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Buttons that Change in the Night ,

Some aircraft have pushbuttons that contain a dot-matrix display
used to change the legend that appears on the button. This change is
done under the aircraft’s computer’s control so that the buttons can
be relabeled on the fly. The advertising copy for one brand of these
buttons made some human factors claims. For one thing, fewer but-
tons would be needed in the limited cockpit area. For another,
avionics and other system changes could be effected without having
to rewire the cockpit.

From the perspective of cognitive science, good labels enhance visi-
bility. Assuming that the person choosing the labels bothers to test
the wording, to make sure that the chosen labels are effective and
unconfusing, it is, on the face of it, a good idea.

But more careful thinking reveals a number of potential pitfalls to
the product: All legended buttons get obscured—by the very finger
you are using—just as you are about to press them, obviating a last-
second check that you are pressing the right button. But this is a
minor problem, for normally you have looked at the legend before
you press the button—if you have looked at all. (I am certainly not
looking at the legends on the keycaps of my keyboard as I type this.)

Then there is the deeper problem of the disappearing button. You
want to enable, say, the manual controls on the cabin air conditioner.
There is, you recall, a button labeled MANUAL AIR, but it is
nowhere to be found. The reason is that it now says COMM
BACKUP. You have to figure out how to get that button to light up
the way it did before. Perhaps a switch or a button somewhere else
changes the legends on the buttons. Or perhaps the legends are
context-sensitive and won't allow you to change the air conditioning
right now. Whatever the cause, when a button has variable legends,
the button you want will perhaps have vanished because the system
is in a different mode.

But the gravest problem has to do with habituation. Imagine the
experienced pilot reaching up and pressing a button. The radio’
not working; something’s wrong. A communications problem:
Time to enable COMM BACKUP She jabs out expertly at the
COMM BACKUP button. Click! Too bad. The copilot was
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Figure 3.5. The Tektronix oscilloscope has
a myriad settings, but although initially
- intimidating, it is quick and easy to oper-
L ate. All knobs that can uncalibrate the unit
are in red. (See color insert.)

A Tektronix oscilloscope (see Figure 3.5) with its myriad settings that
seem so daunting at first glance, is easier both to teach and to use.
The number of switches and knobs is about the same as on the digi-
tal scope, but many of the knobs have multiple settings that you can
access immediately, and the settings are marked on the face of the
product, so that they are visible rather than hidden in a menu that
must be summoned to be seen. Fluke’s product offers much greater

. functionality but at the cost of making some tasks that were previ-
ously easy more difficult. The rotating knobs are each far more pow-
erful than each of the Fluke’s buttons. Fluke also went further than
necessary in creating submenus of excessive depth.

Operation of the oscilloscopes parallels the relative ease of use of
two radios I own. My truck radio (Figure 3.6) has 18 preset stations,
arranged in three groups of six. One button cycles through the three
groups, and a linear arrangement of six buttons chooses the station
within each group. An LCD panel shows the group number

(1 through 3). Seven buttons suffice to select among 24 stations.

Figure 3.6. The radio in my truck is diffi-
cult enough to use as a radio, and I find it

impossible to remember how to set the
clock.

My other radio is the electronically superb Sony 2010 (see Figure
3.7), which has 32 presets on 32 identical buttons in four rows of
eight buttons each. At first sight, this radio looks more complex, but
as interviews with owners and long personal use have proved to me,
this design makes it easier to find a preset station, especially in the
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Figure 3.7. The Sony 2010 short-wave
radio has many buttons but a fast, veadily
learned operation. (See color insert.)

dark; just count down and over to the button you want and tap it.
The Sony 2010 stores all parameters of the station, such as whether
the station is AM, short-wave, FM, or aircraft band, and any other
settings you have chosen. Tap one of the 32 buttons, and everything
needed to play that station 1s set automatically and at once. I put

the most frequently accessed stations near the upper-left corner of
the array.

The truck radio sacrifices usability to obtaining a low button count
and small panel size. The worst part of the design is that you are
forced to take your eyes from the road to know which set of presets
you are using, or you can be distracted fishing for the station you
want. (If you are switching from AM to FM or vice versa, you must
find and tap two buttons; with the Sony, it is always one tap to select
any preset.)

It 1s only slightly hyperbolic to suggest that it should be illegal to
have a toggling, modal interface in a motor vehicle. Clearly, my
truck radio has an unsaasfactory interface for selecting stations; even
less satisfactory is its invisible method for setting the clock. I have to
look it up every time: Press and hold the DISP button for 2 seconds;
Jet 1t go. Turn the tuning knob counterclockwise to advance hours;
turn it clockwise to advance minutes; press the DISP button to finish
setting the clock. (The DISP button is the volume-control knob.)
On the plus side, at least my radios have real volume-control knobs,
unlike the pair of volume-control buttons on some more modern
equipment. Volume-control buttons suffer from making it take too
long to get to the desired loudness and from the fact that the current
setting 1s neither visible to the eye nor accessible to the sense of
touch. In a recent user survey that I conducted, every subject (n =
55) preferred a knob in this role.

Fewer buttons and simpler-looking controls are not always better. The lesson
applies to screen design as well as to instruments and appliances.
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Quasimodes are very effective in eliminating modes (Raskin 1989);
however, excessive use of quasimodes can lead to absurd interface conven-
tions that require the user to remember dozens of commands, such as Con-
trold Altd Shiftl Escl gTTTT. The limit for the number of effective
quasimodes is probably between four and seven. But one quasimode can
solve a multitude of varied problems (see Section 5-4).

A typical problem that is readily solved by the use of quasimodes
occurs when an interface presents you with a set of choices, such as the
Macintosh’s pull-down menus. In this application of quasimodes, you press
and hold down the graphical input device button when, on the name of the
menu, the other choices appear for as long as you are holding down the but-
ton. You move the cursor to the desired item and release on that item to
make your menu choice.

Another use of quasimodes is to cycle through a set of options. So
long as the cycle starts on the same element in the set and proceeds in the
same order, and so long as there are not too many elements, a fixed number
of taps chooses the option. For example, in the design of the Canon Cat, the
user could change a selection to any of four paragraph styles: left-aligned,
centered, right-aligned, and justified. Paragraph styles were chosen by
repeatedly tapping the key that had on 1ts front the legend

§STYLE

To access a key with a front legend on the Cat, you held down a special Shift
key that was marked on its top Use Front (Figure 3.9). In general, the Use
Front key allowed you to execute the function indicated by the legend on

Figure 3.9. Canon Cat’s Use Front key and some of the command keys.
The words USE FRONT are light blue, as are the legends on the fronts
of the keys that are enabled by the Use Front key. (See color insert.)
















NOUN-VERB VERSUS VERB-NOUN CONSTRUCTIONS 61

the initial design had caused and also speeded the requisitioning
process. '

K

The original process had three steps.

1. Choose the department from which the order was originating.
This consisted of clicking on a check box alongside a department
name. One of the check boxes was prechecked as a default. The
default was the department in which the computer was situated.

2. Choose the desired items from a scrollable list of items, each item
having an associated text box into which you could type the desired
quantity for each item.

3. Click on one of two buttons at the bottom of the display: either
Cancel Order or Confirm Order.

The first problem was that users failed to select their department
when they were ordering from other than their usual computer sta-
tion. A solution that had been suggested by the company’s designers
was to provide no default, forcing the user to select a department
first, every time. Then, they pointed out, the only possible error
would be to choose the wrong department. This solution, however,
is annoying to users, who usually work at a specific station and thus
might be irritated at having to supply information already available
to the system.

The problem was a disguised verb-noun situation: You first entered
what you wanted to do (deliver these items to the department) and
then chose what you wanted to have delivered. When you entered
the requisitioning screen, the item or items you needed were, or
recently had been, at your locus of attention.

Part of the solution was to put the checklist of items at the top of
the requisition display. Thus, the user would start by selecting the
desired items. The location list, previously unlabeled, was given a
descriptive label: “To which department do you want the requisi-
tioned items delivered?”

If the system could determine—from the user’s log-on informa-
tion—the user’s department, a new item was automatically added to
the top of the list of departments. It was labeled “My Department™
and, like the other items on the list, had a check box.
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The rest of the list contained all of the departments in alphabetical
order and a check box for each. When the user placed a check in
one of the boxes, a message appeared: “Your items have been requi-
sitioned.” The message automatically disappeared at the user’s next
action.

With the redesigned interface, choosing a department represented an
action—a verb—namely, to cause the previously selected items to be
sent. Psychologically, it was now an act of closure rather than a pre-
liminary step. Also, note that at this point, the requisition form had
been filled in; the user’s attention was no longer on the desired items
but rather on having them delivered. The work flow now accorded
with the path that the user’s locus of attention would ordinarily
follow.

No default location was needed, because the interface supplied psy-
chological closure by indicating that the user had finished with
choosing items and wanted them sent. The initial design also had
required a confirmatory click, whereas the new design did not
impose an additional click on the user; the key-click count had typi-
cally decreased by one. With the new design, users could still form a
habit of choosing their usual location from the location list and, on
the rare occasions this option was desired, might sometimes forget to
specify that they wanted the order sent elsewhere. However, even
with this potential fault, the new design was a major improvement
over the previous one.

3-4 Visibility and Affordances
On a clear disk you can seek forever.

—Sotirce tunknown

Whether a product is a handheld two-way radio or a computer’s
desktop, it is not always clear what functions are available, what they do, or
how they are accessed. You should be able to use your senses to easily dis-
cover both what abilities are available and how they are to be operated.

An interface feature is visible if it either is currently accessible to a
human sense organ—usually the eyes, although this discussion applies also to
other sensory modalities—or was so recently perceived that it has not yet
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Affordance Avoidance: BART

It is the interface to its ticket machines that brings Bay Area Rapid
Transit (BART) into this book. The machines at a local station are
the result of the transit authority’s ignorance of 25 years of experi-
ence with the old ticket-dispensing robots. As I stand in line at one
of the two machines not presently out of service, I watch person
after person baffled by the machine’s layout. Although experienced
with the machines myself, I still fumble at the unnatural sequence of
operations that they require.

The obvious way to start the interaction, and what nearly everybody
whom ['ve observed tries at first, is to put in money or an old ticket,
which is a money-equivalent. That’s how vending machines work:
Put in money, make choice, get stuff. It is a cultural paradigm.

The BART ticket-vending machines must have been designed on
another planet. First, you choose between BART and BART-MUNI
buttons. (A pamphlet, available nowhere in the vicinity, explains the
subtle difference.) These buttons are at the top of the wall of the
machine face: a reasonable place to start but an unreasonable transac-
tion with which to start. The slots into which you then put your
ticket (to the left), coins (in the middle), or bills (lower right) are
widely separated instead of being clustered. The LCD display is up
high at top center, where short people cannot easily read it; in any
case, it is far enough from the rest of the interface that many people
do not notice it at all. Maybe it’s good they do not see it, in that its
response time is so slow that people who do watch it either repeat
their actions in hope of forcing a response or stand there wondering
whether the machine is broken, which it often is.

Then there’s the “correction” button, labeled as though it 1s to be
used in case you’'ve made a mistake that has to be corrected. In fact,
you do not use this button for correcting a mistake: You use it if you
want the ticket to be issued for less than the total amount of money
that you have put in. That 1s, it simply tells the machine you want
some change back.

Another indication that the new machines are badly designed is the
bright, colorful, large numbers “1, 2, 3, 4” and the big arrows pre-
sumably placed to guide you. If the front of the machine were well
laid out, you wouldn'’t need crutches. The numbers do not help
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3-5 Monotony

Man is an over-complicated organism. If he is doomed to extinction he will
die out for want of simplicity.

—E=nt Pound

Designers of interfaces often present users with a choice of methods.
For example, both a menu item and a keyboard shortcut may execute the
same command. In most word processors, you can move a contiguous portion
of the text by either (1) the three steps of selecting, cutting, and pasting or (2)
the two steps of selecting and dragging. Also, the selection process itself can be
mvoked in more than one way. The user has a smorgasbord of methods.

One justification for having multiple methods to do a given task is
that some users prefer one method and other users prefer a different method.
For example, a novice user might find menus easier to learn, although an
expert user might rather keep her hands on the keyboard and issue com-
mands by typing them (see Section 3-6). Another justification is that one
method—for example, selecting, cutting, and pasting—is useful between
distant portions of a document, and the other method—selecting and drag-
ging—is effective only when the source and destination are both visible on
the display. Another reason for a plurality of methods is that each of them is
sanctoned by custom, and the developers felt it wise to accommodate as
many previously developed skills as possible.

Thas last reason, called backward compatibility,” is the weakest and can
lead to absurd interfaces that are an accumulation of incompatible methods.
When 1 was grounded and waiting for the weather to improve during a long
flight by commercial jet, I went to the cockpit, where I studied an autopilot
that had no fewer than five ways of entering coordinates and similar numbers
of methods for performing most of its other functions. When I asked the pilot
for the rationale, she said that it had been built to functionally resemble, as
closely as possible, autopilots from other aircraft that pilots might have trained
on and thus avoid the need for expensive retraining. The question was whether
the tactic was successful and whether the old units had been duplicated exactly.
As she explained, the pilots not only had to learn the small but annoying dif-
ferences between their old system and the emulation of their old system on the
new autopilot but also were required to learn the four other ways of using the
autopilot. A pilot must be familiar with every aspect of every piece of equip-
ment in the cockpit; besides, many of the newer features of the autopilot were

8. I usually suggest that if the word compatibility is ehminated from this phrase, its true mean-
ing becomes apparent.
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a primary reason for choosing to design a monotonous system. If the con-
ditions for making the decision are sufficiently clear and distinct, the path you
take in each case can become habitual, and you have mdnotonized the situa-
tion. It still behooves the designer to seek an efficient monotonous solution
to gain benefits, including ease of learning, simplicity of implementation,
minimization of documentation, and lowered maintenance costs. These ben-
efits are either free to the implementers or can be had for the relatively small
one-time cost of careful design and testing. Monotony does not mean that
the same content cannot be arrived at in many ways but that there should not
be multple gestures to invoke the same command.

Monotony happens spontaneously. Many users monotonize the
interfaces they use by choosing one method and sticking to it, ignoring
alternatives whatever the situation. Computer gurus who pride themselves
on knowing every wrinkle of a system often decry such users as amateurs;
nonetheless, the “amarteurs” may be using the interface more efficiently than
the gurus do. From the point of view of an implementer, such users are
wasting features; from the point of view of the vsers, it 1s the implementers
who are wasting resources.

I believe that an interface that is both modeless and, insofar as possible,
monotonous—all other design features being of at least normal quality for a modern
interface—uwould be extraordinarily pleasant to use. A user would be able to
develop an unusually high degree of trust in his habits. The interface would,
from these two properties alone, tend to fade from the user’s consciousness,
allowing him to give his full attention to the task at hand. The psychological
effects of totally (or near totally) modeless and monotonous systems is an
area of interface design ripe for experimental study.

If L.am correct, the use of a product based on modelessness and monotony would
soon become so habitual as to be nearly addictive, leading to a user population devoted
to and loyal to the produa. Its users would find moving to a competitor’s prod-
uct psychologically difficult. Unlike selling illicic drugs, marketing an addic-
tive interface is legal, and the product is beneficial to its users; in another way,
it 1s just like selling illicit drugs: extremely profitable.

3-6 Myth of the Beginner-Expert Dichotomy
We’re hnumans first, beginners or experts second.

—Clifford Nass, CBC “Quirks and Quarks” radio program, 23 January 1994

Psychologist Clifford Nass’s point is similar to one that this book makes: Our
interface designs must begin by accommodating universal human frailties
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an absolute error of less than 5 percent. In these advanced models, almost all
predictions fall within 1 standard deviation of the measured times (Gray,
John, and Atwood 1993, p. 278). In a field in which religious wars are waged
over interface designs and in which gurus often have widely varying opin-
ions, it is advantageous to have in your armamentarium quantitative, experi-
mentally validated, and theoretically sound techniques. For a good overview
and bibliography of the various GOMS models, including her own CPM-
GOMS model, see John 1995.

4-2-1 Interface Timings
Numerical precision is the very soul of science.

—D'Arcy Wentworth Thompson, On Growth and Form (1917)

When they developed the GOMS model, its inventors observed that
the time it takes the user-computer system to perform a task is the sum of the
times it takes for the system to perform the serial elementary gestures that
the task comprises. Although different users might have widely varying times,
the researchers found that for many comparative analyses of tasks involving use
of a keyboard and a graphical input device, you could use a set of typical times
rather than measuring the times of individuals. By means of careful laboratory
experiments, they developed a set of timings for different gestures. In giving
the timings, I follow the original nomenclature, in which each of the times is
designated by a one-letter mnemonic (Card, Moran, and Newell 1983):

K=0.2sec Keying: The time it takes to tap a key on the key-
board
P=1.1sec Pointing: The time it takes a user to point to a posi-
tion on a display
H=0.4sec Homing: The time it takes a user’s hand to move
from the keyboard to the GID or from the GID to
the keyboard
M= 1.35sec Mentally preparing: The time it takes a user to pre-
pare mentally for the next step
R Responding: The time a user must wait for a com-
puter to respond to input

In practice, these numbers vary widely; K can be 0.08 sec for a 135-
wpm highly skilled typist, 0.2 sec for a more typical 55-wpm skilled typist,
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A problem arises when the user is trying to select a graphical item
that can be repositioned with the GID. Because the GID is likely to .
move when the user is pressing the GID buttons quickly, graphical
applications, instead of reading a double click, may read a drag-and-
drop and change the item’s position. Similarly, to change the textin a
text box, the user may find it necessary to reposition the accidentally
moved box and to make the text edit originally intended.

Some of us are unaffected by dysclicksia: These lucky people never
miss with the mouse; they single and double click with insouciance
and panache, do not suffer from side effects of clicking, always
remember what will and what will not respond to double clicking,
and can shoot a flying bird with a .357-caliber revolver while driv-
ing along a twisty mountain road. But we can’t assume that all users
are so lucky. We must design for the dysclicksic user and remain aware
of the problems inherent in using double clicks in an interface.’

The duration of the machine response time, R, can have an unex-
pected effect on user actions. If a user operates a control and nothing appears
on the display for more than approximately 250 msec, she is likely to become
uneasy, to try again, or to begin to wonder whether the system is failing.

We cannot build products that can complete any operation within
human reaction time, but our interfaces can always, within that time, give
feedback that the input has been received and recognized. Otherwise, user
actions—often flailing at the keyboard, trying to get a response—during a
delay can start the system off on unintended activities, causing further delay or
damaging the user’s content. For example, if you try to download a file while
accessing America Online from a browser, such as Netscape’, there is often a
long delay. No feedback lets you know that progress is being made; a small,
static message far from the locus of attention says only that the computer is
awaiting reply. After a few seconds, inexperienced users start clicking at but-
tons on the display, which stops the download—again without feedback.

It is important that interfaces provide feedback if delays are unavoid-
able; display a progress bar (Figure 4.1) that accurately reflects the time
remaining. If you cannot predict how much time an operation will take, say
so! Do not lie to or misinform users.

! The term dysclicksia, a disease for which the only permanent cure is good design, was coined
by Pam Martin (personal communication 1997).
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Figure 4.3. A GUI for Hal’s interface. (See color insert,)

cal readouts are provided on the movable arrow. The temperature is indi-
cated both numerically and with a bar, so Hal can use either the graphical or
the character-based representations of the data to accommodate his learning
style or personal preferences. The Auto-Med feature changes the ranges such
that they are centered on 37 degrees Celsius and 98.6 degrees Fahrenheit, in
case someone in the lab is working with human body temperatures; this fea-
ture is designed to save time.
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bound on the amount of information a user has to provide to complete that
task; this minimal amount is independent of the design of the interface. If
the methods of a proposed interface require an input of information that
exceeds the calculated lower bound, the user is doing unnecessary work, and
the proposed interface can be improved. On the other hand, if the proposed
interface requires the user to supply exactly the amount of information that
the task requires, you cannot make a more information-efficient interface
for this task. In this latter case, there may yet be ways of improving—and
there are certainly many ways of ruining—the interface, but at least this one
efficiency goal will have been met.

Information-theoretic efficiency is defined similarly to the way
efficiency is defined in thermodynamics; in thermodynamics we calculate
efficiency by dividing the power coming out of a process by the power
going into that process. If, during a certain time interval, an electrical gener-
ator is producing 820 watts while it is driven by an engine that has an output
of 1,000 watts, it has an efficiency of 820 / 1,000, or 0.82. Efficiency is also
often expressed as a percentage; in this case, the generator has an efficiency
of 82 percent. A perfect generator—which by the second law of thermody-
namics cannot exist—would have an efficiency of 100 percent.

The information efficiency E of an interface is defined as the
minimum amount of information necessary to do a task, divided by the
amount of information that has to be supplied by the user. As is true of
physical efficiency, Eis at least () and is at most 1. Where no work is required
for a task and no work is done, the efficiency is defined as 1. (This formality
1s necessary to avoid the case of 0 divided by 0, as in responding to a trans-
parent error message. See Section 5-5.)

E can be 0 when the user is required to provide information that is
totally unnecessary (Figure 4.4). Surprisingly, a number of interface details
achieve the dubious honor of having E = 0. A dialog box that allows the user
only one possible action, such as clicking the box’s OK button, is such an
example. (JavaScript has a command, Alert, solely for creating such unneces-

!ﬁ ¥ord has finished searching the document. (l

[ ok ]

Figure 4.4. A dialog box with an information theoretic efficiency of 0.
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sary boxes: The designers were wise enough to remove goto from the
JavaScript language to force structured code, but they failed to provide simi-
lar guidance on the interface side.)

E takes into account only the information required by the task and that
supplied by the user. Two or more methods may have the same E, yet have dif-
ferent total times. It is even possible that a first method has a higher E yet is
slower than a second method—for example, M K M K versus M K K K. In this
example, only two characters have to be entered when the first method is
used. In the second method, three characters are required, yet it takes less time
to perform the task. It is difficult to construct many real-life situations that ex-
hibit this inversion of speed and information efficiency.? For the most part, the
more efficient interface is also the more productive, more humane interface.

Information is measured in bits; a single bit, which represents a
choice between two alternatives—such as 0 and 1, on and off, or yes and
no—is the unit of information.® For example, a choice made among four
objects would require 2 bits of information: If the objects are A, B, C, and
D, the first bit could choose either A and B, or C and D; once that choice
was made—say C and D—the second bit would choose either C or D. Two
binary choices, or 2 bits, suffice to separate one item from a set of four. To
choose among eight alternatives, you need 3 bits; to choose among sixteen
items, you need 4 bits; and so on. In general, given n equally likely alterna-
tives, the amount of information communicated by all of them taken
together is the power of 2 equal to n:

log, n
And the amount of information in any one of them is
(1/1) log, n (1)

If the probabilities among the alternatives are not necessarily equal and the
ith alternative has probability p(i), the information associated with that alter-
native 1s

() log, (17 p(@) (2)

The amount of information is the sum (over all alternatives) of
expression (2), which reduces to expression (1) in the equiprobable case. It

2. It is possible to design more sophisticated measures of efficiency; for example, the M oper-
ator does not enter into our calculation. However, the simple measure defined here suffices
for the purposes of this book.

3. Bit is mathematician John W. Tukey’s contraction of the words BInary digtiT (Shannon and
Weaver 1963, p. 9).
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follows that the information content of an interface that allows only the tap
of a single button is 0 bits; not tapping the button is not permitted:

1log, (1)=0 (3)

It would seem, however, that the required tap of a single button can,
for example, cause the ignition of dynamite used to demolish a building.
Would this tap of the button then convey information? It would not,
because not tapping the button was not an alternative; the interface “allows
only the tap of a single button.” If, however, the button was not tapped dur-
ing, say, a five-minute time window in which the demolition was permitted,
the building would not be demolished, and the tap or nontap would convey
up to 1 bit of information because there were, in this case, two possible mes-
sages. From expression (2), we know that the calculation involves the proba-
bility, p, that the building will be exploded. The probability that it will not
be exploded is therefore 1 — p. From expression (2), we can calculate the
information content of this interface:

plog, (1/p)+ (1-p)log, (1/(1-p) )
When p = 4, expression 4 evaluates to
UX1+YhX1=4+K=1

Expression (4) evaluates to less than 1 if p # 4. In particular, it evaluates to 0
when p = 0 or p = 1, as in expression (3).

This example illustrates an important point: We can measure the
information embodied in a message only in the context of the set of possible
messages that might have been received. To calculate the amount of infor-
mation that has been conveyed by the reception of a message, we must
know, in particular, the probability of that message having been sent. The
amount of information in any message is independent of other messages past
or future, 1s without reference to time or duration, and does not depend on
any other events; similarly, the outcome of the flip of a fair coin is unaf-
tected by previous tosses or by what time of day it is tossed.

As explained in Shannon and Weaver (1963), it is also important to
keep in mind that

information should not be confused with meaning . . . information is
a measure of one’s freedom of choice when one selects a message. . . .
Note that it is misleading (although often convenient) to say that one
or the other message [when just two are possible] conveys [1 bit of |

information. The concept of information applies not to the individ-
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ual messages (as the concept of meaning would), but ratherto the
situation as a whole, the unit information indicating that in this situ-
ation one has an amount of freedom of choice in selecting a message,
which it is convenient to regard as a standard or unit amount. (p. 9)

However, a users actions m performing a task could be modeled with
greater accuracy as a Markoff process, whereby the probability of a later
action depends on carlier actions taken by the user, but the single-event
probabilities discussed are sufficient for the purposes of this book; messages
are assumed to be independent and equiprobable.

The amount of information conveyed by nonkeyboard devices can
also be calculated. If your display is divided into two regions—one labeled
Yes and the other labeled No—a single click in one or the other region
would supply 1 bit of information. If there are n equally likely targets, with
one click, you supply log, n bits of information. If the targets are of unequal
size, the amount of information given by each does not change, but it does
take longer to move the GID to smaller targets—by an amount that we shall
show how to calculate presently. If the targets have unequal probability, the
formula is the same as that already given for keyboard inputs with unequal
probabilities. There is a difference in that a user can operate a keyboard key
in 0.2 sec, whereas it will take 1.3 sec to operate an on-screen button, on
average, 1gnoring homing time.

For our purposes, we can calculate the information content of voice
input by treating speech as a sequence of input symbols, rather than as a con-
tinuous phenomenon with a certain bandwidth and duration.

This treatment of information theory and its relationship to interface
design is a simplified account. Yet even in this rudimentary form, informa-
tion theory—used 1 a manner analogous to our use of the simplified
GOMS keystroke-level model—can give us first-order guidance in evaluat-
ing the quality of our interface designs.

4-3-1 Efficiency of Hal’s Interfaces

Acaurate reckoning: The entrance into the knowledge of all existing things
and obscure scerets.

—Rhind Papywis, ¢, 1650 8.C.
It 15 useful to go through a detailed example of a calculation of the

average amount of information required for an interface technique. I will
again use the temperature-conversion example. According to the requirement,
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It 1s a theorem of information theory that the information is at a’
maximum when all symbols are equally likely. Therefore, making the
assumption of equiprobable messages will give you a value that is equal to or
greater than the amount of information in each message. Obviously, this
assumption also makes estimating the information content of a message eas-
ier to compute. If the resultant value of the approximation is smaller than
the amount of information your mterface requires the user to supply, you do
not yet need to bother with the more refined calculation.

We have just calculated that the task requires that Hal supply an aver-
age of about 11 bits of information each time he has to convert a tempera-
ture. We can—and will, presently—divide this quantity by the amount of
information the interface requires him to supply. The result will be the effi-
ctency of the mterface.

Another simplification for quick analysis 15 to find the amount of
information in a keystroke or a GID operation and then to count the various
gestures. When a keystroke delivers information to a computer, the amount
of information delivered depends on the total number of keys available—for
example, the number of keys on the keyboard—and the relative frequency
with which each key is used. Thus, keystrokes can be used as a rough mea-
sure of information. If a2 keyboard had 128 keys, cach of which had the same
frequency of use, each key would represent 7 bits of information. In prac-
tice, the frequency of use varies tremendously—for example, space and ¢ are
common, whereas j and \ are rare), and the information per keystroke 1s
closer to 5 bits in most applications. The requirement stated that the average
length of the input that specifies the temperature was four keystrokes.

For this analysis, it 1s easier to use a measure simpler than information-
theoretic efficiency but that often achieves the same practical effect. Charac-
ter efficiency is defined as the minimum number of characters required for
a task, divided by the number of characters the interface makes the user enter.

Achieving an interface that required four keystrokes, on average,
would give us a character efficiency of 100 percent. If we add a keystroke to
decide which conversion is desired and then another to delimit the answer,
our average length of input will grow to six keystrokes, and our keystroke
efficiency will drop to 67 percent. If Hal has as his input device only a 16-
key numeric keypad, the information provided by a single keystroke would
be 4 bits, and the interface would be more efficient. (The requirements,
however, do not permit us to use this option.)

Because any task in a GOMS analysis requires at least one mental oper-
ator, the most keystroke-efficient interface for the temperature-conversion
problem will have, in theory, an average time of
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Under the bifurcated interface, no delimiter is required. Further-
more, the user does not have to specify which conversion is desired. The
GOMS analysis for the average input of four characters is ‘

MKKKK

The bifurcated interface achieves the minimum 2.15 seconds and has 100
percent character efficiency.

If, as in our example, the output sometimes changes when a character
is typed, the flickering of the output does not distract you, because your
lacus of attention is the input. The continually changing output is often
beneficial: The user will notice it only peripherally after the first few times
that he uses the feature, at which point it will provide him feedback that the
system is responding to his input. For single-character interaction to be
effective, the system must respond quickly; in particular, the interaction
must keep up with the user’ typing speed. Only a slow network connection
should exhibit this problem.

Although not part of the requirement, you might ask how this converter
is “cleared” for the next operation. Does the clear operation add a keystroke?
Not necessarily. For example, we could design the interface such that, whenever
the operator returns to his background rask or goes on to another task, the val-
ues in the converter are automatically grayed and the converter becomes inac-
tive. The values shown are not cleared at this time, so that they can be referred to
again if necessary. The next input to the converter does clear the old values.

Just because it has optimal speed of operation and is highly efficient,
the bifurcated converter is not necessarily the best interface of those discussed
or of those possible. Parameters other than speed also are of importance, such
as error rate, user learning time, and long-term user retention of the way to
use the interface. We should be especially concerned about the error rate of
the bifurcated converter, due to Hal’s possibly reading the wrong output box,
especially because he may have just heard, for example, the word Celsins and
thus be required to read out the Fahrenheit line. Nonetheless, the bifurcated
converter would definitely be on the short list of interfaces to be tested for
the temperature-converter application, and a few others that we have seen—
solutions that might otherwise have seemed worth a try had we not learned
how to do a GOMS analysis—would not make the cut.

Whether we use it in a simple keystroke-timing analysis or in a
detailed informaton-theoretic extravaganza, a quantification of the theoreti-
cal minimum-tme, mimmum-character, or minimum-information interface
can be a useful guide for our designs. Without a quantitative guide, we are only
guessing at how well we are doing and at how nuich room there is for improvement.
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Initial Cursor [« S >
Position
k = D > Target

Figure 4.6. Distances used in Fitts’ law to determine the time to move
a cuysor to a target.

the cursor is at the starting point and after the user has chosen the target. The
logarithm to the base 2 gives a measure of the difficulty of the task in terms of
the number of bits of information it takes to describe the (one-dimensional)
path of the cursor.

The units of distance do not affect the calculated time, because D / S
is the ratio of two distances and is therefore dimensionless. It follows that,
even though we might move the pointing device a distance smaller or larger
than the distance the cursor moves on the display, the law still works when the
distances are measured on the display, assuming a linear relationship between
GID and cursor motion. Fitts” law applies only to the kinds of motions we
make when we are using most human-machine interfaces: motions that are
small relative to human body size and that are uninterrupted, that is, move-
ments that can be made in one continuous motion. For back-of-the-envelope
approximations, I use « = 50 and b = 150 in the Fitts’ law equation.

An extension of Fitts’ law to more complex constraints, such as
tracking a cursor between straight or curved walls, has been developed and
tested empirically (Accot and Zhai 1997). For a two-dimensional target, you
can usually obtain a reasonable approximation of the time needed to move
the cursor to the target, using the smaller of the horizontal and vertical
dimensions of the target for the value of S (Mackenzie 1995).

Fitts’ law explains, for example, why it is much faster to move the
cursor to an Apple Macintosh—style menu (Figure 4.7) that is on the edge of
a display than to a Microsoft Windows—style menu (Figure 4.8) that floats
away from an edge. The size S of the Windows menu on my display is 5
mm. The effective size of the Macintosh target is large because you do not
have to stop within the confines of the menu bar but rather can continue to
move the GID any comfortable distance beyond that needed to put the cur-
sor in the menu: The cursor stops at the edge of the display.

A series of tests I performed determined that users typically stop
within about 50 mm of the edge of the display on the Macintosh, so we can
use 50 mm as S for the Macintosh. On a 14-inch flat panel display, the aver-
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File Edit View Special Help

Figure 4.7. The Macintosh menu, at the top edge of the screen, effec-
tively increases its size compared to a menu that floats away from the
edge. (See color insert.)

M America Online

Favaoriles

Figure 4.8. The Windows menu is below the top edge of the screen;
you have to place the cursor more carefully to pull down a submenu.
(See color insert.)

age distance the cursor must be moved to reach the menu bars is 80 mm;
thus, the calculated time to move the cursor to a menu item on the Macin-
tosh is

50 + 150 log, (80 / 50 + 1) = 256 msec.

This result is far less than the calculated time it takes to move the cursor to a
corresponding menu item on a Windows-style menu:

50 + 150 log, (80 / 5 + 1) = 663 msec.

These calculations apply only to the time it takes the user to move the
cursor. Clicking on the target to indicate that you believe that the cursor has
reached its goal adds another 0.1 sec on average. (K = 0.2 in the GOMS
model includes both the downstroke and the release of the button, whereas
this timing is stopped by the downstroke.) In a typical experimental situa-
tion, you have to add the human reaction time of about 0.25 sec at the start
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log, 8, with the time to select one item of four twice, 2 (a + b log, 4).
Because log, 8 = 3 and log, 4 = 2, and because both a < 24 and 3b < 4b, e
see that

a+3b<2(a+2b)

This accords with experiments on menu structures (see, for example,
Norman and Chin 1988).

Our discussion of Fitts’ and Hick’s laws is incomplete. For example, it
is no accident that they have the same form as the Shannon-Hartley theo-
rem. Nonetheless, this brief treatment is sufficient to alert you to these use-
ful guides to interface design. They can help you even if, as in the example,
you do not know the empirical coefficients a and & (For more detail, see
Card, Moran, and Newell 1983, pp. 72-74.)
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5-1 Uniformity and Elementary Actions
Entities should not be multiplied unnecessarily.

—William of Occam

The hardware that makes up a computer interface has become for-
mulaic: one or more text input devices (keyboard, handwriting tablet,
speech recognizer), a GID, and a two-dimensional color display. The for-
mula, not a bad one, has a few variations; for example, a touch screen can be
the text input device, the GID, and the display. Microphones for sound,
video inputs, and other electronic interfaces are devices that are not, except
experimentally, part of the usual human-machine interface. Indeed, we use
the interface to control the functioning of these devices.

If you were to watch a person who is operating today’s standard hard-
ware, without your seeing what is being displayed and without any idea of
what the operator is trying to accomplish, you would generally not be able
to guess what he is doing. There are exceptions: A user’s fixated stare at the
display, accompanied by manic gyrations of a joystick to the beat of a persis-
tent and repetitive sound track, are strong hints that a game is being played.
But in general, user actions in one application, such as word processing, look
much like user actions in others, such as a data entry task or a spreadsheet
manipulation.

This uniformity of user actions across applications is a clue that inter-
faces for various applications are not as different as they might seem when
you are involved in using the computer yourself. Applications seem more
different than they are because you are attending to the content of what
you are doing—that is, to the widely varying semantics of each action. In
particular, you are not paying attention to the physical manipulations you are
performing.

Another way in which applications are similar is that nearly all of
them require text entry. (Even games have you type your name when you do
well.) It is thus worth ensuring that text handling—whether in the small, as
when the user is entering the string on which to execute a Find command,
or in the large, as when the user is writing a novel, is accomplished with a
smooth and efficient set of operations.

We and our software are not perfect; not all text-entry keystrokes,
pen motions, or acts of speech will cause the desired characters to be dis-
played. Therefore, an essential provision of an interface is that keystrokes can
be erased with an immediate tap of the Backspace (or Delete) key, with anal-
ogous methods for other forms of input. Larger changes, such as adding a
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to meet the criterion of visibility as discussed in Section 3-4. You put the
user in the position of having to guess what operations are possible and to
guess what will happen when a given operation is performed. Requiring the
user to guess at what a piece of software will do is an interface technique
more suited to games than to tools.

The 1deal of having appearance invariably indicate function is not, in
general, achievable. For example, one object can mimic or spoof another. A
bitmap of text looks exactly like text, but in current systems, text-editing
operations fail on bitmaps. This kind of problem can be partally sur-
mounted if the system always attempts to transform the object into a type to
which the operation applies, a notion we discuss in Section 5-8.

5-2 Elementary Actions Cataloged

As you design an interface, you should have the palette of possibilities
arrayed in your mind, much as a painter has his colors organized. The spec-
trum of elementary actions that a user can perform is remarkably limited.
From this set of elementary actions, all user interaction is built. With a key-
board, you can tap keys or press and hold them while you perform other
actions. With a GID, you can move a cursor within the bounds of the display
(or displays) on your system, and you can signal using the computer, using
the speed, direction, and acceleration of the GID, although you usually use
GID speed and acceleration only as an aid to pointing. With a GID button,
you can signal display locations to which you are pointing with the cursor.
These elementary actions have widely varying semantics, depending on the
application being run.

Pressure-sensitive graphic tablets can detect the angle at which the
pen is held, which results in one or two additional numerical values being
associated with each location to which the user points. Except when the user
is doing freehand drawing, these parameters are rarely used. Musical key-
boards may provide, as inputs to the computer, both the velocity with which
the key is pressed and the pressure with which the key 1s being held down
after being pressed. There are also joysticks and three-dimensional input
devices. Nonetheless, most interaction is accomplished with a keyboard and
a standard, two-dimensional GID. This section will address primarily the
standard input and output devices. In many cases, it will be clear how the
principles extend to more exotic physical or, eventually, mental interfaces.
Having an explicit taxonomy and vocabulary of elementary actions and the
elementary operations built from them is, I find, a great aid in discussing and
designing interfaces.
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The user performs the elementary actions in various combinations to
a set of elementary operations. The elementary operations are performed
on content and are used in nearly every interface. We first note that content

can be

Indicated: pointed at
Selected: distinguished from other content

Activated: clicked on
Modified or used (by means of commands) by being

L]

* Generated: modified from empty to nonempty
* Deleted: modified from nonempty to empty

« Moved: inserted in one place and simultaneously deleted
from another

* Transformed: changed to another data type

» Copied: sent to or received from an external device or
duplicated at a different internal location—for example,
printed, e-mailed, stored on a hard disk, copied into another
document.

These elementary operations can and should be fundamental to the
computer or appliance itself; that is, they should be part of the internal hard-
ware or software rather than being reimplemented in mulaple software
packages, and each of them should always be mvoked in the same way,
regardless of on what objects they are operated. For the most part, the cogni-
tive differences among applications lie in how selections are presented and how the user
can operate on them. In a spreadsheet, values are presented in tabular form, and
an operation might consist of changing a column without a sum underneath
into a column with its sum underneath. In a word processor, text and illus-
trations are presented in page-layout form, and a typical operation is to
change text from a roman typeface to an italic typeface. In a web page pro-
gram, a word processor page might be changed into HTML. In a photo-
processing programi, an image with low contrast might be modified into one
of higher contrast.

Most operations performed on content can be described in terms of
these elementary operations. For example, in many systems, an object can be
queried about its properties. (In systems equipped with two-button GIDs,
the user usually performs this function by a click of the right button when
the cursor is on the object and the system is in an appropriate state.) To
query is to bring up further information or options on the item, but it also





