . 1 pl d , s on . 1en or not and (usually) whether it was a few 
characters or three quarters of the novel you were writing; you may be delet­
ing text that is 40 pages away from your locus of atte n . Tc be sure, if you 
notice the problem in time, you can possibly undo it. Ho 'ff · _ ·, if you do not 
notice the deletion-and there is nothing that lets you know that text has 

1 fl . Al uman r n rfa 
e -inthic · 

encl h . c 
m ·1 address that is unguessable from the 

• o • ,tly delete text if you want to 
, , t ia r 

Thecon WO : t~~~~ · m~ ~ ~- , n-

we mean by a si • t: A side is , , t 
contents or events that are not your locus of attention. In the case just dis­
cussed, your locus of attention is the text being inserted, and the side effect 
is a eletion. The elimination of side effects should be one of the goals of any designer 

of Im . t uie interfaces. 
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Another word processor feature often considered helpful is the abil­
ity to drag a selection from one place to another in text. However, this pre-
vents you fr m b • g l to re I e a new sele • , n , ing the current 
selection • e .. J election that is a subs ti h current selec-
tion. If you try to either of those sele .... -,.1 ~ . the s • 
you are trying to 1 o:v the selection. This rr1e:~~~ that 
somewhere outside the selection to deselect the selected text before you 
can proceed. he r g_ u w· has · hu n r n · 
ings, namely, 1 i ving a sel ct i o . Tl c - e:r 1 

formation. Errors arise because, though the characters in the selection are 
your locus of ntion, the c · nt state - e lcction is locus 
of attention, e 1 though it 1 v • sually m.di ated I have obs. - ed users 
inadvertently dragging a selection when they intended to create a new 
selection. 

Another problem arises from dragging in text and also occurs in graph­
ics applications: You will sometimes start to drag a selection only to discover 
that the destination is not visible on the display, in which case you have to put 
the selection back or into another place and change to the cut-and-paste 
method. The principle of monotony suggests that having only one method is 
preferable. Some systems begin to scroll when you bring the dragged selection 
to the top or the bottom of the display, but scrolling is much too slow if the 
destination is more than a few pages away. Scrolling can also be too fast, mak­
ing it impossible to stop at, or even see, the desired destination. 

If marketing could be kept from screaming too loudly, I would not 
design an interface with drag-and-drop in text, at least as it is presently 
implemented on personal computers. Users accustomed to having drag-and­
drop in text would, I think, find sufficient compensation for this "loss" in 
having a system that causes less frustration and fewer errors. It would be bet­
ter still to provide separate quasimodes for selection and dragging, because 
you could then have both selection and drag-and-drop without cognitive 
interference. For example, if the GID had a button that you pressed to make 
selections and if it also had a facility, such as a side-mounted button, that 
allowed you to squeeze the GID-with tactile feedback, such as a click, to 
let you know that the squeeze has been registered-to indicate that you've 
grabbed a selection, there would be little or no confusion between the two 
functions. After a few seconds of instruction and one or t\Vo trials, you 
would know how to use it ever thereafter. More pedestrian methods for sep­
arating the selection and drag gestures would be to use a different mouse 
button for dragging or to use a quasimode, such as holding down a special 
duly marked key while using the main mouse button. (See Appendix A for a 
more detailed rationale.) 
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Another use for a grab feature on a G ID is as a replacement for 
scrolling. You can grab anywhere in the document: and start it moving up 
and down: exclusively up and down for narrow documents; in any direction 
for wider documents. When the grab cursor-cleverly indicated by the 
image of a hand in some present systems-reaches a border of the display, 
scrolling continues in the present direction until the grab function is released 
or the cursor is moved back into the window. The customary method of 
scrolling via scroll bars is confusing. For example, pressing on the down­
pointing scroll arrow makes the content of the screen scroll up; designing 
the arrows the other way around is only slightly more confusing. In addition, 
scroll-bar arrows are small features and therefore time conswning to use; 
being able to grab anywhere on the document is much faster, as a Fitts' law 
analysis readily shows. 

The e.xample of the need for a grab function on a mouse incidentally 
demonstrates that working on software interface design often generates ideas 
for improved hardware, just as hardware considerations can inspire improve­
ments in the software design. It is always better to design hardware and soft­
ware together, although opportunities to do so are rare. Trying to shoehorn 
a pure software interface into hardware designed for another interface is sel­
dom completely satisfactory. Nonetheless, for most projects, that is what we 
must do. 

5-2-3 Display States of Objects 

A humane-interface feature must be both accessible to the naive and 
efficient for the expert, and the transition from one to the other should not 
demand retraining; a good interface should provide the user with one men­
tal model that works for both classes of user-recalling, of course, that we 
are beginners or experts for different parts of a system independently. In the 
previous section, it was proposed that a key that executes text as commands 
can be used with selected text, whatever its source, to cause a command to 
be executed, assuming that the sdected text is the name of a command; oth­
erwise, there is no effect on the content. It is convenient to also allow the 
Command key to be held to create a quasimode during which a command 
can be typed. The convenience is highly dependent on the ergonomics of 
the Command keys. This last feature is an improvement on command line 
systems, which are much loved for their speed and convenience of operation 
and much hated for the difficulty with which they are learned. The 
improvements are two: You can issue the commands anywhere and at any 
time, and the commands are identical to those appearing on menus, so that 
the transition from menu to direct command is trivial. 
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Because it would be a waste of time and display space to designate a 
p cial location for typing commands a ommand should be typed wher­

ever the cut or happens to be at the moment the need for the comm.and 
becomes apparent. The typed command name hould be deleted after being 
executed, so that command names are not left scattered among your con­
tent. On the other hand, when you execute a command from a list of com­
mands, you do not want the command to disappear; in effect, the list is a 
menu. To create such a menu, nothing more is needed than to type a list of 
commands, select the list, and then use a command, perhaps called Make 
Menu, that can change them to a distinctive style typically used only for 
commands and, at the same time, lock the list of items so that it cannot be 
inadvertently changed. 

Here are some other commands that change the state of text. One 
convenience is to be able to simply lock text or other content, with a Lock 
command. Locked content can be seen, selected, and copied but cannot 
be changed or moved. The inverse, Unlock, can be applied to selected con­
tent and will unlock the selection if the selection was locked. (Otherwise, it 
has no effect; it must not toggle.) Another command, Lock with Pass­
word, locks the old selection, using the current selection as the password. It, 
too, has an inverse (Unlock with Password). Locked content has a wide 
range of utility; for example, it can be used to create forms to be filled out. 
The fixed parts of the form are locked or password locked. Simple locking 
prevents accidental changes; password locking prevents unauthorized 
changes. If the online instruction manual to a computer system were 
included as part of the text that the computer initially came with-which is 
not a bad idea-the online manual would probably be password locked at 
the factory. 

Screen Lock and Screen Unlock lock and unlock the position of 
elected objects with respect to the display. With this facility, you can create 

menu that stay in place on the display as other objects move undern ath 
them: You coti.ld simulate today's fixed-position menus. (Whether this is a 
good use of this facility is a different question.) To use this command, you 
would place the object as desired with respect to the screen, select it, and use 
the Screen Lock command. There could be a password-protected version of 
this as well, for occasions when it is undesirable for the user to redesign the 
menus. 

Another useful command is one that controls the transparency of a 
selection. In some situations, such as when displaying error messages, it is 
useful to render the selection transparent enough so that underlying material 
can be seen and operated through (Figure 5.2) . Similarly, another command 
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beyond building the most primitive of mechanical engines if 

careful thinkers had not learned to distinguish between energy, 

force , work, and power. These words a.re still used loosely in 

physici s . 

llll.:'le _1- the L!.•::,, ,'f 1:1fo:.;,,~t.to:.-reL\t ,~ dR_.u;n will have 
Example of d transparent error message. 

to lea Lo be: ~q ,'illy rs. !. .. •·!1 ,,;e, 1]1'lc t J,C•t "'-'-1-" 3lopp· thinking 

rt . 

as it is. 

Figure 5.2. A transparent error message over background text has att 
gjiciency of 1. 

could specify whether an object hides or is hidden by or is viewed through 
another object. A transparent message box can fade gradually instead of 
abruptly, giving you time to notice it. A document that stores all messages 
for later review is essential. 

Because you can click through a transparent dialog box, removing 
it requires no keystrokes; it is modeless and highly efficient, with an effi­
ciency of 1. As with any method, this idea has its limitations and can be 
overused; a deluge of unnecessary messages is still distracting, even if they 
disappear when the user proceeds. In accord with the principle of visibility, a 
visible distinction should be provided to allow a user to determine whether 
text is locked, screen locked, locked with a password, and so forth. 

A humane-interface principle is that the system itself should be built 
out of the same kind of pieces with which you are familiar from your 
everyday use of the system. This makes your product less forbidding. 

5-3 File Names and Structures 

!1tlanki1td are more disposed to siiffer, while evils are su.fferable, than to right 
themselves by abolishi,ig the forllls to which they are accustomed. 

- T/wrnas]qffcrso11 1 Dcclamtio11 ef Itidcpcll(/c11ce <?f the U11ited States 0JA111crirn 

Because the restriction of file name length to 8 characters in earlier 
systems was truly dreadful, the 31-character maximum length offered by the 
Macintosh looked like heaven to many users. But this modification was just a 
different-size straitjacket. Aside from the real limits of the hardware, an 
interface should have few, if any, fixed-length limits. An interface should use 
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between a 
a fast, whol 

l name and a I . A 
I , xt search eng so 

3. This is in the context of present systems. You should never h~ve to explicitly perform a save 
in future, humane systems. 
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that any word or phrase from the file can serve as a key to it. (Eventually, 
we'd want more: A request for "a letter about dragonflies" would cause a 
search that looked for something that had the form of a letter and looked 
not only for the word dragonfly but also for related terms or expressions, such 
as Odonata-in case dragonflies had been ref erred to by their scientific 
name-and if no instances of such letters were found, the search would look 
for nonletter documents with that content, and so forth, extending out to 
networked computers and to the Internet.) You do not remember the con­
tent of "Letter 12/21/92 to Jim" when you see that title, but you do 
remember that you once wrote to Jim about the blue Edsel that ran across 
your eyeglasses. A search on Edsel is likely to find only one or two entries on 
your whole system-unless you are an Edsel fancier, in which case you 
would probably choose another pattern on which to search. An unlimited­
length file name is a file. The content of a text file is its own best name. 

Graphics and sound files often require names; Section 6-2 discusses 
an approach that avoids the memory burden that traditional file structures 
impose for nontext files. Aside from nontext files, given a fast whole-text 
search, file names-one whole species of unnecessary entities-can be elim­
inated. With the removal of file names go all the mechanisms for dealing 
with file names, such as directories of file names, rules for editing file names, 
and syntactic restrictions on file names. When file names are eliminated, a 
significant mental burden and much internal machinery-machinery that is 
currently part of what you have to learn and what programmers have to 
implement-vanishes. 

The best interface to a whole-text search is interactive, where you see 
each found instance in context as it is found. In this interface, as soon as you 
see what you want, you are there. Some systems present copies of the found 
instances in the line that contains them (Drori 1998). However, this method 
is not as efficient as the first kind of search, because you must then perform 
a second operation to reach the instance itself; for example, you must click 
on the copy of the desired instance. 

For users who insist on a system that looks like conventional file 
structures, there can be a command that creates an "information document" 
or an extra page at the end of each document when the document is 
selected and the command applied. The information document or page 
would contain such information as the date and time the document was cre­
ated or modified, a revision history, the length of the first document, or 
whatever information seems of value. The software to implement such a 
command would have to acquire and store the necessary information invis­
ibly to the user. Various vendors might provide different facilities, depending 
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on user needs. For users who wish to hold on to their old ways, a vendor 
could even go so far as to create utilities that create documents that look and 
act just like the annoying directorie w now h v, . 

Another source f organizationt one that is · asier to learn and to use 
than traditional file systems, comes from th inherent hierarchical structure 
of many natural languages; Words are separated by paces. Sentences or 
eguence of w rds a.re s.eparated by one of a small number of del.imiters, 

followed by a pace. (In Engfuh, thes delimiters include periods, question 
marks, and exclamation points.) Paragraphs, or sequences of sentences, are 
separated by at least one explicit Return. Explici t page characters, or page 
breaks separate chapters or whatever you wi h to call the next level of 
organization. 

In a consistent system, page breaks should be characters and, unlike 
mo ·t pre ent ystems they hould behave-in terms of insertion, deletion, 
and searcbing-iust any other chctracters do. As with Return, there may 
be implicit page break to acconun odate the fixed length of physical pages, 
but th are not part of the comem. + 

T here is good rea on not to top here in the hierarchy as many pr -
ent ysten • do. Documents are se_quence of pages separ.ated by document 
characters each typabie searchable and deletable just as i , any other charac­
ter. There can be higher delimiters, such as folder and volume characters, 
even section and library delimiters, but the number of levels depends on the 
size of the data. A set of two consecutive document characters makes a fine 
delimiter for sets of documents. If more levels of organization are needed, 
three or four consecutive document characters could be used as delimiters. It 
can be easier to repeatedly tap the Document key, even four times, than to 
type uch rarely 1.1 ed keys as Folder Volume, and Library. This convention 
also prevents an. >..--plosion of new k ys on the keyboard. It is import nt for 
all delimiter characters o have dedicated key for otherwise they would n t 
behave as do all other typable characters. That i , we should not use a key­
stroke for, say, Return, and then use an Insert Page Break command; we 
must have a page character. 

Because the various separator characters would behave exactly as did 
all other characters, there would be no need to teach users how to do 
searches for them. An individual who insists on having explicit document 
names can adopt the personal convention of placing the desired names 

4. Dr. James Winter, at Information Appliance, further unified the structure by pointing out 
that English already has the same kind of hierarchical, character-delimited structure proposed 
for the higher levels of organization. 
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immediately following document characters. To find a document with the 
name ''Dogs of Asia," you would search for a string that began with a docu­
ment character followed by Dogs of Asia. Such a search would ignore all 
instances of Dogs of Asia except those used as document names. If you wanted 
a directory, there could be a command that would assemble a document com­
prising all instances of strings consisting of a document character, followed by 
any other characters, up to and including the first Return or higher delimiter. 

Eliminating hierarchical file structures does not mean that you have to 
give up structuring your stored information. Nothing prevents you from cre­
ating tables of contents and indexes or putting all of your letters to Uncle 
Albert and Aunt Agatha on consecutive pages. Nothing prevents you from 
even putting a heading page Gust another document) labeled "Letters to 
Uncle Albert and Aunt Agatha,, in front of them. If that is done, you have 
created, in effect, a file name but wjthout having added a special mechanism 
in the sofnvare. You can create, if you wish, a hierarchical file structure of 
your own so that, if you really love file names and hierarchies, you can have 
them. Structure, as you choose to create it, is part of your content, not part of 
the interface.5 Instead of a file-finding facility, you simply use the general 
search mechanism to find the file names you have squirreled away. You can 
place a folder name as a document in front of a number of collected files; you 
can place a volume name in front of a bunch of collected folders. (Your pat­
tern would be a volume character, followed by the name of the volume; such 
a pattern would eliminate matches to other occurrences of the name that 
happen not to be labels of volumes.) The absence of a built-in file organiza­
tion does not prevent you from creating a file that fits your needs and one 
that, because you created it, you understand. But also, because the system has 
not been changed in any way, a guest can find things in your structure and, in 
fact, can ignore your structure and treat it as a flat, unstructured, file. 

One advantage of filing information as you wish is that the structures 
were not dictated by the system designers, who may have ideas different 
from yours. Therefore, you do not have to develop a mental model of what 
the designers were trying to do. Many users do develop inaccurate models of 
how systems work; these mental models persist and cause continuing diffi­
culties for those users (Norman 1988). 

This discussion is not theoretical: On the SwyftWare and Canon Cat 
products, the elimination of file names, directories, and the various mecha­
nisms usually provided for manipulating them proved one of their most 

5. The same is true of file names and menus proposed in this book. 
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successful features. Users experienced at conventional computer systems 
sometimes found it difficult to make the transition to content-based organi­
zation, but once they had made the transition, the conventional methods 
soon began to seem cumbersome. Users who started on the Cat were not 
amused at having to learn the more complex and difficult methods of con­
ventional file systems when they moved to a PC or a Macintosh. 

To users accustomed to standard GUI practices, the methods outlined 
here may seem complex by comparison. But the apparent comple..xity is due 
to the new paradigm's lack of familiarity and to our having become habitu­
ated to the many steps we must take and to the problems we have with the 
current system. The learning curve has been long surmounted. But when 
you compare the progress of beginners with the two systems or compare the 
performance of experienced users, the advantages of the simpler system 
become apparent. 

Consider that you have H documents that you want to copy to an 
external medium, such as a hard drive. With, for exainpJe, the Macintosh 
operating system (OS), you drag the icon of each document to the ic9n of 
the drive, and 1t is copied. In the new paradigm, it seems at first more com­
plicated: You have to find the beginning and the end of each document, 
select the document, move the cursor to a place on the drive, and then move 
each document. 

R ecall thar in the GUI, you start in the generating application. Your 
first step is to gee to the desktop. You must also know which icons corre­
spond to the desired documents, and you or someone else had to have gone 
through the steps of naming those documents. You also will have to know in 
which folder they are stored. So the apparent simplicity is arrived at only 
after considerable work has been done and the user has shouldered a number 
of mental burdens. A more efficient method involves an interface invention 
called LEAP. Assume, as we did for the GUI, that the cursor is in one of the 
documents you wish to move. With LEAP, the user can select the document 
with six keystrokes, and without having to look at the screen or recall the 
document's name. To type six keystrokes takes less time than to drag an icon. 

LEAP works like this: There are t\vo LEAP keys which lie under the 
thumbs. LEAP-Up searches forward and LEAP-Down searches backwards 
from the cursor position. Pressing and holding a LEAP key puts you into a 
quasimode during which whatever you type is used as a search pattern. To 
select the document you'd LEAP-Up to a document character (LEAP-Up.J, 
DocJ ii). This puts the cursor at the beginning of the document. T hen 
you'd LEAP-Down to a document character (the search will find the docu­
ment character at the end of the document). A tap of both LEAP keys 
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together selects the cext. (This is probably most easily done when the LEAP 
keys are operated by the thumbs, which are otherwise underutilized in typ­
ing. See Figure 2.1 for a typical keyboard designed for this use of LEAP. 
A dedicated Select key is another alternative.) In order that the function 
be visible, a legend adjacent to the LEAP keys is needed. The legend could, 
for example, read ''Press both LEAP keys together co make a election." 
Note that you do not have to watch the display while you select the docu­
ment. Once a document is selected, the cursor is LEAPed to wherever you 
want to place the document. When che drive was plugged into the com­
puter, its contents became part of the contents of the system, so no special 
mechanism is required to find ic. A Copy command completes the opera­
tion. When selected this way, the document includes its separators. Thus, if 
the document is moved, it retains its character as a document because the 
document separators move witb it. 

The same technique used to copy a document-or a selection of any 
length from a character to a set of documents or the entire contents of the 
syscem!-from her~ to there is used to move a selection; the only difference 
is that a Move command rather than a Copy command is given. T he process 
is functionally no more complex than that needed in the GUI. It is often 
faster, and the number of methods, concepts, and structures that an individ­
ual must understand is lower. 

Consider how you would use the LEAP-based paradigm to put a few 
selections from different documents together onto a drive, and then consider 
how you would perform the san1e task using a GUI. With LEAP, the 
method is the same as thatjust described for moving documents to the drive: 
The selections are found-and once found, do not have to be opened, 
because the concept of opening a document is superfluous-selected, as 
described previously, except using the te:i....1: rather than document characters 
ac the beginning and end of the selection; and copied into place. In a GUI, 
the user must first ope11 a new destination docwnent, possibly by using the 
New command in the File menu of the application; find a document that 
contains a selection the user needs; open the document; .fiiid the selection 
within the document; select it; use the Copy co1ru11and; activate the destina­
tion document; paste the selection in; acti11aw the desktop; fi11d the next doc­
ument that has a desired selection; and repeat until all of the selections have 
been pasted into the destination document. Then you must save the result to 
the drive by using a dialog box. 

Even if the complexity of doing any task was the same in either para­
digm, the conceptual simplicity of the methods outlined here would be 
preferable. In most cases, the work required is also far less. 
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5-4 String Searches and Find Mechanisms 

One giant leap for mankind. 

-Neil Armstrong (1969) 

Befoie going further into LEAP, it is useful to treat the subject of the 
interface co searches with somewhat more precision. A string is a seguence6 

of characters; ordinary English words and sentences are examples of strings. 
String searches look through a (usually lengthy) string, called the text, for 
an instance of a (usually brief) sering that the user specifies, called the pattern. 
Each occurrence of a substring of the text chat marches the pattern is c::tlled a 
target. For example, if you were n-ying to find where you luid written of a cat 
called "little Tatsu" in a long letter, little Tarsll is a good choice of target, and 
you might choose the bnefer string Tt1ts11 as the pattern co u·e iu the search. 
The match may be exact, may be case- independent, or may represent another 
relationship berween the pattern and the targec; they m.ight rhyme, for ex­
ample. A commonly used matching cnterion, one that te ts vvell, is that lower­
case letters in the pattern match l'itltcr uppercase or lowercase letters in the text 

□ 

I ' 

Find and Replace 

Find "'hat: .... I pa_t_te_r_n ____ ______ _ 
Options: Search Down 

Search: [Down 

Fiad 

i) □ Match C838 

0 Fl nd 'whole 'w0rd3 only 
D U3e wi ldcerds 
□Sound, ltke 
D find all 'word forms 

llil~ 
{ 
[ 

I No Formatting I Format-. Special-. 

find Next 
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Len: 

Figure 5.3. A modal-search dialog box with modal-search types and 
direction settings. 

B 
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6. l ust: the term sequence as mathematicians do, to mean a set of objects having a first 
object, a second, and so forth. 
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but that upperc.l haract r in ch pattern match only uppercase characte in 
the t ::-...'t. earche usually tart from the current urs r locati n and continue 
forward through the t >.."t. In most terns modal u r pr ference etting can 
direct the earcb to proce db ckward through th te~.:t ( igur 5.3). 

Interface to sear he ar cypicall b ed on eith T of twos arch inter­
face . trategie . he m common strat gy i th delimited earch, found in 
tnO "t ord proce or . In a typical delimited earch th us enter a mode in 

hich typing r other m thod f text input i regard d uot as cext but a a pat­
tern. This i u ually ace mplish d by u ing dialo box contain.in field into 
which the user can ent r character . Aft r summoning the dialog bo.x, the user 
type the pattern., followed by < delimiter wruch • usually character uch 
Return, that i not permitt d t occur in the pattern. In rn t diaJog boxe th 
u er may als funjt the pattern by u in the GID to di k a button with a label 
uch a OK, earch Find, or Find A1:. "Wh nit i fow1d in the t .rt, a target 

i elect d and the cur or is placed :imrnediat ly at the end of the el ction. 
This traditional m chod i rath r puni hing to the u ·er, altl1ou h 

mo t computer aficionado h bee me accu tomed to it that they n 
long r fe I the pain. or e.xample an indi idual can type in a earcb tring 
make typo-unnoticed until co lat f cour , b cau eh re ed R turn 
by habit-and it there itino- for a earch th th kno will fail. Mo t 
earche are not interruptibl : a seriou de ign rror. Becau e the c mputer 
ai until the user bas finished the pattern b for be inrung i search, 

delimit d earche oft n ke p him waiting unncces arily. 
The le s common strat i th incremental search a popular 

exan1ple of hich i found in EMA , an editor u d , ith the NIX oper­
ating y t m ( talln1an ] 993). In mo t implem ntati n of incr m ntal 
searches a with th delimit d earch, the u er fir t wnmon a djalo bo 
that contain a field in hich the u er can enter the pattern . Wb n he type 
the firt character of the pattern h iWe er, the y tem u e this character 
alone as a comp] te p ttem :ind imm diat ly be • ns t earch for th fir:t 
in tance of that character in the cho en arch dir cti n. If an in t:: nc of 
that fir t character • • found befo the next har ct r of the pattern i cyped 
the i tance i elected and the cur r placed immediately after the nd of 
th l cti n. If the next character of the pattern is typed b for an in ranee 
• found that charact r i added to the pattern and the earcb continue no N 
lo kin for n instance of the nm enended pattern. Thi meth d is 
repeated as each character is added to the pattern. 

Using the Backspace or Delete key to delete a character from an incre­
mental ear h pattern should return the earch to the previously found 
in tance chat m tched the p ttern, as it was before the deleted character had 
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been added to the pattern, The user can then add to the pattern, and the search 
continues without his losing the search already accomplished on the partial 
pattern. Many implementations do not have this desirable characteristic. 

Incremental searching has a number of other advantages over delim­
ited searching. Incremental searching wast1:s less of a user's time: The search 
begins when the first character of the pattern is typed; the system does not 
wait until the pattern is con1plece. With a delimited s~arch, the computer 
waits for the user to type the pattern and de1im1t it, after which it is the user 
who w·.uts while the computer does the search. -when using a delimited 
search, the user must guess, beforehand, at how much of a pattern the com­
puter needs to distinguish the desired carget from other, sunilar targets; with 
an incrt!mental search, he can tell when he has typed enough to disambiguate 
the desired instance, because the target has appeared on the display. Thus, as 
soon J.S he sees tbat he has reached the point desired, he can stop entering the 
pattern. If he types too many letters of the pattern-if the hand is qwcker 
than the search-the pattern will still match, and the cursor will stay approxi­
mately where he wanted it. If he mistypes a pattern in a delimited search, he 
must wait until the search for the incorrect pattern 1s complete-or, at best, 
he can operate a mechanism for stopping the search-before he can correct 
his error. In a large t~'{t, the search can take~ com:iderable period of time. ln 
a well-implemented incremental search, the user can backspace at any time 
and be returned to the last match found. Because backspacing after an error is 
habitual, the process of correcting an error is very fast, and the search stops 
immediately. He can also resume the search by typing the correct character. 

Another advantage of incremental search is that, as the user enters the 
pattern, it provides conscanc feedback as to the results of the search. With a 
delimited search, he does not find out whether his pattern is suitable or even 
if it was typed correctly until it is fully entered and a search attempt has been 
made. From the point of view of interface engineering, the advantages of 
incremental searching are so numerous and the advantages of delimited 
searches so few that I can see almost no occasions when a delimjted search 
would be preferred.7 In spite of near L1Divers:il agreement about the desir­
ability of incremental searches on the part of both designers and users, 
almost all interface-building tools make it easy to implement delimited 
searches and difficult or impossible to implement incremental searches. 
JavaScript and Visual BASIC are two examples of such. 

Building a pattern incrementally allows the user to adjust the pattern 
interactively during the search, which leads the user to improve his search 

7. A search is either incremental or excrcment:il. 



STRlNG SEARCHES AND FIND MECHANISMS 127 

strategies through the feedback received. Even building a Boolean search 
pattern is made more effective when the early results of the pattern appear as 
the user adds to the pattern's specificity. The found instance should appear in 
the middle of a display area, not at the top or the bottom. Thus, material 
both before and after the instance is visible; that is, the found instance is dis­
played in context. The instance of the pattern found should always appear in 
the same place relative to the display or window so that the user soon learns 
where to look for the result of the search. In the Canon Cat, it always 
appeared at the vertical center of the display. It should not appear adjacent to 
any edge of the display area, so that material on all sides of the found 
instance is shown. 

If an instance of the pattern does not occur in the text, the search 
fails. Many systems cease operating in this event and remain unusable until 
a particular key-typically Enter or Return-is pressed or a particular 
on-screen button is clicked. A modal message is placed on the display to 
let you know that you must make the required obeisance before you will 
be allowed to continue using the computer. In multidisplay systems or if 
the screen is visually busy, this message may be nowhere near your locus of 
attention. You may not notice it at all. It then seems to you that the 
computer will not respond to the keyboard; it seems to have crashed. In an 
incremental search, it is clear, without any special indication, that a search 
has failed; the cursor returns to its original location, and additional key­
strokes do not have any effect. A short beep or a screen flash can also be 
helpful, especially if the search exceeded the duration of short-term mem­
ory, say, 10 seconds, so that the user has forgotten the appearance of the dis­
play prior to the search. The beep is also a useful cue for visually impaired 
users. 

5-4-1 Search-Pattern Delimiters 

Another major deficiency of delimited searches is that the delimiter 
used to end the pattern cannot be typed into the pattern. Often, other 
delimiters are excluded as well. I looked at four popular word processors, 
one did not allow a Return in a search pattern at all. In the second word 
processor, the user types "r to insert a return into the search pattern. In the 
third, \ \ is used; and in the fourth, a Return is put into a search pattern by 
the use of a special dialog box with a pull-down menu of delimiters (Figure 
5.4). It is easier to simply press the Return key when creating a pattern. After 
all, that's how you enter it into text; why should it be different in entering a 
pattern? The general principle is that the same sequence of characters should 
always be typed the same way; you should not have to use one method here mzd 
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Find 'what: 

Search: [All 

Find 

0 Match case 

0 Use 'wildc& 
0 Sounds like 
0 Find all -.,o 

Paragraph Mark 
Tab Character 
Comment Mark ~ 
Any Character 
Any Digit 
Any Letter 
Caret Character 
Column Break 
Em Dash 
En Dash 
Endnote Mark 
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Footnote Mark 
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Manual line Break 
Manual Page Break 
Nonbreaking Hyphen 

Nonbreaking Space 
Optional Hyphen 
Section Break 
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Figure S. 4. The J,,Vord search box opeued to show cl,e list of cl1aracters 
tl,at cau be inserted. Will, a better search des(<!", the user could p11t, 
say, a tab i1I a search slri11gj11st by tapping tl,e Tab key. Note tl1e two 
codes for ta/, cl,aracters inserted into the pattem (tl,e Find ~f/liat box). 

another lllcthod there. Another way of saying this is that there should be noth­
ing special about special characters.8 

Although incremental searches are better than delimited searches, 
further interface improvement over the EMACS style of incremental search 
is possible. For example. the search should leave the cursor on the first char­
acter of the target rather than on the last. In general, you have little control 
over what will be the last character in your pattern, because you type just 
enough pattern to find your target. Thus, you do not know exactly where 
the cursor will be when you are finished. If the cursor lands on the first char­
acter of the pattern, you can predict how the target will appear. This also 

8. A parallel problem is the use of reserved words in programming langu:iges. 
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means that the search mechanism can also be used to quickly position the 
cursor in text, because your locus of attention is the cha r on which you 
want the cursor to be placed. Trying to invent a patter r this is the last 
character in the pattern is far more difficult than typing the desired character 
and what all it on the .~ iay. 

In c .. en 1 ~ al GUis, delimited and inc•- mental searches are 
initiated modally, by means of a dialog box. LEAP is modeless. - o 1 ep 
of using a quasimode for searches can be extended to a button r1 -

phone (or GID) that is held to create a quasimode during which words, 
sketches, or handwritten letters are used to create a search pattern. Other 
in techn:' _ s have analogous means for creating a search quasimode 
( n and L ter 1991). 

The speed of incremental searches is increased when a fe le-
m are u - Je h _ you type the first ch c of 
th !:~!:":;::~ • . the c 1 - l!'.!r;~rrJ'Lt!t,' I _. c eds to find the first instance of 

• D - in the text, which is highlighted and, if it is n e d 
ts context in c:J'S'.,J..u.''l"ty.,. ow. This is 

~ are a lot of I it 

~ • g for the user to _ _ 
t - ,e n - t instance of the 11 

possible characters, working in decre 
mize the probability of an early hit. 1 h 
they are found. When the second char 

--l~ .__,,.__.- th . get , l'D1"1!-.:r1""1,ir, 

m thods as the Boyer-
d r 1977), 

search time decreases as search-string l __ ___ -■A-L-· re es . e the u c -
spaces through the pattern, keeping a pomter to the last-found location­
one for each character in the search string-can make going back blindingly 
fast. Indexing all local t~~-r;.::.~-:e. d vi es can I ea hing er a local 
system or network nly • • econ •S. Inte • n at • ._ h s s, with 
wide area networks or the web, also dep - s . methods. I er ·-
mental searching, in various versions, has n il - in uch comm ci 
products as Borland's IDE, Global Village's fax program, the Canon Cat, and 
SwyftWare. 

5-4-2 Units of Interaction 

In,,_-..,.::11.,,.... .0. 

interface ......... ..........,,~ 
- hes -

• - 1e: A 
jut 

m slioul 
T np e of a broader h...._A-L.£JL&cLL,,,. 
nt t with you on the ' a ,._· . 
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smallest 111ca11ingf11l 1mit ef i11put. Interaction with input from a keyboard 
should be on a character-by-character basis, nor on a line-by-line basis. Voice 
input should interact on a word-by-word basis; for some applications, inter­
action could be on a. morpheme-by-morpheme basis, and so on. 

Interaccion by means of entering an entire line of text, that is, text 
delimited by a Return, at a time is a holdover from che days of the Teletype 
and should be relegated co a museum alongside the hardware of that time.9 

Today, we can and should have interfaces able to react to each character as 
you enter it, whenever such a reaction could improve the quality of the 
interaction. As always, designers must be considerate: Character-at-a-time 
interaction should not be used to deliver spelling-error messages in the mid­
dle of typing a word, correctly judged a nuisance by touch typi ts. 

Ln the small texts for which string searches were originally designed, 
searching usually proceeded from the current cursor position to the end of 
the te.\:t. In larger re:\.t'i, it is generally a good idea to continue the search, if it 
ha not found a target by the time it has reached the end, circularly from the 
beginning back co the cursor location, in case the user has forgotten that the 
desired target is farther back in the text. Unpublished testing at Information 
Appliance demonstrated that, if the search is fast, the crrcular search is espe­
cially favored by users. Fast means here chat there is not enough time for a 
user action between the time the search is launched and the time it succeeds 
or fails: as usual, about 250 msec. In many systems, the user can also choose 
co have the search stop at the end of the file or search circularly. This causes a 
typical mode problem: If the search is set to noncircular and the user is not 
aware of the setting, a ' string not found'' message can give the misimpres­
sion that there is no instance of the pattern in the text. Or, what I have seen 
happen on many occasions. the user repeats the search a number of times 
because he distinctly recalls that there was an instance of the pattern in che 
text, and he is puzzled and frustrated by the search's repeated failure. It can 
be many seconds or even minutes before he either figures out the problem or 
gives up in frustration. lf it is necessary co have different kinds of searches, 
this can be accomplished modelessly by using a different command or on­
screen button to launch each kind of search. 

In many circumstances, modality can be avoided by having a set of 
launch buttons, one for each variety of an operation, instead of having 
means for setting up the desired variety and providing only one 1aunch but-

9. There is an ever increasing need for a museum of interaction (MOI), as we have museums 
for hardware and software. The Internet might be an appropriate home. 
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con to J.rutiace the operation under conditions you have established. Th.is 
improvement not only eliminates a-mode but also saves keystrokes. Also, the 
user's locus of attention is the task that he wants done, not the setting up for 
che task. Figure S.S. a typical set-up- th.en-launch dialog box found in 
Microsoft Word, exhibits a second interface problem: Should the radio but­
tons be always in the state shown when the user opens the box? Should they 
be io the state that he last left ch.em, or should ch.ere be a preference setting as 
to which is the defuult? 

AU tlu..-ee interface options are wrong. If tbe u er is always updating 
the entire table. the first option forces two clicks-or a click and a Return­
every time. lf the box is left in the last-used position, the user cannoc use the 
box habitually, because he has to stop and check on its state each time. If 
there is a user preference (see Section 3-2-2), then a mode has been set up. 

The dialog box of Figure 5.6 solves all of these problems at once, and 
the larger buttons have a Fitts' law advantage over the radio buttons. The 
Cancel button could be eliminated if this box were transparent, as discussed 
in Section 5-2-3. The two buttons would not be transparent, shmving that 
they are active. 

I 

Update Table of Contents 

Word is updating the table of contents Select one 
of the fol low>i ng options: 

~ Update page numbers only 

0 Update entire table 

I Cancel J ~ OK I 
Figure 5.5. Dialog box tvitli check boxes for different kinds of 
searches, and one launch buttou. 

~___§ update Table of Contents--~ 

Click on one of He buttons to update the 
table of contents: 

[ Update page numbers ontvl 

Update entire table 

f Cancer J 
Fig11re 5.6. More q]icient dialog box with different launch bi,ttons. 
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Delimited-search dialog boxes usually provide a facility that allows 
you to reuse the current pattern in a search that begins just after the last 
instance was found. This can be thought of as a "look again" or "find ne..."\.i" 
facility; in some implementations, it is invoked by operating the same button 
used to launch the initial search. With an incremental search facility, a com­
mand dedicated to searching again for the same target is required, because no 
command was necessary to launch the original search. It is dangerous to use 
a tap of the Search quasimode key to repeat the search, as a user might intend 
to do a search, press the key, and then change his mind and release it. Under 
such circumstances, an unwanted search would be started, and he could lose 
his place as a result. Although a complete undo facility can ameliorate the 
danger, it is better not to create the problem. A specific method for repeated 
searches is discussed in Section 5-6. 

In larger texts, a m1rch call proceed cira1la1·ly not 011/y tllro11gh the local doC11-
111c1tf but iilso ,iftcrmml i11. i111tan1atically c-:>..paiidi11g do111ai11s, 11p to a11d itzc!Hding 
the e11tire llltcmct. 10 After the local document has been completely searched.. 
the search then proceeds through the following documents until the end of 
the folder is reached, when the search continues from the beginning of the 
first document in the folder until the current, already searched document is 
reached. After cycling through the folder, the next larger domain is treated 
similarly, and so forth. When, during an incremental search, a user sees that 
his search has gone too far afield, he can stop searching, confident that any 
nearer instance of the pattern docs not exist. It is usually easy to tell in what 
domain you are searching, because you see the results in context; what you 
see is not JUSt a list of file names, as with many present search systems. 

Generally, people will use more efficient strategies than simply rely­
ing on chis expanding sweep of the hierarchy. For example, if you are look­
ing for a particular document in the current folder, you wouJd be likely to 
do a repeated search for document characters and would thus quickly be able 
to review the beginning of, and any heading on, each document. When the 
desired document is found, an incremental search for che rarget is initiated. 
This guarantees that the chosen document is searched first; the advantage of 
this is that you can typically use a shorter pattern if the area to be searched is 
smaller. If you did not know in what document the target resided or if you 
did not want to look for the document, you could perform a specific search 
from the beginning, which would find the target anyway. 

10. ft is entirely possible, by such techniques as loobhcad :md indexing, to maint:iin the 250 
msec response time. 
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5-5 Cursor Design and a Strategy for Making Selections 

h ...... ..,.. ... _....._'", .. f ,. · delim t - and m 

one that appears betwin characters 

Figure 5. 7. The standard between-character cursor. 
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rsor differently, depending on what 
el - e 

ur or 
t: t ,,_._ .. ,..L.l, .... .J,1, .... 1] 

commands. 

mputers first use it. 
loci of action of the 

It is no solution to provide a mode in which deletion occurs in a 
direction opposite to the usual one. This me_ d, caJle o • r I erase, 
allow you to always place the cursor ·o the l of the -hara r to be -
on, but you will ome im unexpectedly delete in the ?T---~---·- dire ,· 
because the curre - 1 l ti , direction is not your locus of a n. If 

elef ·red, it i , _r to ar I e bt tc r s or to use a qu .1--

for opp • directi _ l tion 
A useful improvement to text r 

VISU . indic tes both (1) th ins ............ " ...... "' 
char ti rs th will be del . - if a 
n, hl • gh:ti can 1 

1 ntical to that · 
t d~ this is h _ n in Figure 5.8. 

This is a _ part cursor. 

with a s -le cha 
portion if-he cu 

_ d screen. 

n. One 

11. This example is another demonstration of the importance of testing an interface on the 
intended audience. 
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Moving a cursor to a target with a GID is an iterative process; the user 
visually acquires the target first and then moves the cursor toward the target. 
If she does not remember where the cursor is, she may have to search visu­
ally to find it as well. She then reacquires the target, and so on, until both tar­
get and cursor are in the same, approximately 5 degree, foveal field of vision. 
This amount, to several time-consuming processes the human must under­
take in cursor moves using a GID. Nonetheless, a GID is required for point­
ing to graphical objects or when working in a totally graphic environment. 

The sloth of the GID in text pointing is exacerbated in the case of 
having to point to off-page locations. In these cases, exclusive use of a GID 
forces you to use scroll bars, page number selectors, or other mechanisms to 
view the content to which you wish to point. Each of these methods has to 
be learned, and many of them are slow. 

LEAP offers the user the cognitive advantage of not having to 
choose, depending on the remoteness of the target, between different strate­
gies (Alzofon et al. 1987). Having both LEAP and a GID does mean that 
there are two basic cursor-moving methods; however, instead of choosing 
your method depending on the distance between the cursor and your target, 
you choose your method depending on the content of the target. As is usu­
ally the case, the content is your locus of attention, which makes a 
LEAP /GID split cognitively simpler. 

LEAP is useful in voice-controlled systems and for users with motor 
impairments or repetitive stress injuries, for whom the minimization of key­
strokes is of especial value. A button, perhaps placed on the microphone, 
establishes the LEAP quasimode. The target of a LEAP is always a particular 
character in the text, and that character-whether the user is seeing it or 
thinking about it-is usually the locus of attention during the LEAP. Unlike 
using a GID, the user does not have to visually find the target before being 
able to move the cursor to it. This property is so strong that LEAP can be 
effectively used by the blind. This was tested at the Veteran's Administration 
Hospital in Palo Alto (unpublished). 

What is most important, however, is that LEAP is used so widely in 
systems designed around it that its use soon becomes automatic, and there is 
nothing in the design of LEAP that prevents beneficial habit formation or 
that causes problems after habitual use is established. For LEAP to work 
properly, it must be fast, always finding the next instance of the current pat­
tern within human reaction time, thus not giving the user any motivation or 
time to act during the search. The necessary speed can be achieved by the 
methods discussed in Section 5-4. 
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A GOMS keystroke-1 -
LEAP timings. Where the 1 
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the rules for placing the 
+ 0.2 == 3.05 seconds. 

1 

_"'..._...-&..2,J·., ..... ters. An av i -- 1 1_ r 
the 1\,1 operator gives, according to the rules, a time of 1.35 + (4.5 * 0.2) == 

enenced e s 
be mov 

d ,, 

JI 

5-6 Cursor Position and LEAP 

target of a LEAP • • 
r to the left of this 

ru ' l 

_ the cursor 
r to the left 

rt at that l cter lo 
s correct if you 

eem, has to know your 

For insertion, 
rectangle -m: t or an 
ter, the curs r should 
with the readability 
delete at that locati 
more accurately in .. L■ L..c:L L..___ _ 

the standard, between-character cursor. 

a 



(a) 

(b) 

(c) 

C URSOR PO S ITI O N AND LEA P H 7 

Figure 5.9. (a) The cursor has been placed b11 a GID move or a LEAP 
to the letter l in slat. (b) If you backspace, you J!Cl sat. (c) But if you 
had typed a p, you 'ti get splat. Note that in (a), the insert anti delete 
portions of the wrsor are both on the I, indicating that you can either 
insert or delete there. After deleting (b) or inserting (c), tire insert and 
delete portions of tlie cursor luwe separated, still iudicating where 
insertion and deletion ,viii take plac.e. Vsit1g a mrsor-mo1rittg (arrow) 
key also causes die wrsor to separate. 

This solution engenders ;mother problem: Suppose you had the word 
to11gs, with the cursor on the o, and you type the letter h. You get tho11gs. But 
where should the cursor go? Again, you seem to need to know the intent of 
the user: If the cursor is on the h, does it indicate whether that letter will be 
the insertion point or the deletion point? Deletion should be the inverse of 
insertion, so that a tap of the Backspace key should delete the h, returning 
the word to tongs, but if you type another letter, say r, it should displace the <) 

to the right of the h to make the word throngs. It would seem that an on­
character cursor also has to have precognition to be in the right place. 

The solution to the problem is this: When you move the cursor, it 
L:mds on a single character. As soon as you type or delete, the cursor splits 
into two parts that are associated with two consecutive characters, as shown 
in Figure 5. 9: T he first character has the delete cursor on it, the second has 
the insertion pointer wrapped partially under it. One part of the trick is to 
have a two-part cursor designed so that when the parts coalesce- as they 
must, after a LEAP or other cursor movement-it is graphically clear that 
they both reside on the same character independently. This may all seem 
complicated when written out in detail, but the LEAP cursor is easier for a 
newcomer to learn than is the conventional cursor of Figure 5.7. AJ1 that 
you have to tell a learner is what the selection and insertion markers look 
like, that the Delete key deletes the selection, and that w hat you type appears 
at the insertion marker. 

The characters are consecutive rather than adjacent, for although two 
consecutive characters are usually adjacent, they are not when the first of the 
two is at the end of a line. For left-to-right languages, the delete cursor is 
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typically to th right of the in ert character; for right-to-left languages, it is 
the other way around. For v, rtically o.tiented languages, the insert cursor 
would be below the delete cur or, and they would alternate directions on 
ea h line for boustrophedonic ·crip . 

arget acquisition is e ier when using a GID with the two-part cur or, 
becau e the targets or characters, are larger than the spaces between them, ai;id 
the hot r gion is easier to visualize. (The hot gion for the PARC cursor 
e:'1..-tends ab ut halfway into each characte!'.", on both id of the space b tween 
them, but nothing visually delineates th boundary making the target- seem 
maller. In practice, many user try to place che cur or b tween character , 

ino.ming the Fitts' law penalty that g e -along with. mall targets.) 
As we hav discussed, naive user s metimes have troubl under­

standing how the tandard, between-character, cur or works: a transient 
phenmnenon involving an interface detail that is o fumiliar that it is rarely1 if 
ever question d. With the t\:\?O-part cursor that condenses on a ingl har-
. cter after a cursor m, ve the .initial confusion about which character a cur­
sor points to dis ppea:red s lving the original problem. 

At times it m y be advantageou to limit the range of a LEAP. A liin­
ited arch can b made by (1) selecti.n the region co be searched· (-) elect­
ing a command or current election, as di cussed in Section 5-2-1 that 
limits the next LEAP co that Iegion which becomes the ld election- (3) 
and th n using a LEAP What mu t not be don is co create mode that 
re tri. LEAP: Wh n the us r i no awar of that mode, using LEAP will b 
very frustrating and he will not b able to find things he has always other­
"vi be n able to find. Canon introduced a cone pt called 'Local L ap" on 
the Canon Ca:c and it caused preci ely the problems th t a ·tudent of thi 
book would predict. 

Another function needed when LEAP is implem nted j_ LEAP 
AGA!N wl11ch simply perfor:ms a LEAP in th~ ame directi n a the most 
recent LEAP to the next instance of the same pattern. In wyftWare nd the 
Canon Cat, s.earche usually took the for:m of LEAPing to a pattern and 
then using LEAP AGAIN repeatedly umil the desired instance was found. 

LEAP unifie , e. rching and cur or motion in text recalling that teJ1.."t 
include preadsheets labels in graphic ·, and any other u e of alphanwneric 
character . After bort while 1.1 ing LEAP. the u er b omes unaware of 
LEAPing, just as a touch typist concentrating on creating content is unaware 
of the mechanical motions of typing. When you want to put targ t on 
your display; you EAP to it· you do not stop to ask where in the system' 
nniver e of content the target is. You do not track down any hierarchies or 
op n folder ; you LEAP directly to what you want. But wh n people ace.us-
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_r 
memory, on oca or networked mass 

storage, or on a local or global network. 
Whet ~~-~~~~ e observations of Landauer 

l I • 

, ,nd users find a higher prop - • n 
,rching (Landau r 1995). LE 

th 

c1 rh , ch-launching methods used by Lan-
o r h -- an ev _n greater advantage. 

5-7 Applications Abolished 

TT , ·,_, it 1k .. urfavoritc application to complete a given task doubles 
oi'th , ·h 1l u-

-Li,,coltt Spector 

The . 1, m ru tu 11 is ·, • if w • · 11 -

r _,d - i tb 11 rt • • 
• 1 ot in e·' 

pr ,, m orm i 1-ir 
Because gestures, such as those that invoke commands, in one appli­

cation may not be available in another, you must be conscious of which 
lication is currently a. e. ut cannot - li , 1 do this when your 

1 s of attention is the - u r · 111""11'"11,.., __ to · :co _ lish. You will some-
rim us ,,..-11"-~,,... , no re ult or the in -rect result. A S!~C·::!.~~te 

-. ..................... is the un.av _ilability of the ili_ies 
er; you h to do a task that you 

u • -1 are in _ _ li tion B, which has no 
1 ientist Dan Swinehart called this the 

. 90). 
the preemption dilemma are well 

to provide, in each application, all 
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those facilities the user is likely to need. This was discussed in Section 5-1, 
where it was pointed out that every personal computer has many different 
text editors, each part of an application or other facility. Most personal com-

1 r J , n ul le a • t n . le, a 
typical ,.,.P,,.....,.;r .. e~•sim ak e::n~(:r . r typi gap· , ind 
dfal b th -· fi •r ;·v,~.~~""!r,~ ~ •. b y f the ~ p r ach 
forces applications to becc m n I u . h · • them must solve a host 
of user needs that are peri . h ral to the I ust of the software. For 
example, my word proce 1: n e1 d. ~nn11,...'7 prog~_ so that I 
can create simple illustrations without having to le text edi or. At the 
same time, my drawing program has an embedded text editor so that I can 
include formatted blocks of text in my drawings without having to leave the 
drawing program. The drawing facilities in the editor and the text-editing 
facilities in the drawing p n th -~ software dedicated pri-
marily to those tasks. Ideal] ,,.._.,_......,, .... .... , r-1 ... and abilities of both the 
drawing and the editing PL-}-;Jl..,.~.JII.U 

Similarly, every pr , '"' .... .J-,ll.L",....... • ng and retrieving named 
files. However, these facili -_ er . • 1 nd. 1d have different features 
in different programs. This is confusing, difficult to operate, and requires 
·1 .ne se amounts of lar d. . du m so I a e, all rlu h 
• r ] ~n to use, keep th _ , u , or and r • d 

_ U m . stor,· , h sa Q a host th [ ,t-1 ,a!!I , ... r. ~•- ... 

.Jll,_,I_II..IJ, IL.=• th • -e du r .. 1 • d or upli ated among programs. 
There has been some industry recogmt1on of these difficulties; a 

· . ~ of CO!!'l!~~~~~!~ desig e ,t"~1:·Ft"r,, ... .. ~e ·h , ,- • ts a single compound 
--·--........... ent to I ~ pa ts er _t . n p li ations. When you click at 
any point .d document, the application that created that por-
tion of th ecomes active. Once the compound document has 
been created, this technique allows you to avoid having to open the individ-
ual • pli li ·t1 . 
still th 

u 
gmg. 

Although provi I g a modi of · ience, the dil 
emption is not solved b this m thod, hi h is exempl _ 1 

_ 1 's 
OpenDoc, HP's NextWave, and Microsoft's OLE software and their descen­
dants. When you are working in one part of a com und document, you do 
not have the facilities of the applications used to • t the other parts of the 
document. Worse, you now have a document that seems to have no bound­
aries but whose behavior changes from place to place without warning. A 
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' table and a spreadsheet may look identical, but one operates according to the 
rules of the word processing program, and the other operates according to 
the rules of the spreadsheet program. This is modality with a vengeance. The 
only warning you get as you dick here and there is that the menus, which 
are usually positioned far from the locus of attention, change. As we have 
seen, this is an ineffective means of alerting a user as to system state; there is, 
of course, no completely effective means. 

The original approach to eliminating the modes inherent in applica­
tions was to create the windmving paradigm. At Xerox PARC, Alan Kay 
proposed overlapping windows, in part to eliminate the modality of applica­
tions. He also wanted to eliminate the distinction between operating system 
and applications but succeeded primarily in making the functioning of the 
operating system visible in the form of the desktop. This was a true advance, 
but as PARC's Larry Tesler put it, "windows are, in a sense, modes in sheep's 
clothing" (Tesler 1981, p. 94). That is, windows do not eliminate the modal­
ity of applications but instead make multiple applications simultaneously vis­
ible and accessible. Kay's insight, and the other ideas developed around 
windowing, formed an important step forward that has benefited users for 
more than a decade, but the problem of modes and the preemption dilemma 
posed by che existence of applications had not been solved. Since that time, 
the sheep disguise has worn thin, and the wolf bites us all too often. Section 
5-8 presents one way of dispatching the wolf completely. 

Calculator or Computer? 

It's true. Many of us keep a calculator beside our computers. Why do 
you need this simple-minded device when you have a whole com­
puter in front of you? You need it because you have to go through 
contortions worthy of a circus sideshow in order to do simple arith­
metic with the computer. There you are, tapping away at your word 
processor, when you want to do a division: 375 packages of Phu­
muxx cost $248.93; what is the price for one package? On my com­
puter, I have to open up a calculator window. To do this, I move my 
hand from the keyboard to the mouse, which I use to do a click­
and-drag to open the calculator. Transferring my hands back to the 
keyboard, I type in the numbers I need or tediously cut and paste 
them from my document. Then I have to press a few more keys and 
finally copy the results from the calculator window into my docu­
ment. Sometimes, the calculator window opens right on top of the 
very numbers I need, just to add insult to injury. In that case, I must 
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use the mouse to move the calculator window out of the way before 
proceeding. It is much faster to grab the pocket calculator. 

A better solution is a Calculate button or omnipresent menu com­
mand that allows you to take an arithmetic expression, such as 
248.93 I 375, select it, and do the calculation whether you are in the 
word processor, communications package, drawing or presentat10n 

r a • on, or J d e c .. •~~-1r~[.,,..,..,p level. In other ~ , it is an 
m ] of a .-...--r-"- - that can be used a:r here. 

Using an experienced computer and calculator operator as my test 
subject, with his word processing program open before him, I mea­
sured the total time it took for him to pick up a calculator, turn it on, 
do a simple addition, and return his hands to the keyboard to resume 
typing. It took about 7 seconds. I then measured the time it took for 
him to use the built-in calculator. He had to move the cursor to the 
menu bar at the top of the screen, find the calculator program, open 
the calculator, enter the sum, and then click back in the word proces­
sor so that he could resume typing. This took about 16 seconds. 

The same subject was asked to do the calculation from the middle of 
a document on a Canon Cat, which has a built-in Calculate key and 
can do arithmetic in text. The time was 6 seconds, using the top-line 
numeral keys for data entry. There is no time advantage to using an 
external calculator in this case. On the Cat, the result was left in the 
document, in the likely case you needed the result inserted. But the 
result was also left selected, so that a tap of the Delete key made it 
vanish if you did not want it in your text. 

Here's another facility that should be generally available: Anywhere a 
number can be entered, you should be able to enter an arithmetic 
expression that evaluates to the number. Commands such as 

• Check the spelling of the current selection 
• Treat the current selection as an arithmetic expression and 
evaluate it 
• Transmit the current selection as an e-mail 
• Transmit the current selection as a fax 
• Let's see what's at this URL on the web 
• Execute the current selection as a Java ( or whatever) program 
should be available at all times. It is eminently doable. 
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5-8 Commands and Transformers 

A toad design is better tlwn you thi1ik. 

-Rex Hift111m1 

We are justifiably annoyed when a . t, a piece of soft • _, or a 
com 'l" system imp comple ~ty bey r needs and pres diffi-
culti1

- do not und ,_ nd. We w t do some simple rd 
but we are forced to take in hand h as in t 

h 

the original application. 
By • n • concept tha 

t s b a 

ere y 1 .i ~ 1 n e 
"' rstand one means of doing this, recall 

computer does involves the content 
that you provide or obtain and a set of operations you wish to perform on 
this content. Also recall that the interface to every such operation consists of 
two parts: choosing the content and invoking the operation. For example, in 

. e y, u • gh ·h . . :::~::::::~:: ur c te 

n h r 
the GID button-a lovely interface, by 

lJ1 . 

Invoking a command on a selection results in three possibilities: 

1. The operation can be performed on the selection. 

2. It makes no sense to apply that operation to the selection. 

3. The selection can be modified to make the operation possible. 

the - - and the content modified. In the 
In the t I case, an er p,. 
ify the s tion b _ o - the n 

mand c _· 
S p that you select a part of a photograph of a city street scene 

and try t p l the command that checks spelling. The command expects a 
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sequence of char:icters (text). but what it finds is a photograph (a bitmap). 
Among the computer's capabilities is the ability to transform concenr from J 

one data type to another. 12 [n this case, the data type is bionap and the con1-
mand eJ\.-pects text, so the computer sees whether any transformer has 
bicmaps as inpucs and text as output. Such transfonners exist; they are called 
optical character recognition (OCR) programs. OCR programs are usuilly 
employed to convert input fi:om scanners into editable text. (Some of the 
quotes in this book were obtained by scanning the arnde that contained the 
quote and then using an OCR program to convert the resulca_ot bim1ap mco 
te)l.-t.) Assume that the computer has an OCR program available. The OCR 
program is automatically invoked and inspects the binnap. lf it findc; some 
characters it recognizes-say, a scop sign and a partly obscured sign with the 
characters North First Strcc, then these te.'Cts are presented to the spelling 
checker, which reports finding one unknown word (strcc) and suggests chat 
perhaps tree, screw, or street was meant. 

Instead of a computer's software being viewed as an operating system 
and a set of applications, the humane interface views the software a.s a set of 
commands, some of w hich are transformers thac can be invoked automati­
c:illy when the data type e~-pecced by the command docs not match the data 
type of the object selected. More than one transformer may have to be 
invoked. For example, uppost.: that ,L computer with one transformer con­
verts :1 to B and another that converts B to C; if the comrnand ex-peers d:ita 
type C but the data type of the selection is A, both cransformers will bave co 
be applied before the comm.and can be carried out. If no transformers are 
available to do the job, no change 1s made to the selection; cbe user is 
informed, if necessary, and the selection is left unmodified. 

Instead of providing application programs, sofmr-are vendors will provide 
conunand sets tbat offer a collection of related operab.ons. For example, instead 
of a program for doing photographic manipufacion, a vendor would prmn.de a 
nwnber of independent conu11ands that, collectively, provide exactly the same 
range of operations. The user would install as many or as few as she finds usefol 
rather than having to install a huge application, of which only a fraction would 
be used. By means of lmemet sales of software, a fonvard-tlrinking vendor 
could sell software on a command-by-command basis, perhaps with significant 
discounts for buying certain sets or certain numbers of conunands. 

12. This cl:m of :ibiliries is sometimes called filrm. bur the termfi/1,-r impJjes selectivity r.1ther 
than :i gcner:tl tr.msformati.onal abilicy. T hus. I prefer the rerm tr11usfom1a, which is seldom 
lllied in cornpuccr science, oulSldc of circuit descriptions, where:isjiltcr hns 111:my uses, such as 
a digitnl.filtcryrogmm 
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When users complain about the absurd comple.'City of applications 
and ask for simpler programs without what are perceived to be unnecessary 
bells and whistles, industry observers respond that "lite" versions of software 
packages tend not co succeed in the marketplace. There is good reason for 
the failure oflite packages. Because the user never knows which of the facil­
ities offered by the complete package he might some day need, be purchases 
the ,vhole package because that is the only way he can obtain these facilities. 
If he buys a limited, lower-cost version, the only way he can upgrade is by 
buying the complete package, even if it is onJy one mall feature from the 
larger program that he wouJd need to add to the lite version. Therefore, ic is 
safer co purchase the full version from the beginning and to put up with the 
complexity. No wonder we feel crapped. Commands that could be pur­
chased as needed are a more humane option. 

Various surveys report a range for the amount of typical software 
application features that are never used. The numbers have tended co rise 
over the last decade and have increased over that time from about 15 percent 
co the latest surveys nearing 50 percent. T hat is a lot of clutter. By providing 
command secs, each command of which can be installed independencl)'j 
instead of applicacions, individual users can drive that statistic to nearly 0. 
Other advantages for vendors in this methodology are the ability to refine 
their products incrementally and to more easily and frequently provide (and 
sell!) new features, becau e they do not have to rere]easc the whole package 
in order to do so. The web is an ideal medium for such repeated, piecemeaJ 
sales. 

Vendors not nece sari1y the vendors of application command sets, 
will supply transfo,mers. These, too, can be sold individuaJJy. [fa majority of 
users regularly entploy most of the word processing commands from vendor 
A, and vendor B chinks of a useful command that ..d does not provide, then 
B can sell that command to A's customers. However, B might use a different 
data structure. ] n that case, B would be wise to provide a pair of inverse 
transformers that go from A's data structure to B's data structure, and back 
again. If _<J's product has a very large customer base, then B might be wise to 
create a version of the command that works direccly with A's data structure. 
Bes.ides, another vendor, C, m.ight be a specialist at providing transformers. It 
may become common practice for users to purchase transfom1ers from such 
\'endor and for command vendors to license the transformers they need. 
This commercial stmcture e..xists, in part, at present: Companies such as 
Data Vjz specialize in providing transformers. 

The pieces needed for a conunands-pJus-traruformers computer 
environment also exist. It will not be difficult to put them together into a 
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working system. Users will find such systems both easier to use and more 
flexible than today's application-bound designs. It is a solution that can 
decrease excessive feature bloat and complexity, incompatibility among 
applications, and the need to learn multiple solutions to the same problem. 
In the process, the operating system can disappear from the user's view 
entirely. If this program is carried out properly, not even the present, wool­
coated version of the operating system-the desktop-will remain. 

Of course, not all programs require all this mechanism. A game, for 
example, would simply be launched and would run independently: This is 
done in the usual way by clicking on, or selecting, the desired game's name, 
probably from a text consisting of a list of names of games, and then using 
the Execute command. Section 6-2 discusses an alternative method. 

Considerate Programming: Applications as Visitors 

Consider that you have been invited to stay at the house of your 
good friends, the Grimbles. You even like their dog. The only prob­
lem is their beloved portrait of Aunt Ashtabula that hangs over the 
bed. It gives you and your wife the willies, and you can't possibly 
sleep in a room with Aunt Ashtabula looking on. You dare not tell 
the Grimbles how you feel, so how do you handle this situation 
when you visit? 

1. Take down the picture and burn it. 

2. Hide the picture in the wine cellar, where it will take the 
Grimbles a month to find it. 

3. Put the picture in the closet, where they will find it sooner. 

4. Put the picture in the closet and restore it to its original position 
just before you leave. 

Any considerate guest knows that option 4 is the best of those pre­
sented. The ethical principle is: Make a change in someone else's 
environment if you must, so long as you leave things just as they 
were before the host returns. 

Today's computers have many environmenta1 parameters that can be 
set: speaker loudness, screen resolution and depth, menu behavior, 
and default system font. A Macintosh computer has hundreds of set­
tings. In an IBM-compatible computer running Windows and 
Microsoft Office, the number is over 1,000. The parallel with the 
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visit to the Grimbles? If you go and use somebody else's machine 
and change any settings, it would be considerate of yoµ to change 
them back when you leave. 

Many programs demand a particular screen resolution, a certain 
number of bits per pixel, or another specific parameter setting to run 
properly. Their behavior, when the system does not have the correct 
parameter settings, ranges from genteel to uncouth to vandalism. 
Here is what various programs I tested do when they encounter 
incorrect display parameters: 

1. Crash the computer, forcing a manual reboot. 

2. Crash the computer, giving an indecipherable numeric message; 
you must press the Restart button to reboot the computer. 

3. Give an error message saying that the screen settings must be 
adjusted, and when you click on the OK button, it crashes the com­
puter. 

4. Give an error message saying that the screen settings must be 
adjusted. When you click on the OK button, you can then open the 
appropriate control panel and adjust the settings. 

5. Ask whether it should change the screen settings, and if you click 
on the OK button, the settings are changed. If you click Cancel, the 
program is not launched, and the screen settings are not touched. 

6. Change the screen settings and run the program without 
comment. 

7. Announce that it will change the settings in a dialog box. When 
you click on the OK button, it changes the settings and runs the 
program; when you quit the program, it changes the settings back to 
the way they were. 

A reader from the future may think that crashing the computer is a 
bit extreme. None of these methods goes all the way to being a good 
guest, although item 7 is close. 

The safest behavior is a combination of item S's message and item 7's 
exit behavior. In the unlikely event that changing the screen settings 
will interfere with some other parallel or background process, you 
might decide not to run the program and might welcome the warn­
ing and a chance to opt out. 
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8. Change the screen settings and run the program without com­
ment and reset the settings when exiting. 

In other words, you'd launch the program, and it would simply run: 
do.ingjust what you expected and wanted, and no other program 
would be affected. Thar is my definition of a well- behaved com­
puter system. But wbat if two programs requiring different screen 
settings are displaying pictures at the same time? T hat is a horse of a 
different color or a fish of a different resolution, perhaps. 

Item 7, which might seem acceptable and is in common use, fails us 
by giving us a "dialog" box that is no dialog. This is user abuse: The 
information imparted cannot be acted on, and it only wastes your 
time. (The transparent-message method of Section 5-2-3 solves this 
problem.) 

Application programs per se are an imposition, as this book argues, 
but so long as we are still saddled with them, let us make sure that 
they are well behaved (also see Raskin 1993). To su:mmari2e, a pto­
gram or, in the future, a command should automatically resec what­
ever it needs in order to run; it should e..xecute properly; and when 
the user dismisses it or when it is done, it should restore all parame­
ters to the state they had when it was launched. If resetting is irre­
versible or could have an undesirable side effect, a warning 
explaining what damage might be caused can be given, so long as 
that message gives the user a choice as to proceed or not. 

Right now, you cannot run different resolutions on the same screen 
at the same time. But that's another kind of problem. In the mean­
while, I think that ~sers would be happier if every user interface 
guideline added item 8. 
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6-1 Intuitive and Natural Interfaces 

In every respect the burdcll is hard oil those who attack mi almost ttnivcrsal 
opinio,i. They 111mt be 11c1y fortunate as well as wrnsually capable if they 
obtai1l a hearing at all. 

-Jolm Stum t !\,Jill) jnJm «TI1c S"b.Jativ1l of Hv1ncn n 

M.any - rface re • 1 ir ments specify that the resul n- be 
intuitive, or natural. How r there is no human faculty of · the 
word is ordm '"l .n that is, , • 1 . e ac w ed · ·m _ 'l pnor expo-
sure to the c n _ i bout hav· o o throu · b a .!_~ .. -:~~=~.::: process, and 
v ·t1 . • h.~ . When an expert uses what we com-

•. ha speed 
1 that he h 

Il nt n s ' e ien - -~e. vM.::iw_,-r-m- d to use 
methods and techniques that nonexpert _ not _, -~~~,e~~::s often 
use cues of which others are not aware or that they do not understand. 
Experu unlike intuition, is real. 

W1 n users say that an interface • • t • ~ , they m , , that it oper­
ates just like some other software or mcth ·th whid th are familiar. 
Sometimes, the word is used to mean habitual, as in "The editing tools 
become increasingly intuitive over time." Or, it can mean alm1dy learned} as 
was said of a new aircraft navigation device: "Like anything, it can be 
learned, but it would take a lot of experience to do it intuitively" (Collins 
1994). 

Another word that I try to avoid in discussing interfaces is 1Zatural. 
Like i1ttuiti11e, it is usually not defined. An interface feature is natural, in com-
mon parlance, if it operates in such a way that a human needs no - u -or 
This typically _ 1e that there is some common human activity th~ is u-
lar to the way ture works. However, it is difficult to pin down what is 
meant by si111ifa ~. r 1 , , gi -. , c - 1 cur in many 1t _ Cer • 
that the curso - m h -n .,...,. L.....,.,.......,._ is • o ed to the left an • right h 
the mouse is pushed to the right is natural. Here, the term natural equates to 
very easily learned. Alth , it may be impossible to quantify naturalness, it is 
not too difficult to qu 1 learning time. 

The use of the mouse itself is often claimed to be natural and intu­
itive. It is difficult to do the experiment now, when the use of this most 
famous of GIDs is so widespread, but when it was less well known, I asked 
people :ruliar with th m .J. , to use a u h~ ocol was to 
run a pro · , m called The .,...,.~~L..., .ll-d signed chil-
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"C " an spea s to 1t, wit ots ace 1 : omputer, ... 
e laughs at his mistake. I ed th rs of the film for 

' us t the mouse was not -you could expect 
1 at ess. In the case of subject, her next 
mff . was t the e over and to try rolh • ll Nothi g 
....,, ..... , . 'lw-• She JLA"L., ...... .L,.. the m , and then she held tl u one h n 
clicked the button with the other. No effect. Eventually, she succeeded in 
operating th , ame by h • :ung the mouse in her n ht hai d Uh: the ball 
on th bo with her m - rs, and clicking the t ·on , i h 

These experiments make the point that an interface's ease of use and 
~ l .. ........_._~ .... J-;, - ~ .. .,. ... =.... th th 

bj 
n tl t L In t 1 -- ~-~--,~·-~----· e e rne 

mouse. That's fast and easy, but it is neither intuitive nor natural. No artifact is. 
The belief that interfaces can be intuitive and natural is often detri-

rf :tlt • sk d 
all 
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be achieved only on the rare occasions when the original interface has some 
major flaw that is remedied by a minor fix. (Parts of this section are based on 
Raskin 1994.) 

6-2 Better Navigation: Zoom World 

If you wanted to design a navigation scheme intended to confuse, 
you might be 1 .L..11,!,P,. .............. "dL~ in e fi - . T 
you in a little n er 
doors' labels are usually short, crypti c n a 
disappear, 1 depending on where you've been. You cannot see what is on the 
other side of a door except by going through it, and when you have gone 
through, you may or may not be able to see the room you've just left. There 
may not be a way to get directly back at all. Some rooms may contain maps 
to part or all of the system of rooms, but you have to keep track of the rela­
tionship between the map representation and the rooms you are presented 
with; furthermore, maps are not well suited to situations best represented by 
three-dimensional networks. The rooms in this description correspond to 
computer interface windows and web sites, and the doors are the tabs, 
menus, or links that are provided to bring you to other windows or sites. 

As legends and stories from ancient times inform us, humans always 
have been notoriously bad at mazes. If we could handle them easily, they 
wouldn't be used as puzzles and traps. When using a complex program, I 
often find, deep in a submenu, a command or a check box that solves a 
problem I am having. When I run into the same problem a few weeks later, I 
cannot remember how I got to the box with the solution. We are not good 
at remembering long sequences of turnings, which is why mazes make good 
puzzles and why our present navigational schemes, used both within comput­
ers and on the web, often flummox the user. Many complaints about present 
systems are complaints about trying to navigate. Partial solutions, such as 
''favorite locations" in browsers, have been created.2 But what we are truly 
better at is remembering landmarks and positional cues, traits that evolution 
has bred into us and traits we can take advantage of in interface design. 

The antithesis of a maze is a situation in which you can see your 
goal and the path to get there, one that preserves your sense of location 

1. Adaptive menus ha., e this annoyino· trait. 

2. This works until you have so nuny that you cannot remember wh:it they all are; then you 
need a. "favorites of favorites~' or another scheme to keep track of them. 




