irections
esigning
teractive
A— Sy stem s

LIBRARY
POBOX 031 :
PLYMOUTH, WI 53073-0031

DATE: & /4 / o e ¢

WISCONSIN LIBRARIES
DELIVERY NETWORK

The creator of the
Macintosh project
goes bevond today's
graphic user interfaces
to show how the
Web, computers, and
information appliances
can be made eusier to
learn and use.

Samsung Exhibit 1025, Page 1 of 12



THE
HUMANE
INTERFACE

Samsung Exhibit 1025, Page 2 of 12



THE
HUMANE
INTERFACE

New Directions

for Designing

Interactive Systems

JEF RASKIN

A
vy

ADDISON-WESLEY

Boston * San Francisco » New York * Toronto = Montreal
London * Munich « Paris » Madrid
Capetown * Sydney » Tokyo » Singapore * Mexico City

Samsung Exhibit 1025, Page 3 of 12



General Library System

University of Wisconsin - Madison
728 State Street

Madison, Wi 53706-1494
U.SA.

Many of the designations used by manufacturers and sellers to distinguish their products are
claimed as trademarks. Where those designations appear in this book, and Addison Wesley
Longman Inc. was aware of a trademark claim, the designations have been printed with initial
capital letters or in all capitals.

The author and publisher have taken care in the preparation of this book, but make no
expressed or implied warranty of any kind and assume no responsibility for errors or omis-
sions. No liability is assumed for incidental or consequential damages in connection with or
arising out of the use of the information or programs contained herein.

The publisher offers discounts on this book when ordered in quantity for special sales. For
more information, please contact:

AWL Direct Sales

Addison Wesley Longman, Inc.
One Jacob Way

Reading, Massachusetts 01867
(781) 944-3700

Visit AW on the Web: www.awl.com/cseng/
Library of Congress Cataloging-in-Publication Data

Raskin, Jef.
The humane interface : new directions for designing interactive systems / Jef Raskin.
p. cm.
Includes bibliographical references and index.
ISBN 0-2-1-37937-6
1. Human-computer interaction. 2. User interfaces (Computer systems) . Title.
QA76.9.H85 R37 2000
004'.01'9—dc21 00-021300

Copyright © 2000 by ACM Press, A Division of the Association for Computing Machinery,
Inc. (ACM).

All rights reserved. No part of this publication may be reproduced, stored in a retrieval sys-
tem, or transmitted, in any form, or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior consent of the publisher. Printed in the United
States of America. Published simultaneously in Canada.

ISBN 0-201-37937-6

Text printed on recycled paper
23456789 10—CRS—0403020100
Second printing, July 2000

Samsung Exhibit 1025, Page 4 of 12



CONTENTS

PREFACE xi
ACKNOWLEDGMENTS xiil
INTRODUCTION: The Importance of Fundamentals xvil

ONE Background 1
1-1 Interface Definition 2
1-2 Keep the Simple Simple 2
1-3 Human-Centered Design and User-Centered Design 3
1-4 Tools That Do Not Facilitate Design Innovation 4
1-5 Interface Design in the Design Cycle 5
1-6 Definition of a Humane Interface 6

TWO Cognetics and the Locus of Attention 9
2-1 Ergonomics and Cognetics: What We Can and Cannot Do 9
2-2 Cognitive Conscious and Cognitive Unconscious 11
2-3 Locus of Attention 17

2-3-1 Formation of Habits 18
2-3-2 Execution of Simultaneous Tasks 20
2-3-3 Singularity of the Locus of Attention 24
2-3-4 Origins of the Locus of Attention 27
2-3-5 Exploitation of the Single Locus of Attention 29
2-3-6 Resumption of Interrupted Work 51

vii

Samsung Exhibit 1025, Page 5 of 12



viiim. CONTENTS

THREE Meanings, Modes, Monotony, and Myths 33
3-1 Nomenclature and Notations 33
3-2 Modes 37

3-2-1 Definition of Modes 42
3-2-2 Modes, User-Preference Settings,

and Temporary Modes 47

3-2-3 Modes and Quasimodes 55

3-3 Noun-Verb versus Verb-Noun Constructions 59

3-4 Visibility and Affordances 62

3-5 Monotony 66

3-6 Myth of the Beginner-Expert Dichotomy 68

FOUR Quantification 71
4-1 Quantitative Analyses of Interfaces 71
4-2 GOMS Keystroke-Level Model 72

4-2-1 Interface Timings 73
4-2-2 GOMS Calculations 76
4-2-3 GOMS Calculation Examples 77
4-2-3-1 Hal’s Interface: Solution 1, Dialog Box 78

4-2-3-2 Hal’s Interface: Solution 2, GUI 80

4-3 Measurement of Interface Efficiency 33
4-3-1 Efficiency of Hal’s Interfaces 87
4-3-2 Other Solutions for Hal’s Interface 90

4-4 Fitts’ Law and Hick’s Law 93
4-4-1 Fitts’ Law 95
4-4-2 Hick’s Law 96

FIVE Unification 99
5-1 Uniformity and Elementary Actions 101
5-2 Elementary Actions Cataloged 103

5-2-1 Highlighting, Indication, and Selection 105
5-2-2 Commands 109
5-2-3 Display States of Objects 115
5-3 File Names and Structures 117
5-4 String Searches and Find Mechanisms 124

Samsung Exhibit 1025, Page 6 of 12



CONTENTS ix

5-4-1 Search-Pattern Delimiters 127
5-4-2 Units of Interaction 129
5-5 Cursor Design and a Strategy for Making Selections 133
5-6 Cursor Position and LEAP 136
5-7 Applications Abolished 139
5-8 Commands and Transformers 143
sIX Navigation and Other Aspects of Humane Interfaces 149
6-1 Intuitive and Natural Interfaces 150
6-2 Better Navigation: ZoomWorld 152
6-3 Icons 168
6-4 Techniques and Help Facilities in Humane Interfaces 174
6-4-1 Cut and Paste 177
6-4-2 Messages to the User 178
6-4-3 Simplified Sign-Ons 183
6-4-4 Time Delays and Keyboard Tricks 184
6-5 Letter from a User 187
SEVEN Interface Issues Outside the User Interface 191
7-1 More Humane Programming Language Environments 192
7-1-1 System and Development Environment 192

7-1-2 Importance of Documentation in
Program Creation 194
7-2  Modes and Cables 195
7-3  Ethics and Management of Interface Design 198
EIGHT Conclusion 205
APPENDIX A: The One-Button Mouse History 207
APPENDIX B: SwyftCard Interface Theory of Operation 211
REFERENCES 215
INDEX 221

Samsung Exhibit 1025, Page 7 of 12
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4-4 Fitts’ Law and Hick’s Law
It behooves us to place the foundations of knowledge in mathematics.

—Raoger Bacon, Opus Majus (13th centiiry)

Various quantitative laws relating to interface design have sound cog-
netic underpinnings and have been validated repeatedly. These laws often give
you additional data on which you can base interface-design decisions. Fitts’
law quantifies the fact that the farther a target is from your current cursor posi-
tion or the smaller the target is, the longer it will take you to move the cursor
to the target. Hick’s law quantifies the observation that the more choices of a
given kind you have, the longer it takes you to come to a decision.

4-4-1 Fitts’ Law

Consider that you are moving a cursor toward an on-screen button.
The button is the farget of the move. The length of a straight line from the
position at which the cursor started to the closest point on the target is the
distance used in the statement of Fitts’ law. Given the size of the target and
the distance to be moved, Fitts’ law gives you the average time it takes a
user to succeed in getting the cursor to the button.

In the one-dimensional case, in which the target’s size, measured
along the line of motion, is S and the target is at a distance D from the start-
ing position (Figure 4.6), Fitts” law states that

Time (in msec) = a + blog, (D/ S+ 1)

(The constants a and b are determined experimentally or are derived from
human performance parameters.)® The time that you calculate begins when

6. Mathematics, supposedly a paragon of clarity, clings yet to that old-fashioned style whereby
undefined variables appears in a formula before you know what they stand for. For example,
you will see such statements as

A =2
where ris the radius of a circle and A is its area.

This can be confusing, forcing you to read ahead and then go back, especially if the equation
is a long one with lots of as-yet-unexplained variables. Far better, from a reader’s viewpoint, is
to follow the obvious dictum to define terms before you use them:

A circle with radius r has an area A, given by:

A=ar?
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Initial Cursor ¢ S !
Position
h < D > Target

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

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

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

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

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

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

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

& Amesica Online

SR e

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

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

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

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

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

These calculations apply only to the time it takes the user to move the
cursor. Clicking on the target to indicate that you believe that the cursor has
reached its goal adds another 0.1 sec on average. (K = 0.2 in the GOMS
model includes both the downstroke and the release of the button, whereas
this timing is stopped by the downstroke.) In a typical experimental situa~
tion, you have to add the human reaction time of about 0.25 sec at the start
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of the cursor movement. When we take these factors into account, we get
times that agree with what I have observed: It takes about 0.6 sec, on aver-
age, for a user to open an Apple menu, whereas it takes a user more than 1
sec to open a Windows menu. This analysis makes it clear why menus were
deliberately placed at the edge of the display when the Macintosh interface
was developed.

4-4-2 Hick’ Law

Before you move the cursor to a target or take any one action with a multi-
plicity of choices, you must first choose the target or action. Hick’s law says
that when you have to choose to take one among # alternative actions and
when the probabilities of taking each alternative are equal, the time to
choose one of them is proportional to the logarithm to the base 2 of the
number of choices, plus 1. When put this way, Hick’s law looks just like
Fitts” law:

Time (in msec) = a + blog, (n + 1)

If the probability of the ith choice is p(i), then, instead of the logarithmic
factor in the equation, you use

S p(i) log, (1/ p(i) + 1)

The coefficients in Hick’s law are strongly dependent on many con-
ditions, including how the choices are presented and how habituated to the
system the user has become. (If the choices are presented in a confusing
manner, both 4 and b can increase; habituation decreases b.) These depen-
dencies will not be discussed here; all we need to consider is that making
decisions takes time, that making complex decisions takes more time than
making simple ones, and that the relationship is logarithmic. In the absence
of better information, we can use the same coefficients a and b as for Fitts’
law to make off-the-cuff or relative estimates.

Whatever positive, nonzero coefficients we use for a and b, it follows
from Hick’s law that giving a user many choices simultaneously is usually
faster than is organizing the same choices into hierarchical groups. Making
choices from one menu of eight items is faster than is making choices from
two menus of four items each. Assuming that the items are equally likely to
be chosen—and ignoring the time it takes to open the second menu, which,
if taken into account, would make the time taken for the two-menu inter-
face even longer—we compare the time to select one item of eight, a + b
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log, 8, with the time to select one item of four twice, 2 (a + b log, 4).
Because log, 8 = 3 and log, 4 = 2, and because both a < 2a and 3b < 4b, we
see that

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

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

Our discussion of Fitts” and Hick’s laws is incomplete. For example, it
is no accident that they have the same form as the Shannon-Hartley theo-
rem. Nonetheless, this brief treatment is sufficient to alert you to these use-
ful guides to interface design. They can help you even if| as in the example,
you do not know the empirical coefficients 4 and b. (For more detail, see
Card, Moran, and Newell 1983, pp. 72-74.)
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