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PREFACE 
I don't know what percentage of our time on any computer­
based project is spent getting the equipment to work right, but 
if I had a gardener who spent as much of the time fixing her 
shovel as we spend fooling with our computers, I'd buy her a 
good shovel. At least you can buy a good shovel. 

-Erasmus Smums 

Creating an interface is much like building a house: If 
you don't get the foundations right, no amount of decorating can fix the 
resulting structure. The Humane Interface reexamines the cognitive founda­
tions of human-maclnne interaction to elucidate a crucial aspect of why 
interface designs succeed or fail. One finding is that present-day graphical 
user interfaces, such as those of the Windows and Macintosh operating sys­
tems, which are based on an architecture of operating system plus applica­
tion programs, are inherently flawed. A different approach is required if 
computers are to become more pleasant and if users are to become more 
productive. This book describes some of the fundamental flaws in user inter­
faces and describes solutions for overcoming those flaws. 

Although the techniques covered in The H11111ane lilterfacc apply to a 
wide range of products-including web sites, application software, hanclheld 
personal data managers and other information appliances, and operating sys­
tems-this book does not present a survey of the field of human-machine 

xi 
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interface design. Rather, this book strikes out in new directions while also 
reviewing those established parts of interface design that are needed in the 
development of the new material. ' 

1 

If we are to surmount the inherent problems in present human­
machine interfaces, it is necessary that we understand the teachings of this 
volume; it is not, however, sufficient. Many important aspects of interaction 
design are not included here because they are well covered in the literature. 
This book is intended to complement existing-or to be a prolegomenon to 
future-treatments of interface design. 

The audience for this book includes 

• Web designers and managers who want to give their sites a special 
ease of use that appeals to audiences and helps customers to find the 
information they need and to buy what they want 

• Product designers and product managers who need to be able to 
create web sites or products that will win and retain customers by 
offering ease of use and ready learnability and by having a first-rate 
feature set 

• Corporate managers who correctly insist on making products that 
have low maintenance and that reduce the need for help desks 

• Programmers who do interface design-and who doesn't these 
days?-and who want to understand more of the factors that make 
their work most useful 

• IT (information technology) managers who need to know which 
interface features will minimize their costs for training and which 
interface designs are likely to aid productivity 

• Consumers who want to learn what to hope for in terms of pleas­
ant interaction with computers and other equipment, and what is 
wrong with the way today's software is designed 

• Computer science and cognitive psychology students who want to 
understand what lies behind heuristics of interface design 

Finally, this book is for human-machine interface researchers, who may find 
that they will never again be able to view interfaces in quite the same way 
they did before reading The Humane Interface. 
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INTRODUCTION 

The Importance 
of Fundamentals 
One person, one computer. 

- Apple Computer slogan 

Imagine that you have just boarded an airliner resplen­
dent in its livery: fitted with a wide choice of video and audio for every 
glove-soft, leather-covered, oversized seat; its galleys provisioned with fine 
food and drink. You take your seat and look out the freshly cleaned large 
window. With a sigh of anticipation for a particularly pleasant flight, you 
reach into a small compartment in front of you to see what is there. A not­
too-small bottle of your favorite beverage comes to hand first, followed by a 
little booklet about this remarkable airliner. 

As the flight attendants swing the doors shut and you settle in, you 
read the booklet. You learn that the aircraft is the work of some of the finest 
interior designers from all over the world, that chefs from five- star restau­
rants have created the menu and personally prepared the dishes, and that 
because the internationally acclaimed artists who designed the exterior 
made the craft look so much faster than any other airliner, there had been no 
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need to include professional aeronautical engineers in the aircraft's develop­
ment team. 

In the small print used for legalese, the booklet warns that the ride 
tends to be bumpy, even in the absence of turbulence, and that the plane 
crashes regularly. However, the booklet promises, until any of those events 
occur, you will be comfortable and well entertained. 

Suddenly, the latching of the doors seems menacing instead of 
promising. Your equanimity is gone; you are trapped. This flight, the only 
one to your destination, is doomed, and you are on it. At this point, you'd 
rather be sitting on a hard seat, no drink in your hand and no window by 
your side but in an aircraft blessed by great engineering. 

This absurd situation closely parallels the nature of most human­
machine interfaces today. Our computers and cellular telephones have the 
latest chips and electronics; today's operating systems are a feast for the eyes, 
with glorious colorful backgrounds and three-dimensional tromp l' oeil 
effects. You click on a button, and lo! it appears to move most realistically; 
you hear a digital stereophonic, full-fidelity rendering of a switch clicking, 
and your ears are enchanted by a resonant harp glissando as a window opens 
before you. 

But when you start to use the system, it begins to poke you with 
uncomfortable corners of unexpected behavior. You cannot find the com­
mand you want among the thousands that the system provides. Simple, rou­
tine tasks take forever to do. The program you bought last year does not run 
under the improved operating system, so you have to buy an upgrade. And, 
of course, the system crashes regularly. 

Some engineering fundamentals that are not widely known underlie 
good interfaces. And why should those fundamentals be studied? How inter­
faces should look and work seems well established: They've been incremen­
tally improved for two decades now; we have interface guidelines published 
by the major software producers to ensure future compliance; development 
tools allow us to put together interfaces quickly such that they look just like 
other modern interfaces-just as my mythical airliner looked just like a well­
designed, safe, and comfortable flying machine. 

But consider what these interfaces fail to do for us. When you want 
to set down an idea, you should be able to go to your computer or informa­
tion appliance and just start typing: no booting, no opening the word 
processor, no file names, no operating system. (My definition of an operat­
ing system: What you have to hassle with before you get to hassle with the 
application.) You should not have to learn an entire new application to per­
form what you know to be only a few simple tasks that you'd like to add to 
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the repertory of your system. Regrettably, the design of interfaces has taken 
a wrong turn, leading to a level of difficulty unjustified by technological or 
logical necessity. 

Millions of us have a love-hate relationship with information technol­
ogy: We can't live without it, but at the same time, we find it difficult to live 
with. The problem of making technology comfortable does have solutions, 
but we can't buy them now; they will be available to us only if we drop a lot 
of the baggage of the past. The customary, desktop-based, applications­
oriented interfaces turn out to be part of the problem. This book offers 
some alternatives. After all, computer problems are not like the weather: We 
can do something about them. 

Given the prevalence of the Internet and the obvious importance of 
products that facilitate group interaction, it may seem odd that The Humane 
Interface concentrates on single-user interface design. One reason is that the 
design of single-user interfaces is not a solved problem. The primary reason 
is that the quality of any interface is ultimately determined by the quality of 
the interaction between one human and one system-between you and it. If 
a system :s one-on-one interaction with its human user is not pleasant and fad le, the 
resulting deficiency will poison the performance of the entire system, however fine that 
system might be in its other aspects. 



ONE 

Background 
Nothing is more impossible than to write a book that wins 
every reader's approval. 

-l'v.liguel de Cervantes 

This chapter explains that the nature of interfaces and of 
interface design is widely misunderstood. There is more to interfaces than 
windows, icons, pull-down menus, and mice. The need to take interface 
design into account early in the design cycle is sometimes overlooked. 
Another factor often overlooked is the commonality in the cognitive equip­
ment handed out to all of us. We must take into account common factors 
before we can deal with the differences among individual humans. Unfortu­
nately, the tools widely available for interface construction are inadequate to 
this task. 

I reject the idea that computers are difficult to use because what we 
do with them has become irretrievably complicated. No matter how com­
plex the task a product is trying to accomplish, the simple parts of the task 
should remain simple. This chapter ends with a definition of a humane 
interface. 



2 BA C KG RO U ND 

1-1 Interface Definition 

Call 011r USA 1w111bcr abo11e and test your sta,11ina against the iucrediblc 
f,rntmtion pro11idcd by our 11oicc 111ail system. 

-Note at tlic hottC1111 of arr ad11c1£iscmrntfo1 Siinpfc-brand shoes 

In this book, I usually shorten lumia1t-mac/1inc i1itc1facc or h11111au­
co111pute1 intc,.facc to user i11tc1.facc or simply iutc1.facc. Many people assume that 
the term 11scr interface refers specifically to today's graphical user interfaces 
(GUis), complete with windows and mouse-driven menus. For example, an 
article in Mobile Qffice magazine said, "Before too long, you may not have to 
worry about an interface at all: You may find yourself simply speaking to 
your computer." As I pointed out in response, a voice-controlled system may 
have no windows, but neither do telephone voice- response systems, and 
they often have hellaciously bad interfaces. The way that you accomplish 
tasks with a product-what you do and how it responds-that's the inter­
face. (See also Raskin 1993.) 

1-2 Keep the Simple Simple 

Tcclmolagy is a queer thi11g. It bri11gs you ,'1,rcat gifts with ollc lzalld, mid it 
stabs you in the back with the othc,: 

-C.P S11ow (quoted iri]amum 1992) 

Despite a burgeoning population of interface designers, few con­
sumers claim that new products, such as an electric, four-button wristwatch, 
are easier to use than they were a few decades ago. If you point out to me 
chat watches, like computers, now have much greater functionality (true) 
and that, in consequence, the interfaces have had to become more complex 
(debatable), I respond by pointing out that even the simple tasks that I used 
to do easily have become mired in complexity. Complex tasks may require 
complex interfaces, but that is no excuse for complicating simple tasks. 
Compare the difficulty of setting the time on your electronic, four-button 
wristwatch to that of completing the same task on a mechanical model. No 
matter how complex the overall system, there is no excuse for not keeping 
simple tasks simple. 

Of the many absurdities foisted on us by inept interface design, per­
haps it is the complication of what should be simple that gives comic strips 
and comedians the most opportunities. In the movie City Slickers, three 
chums are driving a herd of cattle. Billy Crystal's character tries unsuccess­
fully-apparently for hours- to explain how to use a VCR to record a show 
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on one channel while watching another. When the friends finally explode in 
exasperation at the lengthy explanation, Crystal's character 'Cheerfully agrees 
to drop the subject and offers instead an explanation of how to set the clock 
on the VCR. This offer enrages his cronies and cracks up the audience. The 
humor arises from the dissonance between the simplicity of the task and the 
difficulty of the interface: If the vertical front of a VCR had labeled buttons 
situated above and below the digits of a clock as shown in Figure 1.1, few 
people would have any trouble setting the clock. 

Figure 1.1. An easy-to-set digital clock on a VCR. An even better 
design would be a clock that set itself based on broadcast time signals. 

1-3 Human-Centered Design and 
User-Centered Design 

We have overcomplicated the software and forgotten the primary objective. 

-Jim and Sandra S111ulfors 

Not only interface designers but also managers in the electronics and 
computer industries understand the need for user- or customer-centered 
design. The first step in meeting this need is to get to know your users, but 
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in commercial practice, getting to know the users usually consists of listen­
ing to task domain experts. Domain experts often know the parameters and 
details of the problem to be solved, but their formal expertise does not usu­
ally extend to questions of human psychology. Although users' task-related 
needs differ, your user population shares many common mental attributes. 
Before exploring the application or even working to accommodate differ­
ences among individuals, interface designers can minimize their work by 
exploiting what is common to all humans with regard to interface-design 
requirements. After that is accomplished, the interface designers can accom­
modate the differences across individuals and groups, and, finally, they can 
satisfy the varying requirements of their tasks. That crucial first step---mak­
ing sure that the interface design accords with universal psychological 
facts-is customarily omitted in the design process. For the most part, inter­
face designers have abdicated that responsibility to "industry standards." All 
current popular interfaces have been built on underpinnings that flout what 
we know about human thought and behavior. For example, files with file 
names are a nearly universal feature in computer systems, yet we all have 
trouble remembering what file name we used to store a document six 
months ago. (A solution to this problem will be discussed in Section 5-3.) 
We want comprehensible software that demonstrates, by its impeccable 
behavior, that its designers were focused more on usabihty than on glitz. 

1-4 Tools That Do Not Facilitate Design Innovation 

Creating fine interfaces can require undertaking intensive and expen­
sive work. lnterface-building tools, such as Visual Basic or Visual C++, are 
marketed as lowering development costs and speeding implementation. In 
spite of their utility, these tools will not be mentioned often in this book; 
they enshrine current paradigms and thus unduly limit the scope of what 
you can do. Similarly; the Macintosh or Windows interface guidelines and a 
portion of the heurisrics presented by books on interface design occasionally 
give advice that is demonstrably incorrect- often due to the company's need 
to maintain compatibility with earlier versions of the interfaces and to the 
misperception that users will inevitably revolt if old, familiar interface meth­
ods are abandoned. Where real improvement can be achit:ved by making 
major changes, the interface designer must balance the legitimate use of 
familiar paradigms, which ease the lean1ing process, against the enhanced 
usability chat can be attained by abandoning chem. ln a simation of rapid 
turnover of personnel or the customer base, familiarity might be the better 
design choice. TV/wre most cf the 11sers1 tfmi: wlll be spent in 1'011tiiu: opcratiott of the 
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product and where learning is only a small part of the picture, designingfor productiv­
ity--even if that requires retraining-is often the correct decision. 

1-5 Interface Design in the Design Cycle 

Project methodologies often fail to take full advantage of what is 
known about interface design. This omission can be the result of bringing in 
interface designers long after much of the opportunity for improving the 
quility of inter Cb ., n e J u , r •, 1 1 pro ' 1, , has been l D •1 

1 at I i ~- .1 int • • ce de :,i ers are con lted nl 
the software has been designed and the software tools chosen or when the 
software is nearly complete, the correct advice-namely, to start over-is 
unac . p , le. The o~ict~1cr and , h hedul 1 . air l een 
expen and the op io of thro · ng , ay much or the ign and 
the completed code makes the project managers look bad. Even so, as recent 
a book on project management as the UML Toolkit (Eriksson and Magnus 
1998) fails to recognize that the interface has to be part of the requirements 

al ·, hi _...,.,l,j,..., ........ 
1
'.' .... ,;!,,.!~':!~..... f _ roJe ri l pm nt 

""'-,--r .... ,,... .... ,,....!!:Ill" .. , ,,..,, I"- ... .., ........... b ~~~$t11ocn _ d •11 th 

stem will respond to r action. 
o not care about what is • • as long as the box does what 

Wl 

p -~~•~Ju,vr 1 r --,J~~ 

1 , , 1 venL nc and sults,. fi, ' 
customer is concerned, the interface is the product. 

Your Time Is Sacred; Your Jfork Is Sacred 

I have learned to save my work frequently so that, even in the 
event of a system crash, I will not lose much time. I use a keyboard-
oper ~ =:G!::~,~~~~~ • e I c, lete 
few er1 n,. · . h , c 1m n pl · es a ·c p of • - o 
where it is relatively safe from damage in a crash. Every hour or so, I 
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further back up my work to a nonvolatile memory card that I physi­
cally remove from the computer so that the backup is isolated from 
the computer and is safe, no matter how the computer runs amok; 
every week, I back up the whole system on an external disk drive. I 
am not paranoid, just realistic. Yet these elaborate procedures should 
be unnecessary. The system sho11ld treat all user input as sacred and -to 
paraphrase Asimov's first law of robotics, "A robot shall not harm a 
human, or, through inaction, allow a human to come to harm" 
(Asimov 1977, p. 44). The first law of interface design should be: 
A computer shall not fiarn1 your work 01; thro11gh illaction, allow your work 

to come to harm. 

While working on this book, and at the suggestion of my editors, I 
began to use a facility that allows me to accept or to reject suggested 
changes. After every few decisions, I used the save command. When 
the system crashed, I was not worried, because of my continual 
saves. But when I went to find my most recent changes, they were 
gone, and I had to redo my work. By trying a few experiments, I 
finally figured out that when the accept-reject feature is in use, the 
keyboard save command does not operate. No warning is given. I 
lost more than three hours in work and in experimenting to figure 
out what had happened, in the hope of preventmg a recurrence. 
Aside from the sheer complexity of today's computer systems, it is 
vexing details such as this one that prove the need for better interface 
design. 

For a second interface law, you could do worse than to insist on this 
one: A co111p11tcr shall 1wt 11,astc your ti111c or require you to do more work 

than is strictly 11cccssary. Section 4-3 introduces a measure of how 
much work is necessary to complete a task. 

1-6 Definition of a Humane Interface 

Ytm can have atJ]' combi11atio11 ef fcat1tl'Cs the . --:1 ir Alinistry desires, so long as 

you do not also rct]ttire that the rcsttlti11_1? 1irpl<111.L'_fiy. 

-T,Vi/ly Mcssersc/111,idt (prccmi11e1lt World War II German aircraft des(~11er) 

Au i11£1..•,fact: is lmmaue if it is n:sponsive to lmman needs and considerat of 

lrnrnall frailrii.;S. If you want t create a humane interface, you must have an 
understanding of the relevant information on how both humans and 
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machines operate. In addition, you must cultivate in yourself a sensitivity to 
the difficulties that people experience. That is not necessarily a simple 
undertaking. We become accustomed to the ways that products work to the 
extent that we come to accept their methods as a given, even when their 
interfaces are unnecessarily complex, confusing, wasteful, and provocative of 
human error. 

Many of us become annoyed, for example, at the amount of time 
that it takes a computer to start up, or to boot. An advertisement for a 
computer-based car radio in 1999 assures us that "unlike a home computer, 
there are no long boot-up times to worry about." A scan through six 
respected books on the subject of interface design-books that have been 
written over most of the span of time during which interface design has 
been a recognized field-finds the topic of booting unmentioned (Shnei­
derman 1987; Norman 1988; Laurel 1990; Tognazzini 1992; Mayhew 1992; 
Cooper 1995). I am sure that each of these authors would wholeheartedly 
ag1;ee that reducing or eliminating this delay would improve usability; I have 
never met a user to whom the delay is not an annoyance. Yet the boot delay 
is so much a familiar and accepted part of using a computer that it is seldom 
questioned in the interface-design literature. There has never been any tech­
nical necessity for a computer to take more than a few seconds to begin 
operation when it is turned on. We have slow-booting computers only 
because many designers and implementers did not assign a high priority to 
making the interface humane in this regard. In addition, some people 
believe that the sale of millions of slow-booting computers "proves" that the 
way these machines now work is just fine. 

The annoyance of having to wait for a machine to start up has not 
been ignored in other product areas. The defunct Apple Newton, the Palm 
Pilot, and other handheld computers manage to start instantly, and the intro­
duction of a sleep mode--a state in which the computer is using less power 
than when it is on but from which it can be brought to operational status 
quickly- on certain computers is a step in the right direction. 

Engineering has successfully tackled some more difficult problems. In 
early television sets, for example, the wait due to the time it took to heat the 
cathode of the picture tube was nearly a minute. In certain television sets, 
engineers added a circuit to keep the cathode warm, reducing the wait to 
reach operating temperature. (Keeping the cathode fully heated would have 
been wasteful of electricity and would have shortened the life of the tube.) 
Other engineers designed picture tubes that had cathodes that heated in a 
few seconds. Either way, the user's needs were satisfied. In the early twentieth 
century, the failure of the Stanley Steamer, a steam-powered automobile 
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that apparently was a superior vehicle in other aspects, may have been a 
result of the 2(-mi.rmte delay between firing it up and its having sufficient 
boiler pressure to d.r±ve. 

That a user should not be kept waiting unnecessarily is an obvious 
and humane design principle. It is also humane not to hurry a user; the more 
general principle is: Users should set the pace of an interaction. 

It doe~ not take nrnch teclmical knowledge to ee for example that 
higher-b~u,dwi th conununjcati n Cffimnel can hasten dov nloading f 
web page·. 0th r relf tion hipx are no o evident. lt is useful for designers of 
a hum n-m hine interface to undertand the innards of the techu0logy; 

then i e, die have no \"-ray to judge th~ valirnty of a.'isertion ·- b , ~y, pro­
P:rammers or hardware d~ igners- tha.t a given i11terface detail is not fea ible. 



TWO 

Cogtietics an.d tl1e Loc11s 
of Attention 
He wept an.d was nothillg contmt, but it booted not. 

- Do111i11ic ,Ua11ci11i, spi:<1ki11g not ef n dc:,,d c,1111p11ti;r '111t 

of Edmzrd f • of E11.~la11d. Occup:itionc Regni Anglie per R.icc:irdum 

Tercium (1-183) . Q1101L'd in A.lism, r frir. The Princes in the Tm Yer (I 9 92). 

As complicated as computers and other products of our 
technology may be, it is easier to understand the machine side of the 
human-machine interface than to come to grips with the far more complex 
and variable human side. Even so, many-perhaps surprisingly many­
human performance factors are independent of a user's age, gender, cultural 
background, or level of expertise. These properties of human learning and 
performance are directly applicable to the foundations of any interface 
design. In particular, that we have one locus of attention affects many aspects 
of the design of human-machine interfaces. 

2-1 Ergonomics and Cognetics: What We Can 
and Cannot Do 

Know thyself 

-Jnscriptio11 at t/,c Ddphic 01;rc/i:.fra111 Pl11t,11d1., Mor:ils 

Use a machine or a tool in accord with its strengths and limitations, 
and it will do a good job for you. Design a human-machine interface in 
accord with the abilities and foibles of humankind, and you will help the 

9 
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user to not only get the job done but also be a happier, more productive 
person. 

Design guidelines for products that interact with us physically are rea­
sonably straightforward. The sizes and capabilities of the human frame and 
senses have been well cataloged; these studies form the science of 
ergonomics. Chairs, tables, keyboards, and displays can be designed with a 
high degree of likelihood that they will work reasonably well for their 
human users, although thorough testing can never be neglected. You would 
not design a machine that required one person to simultaneously operate 
two switches 3 meters apart: We all know that humans are not that large. 
Mayhew (1992, Chapter 12) discusses computer-relevant ergonomics, a 
topic outside the scope of this book, in her overview of interface design. 
Ergonomics takes into account the statistical nature of human variability. 
You might design a car seat to accommodate only 95 percent of the popula­
tion, even though you know that 5 percent of the potential car purchasers 
will find the seat uncomfortable. It might be too expensive or mechanically 
impossible to give the seat the range of adjustment needed to work with the 
rare 1-meter midget or the rarer still 2.5-meter giant. 

For the most part, the machines that our civilizations have built have 
been mechanical and have interacted principally with our physical selves. 
Consequently, our physical limitations are relatively well understood. 
Increasingly, inventions have come to the aid of intellectual rather than 
physical pursuits. We must master an ergonomics of the mind if we want to design 
interfaces that are likely to work well. As surprising as it may seem, we are often 
blind to our own mental limits; we must rely on careful experiment and 
observation to discover the edges of our own mind's abilities. 

The study of the applicable, engineering scope of our mental abilities 
is cognitive engineering, or cognetics. Certain cognetic limitations are 
obvious: You do not expect a typical user to be able to mentally multiply a 
pair of 30-digit numbers in 5 seconds, and you would not design an inter­
face that requires such an ability. But we are often not aware of other mental 
limitations that adversely affect our performance when we use human­
machine interfaces, although these limitations are inherent in every human. 
Remarkably, all of the well-known computer interfaces-and many non­
computer human-machine interfaces-are designed as though their design­
ers expect us to have cognitive abilities that experiment shows we do not 
possess. Much of the difficulty that we have with computers and related 
devices is due to poor interface design rather than to any complexity inher­
ent to the task or to any lack of effort or intelligence on the part of users. 
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Just as ergonomics takes into account the statistical nature of human 
variability, so too should cognetics. However, because there has been so little 
practical use of what is known of the limits of human cognition that are 
common to all of us, it seems wise to look first at those limits. 

Fortunately-if only because our present knowledge of these topics 
is uncertain-we do not need to examine the structure of the physical brain. 
We can design successful interfaces based on a pragmatic and empiric view 
of what the human mind can and cannot do, of how long the mind and 
body take to do particular tasks, and of the circumstances that increase the 
likelihood that we will make mistakes. 

2-2 Cognitive Conscious and Cognitive Unconscious 

Oh Doctor Freud, Oh Doctor Freud, houi we wish that you'd hem 
otherwise employed! 

-"Doctor Freud," David Lazar, 1951 

It can be difficult to deal with the psychologically, philosophically, 
and historically laden terms-such as conscious and unconscious-that we use 
to describe aspects of the way our minds work. In an engineering context, it 
is useful to work with the more limited concepts of the cognitive con­
scious and the cognitive unconscious. More accurate would be the terms 
e111pirical conscious and empirical 1mconscio11s, but Kihlstrom's more euphonic 
coinage has priority (Cohen and Schooler 1997, p. 137). Understanding that 
we possess these two distinct sets of limited mental abilities and understand­
ing how they work in relationship to human-machine interfaces is as essen­
tial to designing interfaces as is knowing the size and the strength of the 
human hand when we are designing a keyboard. 

Here is a first-cut definition: Unconscious mental processes are those 
of which you are not aware at the time they occur. The cognitive uncon­
scious is not the seething, mythic creature of Freudian psychology but rather 
a phenomenon that you can demonstrate with a straightforward experiment, 
which you will be asked to try shortly. Although a growing mountain of 
books discusses the questions and paradoxes of consciousness, following the 
approach taken in Bernard J. Baars's A Cognitive Theory ef Co11scio11sness 
(1988)-a book that has broadly informed this chapter-helps us to avoid the 
dilemmas and to deal only with what we can observe directly and produce 
concretely. As Baars says in his preface, "one time-honored strategy in science 
is to side-step philosophical issues for a time by focusing on empirically 
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decidable ones." Cognetics is a practical discipline. Although theoretical stud­
ies can be illuminating and eventually m.ay lead to firm and practical results, 
we avoid chem until they do. (Analogously, although a study of human bone 
growth can 111.form ergonomics, such a study would fall within the purview 
of physiology rather tha1) of ergonomics itself.) 

Consciousness and Models of the Mind 

In following Baars's useful treatment of the cognitive properties of 
consciousness, it is not necessary also to subscribe to bis theory of 
mind, whlch uses contemporary cligital computer structures as mod­
els. I am leery of that approach. especially because throughout the 
ages, thinkers have borrowed the latest technology as models for 
understandjng humans only to abandon or to limit the models when 
technology advanced. 

Don Norman, a cognitive psychologist who is especially conversant 
with computers, spoke of the mind in terms of computational units 
(Norman 1981). J.R.Anderson, beginning in 1976, based his model 
of mental operations on productions-a tool prominent at the time 
for describing the syntaX of computer languages (Anderson 1993). 
Although the analogies are usually enlightening, some scholars tend 
to overapply the metaphor of cbe moment. f predict a flowering of 
psychological theories in the next few years with the client/server 
a.rchitecrure, the Internet, and the World Wide Web with its hyper­
text liriks and browsers appearing as models for how certain aspects 
of the mind work. 

We must monicor this tendency carefully lest we re1fy the 
anplogies without neurophysiological support. fn the seventeenth 
century, the universe and its denizens were often spoken o[ in terms 
of clockwork (Dijksterhuis 1961, p. -l95); with our ptesent under­
standing of both clockwork and organisms, however, this metaphor 
has becon: e pallid. In the nineteenth century, the metaphor of the 
steam engine permeated many philosophical musings on human 
function; now we know that the analogy's value is limited primarily 
to expJaining metabolism, insofar as the metabolic system is a heat 
engmc. 

Two popular books that consider the subject of consciousness are 
Roger Penrose's The Emperor's New Mind (Penrose 1989) and Daniel 
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' Dennett's Consdousness Explained (Dennett 1991). These treatments, 
however fascinating to read, unfortunately turn out to be of no use 
in the design of human-machine interfaces. Without direct 
evidence of functional parallelism in hand, it is wise to avoid 
taking computer-brain metaphors too literally. 

Because concerns about what is conscious and unconscious usually 
seem remote from our workaday world, let us tangibly demonstrate their 
reality in your life by means of a question: What is the final character in your 
first name? Until you read the previous sentence, you were probably not 
thinking about this alphabetic character and its relationship to your name. 
You know-and have long known-what that character is and where in 
your first name it lies, but you were not paying attention to that knowledge. 
You were not thinking of it; you were not considering it. Or, to use our pre­
ferred terminology, you were not conscious of it. The information was not 
being accessed, yet you could recover it on demand. We will call that place 
from which the character was fetched the cognitive unconscious. The cogni­
tive unconscious may not be a physical place, although it must be repre­
sented by physical phenomena in the brain. To help dispel the notion that 
the unconscious or conscious must be places in the brain-which is different 
from the notion that they might be-we can think of possible alternative 
mechanisms. For example, when you became aware, or consciou~, of the 
alphabetic character, this becoming might have been a change of state. Alter­
natively, perhaps our brains use a pointer mechanism, and a pointer was 
changed while the memory or thought was left where it was in your brain. It 
is possible that thoughts and memories could be distributed, like a holo­
graphic record of an image. 

We could consider other mechanisms or descriptions, but we have no 
need to do so. For our purposes, all we need is to acknowledge that you were 
not conscious of the character at one moment and were conscious of it at 
another moment. I use a positional metaphor from time to time, speaking of 
a thought as moving from the conscious to the unconscious or back, but you 
should not think of this verbal convenience as denoting a model of how the 
brain works. (Research into the physical brain may show such a model to be 
valid, but that is not our concern here.) 

When I use the terms consdous and unconsdous in this book, I will 
generally intend them as abbreviations for the cognitive conscious and the 
cognitive unconscious. When you did think about the final character in your 
first name--a thought triggered by a sentence in this book-that thought 
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became part of your conscious awareness. This change of state of your 
thought, from unconscious to conscious, demonstrates that you have at least 
two forms of knowing. To build a science of cognetics, we must banish 
solipsism and assume that other humans would make the same observations 
about their mental processes as you just did about yours. 

A stimulus, such as reading a particular portion of this book, can trig­
ger the migration of not only an item of information but also a sensation, a 
feeling, or another aspect of your memory or knowledge from the uncon­
scious, where it is stored, to the conscious, where you are aware of it. Notice 
how your clothes feel: where they are tight and where they are loose. Until 
you came across the sentence that directed your attention to your clothes, 
you probably were not consciously aware of the various pressures that your 
clothes were putting on portions of your body. You can also call up memo­
ries-say, of a recent happy event-and perhaps can even retrieve a bit of 
the accompanying emotion from your cognitive unconscious and can bring 
the memories into your cognitive conscious. Now pay attention to the feel 
of this book in your hand-if you are reading this text in book form-or to 
the input device that you are using to control your computer-if you are 
reading from a display. I trust that these experiments on your part have con­
vinced you that you have a cognitive unconscious and a cognitive conscious 
and that a stimulus can bring a mental construct from the former to the 
latter. 

By definition, you cannot experience, or be conscious of, any 
unconscious process. An unconscious process, such as the one that monitors 
your bladder pressure, can be a stimulus, whereupon the need to relieve 
yourself becomes conscious. 

A bothersome philosophical question in connection with the previ­
ous sentence is: Who is the "you" about whom I am talking? Can I distin­
guish between you and your conscious? Taking an engineering perspective, I 
sidestep this question, saying simply that the "you" in this case is the union 
of your physical self and all of the physical and mental phenomena that your 
physical self manifests. We do not have to address the question of the possi­
ble distinctions among you, your conscious, and your unconscious to under­
stand interface-design principles. 

It seems likely that memories or keys to memories are stored in phys­
ical places in the brain, because in some cases, direct electrical stimulation of 
parts of the brain, as is sometimes done during brain surgery, can evoke a 
memory-that is, can make that memory conscious. Stimulating one place 
may reproducibly call up a particular memory, feeling, or sensation; stimulat­
ing another place may reproducibly evoke a different experience. Studies of 
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the brain performed with such techniques as magnetic-resonance imaging 
(MRI) and positron-emission tomography (PET) are helping researchers to 
elucidate the physical correlates of various mental activities. These technolo­
gies are mentioned because they may, at a future time, be directly helpful in 
the design-and, especially, in the testing-of interfaces. For example, there 
is an inverse correlation between a person's localized glucose uptake-an 
indicator of how much energy the brain is using in a particular physical 
structure-and the ease with which that person uses a tested interface fea­
ture. Interface testing in the future may well make increasing use of direct 
measures of brain activity, but a further exploration of these methods lies 
outside the scope of this book. 

Our examples so far have followed mental constructs from unconscious 
to conscious. Here is an example moving the other way: A sudden noise or 
other unexpected event can pull your attention away from what you are 
d9ing-for example, reading this book-and to the question of what caused 
the sound; the sound of a lamp falling from a shelf (what was your cat doing 
up there?) is an example. After you return to reading, your knowledge of the 
event will move from the cognitive conscious to the cognitive unconscious. 

There are borderline cases, and there is much that we do not under­
stand about the conscious and the unconscious. For example, you sometimes 
feel that someone's name is on "the tip of your tongue"; you can almost 
think of the name, but you cannot quite do so. Sometimes, the memory 
becomes fully conscjous and you recall the name. Other times, the memory 
remains elusive. Is there a state between the conscious and the unconscious? 
Have we caught the mind in the middle of "moving" the information about 
the name from one region of the brain to another? Is an almost remembered 
name evidence for a link partially formed or intermittently connected, sput­
tering like a loose electrical contact? Such open questions are interesting, but 
we do not need to answer them, just as in cosmology, we can understand 
that the universe is expanding, without having a clue about what happened 
before the expansion started, that is, before the big-bang event that most 
cosmologists believe was the raising of the curtain on our universe. 

As I have said, I do not want to reify any particular metaphor of how 
the brain works. However, we cannot avoid building mental models of our 
brain: We build these models of our brain in our brain, a mind-boggling 
thought. For the time being, then, picture the conscious and the uncon­
scious as separate compartments. These compartments are more than just 
different places or states for storing thoughts or memories: They have dif­
ferent ways of interacting with the world and \Vith concepts. As has been 
elucidated by cognitive psychologists over the past century, the cognitive 
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conscious and the cognitive unconscious have properties beyonp our aware­
ness and unawareness of them. 

Table 2.1 summarizes the differences between the cognitive con­
scious and the cognitive unconscious. The table tells us that the cognitive 
conscious is brought into play whenever you encounter a situation that 
seems new or threatening and whenever you have to make a nonroutine 
decision-that is, one based on what is happening in the here and now. Only 
when you are conscious of a proposition can you determine whether it is 
logically consistent. The cognitive conscious operates sequentially and can 
consider only one question or control only one action at a time. You can be 
conscious of only between four and eight distinct thoughts or things at once. 
Your conscious memory fades in, at most, a few seconds. 

The conscious is invoked in branching tasks. It is sometimes difficult 
to distinguish a branching task from a nonbranching task. For example, 
braking for a traffic light may be either. It is nonbranching---and is handled 
by the cognitive unconscious-if you are simply reacting to a red light 
by pressing the brake pedal. However, if a light that you are approaching 
turns yellow, such that you have to decide whether to continue through 
the intersection without pause or to stop, your cognitive conscious comes 
into play. While you are learning a task, you may see and react to it as a 
branching event requiring conscious attention. With repetition, your execu­
tion of the task may become nonbranching and automatic. In Section 2-3, 
we start looking into these properties and their implications for interface 
design. 

TABLE 2.1. PROPERTIES OF THE COGNITIVE CONSCIOUS 

AND THE COGNITIVE UNCONSCIOUS 

PROPERTY 

Engaged by 

Used in 
Can handle 
Accepts 
Operates 
Controls 
Capacity 
Persists for 

CONSCIOUS 

Novelty 
Emergencies 
Danger 
New circumstances 
Decisions 
Logical propositions 
Sequentially 
Volition 
Tiny 
Tenths of seconds 

UNCONSCIOUS 

Repetition 
Expected Events 
Safety 
Routine situations 
Nonbranching tasks 
Logic or inconsistencies 
Simultaneously 
Habits 
Huge 
Decades (lifelong) 
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2-3 Locus of Attention 

You have a degree of control over making unconscious thoughts 
conscious, as you demonstrated when you brought the final character of 
your first name "into mind:' You cannot deliberately make conscious 
thoughts unconscious, however. "Don't think about an elephant," a girl 
whispers to a boy, knowing that the boy cannot comply. But in a few 
moments, unless the conversation stays on elephants, the animal will fade 
into the boy's unconscious. When that happens, the boy is no longer paying 
attention to the thought of an elephant: The elephant is not his locus of 
attention. 

I use the term locus because it means place, or site. The term focus, 
which is sometimes used in a similar connection, can be read as a verb; thus, 
it conveys a misimpression of how attention works. When you are awake 
and conscious, your locus of attention is a feature or an object in the phys­
ical world or an idea about which you are intently and actively thinking. You 
can see the distinction when you contemplate this phrase: "We can deliber­
ately focus our attention on a particular locus." Whereas to focus implies voli­
tion, we cannot completely control what our locus of attention will be. If 
you hear a firecracker unexpectedly exploding behind you, your attention 
will be drawn to the source of the sound. Focus is also used to denote, among 
the objects on a computer display, the one that is currently selected. Your 
attention may or may not be on this kind of focus when you are using an 
interface. Of all the world that you perceive through either your senses or 
your imagination, you are concentrating on at most one entity. Whatever 
that one object, feature, memory, thought, or concept might be, it is your 
locus of attention. Attention, as used here, includes not only the case of 
actively paying attention but also the passive case of going with the fl.ow, or 
just experiencing what is taking place. 

You see and hear much more than whatever is the locus of your 
attention. If you go into a room to look for a misplaced item, what you seek 
may be plainly in view but remain unnoticed. We can demonstrate through 
optical considerations that the image of the sought object was on your 
retina; it might even have been within the 5-degree cone of your foveal 
vision. We know through experiments in neurophysiology that a signal rep­
resenting the object was being generated and transmitted over the optic 
nerve, yet you do not notice it, because it never became your locus of atten­
tion. If I listen for them, I notice that the fluorescent lights in the hall near 
my office buzz annoyingly, but otherwise I do not hear them. The sound is 
there, as a tape recording can demonstrate, even when I am unaware of it. I 
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most often notice the sound when I turn the lights on or off. The sudden 
start of the buzzing calls my attention to it; the sudden stop makes me real­
ize--amazingly, because it is after the fact-that I had been hearing it. 
Indeed, what seems to be a full-fidelity recollection of the sound I had just 
been hearing suddenly becomes my locus of attention. Experiments show 
that direct perceptions-the contents of what psychologists call perceptual 
memory-seem to persist for a brief period: The well-known phenomenon 
of the persistence of vision is what makes the discrete frames of a movie 
appear to flow in continuous motion. In particular, visual perceptions decay 
in typically 200 milliseconds (200 msec), with a range of 90 msec to 1,000 
msec; auditory perceptions decay in typically 1,500 msec, with a range of 
900 msec to 3,500 msec (Card, Moran, and Newell 1983, pp. 29-31). I can­
not now, sitting at my desk, recreate the buzz in that same vivid, immediate 
way as I did right after it had stopped and my attention had been directed by 
the sudden onset of silence to the previous presence of the sound. Now, 
hours later, the perception is long gone, and only a relatively pale memory­
one having the character more of a description than of a sensation-remains 
of the annoying fluorescent buzz. 

Perceptions do not automatically become memories. Most percep­
tions are lost after they decay. One implication for interface design of the 
rapid decay of sense perceptions is that you cannot assume that, because 
someone has seen or heard a particular message 5 seconds earlier, that person 
will remember its wording. If that particular wording is important or if there 
is an important detail-for example, if the message is, "Report error type 
39-152," with the critical detail being the particular number-either you 
must keep the message displayed until it is no longer needed (the best strat­
egy), or the user must be able to apply the information immediately-that is, 
before memory of it decays. As the information becomes the locus of atten­
tion, it moves into short-term memory, which we define in Section 2-3-4; it 
will persist there for as long as 10 seconds. 

2-3-1 Formation of Habits 

Anything worth doing is worth doing badly-at first. 

-Dick Karpinski 

Wh n you perform a task r.epeacedly, it tends to become easier to do. 
Juggling, table c nnis, and playing piano at everyday examples in my life; 
they all seemed .intpo sible hen l first attempted them. Walking i a more 
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widely practiced example. With repetition, or practice, your competence 
becomes habitual, and you can do the task without having to think about it. 
Lewis Thomas (1974), whose writings on biology are always a joy to read, 
expanded lyrically on the subject. 

Working a typewriter by touch, like riding a bicycle or strolling on a 
path, is best done by not giving it a glancing thought. Once you do, 
your fingers fumble and hit the wrong keys. To do things involving 
practiced skills, you need to turn loose the systems of muscles and 
nerves responsible for each maneuver, place them on their own, and 
stay out of it. There is no real loss of authority in this, because you 
get to decide whether to do the thing or not, and you can intervene 
and embellish the technique any time you like; if you want to ride a 
bicycle backward, or walk with an eccentric loping gait giving a lit­
tle skip every fourth step, whistling at the same time, you can do 
that. But if you concentrate your attention on the details, keeping in 
touch with each muscle, thrusting yourself into free fall with each 
step and catching yourself at the last moment by sticking out the 
other foot in time to break the fall, you will end up immobilized, 
vibrating with fatigue. (p. 64) 

When an observer suggested that a baseball player should think about his 
technique as he was hitting, baseball star Yogi Berra echoed Lewis's theme 
but with characteristic brevity: "How can you think and hit at the same 
time?" (Kaplan 1992, p. 754). 

Any habit is a surrender of detail control, but habits are essential to 
the earth's higher life forms. At the other extreme, life is entirely possible-­
for example, in microbes-in the absence of any consciousness whatever, at 
least as far as we know or have any reason to believe. We also µse the term 
habit in a pejorative sense. Despite Lewis's claim that there is no real loss of 
authority, bad habits do develop. Habits can be so strong as to approach 
addiction, sometimes reaching the point of a total loss of conscious control. 
(I am speaking not of physiological addictions here, such as to nicotine or 
opiates, but rather of undesired learned habits, such as nail biting.) Insofar as 
our conscious selves are who we are, I am reminded of Unamuno's observa­
tion: "To fall into a habit is to begin to cease to be" (Unamuno 1913). Una­
muno was, perhaps, warning us against the pernicious aspects of habit 
formation; when it comes to the routine aspects of everyday life, however, 
you want your conscious attention to "cease to be." 

You can readily imagine how difficult it would be to drive your car if 
you had to think, "Uhh, I want to stop. Let me see now: The engine needs 
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to slow down, so I have to take my foot off the accelerator. Now I have to 
dissipate my car's kinetic energy into heat by pressing on the brake 
pedal. ... " Fortunately, as an experienced driver, you perform the operation 
habitually Similarly, you have developed many small habits that help you to 
use your computer, watch, alarm clock, telephone, and every other device 
that has an interface. 

Persistent use of any interface will cause you to develop habits that 
you will find yourself unable to avoid. Our mandate as designers is to create 
interfaces that do not allow habits to cause problems for the user. We must 
d ign interfaces that (1) deliberately take advantage of the human trait of 
habit development and (2) all w users to develop habits that smooth the 
flow of their work. Titc ideal humane interface would red11ce the iuterface compo-
11c11t of a 11s ·r~ work to l wig11 /1al>it11c1tio1t. 1\f,111} c!f the pmhlem th,1t make prod11cts 
d!f.iiwlt 11d implcasmzt tn 11sc:. nre ai11sed by fwman-rnachi11c dcsig11 t:h t fails ta take 
i1iro ncco11nt tl1e hdl!fi1l md i1ij11rio11s properties c?f habit formation. One notable 
e,,'(. m.ple L'i th.! tendency to provide many way · o accomplishing the mne 
task. Having multiple options can shift your locus of attention from the task 
to the choice of method (a topic explored in Section 3-7). 

You cannot often break a habit by an act of volition. As often or as 
fiercely as you tell yourself that you will not perform the habitual action, 
you may not alway be bl to stop yourself. Say that, for example, next Sun­
day your car will interchange the functions of the brake and accelerator ped­
als. A red light will illuminate on your dashboard to warn you of this chang . 
You might Ti1anage to drive a few blo~ successfull with the pedals 
reversed, but most of us would not get out of the driveway v • thout making 
an error. As soon as your locus of attention is pulled away from the no el 
arrangement-for example, if a child runs into the street-your habitual 
reaction will make you stomp on the wrong pedal. The red light will be of 
no help at all. I empha ·ze that you cannot m1d a habit by an single act of 
willpower; onJy a ti 1e-consuming training proces can undo a habit. A 
designer can la.y- r er ate ina vertently--a na ty trap by pertnittin to run, 
on one computer, two or mot heavily used applications that differ in only a 
hand.fuJ of often-u d details. In uch a circumstance, the user is guaranteed 
to develop habits that will cause him errors when he attempts to use in one 
application a method appropriate to only the other. 

2-3-2 Execution of Simultaneous Tasks 

In the language of cognitive p ychol gists any task that you ha e 
learned to do without conscious thought has become Hto11iatic. Automatic-
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ity enables you to do more than one activity at a time: All but at 111ost one of 
the tasks that you perform simultaneously are automatic. The one that is not 
automatic is, of course, the one that most directly involves your locus of 
attention. When you do two tasks simultaneously, neither of which is auto­
matic your performance on each task degndes-a phenomenon that psy­
chologi ts call i11-tc1fc1 cnce-compared to your performance on each task 
alone, because the two tasks compete for your attention. The more pre­
dictable, automatic, and unconscious a task becomes, the less it will degrade 
or compete with other tasks (Baars 1 988, p. 33). 

We humans apparently simulate the simultaneous accomplishment of 
tasks that require conscious control by alternating our attention between 
tasks, attending now to one, then to the others (Card, Moran, and Newell 
1983, p. -1-2). You achieve true simultaneity when all but at mo ·t one of your 
tasks become automatic. For example, you can, at the same time, eat a snack 
without choking, walk without tripping, and think through a mathematics 
problem to a satisfactory conclusion. (You may also be working on another 
math problem unconsciously, but by the definition of the cognitive uncon­
scious, you wouldn't notice that you were. I am claiming only that you can­
not simultaneously work co11.sciously on two different math problems.) For 
most people, all of the tasks, except for finding the solution to the mathe­
matics problem, are so well learned that they undertake these tasks on 
autopilot. However, if you were prc1cticing these simultancou activities and 
suddenly discovered a nasty-tasting mor el in the snack, you would become 
conscious only of what you were eating. You would no longer be conscious 
of the mathematics problem. 

Equally importmt as the fact that you cannot be conscious of more 
than one task at any moment is the realization that humans cannot avoid 
developing automatic responses This idea is important enough to bear repe­
tition: No amount of training can teach a user 1wt to develop habits when 
she uses an interface repeatedly. That we form habits is part of our fixed 
mental wiring; habit formation cannot be prevented by any act of volition. If 
you have ever unintentionally driven toward your normal workplace on J 

Saturday morning when you intended to go somewhere else, you've been 
had by a habit that formed through repetition of a fixed sequence of actions. 
When you learned to read, at first you sounded out and paid attention to 
each letter and syllable; now (I hope) you read without conscious attention 
to the process of translating marks into words. 

Any sequence of actions that you perform repeatedly will, eventually, 
become automatic. A set of actions that form a sequence also becomes 
clurn.ped into a single action; once you start a sequence that takes less than 1 
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or 2 seconds to complete, you will not be able to stop.the sequence but will 
continue executing the actions until you complete that clurrip. You also can­
not interrupt sequences that take longer than a few seconds to execute unless 
the sequence becomes your locus of attention. Thus, after you take the 
wrong turn on Saturday, you may suddenly realize that you intended to drive 
in the opposite direction; this realization makes your navigation your locus 
of attention, and you can interrupt the automatic sequence of actions that 
would have led you to your workplace. 

When you repeat a sequence of operations, making and keeping what 
you are doing your locus of attention is the only way to keep a habit from 
forming. This is very difficult to do. As expressed in a common phrase, our 
attention wanders. 

The inevitability of habit formation has implications for interface 
design. For example, many of us have used computer systems that, before 
they will perform an irreversible act, such as deleting a file, ask, "Are you 
sure?" You then must type, say, a Y for yes or an N for no in response to the 
question. The idea is that, by making you confirm your decision, the system 
will give you a chance to correct an otherwise irrecoverable error. This idea 
is widely accepted. For example, Smith and Duell (1992), addressing a nurs­
ing environment, say, "If you inadvertently delete part of the permanent 
record (which is hard to do because the computer always asks if you're 
sure) ... " (p. 86). Unfortunately, Smith and Duell are unrealistic in their 
assessment: You can readily make an accidental deletion even when this kind 
of confirmation is required. Because errors are relatively rare, you will usu­
ally type Y after giving any command that requires confirmation. Due to the 
continual repetition of the action, typing Y after deleting soon becomes 
habitual. Instead of being a separate mental operation, typing the Ybecomes 
part of the delete-file action; that is, you do not pause, check your inten­
tions, and then type the Y. The computer system's query, intended to serve 

-- • , ~e . 1. I b l a- 0 1 
- its y to om 

The is t •• 
, .. goers 1 .-

that the co rm 
ti re un :\:\ e p , rful lub·c-forming p . per 

unconscious (see Section 6-4-2). 
A more effective strategy is to allow users to undo an erroneous 

m nd 1 e 

e. -mred co m 1 n ction un , o , ~~;~;I;lC , m-
puter specify that the user must type either twice or backward-that choice 
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being presented at random-a word displayed, also chosen randpmly, in the 
dialog box. ., 

The action that you have requested cannot 

be undone. It will cause permanent loss of 

the information in the file. If you are sure 

you wish to delete the information forever, 

type backward the tenth word in this box. 

Requiring this kind of confirmation is as draconian as it is futile. Any 
attempt at an effective confirmation process is necessarily obnoxious because 
it prevents the user from forming a habitual response and from ever becom­
ing comfortable with it. If, for legal or other reasons, a file should never 
be deleted by the user, it should be made impossible for such a deletion to 
be performed. Such measures also create a new locus of attention; the user is 
not attending to the correctness of their prior response, thus frustrating the 
purposes of both the confirmation and the user. 

No method of confirming intent is perfect. Even having the user 
type in the reason for a deletion-a technique especially useful in a situation 
that carries legal implications-. -will soon lead to the user's supplying one of 
a few stock answers. If the rationale for performing an irreversible act was 
flawed from the outset, no warning or confirmation method can prevent the 
user from making a mistake. 

Trapped in the Piifall of Automaticity 

I was trapped in the pitfall of automaticity while I was writing this 
chapter: I italicized a word, then tried to unitalicize it. In most Mac­
in~osh word processors, pressing and holding the key marked with a 
drawing of an apple ( called the Command key) and then pressing 
and releasing the key marked with the letter T (Command-T) 
returns the text to normal status. In Microsoft Word, however, 
Command-T alters the paragraph format. If you had asked me-
if you had thus made it my locus of attention-I would have told 
you that I was using Word, yet I reached (automatically]) for 
Command-T, typed it, and mangled the paragraph formatting. 
The only way to prevent such errors is through interface designs 
that take into consideration the inevitability of habit formation. 
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2-3-3 Singularity of the Locus of Attentiot;i 

I can 1t think about X if I'm thinking about Y 

-Cliris, a character on the tele11ision show Northern Exposure, 31 October 1994 

For our purposes, an essential fact about your locus of attention is 
that there is but one of them. This observation underlies the solution of 
numerous interface problems. Many people do not believe that they r oth­
ers have only one locus of attention, but experiments, described in the cited 
literature., strongly support the hypothesis that we are unabl to attend to 
multiple imulcane u timuli. Thi notion, which parallels our discussion on 
the limitations of the cognitive conscious, is sufficiently surprising to justify 
examining the support for it. 

As Roger Penrose (198 ) noted 'A characteristic feature of con­
scious thought ... is its 'oneness -as op osed to a great many independent 
activities going on t once" (p. 398). Bernard Baar (1988), a widely recog­
niz d le .der in th stud of th cognitive on cious explains th.at when 
people are "asked to 1nonitor a demanding stream of inform.ation [they are] 
largely unconscious of alternative streams o information presented at the 
a.me time, even to the same re ory organ. Sinularly in absorbed states of 

mind, when one is deeply involved with a single train f information, alter­
native events are excluded from consciousness" (p. 33). The alternative 
events are not loci of your attention. 

Common parlance recoglll2es this ob ervation. For example we may 
have thought, and w ma.y have mao thou hts, but we peak of our atten­
tion only in the singular. We never speak of a per on s attentions except in 
unrelated t.1sagt!s, such as uuwamed attc11,lio11S. Although you are unconscious of 
all but th one line of thought-the single conceptual thread that you are fol­
lo\\f1.11.g-an unexpected or surpt-i ·ing event can pull your attention from that 
thread. I have de·cribed ho • urpri i1. g events tngger conscious attention. 
What is alienthere i hat you have acquired a new locus of attention and lost 
the old· it is not the case that a . ec nd locus has been brought into play. 

An interrupting event does not need to be external: A sudden pain or 
the realization that it i time for an ,pp intment may break into your cogni­
ive cons iou. derailing your current train of thought nd putting it on a 

new track. 1 Howe r, if outside or internal. events are routine and unpre -

L Considerable atte1mon has bee.n paid to the biolog1cal mechanisms mac allow tmimals to 
synchronize "ith e:--.-tenul time cycles. but I am unaware of any work regarding bow we set 
, nd respond to in temal alarm cl cks. 
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. 
ing, your unconscious recognizes that status, and you ignore those events-
without being conscious that you are ignoring them. In other words, in the 
presence of the ordinary, your attention is not pulled away. You can train 
yourself to scan the environment consciously from time to time to notice 
events to which your attention would not be otherwise called. To illustrate, 
pilots are taught to scan their instruments regularly, without outside stimuli 
to initiate scanning. A scan allows pilots to detect, for example, an instru­
ment that subtly shows an abnormal condition. (Not every instrument in an 
aircraft has an alarm associated with it.) Nonetheless, pilots regularly fail to 
perform their scan when events force their attention to a particular locus. 

Absorption Kills 101 People 

An extreme example is an accident that killed 101 people in De­
cember 1972. Normally a green indicator in the airliner's cockpit 
lights to signal that the landing gear is down and ready for landing. 
When the indicator failed to light, the pilot decided to circle at 
an altitude of 2,000 feet, and the copilot put the aircraft on auto­
pilot to maintain the altitude. All three crew members then tried 
to change the bulb, but it stuck and they could not get it out. 
Perhaps due to their moving around and working on the bulb, 
they accidentally turned off the autopilot; in any case, it became 
disengaged. Soon, as the cockpit recording later showed, an auto­
matic warning sounded; a 0.5-second chord warned them that 
they had gone 250 feet below their assigned altitude. A yellow 
warning indicator also lit up. The crew, absorbed in the problem 
with the green bulb, failed to notice either warning. A little later, 
while still struggling with the bulb, the copilot noticed that the 
altimeter indicated 150 feet, alarmingly low. He then asked the 
pilot, "We're still at two thousand, right?" The pilot replied, 
"Hey, what's happening here?" 

As the pilot spoke, a low-altitude warning horn went off. "And even 
with the altimeter approaching zero, an amber light on the altimeter 
indicating they were off their assigned altitude, the radio altimeter 
approaching zero, and a radio altimeter warning horn beeping, 
everyone in the crew was so sure they were at 2,000 feet that no one 
could bring himself to act and eight seconds after the first officer 
noticed the altimeter, the aircraft crashed into the Everglades." 
(Quoted material from Garrison 1995.) 
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, 

You can be more or less absorbed in the task that involves your locus 
of attention. The more intensely you are focused, the more difficult to tran­
sit to a different locus of attention, and the greater the stimulus needed to 
effect such a change. In the extreme case, when we are completely absorbed 
by a task, we cease to monitor our environment. You have probably experi­
enced the absorbed state when you are reading a book, are thinking deeply 
about a problem, or are in the midst of a crisis that, as the expression goes, 
demands your attention. The use of a computer is often so stressful and diffi­
cult that a user will become absorbed in working on the computer system, 
and therefore distracted from the completion of tasks. Our goal is to leave 
the task as the locus of the user's attention. 

Absorption in a task or a problem decreases the ease with which a 
person can change her locus of attention. On the other hand, such absorp­
tion-if it is confined to the task and if the system does not pull attention to 
itself--is essential to productivity. Systems should be designed to allow users 
to concentrate on their jobs. Interfaces should be designed as though the 
user will be so absorbed in her task that she may not respond to your 
attempts to communicate with her. An interface must work, whatever the 
user's state of absorption. For example, interface designers sometimes 
assume that the user's locus of attention is the cursor and that changing the 
cursor's shape will inevitably command the user's attention. The cursor loca­
tion is a good place to put indicators, but even there, the indicator can go 
unnoticed; the shape of the cursor is not the locus of attention; rather, the 
place or object to which it is pointing may well be. An example is given in 
Section 3-2. 

Many examples of absorption seem unbelievable until you experi­
ence a similar incident or until you have seen so many reports that you 
become convinced of the strength of absorption's grip. Because aviation 
accidents are often well researched and carefully documented, they are a 
good source for case studies. Here is another (Garrison 1994). A well-known 
pilot was flying an aircraft unfamiliar to him, one that required him to lower 
the retractable landing gear as he made his descent. As a reminder, a buzzer 
sounds when this particular model of aircraft is a certain distance from the 
ground and the gear has not been lowered. "I landed gear-up at one point, 
having persuaded myself that the insistent buzzer I kept hearing as I 
approached the gravel runway had something to do with the airbrakes. (This 
was one of my early lessons in the bizarre mental mix-ups that can lead to 
accidents)" (Garrison 1994). But there was no bizarre mental mix-up: Gar­
rison was concentrating on making a good landing, one of the most difficult 
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tasks that a pilot must accomplish and one that requires a great dec\,I. of con­
centration. 2 

The human ability to tune out disturbances is not necessarily an all­
or-nothing response, as in the previom examples; it can be proportional to 
the level of absorption and the degree of disturbance. As stress increases, 
"people concentrate more and more on but a few features of their environ­
ment, paying less and less attention co others" (Loftus 1979, p. 35). Thus, if 
the computer behaves rmexpectedly wliilc you are using a11 it1tcrface.1 you become less 
likely to see hi11t.s, help messages, or other 11Ser aids as yo11 become i11creasi11gly agitated 
about t/ze problem. 

The more critical the task, the less likely it is for users to notice warn­
ings that alert them to potentially dangerous actions. A computer warning 
message is most likely to be missed when it is most important for it not to be 
missed; this sounds like a humorous corollary of Murphy's Jaw,3 but fr is 
not. One way we can help is to make SUI'/'! that users cannot make £11terfacc opera­
tio11 errors, or that tire effc.cts of miy actions are readily reversible mt/icr tha11 simply 
notifying users about the potential co11sequences of their actions. Most interface situ­
ations can be designed such that error messages are unneces.~ary. A forceful 
diatribe against using error messages appears in Abo11t Face (Cooper 1995, 
pp. 421-440). 

2-3-4 Origins of the Locus of Attention 

That we have only one locus of attention may seem odd. Let us 
explore how we may have come to have this trait. Baars (1988) speaks elo­
g uently to the question; he seeks a biological rationale for our having 
evolved in this limited fashion, asserting that 

consciousness and related mechanisms pose a great challenge to 
functional explanations because of the paradoxical limits of con­
scious capacity. Why can't we experience two different "things" 

2. An interface designer might ,vonder why, if the aircraft could sound the b02z-er1 could 
1t not also automatically lower the landing ge.1r? This book is not the fomm for a discus­
sion of the details, but nt times, automatically lowering the landing gear could be dangerous 
to tbe occup:um. Therefore, it 1s :i.lways left up to the pilot to choose whethe.r to lower the 
gear. 

3. If anything can go wrong, it will. The first corollary is, If nothing can go wrong, it will 
anyway. 
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at one time? Why is Short Term Memory4 limited to half a 
dozen unrelated items? How could such narrow limits be adaptive? 
Reasoning naively, it would seem wonderful to be able to con­
sciously read one book, write another one, talk to a friend, and 
appreciate a fine meal, all at the same time. Certainly the nervous 
ysrem eems big enough to do all these things irnultaneou ly. The 

a.uaJ an ~er , chat the limitations are "pby iological" or that we 
only have cwo hands .nd one mouth to work with, are quite unsatis­
factory because they simply move the issue one step backwards: 
Why have organisms blessed with the most formidable brain in the 
animal kingdom not developed hands and mouths able to handle 
true parallel processing? And why does our ability to process infor­
mation in parallel increase with automaticity, and decrease with con­
scious involvement? (p. 348) 

Baars suspects that the answer lies in there being only one "whole 
stem'; There is but one l" in ach of us. But to say that the1-e is one per-

onl1 d per 11uman being beg the question. That is, why are there not 
muJcipJ personhoods per mind- body ensemble? J am . peaking not of 
changes that occur serially,5 but rather of true imultaneou and independen 
minds in a ingle connected physical enti , . Ir .may simply be that h :Ving a 
ingle penonhood is a biological. accommodation c the linearity of rime or 

resul from .u1 accident of evolution rather than from a functional adapta­
tion. Nevertheless, it seems more likely that our ingle per onho di adap­
tive: an accommodation co the pur ly phy ical impediments to having 
muJ iple imultaneou per ·ons in ne body. Given our evol: ed body plan 
b th personalities would not be able to speak at once or t turn the head in 
different directions simultaneously. Even if our eyes could have evolved to 
operate as independently as a gecko\ would they be able to serve two inde­
pendent curio:ities? I can imagine-co mention just one pos, ible ca.tas-

4. Short-term memory, often abbreviated STM iu the lite . ture describe th behavior of 
memory with re:;pect to stimuli just seen, hea1-d, o.r otherwise sensed. Lf we do not make use 
o the memory or make it our locus of ntt ncion, STM fades in 10 to 20 seconds. or far le s if 
""e pa• attention to new vents. BaaTS not' , STM 1, not only short but also of very limited 
capacity. ,md new :!'i1en will drive om the oldirrettievablyc For a nontechnical and eminentl , 
readable a.c.count of the st:J:uc:cure of human memory, see Loftus (1980 . 

5. ontinuing c;hange of personality is a human const:mt: We grm md d1:tnge all the time. 
These cb:.mges, as well as the changes called multiple-personality disorder. are not what is 
being di. cussed_ 



LOCUS OF ATTENTION 29 

trophe--that any multiple-n:und mutation was eaten when it tri~d to escape 
a predator by deciding to run in two different directions at once.6 

Siamese twjns and t'W'O-headed animals do occur from time to time, 
and they have two independent minds, but they are developmental acci­
dents, a misrnatchjng or a misreading of rhe genetic code. They are not suc­
cessful from an evolutionary standpoint and are not products of natural 
selection. In the wild, such sports of nature rarely survive and reproduce. 

2-3-5 Exploitation of the Single Locus of Attention 

We have examined the effects and the possible origins of having a 
single locus of attention. The next step is to make use of that singularity. We 
can redesign neither our own internal wiring nor that of other users, but 
we create products that have interfaces that accommodate these cognitive 
capabilities. 

That people have a single locus of attention is not always a drawback. 
Magicians exploit this characteristic shamelessly. A good magician can fix 
the attention of an entire audience on one hand so that not a single spectator 
will see what the other hand is doing, although that hand is in no way con­
cealed. If we know where the user's attention is fixed, we can make changes 
in the system elsewhere, knowing that the changes will not distract the user. 
This phenomenon was exploited in designing the Canon Cat (Figure 2.1). 
When a user stopped working, the Cat stored a bit-for-bit image of the 
screen-exactly as the display appeared when she stopped-on the first track 
of the disk. When the user again loaded her disk, the Cat placed the most 
recently viewed image on the screen, in only a fraction of a second. It takes 
about 10 seconds for a person to switch contexts or to prepare mentally for 
an upcoming task (Card, Moran, and Newell 1983, p. 390), but it took only 
7 seconds for the Cat to read into memory the rest of the disk. So while the 
user was staring at the static screen image, recalling what she had been doing 
and deciding what she was going to do next-her locus of attention being 
the preparations for the coming task-the system finished loading. Only 

6. I have often seen my cat poised between curiosity and fear, its senses intently trained on an 
unfamiliar object, its body tensed for immediate flight. I have acted the same way myself 
Sometimes, what is learned by not fleeing is of value, and sometimes the delay is fatal: 
whence the expression "curiosity killed the cat." This occasional "being of two minds;' as the 
idiom goes, is an internal sequential dialogue rather than two independent simultaneous 
processes. 
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then did the screen become active, although it did not chinge appearance, 
except that the cursor began to blink. Only a handful of users ever noticed 
this trick. Most Cat owners thought that the product magically managed to 
read in the whole diskette in the fraction of a second that it took to display 
the first screen. Presto! 

Many people do not believe that it takes a person approximately 10 
seconds to switch contexts; the time is measured between the final com­
mand executed in the previous context and the first command issued in the 
new context. The hiatus is not noticed because the minds of the users are 
occupied; they are not aware of the pa.'iSage of time. However, this phenom­
enon '\hould he use.cl carcti1Uy wben de!iigning an jmerface. If the work flow 
is such that a user makes a particular context switch repeatedly, so that it 
becomes habitual, the user will make the switch in far less time. 

Time delays can be masked; for example, a card game that takes time 
to create a new deal will feel faster if a card-shuffling noise is played during 
the delay. The value of masking was vividly demonstrated when such a game 
had its sound turned off inadvertently and the players suddenly found the 
delay annoying (Dick Karpiwki, personal communication 1999). 

Figure 2.1. The Canon Cat. Note the two LEAP keys below the 
space bar. 
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2-3-6 Resumption of Interrupted Work 

Usually, after dealing with an interruption to a task, you then return 
to the interrupted task. If the interruption lasts only a few seconds-within 
the decay time of short-term memory-no further stimulus is required to 
signal you to return to the prior task. After a longer break, however, your 
return to the interrupted task must be triggered, often by seeing your 
incomplete work lying before you. Such cueing is as common in daily life as 
it is when using a computer: A banana peel left on the kitchen table by your 
4-year-old child becomes a cue to dispose of the peel. 

A metaphor that permeates personal computers and derivative tech­
nologies is that of a central, neutral dispatch area, or desktop, from which 
you can launch a variety of applications. When computers are turned on, 
most of them present the desktop, although some of them can be set to 
launch a fixed set of applications. When you quit an application, you are 
usually returned to the desktop. This interface strategy is inefficient and 
n9nhumane. The reason is straightforward: When you quit an application, 
you (1) want to either return to the previous task on which you were work­
ing or (2) start a new task. 

In current desktop-based systems, you must always navigate to the 
task. This is the same as the worst case for all i,iterface that always returns you to 
what you were last doing, because in the case of wishing to ret11m to the task from 
which you lefl <?ff, you have to do no work at all. 

Similarly, when you return to an online site, such as a web page, it 
would generally be better to return you to where you last were than to a 
home page that, if the site is well designed, is always available with a single 
click. The same reasoning suggests that when you open a docu,nent in an applica­
tion, such as a word processor, you should be returned to the place where you were 
working whetl you last closed or saved it. 

The Canon Cat had the property of always returning you to the pre­
vious task when you started to use it; moreover, it presented exactly the same 
screen appearance, including cursor placement, as when it was last used. 
Many users reported that seeing the same display helped them to remember 
what they had been doing when they had last used the machine, which 
made returning to the Cat a more pleasant experience than returning to a 
computer that boots into a desktop. More recently, the Apple iBook has 
taken a similar approach, saving the current state to disk and whisking it back 
in when you turn the machine on. 

Designers of digitally tuned radios and televisions make sure that 
their products retain the most recently tuned station and volume settings, a 
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requirement that adds to the complexity and cost of those products in the 
form of nonvolatile memory that otherwise would be unnecessary. For 
computer designers, who work with products that already have substantial 
nonvolatile memory, such as a hard disk, the hardware needed to do this is 
already in place, and there is no excuse. 



THREE 

Meanings, Modes, 
Monotony, and Myths 
There is no progress without struggle. 

-Frederick Douglass 

So that we can discuss interface with precision, a few 
defi.ninons and conventions of notations are introduced here. We use these 
tools, building on the notion of locus of attention from Chapter 2, co 
understand modes an,d their harmful effects on interface design. We intro­
duce a beneficial property of interfaces, called mouoto11y, which leads co a 
critique of interfaces that have beginner and expert modes. 

3-1 Nomenclature and Notations 

The world is divided into people who think that they)re right. 

-Diedre McGrath 

Content is the information that resides in a computer or other infor­
mation-processing device and that has meaning and utility for you. Creation 

33 



3-t M!:ANINGS, MODES , MONOTONY, AND MYTHS 

or alreration of content is the cask that you intend to accomplish with the 
de\ice. If you are a writer, the content is rhose of your writings that are scored 
in the ysrem. lf you a.re an artist, your graphics are the concem of the system. 
Where the system is a computer, the menus, tbe icons. and other parapherna­
li:1 of che computer are noc your content-w1less you are an mterface 
designer or a programmer. We can no\-1.· paraphrase Asimov's first law of 
robotics from Chapter 1 in terms of content: Any system shall not harm. your 
content or, through inaction, allow your concenc to come to harm. 

A graphic.al input device (GID) is a mechanism for communicat­
ing informacjon, such as a particular location or choice of object on a dis­
pby. ro ,1 i)7!-tem. Typical GU) exnmples are mice, trackballs, Lightpens, tablet 
pens, joysticks, or couchpads. The GID button lS the principal button on 
any GID-for ex.ample, the lefrbutcon on a two-button mouse. In general, 
you use the graph1cal mpuc device co control the position of the cursor, 
which is an arrow or ocher graprucal emblem on the display to indicate the 
system's mterpreration of v:here you are pointing. Because we can pay atten­
tion to only one cursor at a rune. sy terns should not dispJ3y more than one 
cursor for each graplucal mpuc device on the system. The ratlonalc for the 
one-button mouse is discussed in Appendix A. 

A tap is the act of pressing and re1easmg a key or switch without any 
intervening action. Tap applies only ro key on a keyboard or co ocher 
momentary contact switches that, when released, automatically return to 
their original position and electrical state. 

To click 1s to position the GfD and then to tap the GID button. 
Thus, "click the word c1lligatvr" inclicates that you are to move the cursor 
such that ic points co alligator and then, while the cur-or remains stationary, 
cap the GID button. This operation constitutes "clicking on alligator." To 
drag 1s to pre s the GJD button at one loca.c:ion and then to move the GID 
before releasing the GID button at a new locanon; this action is sometimes 
called click r111d drag. To double click is co position the GID and then to tap 
the GID button tw1ce quickly, w1thouc any intervening motion of the GID 
or other user acrion. (In practice, a small amount of GID motion is allowed. 
because it will usually move sligbcly when the button 1s pressed.) Triple- and 
higher-order clicks have been used in interface design. 

The usual notatJons for the overlapping keystrokes that are used to 
control most software are someomes ambiguous. For example, the act of 
pressing and holding the Control key and-while holding it-pressing and 
holding Shift and-whtle continuing to hold them both down-tapping the 
Jetter f, is often vvritten Control-Shift-tor Control+Sliifi+t in manuals. How­
ever, these encodjngs of keyboard operations arc indistinguishable from the 
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conventional notations for the sequences of keystrokes Control,' hyph~n, Shift, 
hyphen, t; and Control, plus, Shift, plus, t, respectively. 

This ambiguity can cause errors. For example, while I was writing 
this manuscript, I looked up a key combination for a command I needed; 
the manual listed it (at the end of a sentence) as 

Control+. 

So I pressed Control and, while holding it, typed a plus sign. Due to the 
manual's ambiguous notation, my interpretation was wrong: The manual 
was trying to direct me to press and hold Control and, while holding Con­
trol, to tap the period key. 

Furthermore, the usual notations do not allow you to notate pressing 
and holding down, say, both the Shift and Command keys, and-while 
holding them both down-typing multiple alphabetic characters, releasing 
Shift but not Command after the first two alphabetic characters have been 
typed. The alternative that I have just used-expressing the operation in nat­
ural language--is clumsy albeit unambiguous. 

To denote keyboard operations with precision and brevity, I use a 
downward-pointing arrow immediately after the name of a key to indicate 
that the key has been pressed and is to be held; for example, ShiftJ- signals 
that the Shift key is to be pressed and held. An upward-pointing arrow after 
the name of a key indicates the release of that key: Shifii. A tap of a single 
key-for example, t-is rigorously notated tJ- ti. The tap of a single key can 
be abbreviated, where the shorthand is unambiguous, as tJ-i or, where it 
will not cause confusion, simply t. 

A space separates the notation of consecutive actions. A tap of the 
space bar is represented by the notation 

Space 

This convention does not introduce any ambiguity with typing the word 
space, because typing the letters of the word space is represented by letters 
separated by spaces, namely, 

space 

When there is a risk of misinterpretation, or when exactly what is being 
typed requires emphasis, I use the full notation: 

sJ- s i pJ- pi aJ- a I cJ- c i eJ- e i 
Arbitrary combinations of keys can be represented linearly in this nota­

tion. For example, pressing and holding Shift and then tapping n, pressing and 
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3-2 Modes 

Since humans are more pliable than computers, it can be easier to make a 
human fit the computer's limitations than to design the computer, to fit the 
human 's needs. When that happens, the human becomes a prisoner trapped 
by the computer rather than liberated by it. 

-Karla Jennings 

Modes are a significant source of errors, confosion, unnecessary 
restrictions, and complexity in interfaces. Many of the problems modes 
cause have been w.idely recognized; nonetheless, making systems truly mode­
less is an underused tactic in interface design. Before we can discuss methods 
for eliminating modes, we must understand them in detail, especially 
because even interface professionals have disagreed about what constitutes a 
mode (Johnson and Englebeck 1989). 

To understand modes, we must first define a gesture. A gesture is a 
sequence of human actions completed automatically once set in motion. For 
example, typing a common word, such as the, is a single gesture for an expe­
rienced typist, whereas the typing of each letter would be a separate gesture 
for a beginning typist. Combining a sequence of actions into a gesture 
related to the psychological process is called chunking: the combining of 
separate items of cognition into a single mental unit, a process that allows 
us to deal with many items as though they were one (Buxton 1986, 
pp. 475-480; Miller 1956). 

Most interfaces have multiple interpretations of a given gesture. For 
example, at one moment, tapping Return inserts a return character into the 
text, whereas at another time, tapping Return causes the text typed immedi­
ately prior to that tap to be executed as a command. 

Modes are manifested by how an interface responds to gesrurt.'S. For 
any given gesture, the i11terface is in a partic11lar mode if the interpretation of that ges­
ture is r:onsta,'lt. When that gesture has a different interpretation, the interface 
is in a different mode. This definition gives us a useful initial view of what 
constitutes a mode; we will refine the definition later. 

A flashlight that is operated via a push-button toggle can be either on 
or off, assuming chat it i in good operating condition. Pressing the button 
turns the light on if the present state is off, and turns the light off if the pres­
ent state is on. The two states of the flashlight correspond to two modes 
in the interface: In one mode, tapping the button turns the light on; in 
the other mode, tapping the button turns the light off. If you do not 
know the present state of the flashlight, you cannot predict what a press of 
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the flashlight's button will do. If your flashlight is -ep in a du_ 1 _ • h r 
you cannot see it, you cannot check by feel wh ~ b r the F ht • ff • 
assuming that it does not get detectably warm; if your mtent is to make sure 
that it is off, you will have to take it out. Your inability to .. determine the state 
o he hr ht i , --ic pro ,l r . ed by an m E has modes; 

ng th c ~ ntroll' ng mech • m 1 , t peration you 
mp - you operate the con lling 

te of the system, you _ ,t 

pre 1ct t p n 
Toggles are difficult to label. For example, in an interface I was 

shown, an on-screen button was labeled Lock. When users first encountered 
the button, they understood that they had to click on it to lock the data in 
that window. When they did so, the button's label changed to Unlock, to 
indicate that operating that button would unlock the data. Later, most of the 
users wondered why the data was unlocked, a conclusion they came to 
because the button said , 11 ·"k. As happen I o gl 
buttons or in menus, user re· the 1 , el s an indi -e 
justifiably confused: The button said Lock when th d 

nl k h -h · , locked. , _ asly, you cannot s I 
sand h .- · g - 1 button say Unlo k 

en it is locked. 
help is to use a , . 1 ck box rath _. an a button and to use 

t th than Lock on it. This is , 11 lly un -e . .a...u"'..._.,_ 'L.L 

When the box is checked, the data is locked. When the o 
he data is .. o eked. h 1 bels d n ~~--~ ~e. Yi can make more c m-
l t e labels n • as "Cli k s bu , un ' ta" or even "The 

is currently locked; click this button to unlock the data.'' But it is difficult to 
put full explanations on a button, alongside a check box, or in a menu, 
unless a zooming interface is available, as discussed in Section 6-2. 

Ch can the user gu _ i _ what the alterna · • e . For 
l b 1 d "Save to a , hi: e on closing" is ch c , the 

da I rchive when the window is closed, but the label 
gives little clue as to what will happen if the box is not checked. Will the 
data be saved somewhere else, not saved at all, or will another option appear 
when you close the window? Often, the best solution is to use a set of radio 
buttons (Figure 3 .1); they ar not •.LJL- -~- and th learl see not 
only the current state but the l r . ,tive(s). ~ • - w~ - , .... oxes or 

• butt are used, it is imp _·rtant to label th m. 1 which 
r ibe the tate of the obje· t • cted, rather than b , :ribe an 

action, in which case the user does not know whether the action has taken 
place or is yet to take place 



MODES 39 

Locked Locked 
ed 

i ti 3.1. AP~~' of io ,bu ns labeled with adjectives. The option 
,,hose11 has th1 dot in t.li circle the left image reflects the locked state 
and the right image the unlocked state. Confusion is unlikely, and the 
user is aware of the available options. 

For one-of-many choices, radio buttons are already the standard, and 
there is rarely reason to use other mechanisms. Use radio buttons rather than tog­
gles; toggles work reliably only when the value of the state controlled by the toggle is 
your locus of attention and is visible, or is in short-term memory. 

Except when the state is the locus of attention-and it is usually 
not-toggles will at times cause users errors. The kinds of errors caused by 
toggles are usually transient, and recovery is easy, but this is no reason to 
overlook them in interface design. To work in interface design without 
attending to details at this level is like trying to play a violin concerto, only 
occasionally forgetting to play a sharp or a flat given in the key signature. 
The errors annoy by pulling the listener's attention away from the continu­
ity of the music. Similarly, occasional little "gotchas" in an interface impede 
the user's work flow. 

Another troublesome aspect of modes-one that causes computer 
users considerable exasperation-is exemplified by the way that the Caps 
Lock key, found on most keyboards, functions. Often, your first indication 
that this key has become engaged accidentally is that you notice that the sen­
tence you have typed is set in all uppercase letters, and only then do you also 
notice that the Caps Lock key's light is on, if it has such a light. "It is no acci­
dent that swearing is denoted by#&%!#$&," writes my colleague, Dr.James 
Winter; it is "what a typewriter used to do when you typed numbers when 
the Caps Lock was engaged" (personal communication 1998). 

Decades ago, Larry Clark observed that modes cause problems 
because they make habitual actions have unexpected effects (Clark 1979).1 

The most commonly prescribed remedy for mode errors is to indicate 

1.I 
ipt 

(Te fac 
atical ones of contemporary word processors had been eliminated. The term mode was new 
enough in 1975 that the authors felt it necessary to put it in quotes. 
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prominently co a user the state of the system. Dr. D9nald Norman character­
ized mode errors as resulting from inadequate feedback, the feedback being 
provided by an indicator of system stace (Norman 1983). The real culprit, 
however, is not inadequate feedback but that the user's locus of attention is 
not the provided indicator. 

An especially clear examp]e of the failure of using an indicator to 
provide feedback of system state to the user occurs in the generally excellent 
interface to the computer-aided design (CAD) package Vellum (Ashlar 
1995). To anybody who is designing a drawing package, 1 strongly recom­
mend a study of Ashlar's Drafting Assistant; it represents an extraordinarily 
good interface, one that is more productive and pleasant than that of the 
better-known AutoCAD.2 One of Vellum's time-saving functions is a tracer 
that can follow the inside or the outside of a geometrical figure, selecting the 
border as it cravels. To enable the tracer, you click on a palette item that turns 
the standard cursor ~ into a distinct shape, the tracer cursor "'. After you 
finish tracing, you often forget to switch back to the standard cursor. As I 
click to select an object after I have executed a trace operation--selecting by 
clicking being an action that I do so ofi:en that it long ago became auto­
matic-instead of succeeding in making the selection, I sit surprised as the 
tracer goes off on its rounds. 1 have been malcing this mistake for years, as 
have other users with whom [ have spoken. Although I sometimes catch 
myself in time, I never will learn-I never call learn to always catch that I am 
in tracer mode-because clicking co make a selection is, for me, automatic. 
My locus of attention is the object l am selecting, not the cursor shape. Vel­
lum's changing cursor shape is one example of many that confirm chat feed­
back and indicators of system state are not sufficient to guarantee the 
el:irrrination of mode errors, even if the indicators are physically colocated 
with your locus of attention. They may be in your high-resolution foveal 
field, and, in chis c3se, you are even using the indicator as your cursor, yet 
because it is not your ]ocus of attention, you are not aware of the message it 
is trying to convey. Essential topics for future research include quantifying 
the frequency of mode errors and understanding the conditions that affect 
the frequency with which these errors occur. 

Expertise is no protection against modes; an expert has developed 
firm habits. Naivete is also no protection. In the example ofVellum•s cursors, 
the beginner has not yet established in his mind that it is necessary to change 
the cursor back after tracing. By the time a beginner has learned to do this 
step without h1ving to think about it explicitly, he is an expert with respect 

2. In fact, AutoCAD licensed this technology while this book was being written. 
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to this feature and is subject to the habituation problem. If the cur~nt state 
of the interface is not the user's locus of attention and if an interface bas 
modes, the user will sometimes make errors because his locus of attention is 
not the current mode. 

Here is another example: On some popular computers, many pro­
grams give you a new, clean form when you type 

Command-l- n-1-i i 
The n stands for new. In the America Online electronic mail package, in 
contrast, you obtain a new, blank e-mail form by typing 

Command-l- m.!. i i 
I presume that m stands for mail. The error that is repeatedly made when a 
user wants to start a new electronic mail message is to use 

Command-l- n-l-i i 
The interface state that gives rise to a mode in this example consists of having 
a particular application active. The problem occurs when users employ the 
CommandJ.. nj, i I command habitually. A beginner would probably make 
this same error for a different reason; he wouJd assume char Command.J, nJ.. i i 
operates identically across applications and thus would make the error from 
excusable ignorance. 

Norman (1983) lists three ways to minimize mode errors. 

1. Do not have modes. 

2. Make sure that the modes are distinctively marked. 

3. Make sure that the commands required by different modes are 
not the same, so that a command issued ir1 the wrong mode will not 
lead to difficulty. 

Of these three, only the first always prevents mode errors. As we have seen, 
the second works sporadically. The third does not decrease the number of 
errors, but it does reduce the penalty for erring. 

Extreme techniques will usually draw a user's attention to a mode 
indicator, but by their intrusive strength, they redirect the user's locus of 
attention to the current state of the system and not on what he is crying to 
accomplish--a result that is as undesirable as the inode error that rhe indica­
tors might prevent. Norman defined mode errors as mistakes chat occur 
when a user misclass-ifies, or when the user makes an erroneous analysis of a 
situation (Norman 1981). The terms misclnssifies and analysis hint at active, 
conscious participation on the part of the user and therefore apply wbile she 
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1s unfamiliar with a command but do not apply after her use of it has 
become automatic. 

3-2-1 Definition ofModes 

If the definition of a mode is based exclusively on the design of the 
interface, as our definition has been up to now, all users would make the 
same! c:rrors, aJbe1t with different frequencies. They do not. A given interface 
feature can be modal for one user and not modal for anocher. A more com­
plete definition of modes must incorporate how the user views the int~r­
face: . ..J '111111a11-11wi:hiue inte,face is modal 1/Jith respect to a given gesture 1141e11 (1) 
t!tc c11rre1L f state of the inte~fnce is nor the t1scr~ locus of attention a11d (2) the intcifoce 
1flill exccmc oue among seveml d{ffere11r possible responses to rhegest,,tre, dependitig 011 

rite system ~- cr1mmt state. 

An interface can be modal with respect to one gesture and not modal 
with respect to a second gesture. For an i11tc(facc as n whole to be classified as not 
111orlal, ir mr-1s t not be 111odal for a11y gcst.Itre. 

A measure, Q of how modal a particular interface is can be given by 
classifying each of the gesmres in an interface as modal or not modal. Then, 
given tbe probability, p(N), thar. a particular nonmodaJ gesture, 1 ,, is used, 
measured for a given user or averaged over a population of users, Q = 
f p(N,). Q ranges from 0, completely modal, to 1, completely nonmodal. 

Boch parts of the definition of a modal gesnrre are necessary to 

decide whether, for example. the gesture of pressing the Backspace key is 
modal. [n most computer interfaces, assuming you are in the process of 
entering text, the Backspace command erases the most recently typed char­
acter. If that character was an e the key erases an e. 1f that character was an x, 
the key erases an x. That is, sometimes Back.space is an c: eras.er, and some­
rimes it is an x eraser. Considering only the second pan of the defm.ition, the 
use of Backspace is modal because what it erases depends on the character 
roost recently typed; content is part of system state. However, when you 
realize that your locus of attention is the object that you are erasing, it is the 
first part of the definition that explains why the operation is not modal and 
why you do not make mode errors when you use the Backlipace key to erase 
characters in text or any other kind of object that you can select and delete 
in the same way.3 

A command that sets whether the Backspace key operates as a for­
ward or a reverse erase, on the other hand, does make the interface modal. 

3. On the Macintosh, the key is, more accurately, labeled Delete. 
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' The setting of erase direction, made earlier, is usually not your locus of 
attention when, subsequently, you use Backspace, so sometimes you will 
erase in the unexpected direction. 

Preventing (Aircraft) Crashes by Eliminating a Mode 

Due co simple interface design error, botb remote-piloted vehicles 
(RPVs), as used by the military, and civilian radio-controlled model 
aircraft are occasionally destroyed. To understand the error and a 
method of solving it, you must first know something about how 
these devices work. 

To fly an RPV, the operator, wbo stays safely on the ground, moves a 
small joystick embedded in a control box (Figure 3.2). Typically, you 
push the stick to pitch down the nose of the RPV, pull on the stick 
to pitch the nose tt!mporarily upward, and move the stick to the left 
or right to cause the RPV co roll to the left or right, respectively. 

• Moving the stick causes a proportional motion of a device called a 
servo in the RPV. The servo is linked mechanicaJJy to a control sur­
face, such as the elevator in the rear of the RPV. that controls pitch. 

Figure 3.2. A commercial RPV controller. 
Note tlie many controls scattered across the face 
and tlte top of the device. 

A servo has no standard direction of motion with respect to a stick 
motion, so it is convenient and conventional to have a switch, 
located on the controller, that allows the user to choose which direc­
tion of stick motion corresponds to which direction of servo 
motion. This clearly modal convention runs into conflict, as modes 
usually do, with a habituated reaction on the part of the user. Often, 
one controller is used with multiple different RPVs. Each may have 
different servo directions corresponding to the actions of the aircraft. 
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When changing between different RPV s, the user must operate the 
switches that choose servo direction so that a given stick motion cor­
responds to the appropriate RPV action . 

It is nearly impossible to train a pilot to operate the control sticks in 
reverse fashion when a servo reversal is unexpected. For example, 
consider that the pilot about to perform a takeoff with the RPV is 
unaware that the switch that controls the direction of the roll is in 
the wrong position. Taking off is a critical maneuver that requires 
rapt attention. It is common for the RPV to spontaneously roll 
slightly to the left or the right just after leaving the ground, and the 
~>..rpt:rt pilot will automatically apply a small opposite control input 
co compensate for the ro11; the reaction is so fast that, with a good 
pilot, a nonpilot observer will not detect the incipient roll. With a 
reversed-direction control switch, the roll, of course, will get worse, 
becaU!ie the servo 1 moving in the wrong clirection. On seeing this, a 
well-trained pilot \.VilJ apply a stronger compensating stick motion 
chat, because of the seno reversal, exacerbates the roll, and the RPV 
will, at this point in the flight, usually be demolished as soon as the 
wingtip contacts the ground or the RPV rolls entirely on its back. 
(This entire sequence can take a fraction of a second.) I have never 
seen a pilot successfully figure out the problem and reverse reactions 
in time to complete the takeoff. This kind of crash has happened to 
me on two occasions, in spite of a well-trained ritual of checking 
that control surface motion is in the correct direction before each 
takeoff. Checking control direction, after its having been done 
dozens of times, also becomes a habit, to the point thac you don't 
always verify that the directions in which the control surfaces move 
are correct. (If they don't move at all, that is sufficiencly surprising co 
alert you to the presence of a problem.) During these checks, I have 
more often than not caught reversed servos on RPVs I was going to 
fly. However, when under pressure or with other things on rny 
mind, I, like hundreds of other pilots, have missed the reversal. 

Interestingly, this en-or does not usually occur on a new aircraft's first 
flight, during which you are especially alert for potential problems. It 
is only after flying the particular craft has become "second oanu:e." 
or habitual, that the problem strikes. 

This is an example of a mode that cannot be removed from the 
world. Modes are inherent in the nature of servos and control sticks. 
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Yet the problem an be greatly ameliorated. The solution: J?ut tbe 
ervo reversal witch in the aircraft, perhaps as part of the servo and 

have no servo reversal switches on the controller. The interiors of 
RPVs are not normally accessible: The switches would be set during 
a embly f the RPV. Correct dir ction of operation would be 
checked by the emble.rs rechecked b inspectors and check d 
again (usually) by the pilot prior to the fu: t 'fli :rht. This method does 
not eliminat the p ss.ibility of a crash bnt one the fu:st flight is 
complered servo rever al 01 that RPV will □ot be a problem no 
mattet how many different R.PVs tbe controller is used with in the 
interim. To the operator of the RPV, the mode is gone. 

Nearly all model aircraft c ntrollers have servo rever al switches. 
Crashe due t having the controller in the wrong mode are not 
uncommon. Wo e till • the feature' of many controllers to have 
0th r modes set by long-handle<l paddle witches,. easily knocked to 
the wrong p • tion by accident. On th controller I de igned for my 
own use, all such swit bes ar of design uch that the switch }evt:rs 
h ve to be pull_ d away -6:om the controller again t pring tension 
before they can be moved (Figure 3.3) 1 hav never had an accident 
due to switch being unknowingl pushed to the wrong p sition­
Sometimes, the solution to a mode problem is mechanical. 

Figure 3.3. These switches oti atr RPV am­
troller cam,ot be crpetated accide.ntally; .the 
l1a11dl must be p11lled out before the s1uitcl,1 ca-,i 
be operated. 

Modes al. o restrict your scope of activity. [fa g ture g invoke action 
a in m de ' and action b in n ode B, you must, if you are in mod B and 
want to invoke action a fir t leave mode Band reset the interface into mode 
A. Only then can you use the gesture g t invoke a. The division of an inter­
face into bounded areas :is a neces ary c nseqtience of modes; the set of 
states in which the gesture g has a particular interpretati.011 -can be called the 
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range of g. Software sold as an application-for exampl a spreadsheet-- -
LI' ually consi ts a one or more overlapping ranges. Cercain ranges are rela­
tively large. For xample rhe following equence performs cut in nearly all 
applications on both th Ma • ntosb and Windows platforms: 

Command..l. x..l. 

Other ranges are tiny. The foJlowino- sequence in a certain computer game 
opens a treasure chest only when the chest is visible: 

Com111and..l. hJ.. 

rrouping commands into eparate ranges, or what we usually call 
applirnt1011s, can be an a_jd co widen; anding and using a complex interface, 
but there are a, s to rganize an interface that are less restrictive than are 
modes. Afi1lly humane iutnfacc would t>11sist ef ~·.wutly one range. 

Whe,~ a.n inc rface 1s controlled by another machine, you might 
chm k that modelessne. is of no importance, because machines have no 
prob1em remembering state; they just model it internally with a state of their 
own. However, if an interface is modal and the program operating it does 
not initially know the current state of the interface-for example, if it con­
nects to the system after the system is already running-the program prior 
to operating any modal control, must be provided v ith a means for testing 
that state. Interface toggles are particularly troublesome in this regard where 
consecutive invocations of the toggling mechanism cycle the control 
through a number of states before returning to the initial state (the cycle 
then repeats). 

This discu sion of programs tbat operate interface i relevant to 
human-machine interface de 1gn because you might want to construct a et 
of or d commands that can be played back with a single gesture, a macro, 
\;1,·bich is a rudimentary form_ o computer program. A macro cannot et a 
toggle into a pecific state unless rhe macro fir t interrogare the sy tern to 
deteruline the ystem urrent state. We saw this problem in the example of 
th flashlight in the duffel bag. One solution is to have any multiple-option 
switch al ays reset to a p cified initial tate immediately after it is operated. 
Then, -counting the number of invocation· of the ·witch al ays inform the 
operator of the switch' current state. More than about five states is excessive 
if tbe switching is to be done by a person. As mentioned earlier, another 
s lution is to use radio buttons. 

We have not yet exhausted what harm modes do. Modes can put the 
computer, instead of the user, in charge of an interaction. This aspect is 
especially noticeable when you are forced to stop what you are doing to 
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reply to a message box. Certain designers consider forcing the user to stop 
and to work in lockstep with a planned sequence to be an interface advan­
tage, in that the system is "guiding" the user. There may be circumstances 
under which it is imperative that the user make a particular decision-if 
there is no user decision, there is no need for a dialogue at all-by a certain 
time or before doing another step in the sequence. In the first case, put up a 
count-down clock, but do not restrict the user from doing other operations 
with the system. In the second case, have a message stating that the decision 
must be made before the next step will be presented, but the system should 
not prevent the user from performing other operations that are not part of 
the programmed sequence. For example, what if the user needs to look up 
something in a file or do a calculation in order to answer the question? 
Guidance should be offered modelessly, so that the user remains in control of 
as much as possible of the system. 

3-2-2 Modes, User-Preference Settings, and 
Temporary Modes 

Facilities for setting user preferences constitute an example of modes 
and are a major source of user frustration. Ironically, these features are usually 
touted as a user benefit. Present interfaces are often so difficult to use that a 
user may feel an urge to rearrange them. Microsoft (1995, p. 4) specifically 
recommends that such facilities be provided: "Users, because of their widely 
varying skills and preferences, must be able to personalize aspects of the 
interface ... such as color, fonts, or other options." On the other hand, a 
user of Microsoft Word described the effect of setting a preference as being 
like dropping a time bomb into the word processor. She needed to build a 
list in a format different from the one she usually used, so she looked up how 
to make the changes and chose new settings. The next time she wanted to 
build a list, she used the familiar List command and, of course, unexpectedly 
obtained the one she had reset Word to give her rather than the one she was 
used to. It took her more than an hour to figure out what had happened and 
to fix it. (Her first impulse was to believe that there was something wrong 
with the program or in her use of the command, and she repeated the com­
mand many times before she remembered that she had reset the preferences.) 

Bob Fowles, of the Pennsylvania State University Computer Center, 
observed: 

People not aware of the complexity of Word can really get into trou­
ble when they accidentally press Command, Option, or Control plus 




