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1. Qualifications

1. I, Dan R. Olsen Jr., Ph.D., am a resident of Orem, Utah and have more

than 35 years of experience in computer science and human-computer interaction

(HCI). I hold a doctorate in Computing and Information from the University of

Pennsylvania. For 3 1/2 years I was an Assistant Professor of Computer Science at

Arizona State University. I then served for 30 years on the faculty ofBrigham

Young University retiring as a full professor in 2015. During that time at BYU, I

also served as the chair of the Department of Computer Science. I took leave from

BYU in 1996 to become the founding director of the Human Computer Interaction

Institute in the School ofComputer Science at Carnegie Mellon University. I

returned to BYU in 1998. I am currently the CEO of a software startup in

educational technology (SparxTeq, Inc).

2. During the course of my academic career, I authored over 70 papers in

the field of computer science. The topics on which I have published papers are:

0 User Interface Management Systems

Syntactic representations ofuser interfaces

Multi—user interaction across networks

Induction of interaction behavior from pictures

Novel interaction techniques using speech and laser pointers

Interactive machine learning
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Interactive robotics

Interactive television

3. I currently hold 4 patents in human-computer interaction. I have

authored 3 textbooks on the techniques of software design for human-computer

interaction.

4. I have had extensive involvement in professional societies, such as the

Association for Computing Machinery (ACM), the premiere society in computing.

I have served in many offices of ACM’s Special Interest Group on Computer

Human Interaction (SIGCHI) and currently serve as its treasurer. I have been

conference chair of CHI, which is the premier conference in Computer Human

Interaction. I was the founding editor of ACM’s Transactions on Computer Human

Interaction. I was a co-founder and active leader for the conference on User

Interface Software and Technology (UIST) for the past 29 years. I have also served

at the governor’s request on the Utah Science, Technology and Research (USTAR)

board, which oversees and funds state economic development efforts in

technology.

5. I twice received best paper awards in intelligent user interfaces. In

2004, I was appointed to the CHI Academy for international excellence in

Computer Human Interaction research. In 2007, I was recognized as one of ACM’s
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Fellows for research in computer science and in 2012 received the CHI Lifetime

Research Award, which is the highest award in Computer Human Interaction.

II. Graphical User Interfaces and the ‘304 Patent

6. Attorneys for the Patent Holder have explained to me that U.S. Patent

No. 6,766,304 (“the ‘304 patent”) has been challenged as a Covered Business

Method (CBM) patent. I have been asked to review the nature of the invention in

the ‘304 patent. As explained below, it is my opinion that the ‘304 patent claims a

technological invention because the claimed invention provides a technical

improvement to prior graphical user interfaces.

III. Historical context

7. In discussing how graphical user interfaces are a technology with

specific technical problems, I would first like to refer to two very old patents

involving earlier mechanical technologies. I will use these two patents to illustrate

two key pieces of technical knowledge that are used widely in graphical user

interface (GUI) technology.
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Figure 1 — Speedometer in the Steering Wheel.

IV. Simplification of perception — US patent 1,692,601

8. In 1928, US. patent 1,692,601 was issued for an automobile

speedometer that was mounted in the center of the steering wheel. This patent

claims the ability to perceive an automobile’s speed. It was not for the sensor for

measuring speed (which was well known at the time). It was not for the concept of

displaying speed in a meter (which was also well known). The key claim was as

follows:

first, to provide a steering control means -for vehicles on which is

mounted a speedometer whereby the speed of the vehicle may be

readily determined by merely dropping the vision slightly to the
middle portion of the steering wheel which is substantially in line with

the line of Vision of the driver and as close to the eyes of the driver as

possible, thus determining the speed of the vehicle with least danger
to the driver and other occupants . ..

4
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9. This patent’s key contribution was that it placed the speedometer in

the center of the steering wheel where it was easier for the driver to perceive. This

was not awarded for the esthetics or appearance of that speedometer placement. It

was the arrangement of the components of the technology for easiest human

perception that was the key to this patent. It will be shown in this report that the

‘304 patent claims constructing a GUI to display information in particular

locations to improve the interface between man and machine by improving the

user’s perception of the relevant information, with bits and pixels comprising the

GUI elements rather than cables, shafts and gears.

V. Reduction of human effort - US 714,878

10. In 1902, U.S. patent 714,878 was issued for a new steering

mechanism. The claim was not for steering, which was well known, and not for the

gears, shafts and motive power that were used. The essential claim of this patent is

as follows:

This invention relates to improvements in motor-vehicles or

automobiles, and more particularly to the class of such vehicles

wherein the front Wheels are both the driven and the steering wheels;

and the invent-ion more especially pertains to the mechanisms and

controlling appliances whereby the motor may be made available for

the propulsion of the vehicle through the front steering wheels,

whereby the motor may be employed to swing the steering-wheels to

steer, whereby the motor may be simultaneously caused to both drive
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and steer, and whereby the motor may only drive the steering-wheels,
the steering being operated manually.

The improved mechanism is especially useful on large and heavy
motor wagons or trucks in which, especially at the time of starting the
same, considerable power is necessary to change the relative position
of the wheels under the body.

11. By this time the steering of vehicles was well known. The specific

technical problem that was addressed was that with very heavy vehicles the power

required to turn the steering wheels was beyond the capacity of normal human

beings. They were simply not strong enough. In this patent, a mechanism is

described for using power from the motor to perform the task that a human could

not do. As explained in this report, the ‘304 patent, rather than using a motor to

reduce human effort, describes a way of constructing a GUI to allow a human to

perceive and enter information in a way that a human previously could not. Bits

and pixels comprising GUI components have replaced gears, motors and shafts but

again human capacity to control and interface with a machine has still been

enhanced in a novel way.

VI. Graphical User Interface Technology

12. One ofthe questions at issue in the Petitioner’s arguments is whether

or not GUIS constitute a technology. User interface technology is the subject of

study at institutions such as MIT-Media Lab, CMU-HCI Institute in their School of

Computer Science, Stanford, UC-Berkeley, University of Washington and Georgia
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Tech. All of these highly technical institutions have strong research faculty and

educational programs in human—computer interaction. The goals of HCI research

are to invent new ways for people to interact with computers. This is not a new

field of study, but rather a subset of man-machine interface design. Indeed, HCI

has adopted a number of terms from its mechanical parent. For example, buttons,

sliders, exist in both fields for study, and just as changes to these features may

provide an improvement in a mechanical device, improving the equivalent features

in a GUI allows a computer to function better or even in ways that were not

previously conceived. For example, the various GUIS on the iPhone transform it

into a phone, compass, calculator, and so on. Without these GUIs, the iPhone is a

useless handheld computer. Indeed, the iPhone itself uses HCI design, for

example, by using slide to unlock to access the phone to replace a mechanical lock.

13. Two common measures of success in HCI research are speed and

accuracy. Learnability is also a common success metric. The ease with which

someone can master a user interface is very important. Although esthetics do come

into play when marketing some types of products (eg, retail products), HCI

researchers generally ignore this aspect and focus on making a user interface more

effective rather than just prettier.

14. Merriam-Webster dictionary defines technology as “the practical

application of knowledge, especially in a particular area.” At issue then is the

7
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knowledge, or scientific principles, that cause the invention claimed in the ‘304

patent to work better than previous solutions. In my opinion, at least two basic GUI

principles cause users to perceive the claimed GUI as an improvement over prior

GU15, namely: human visual search, and optimizing human effort. This section of

the report includes a light introduction to these principles so that they can be

understood with respect to the claims of the ‘304 patent.

VII. GUI Architecture

15. In the case of the ‘304 patent, the claims identify the specific

architecture/make—up, functionality, and structural components, including order

entry regions allowing for user interaction, and display regions providing

information about the particular commodity market in which trades are occurring.

The design of this presentation is absolutely critical to the user’s ability to correctly

perceive the state of the interaction information. There are many possibilities for

the design of the GUI architecture and they will vary widely in how rapidly and

accurately the user can perceive information the user is trying to perceive. The

claims of the ‘304 patent describe how to construct a GUI with a very specific and

concrete arrangement of the presentation of the market information at particular

locations relative to a static price axis so as to facilitate the user’s (trader)

perception of the market.



Page 10 of 125

Case CBM2015-00161

U.S. Patent 6,766,304 B2

16. The ‘304 claims describe a particular way of constructing a GUI with

order entry regions at particular locations to allow for order entry which requires

less effort of the user than before and provides greater accuracy without sacrificing

speed versus the disclosed conventional screens. The ’304 patent claims a way of

constructing a GUI with a specific structure and make-up for presenting

information and that permits a specific way in which users can enter data and cause

messages to be sent, which in this case is data parameters of trade orders and

messages that represent trade orders. The ‘304 patent claims provide a GUI that a

user can see, feel and interact with no differently than a mechanical device. The

‘304 claims provide technical solutions to the technical problems of user’s

perception of market data and entry of data.

17. innovation in human control ofprocesses has a long patent history.

US Patent 3,018,661 issued in 1957 is for an aviation display. The goal of this

display is as follows:

It is an object of the present invention to provide an

aircraft instrument constructed to facilitate the control of

an aircraft simultaneously in pitch and roll by a human

pilot and which preferably is combined with means to

display the pitch and roll attitude of the aircraft to give a

readily appreciated indication of the actual attitude of the

9
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aircraft and the action which is required to attain the

desired flight path.

And the patent claimed providing that particular way ofpresenting information as

follows:

1. An aircraft instrument comprising means to define a

Viewing aperture, a first index supported for movement

within the aperture, means within the aperture to define a

datum position for the first index, driving means

connected to the first index, means to control the driving

means in accordance with the component of the normal

plane absolute acceleration of the aircraft in direction of

its Z axis so that the displacement of the first index from

the said datum position is proportional to the said

component of the normal plane absolute acceleration of

the aircraft, a further index supported for movement

within the aperture and means to displace the further

index in relation to the said datum position in accordance

with a demanded value, both as to magnitude and

direction of the normal plane absolute acceleration, said

demanded value being that required if some desired flight

10
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path is to be achieved and a maneuver of the aircraft in

bank and pitch to superpose the first index and further

index thus resulting in the attainment of the demanded

normal plane acceleration and the desired flight path,

neglecting any components of the normal plane absolute

acceleration in the direction of the transverse axis of the

aircraft.

18. The innovation in this aviation patent relies upon the pilot’s ability to

perceive his current flight state in a way that will more easily allow him to control

the plane. The ‘301 patent innovates in a similar way using mouse, keyboard and

screen rather than gears and dials.
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VIII. Human factors

19. This is not the place for a complete discussion of the human factors

principles that impact the design of interfaces between man and machine.

However, there are three that are instructive in this case. They are: short term

memory, foveated perception and expressive leverage.

A. Seven +/- two

20. A great deal of what we do when we work depends upon our short-

term memory. Short term memory consists of the knowledge we need right now

for the task at hand. It has been shown that the number of concepts that can be held

in short term memory is between 5 and 9, which is described as the “seven plus or

minus two” rule. When the amount of information required for a task exceeds these

limits we forget something to make room for a new piece of information. This is

why talking with someone will cause us to forget a phone number that We just

looked up. The new information from talking pushes out the phone number we just

saw. In commodity trading, driving a car, or piloting aircraft there are many pieces

of information that must be considered rapidly and simultaneously to perform

successfully.

B. Foveated perception

21. When information is displayed on the screen, the speed and accuracy

with which a user can interact is heavily influenced by their ability to find desired

12
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information on the screen. The visual search for information is largely controlled

by the anatomy of the eye and specifically the retina. Figure 3 shows the anatomy

of the eye. Most of the retina is the periphery with a small spot near the center

called the macula or the fovea. The periphery has a lot of sensors but they are quite

spread out and can only sense gray, not color. This means that most of the image

that we see at any one time is gray and quite blurry. The sensors at the fovea are

densely packed so that we see in high resolution and they also can sense color.

Fovea
High Resolution
COMP
Slaw

Saccade Else:

Figure 3 — Eye anatomy

22. At first most people do not believe that their eye works this way

because they think they see everything in high resolution and in color. In actuality

that is your visual memory that is supplying the information as well as the fact that

your eye can move very rapidly. As soon as you think about wanting to see

something, your eye moves to look at it and it appears in high resolution. This

effect can be understood by a simple experiment. Pick a line of text in the middle

13
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of this paragraph. Hold your eyes still and without moving them, attempt to read

the lines above and below. With double-spaced text you will not be able to see

anything but a blur outside of the line you are looking at.

23. Because only the fovea can pick up high resolution information, it

relies upon the eye’s ability to move very rapidly (5 times per second) and on the

periphery to identify important locations to look. However, the periphery is limited

in its ability to identify where to look because of its low resolution (blurry images).

Good interface design will organize information so that it is easy for the periphery

to identify where the eye should look for the desired information. For example, this

is why warning lights in a car are displayed around a car’s more frequently viewed

speedometer. The claims of the ‘304 patent describe a particular way of

constructing a GUI with a specific set of visual relationships to simplify visual

Search for the information.

C. Expressive leverage

24. The process of visual search is only part of the technical problem of

creating an efficient interactive solution. We also need to minimize the human

effort to interact with the GUI. One principle of such interactivity is called

“expressive leverage” [OLSE 07]. Expressive leverage is the ratio between the

amount of information to be expressed and the amount of human effort required in

such expression. High expressive leverage creates very efficient user interfaces.

14
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Natural languages such as English are attractive due to their high expressive

leverage.

25. A very common way to measure human effort in an interaction is the

keystroke-level model (KLM) [CARD 08]. This simply counts the number of key

or button entries required to accomplish a task. This measure has many limitations

but it will serve here as a simple measure of expressive leverage in this discussion.

Use Previous J

Name: I George Mendenhall l

Street Address: 1450 Sonoma Blvd _

City: _Pig Creek

Figure 4 — Form Filling

26. In one application a user may be required to enter a shipping address

using the form shown in figure 4. To enter the address shown in the figure requires

49 key presses plus 5 mouse clicks for a KLM measure of 54. If the user enters this

address many times, the designers can introduce the “Use Previous” button that

requires only 1 click (expressive leverage of 54/1) to accomplish the task. This is

the technique used by Amazon in US Patent 5,960,411. These examples are

modern instances of the same kind of innovation found in the power steering
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patent. Again bits and pixels have replaced shafts, wheels and gears but the

concept of magnifying the power of humans to effect desired actions is the same.

IX. The ‘304 patent analysis

27. The preceding discussion has laid out some of the knowledge and

principles found in the field of interface design. We have shown that improvements

to interfaces have long been the subject of patentable technologies and provide

specific benefits. In particular, the ‘304 patent addresses the technical problem of

increasing the speed and accuracy of entering data and usability by constructing a

GUI to improve user interaction by displaying market information and order entry

locations selectable by a single action to set parameters and send order messages at

particular locations relative to price levels along a static price axis. It is not the

nature of commodity trading that is claimed in the ‘304 patent but rather the

technology ofa new mechanism for improved efficiency in entering data and

sending messages representing trades that is claimed.
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Figure 5 — [Figure 1] from the ‘304 patent

The second paragraph (first element) of claim I is as follows:

dynamically displaying a first indicator in one of a plurality of

locations in a bid display region, each location in the bid display

region corresponding to a price level along a common static price

axis, the first indicator representing quantity associated with at least

one order to buy the commodity at the highest bid price currently

available in the market;

29. This element provides benefits for several reasons. First is that the

axis alignment improves visual search by the fovea for a specific market price.

Alignment along the axis gives the eye a very specific direction to look. Arranging

the prices in regular intervals gives the brain’s visual system a good idea of exactly

17
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how far to look to locate a specific price. The third paragraph of claim 1 is as

follows:

dynamically displaying a second indicator in one of a plurality of

locations in an ask display region, each location in the ask display

region corresponding to a price level along the common static price

axis, the second indicator representing quantity associated with at

least one order to sell the commodity at the lowest ask price currently

available in the market;

The same points as those of paragraph 2 apply here. In addition, the alignment of

ask information along the same axis as the bid information allows for a unified

perception of both aspects of commodity trading. The requirement of the common

static price axis displayed against both bid and ask solves the technical problem of

the user efficiently perceiving the whole market.

30. The fourth paragraph of claim 1 continues:

displaying the bid and ask display regions in relation to fixed price

levels positioned along the common static price axis such that when

the inside market changes, the price levels along the common static

price axis do not move and at least one of the first and second

indicators moves in the bid or ask display regions relative to the

common static price axis;

The commodity market is highly dynamic. By tying the bid and ask regions to a

common price axis that does not move, the inventors have harnessed the eye’s

periphery. Here the ‘304 patent provides a GUI that improves on the technical

problem of interactively responding to a changing market. By organizing the

18
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display around a static price axis, the claimed interface enhances the user’s

perception of other market information such as “highest bid” or “lowest ask”

prices. These indicators moving relative to the static price axis makes their

behavior much easier to understand.

31. The fifth paragraph of claim 1 reads:

displaying an order entry region comprising a plurality of locations for

receiving commands to send trade orders, each location corresponding

to a price level along the common static price axis; and

This paragraph of the claim further defines the structure and features of the GUI,

namely the order entry region that a user may select to send trade orders. This

paragraph shows that the claimed invention addresses the whole interactive

problem, not just the visual display. Specifically, the claimed GUI provides

functionality for a trader to not only understand the market but repeatedly take

action within that market. Again the “static price axis” becomes a concrete visual

anchor that visually organizes bid/ask actions with market information. This is the

same kind of tight integration that merges the speedometer (information) with the

steering wheel (action) to simplify driving a car or avionics instruments

(instruments) with aircraft control (action).

32. The sixth and final paragraph of claim 1 reads:

in response to a selection of a particular location of the order entry

region by a single action of a user input device, setting a plurality of

19
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parameters for a trade order relating to the commodity and sending the

trade order to the electronic exchange.

This element requires that user interact with the claimed features of the GUI one

time to both set a plurality of parameters of a trade order and then send the trade

order to the exchange.

33. The whole of the language of claim 1 is not about executing

commodity trades. The claim provides the structure, make-up, and functionality to

address technical problems of providing a GUI that is efficient to perceive and

accurate and efficient for entering data over the conventional systems (e.g., Fig. 2

GUIs) that the patent discloses. The inventors have applied GUI design knowledge

to the particular area of commodities trading to achieve a practical solution of

providing a more efficient interface for doing commodity trading. Thus, they have

applied technical knowledge to a technical problem.

X. Market speed

34. In previous Work by the inventors and others it was common to

provide the current market bid and ask prices in a fixed location in a GUI. Figure 6

reproduces figure 2 from the ‘304 patent. The patent describes this as the normal

user interface for commodity trading before the technology covered by the ‘304

patent was introduced. It is also my understanding that these displayed prices

could be clicked to execute an order at the current market price. The problem is
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that people cannot respond to visual data in less than 200 milliseconds and usually

much longer. However, the commodities market changes much faster than that.

This means that traders using such a user interface would not always order at the

price they thought they were (if they were trying to obtain a particular price)

because between the time they decided to order and they could execute a click the

price would have changed. From the user’s perspective, an order placed at a price

that differed from their intended price would be a data entry error. From the

computer’s perspective, the interface would be operating correctly. The ‘304

method provides an improved GUI for traders who want to enter an order at a

particular price because it constructs the GUI in a way that removes that

discrepancy between the user’s intended price and what the computer understands

the user’s selected price to be. This allows for exact price orders to be executed,

addressing this problem.
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I declare that all statements made herein of my knowledge are true, and that

all statements made on information and belief are believed to be true, and that

these statements were made with the knowledge that willful false statements and

the like so made are punishable by fine or imprisonment, or both, under Section

1001 ofTitle 18 of the United States Code.

Date: By: 
Dan R. Ols ,J.
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times mmxmsfi m give $%’£%fi£‘§1§‘(3°?E3§§§,. Héflfififii mism gm:

igmm fof g»re«&:%+:§i:ag wfiwm m1:m£:s.§ pwgmmfixssm ssmwsz
%‘%’“§m:n {mm agaémzz éma cm is??? fiiflareat xysge V

preziimiatx 12%» E2 pifffiflflt my imi§.“a—%§::ra%

mafia» ma axmxfie géwsm my i§E:m.raze mm tfisaa mmkré

ma izna msaeeé 2:7; pswr&d-mm p’&i£‘§iXm3%‘§'§:§2 ~;am*-Mxflwimzizg and MW
se«1:23$t§"+"%£'y mmiyasig mm M: mwé £0 wimem ttmcénmaa

ha aha: fam :21’ %’€§g¥€%({¥<aifl $2a3¢z:m;;;$i«;:im. §*“i2m.$E§u me mafia:

$2 ~s:am§::am»:§ M §;«ew:ra§ w3s‘~§sfN3Im:. 'E"haa wmmiai
:€’$3§£? my me: §ie2y%£t@§aé~£.e¥2% ;’*r<’:iszaaé€:5§ :=;3t.%:»£m;:: 5%-igzz; its

2%*am+; am? %‘%mém;~;: £3E£;’if£§»&$~'%1!£§{¥?z§‘£;&'K&§é“f i§§—w:$t¥a%¢:&9,2
fiummgmszaagrwagzar i;asim:ax:L:;%m:, name“ mweieh szmx

perfmvxmme, flagaémé §s:§vaiaeae2v¥arg§x firgsmanzgiaa, kwmma

fM't¢w& awzifimg

‘CTR {72z£e2%g:1£§<1eF.s: Efifia, éH:~»., 8/§

§}”¥:f£'23.§34&M§’§i M3 azrsgxry ‘w;z%:s:w.5 51% $33 rrsyr gm: ahésa nzwsxsma

as; %s.3z«az$z«;a,§a:, aim A£;3'e«§ I sat vzamé am
§&£ :2: ' eatsisgs

I.a2'a€;% imfi Mmzm, Steam
mg: mg; yum

5ar3‘éza:§‘§£':2._, ékxr»
éZ,T2:%£~g:»s:mz am §‘ . .~ , . . ‘ ifijiéfifi {,5
;»>"*.,%~::z:», iffi ‘%K’$3§€;k4; A mrgsarammé $3? £7,

£2 ijsfizwuxsaaz ‘ ' FA i "’ ‘
‘

3* §¥§£i”4E}1§7i£W§§{3:$f3

"¥”§”m a.§m:igz: réimfi v.:~w;.§,§’z‘x;m<sx'z 44.?" .m%»2‘;?¥£'§‘4{HL’€: mm;;‘»:2za:z‘
:é*¢'°.~§€t:£i?.r» .»im;.‘2i;i Miagfi: 432:0 ;:«»*.;.‘m:zz1€ $,%'n:~ zzgsmi m:r§wr'::3;:::«.?¢?

M am ams2::%‘*sii\:<»:«é &i:'s«*:‘{“(.ftj.?i?i¥‘s§‘N,i%sc;*i’ “rm, Siazsrfa sm ;az.4qA:.a1s:1i

*4» >:,2i~a1i ‘%’i:?§3%:Z‘{T$ im-7 §:=mo;§mE(fa§;;a:a,% ;,§2;a:*;as.r'%::m {:3 >123"

Md :Z°123§§ 'i2’":3;:3§‘;iv.1i§i¥.?2f1 *M‘z..%~2 i§2'Li“— xwtk and am: t;,‘Ui"§Ti§“,?'i1?Ei‘:§“

§’éi.fif§}:‘ «;:n'.:w12z in ;«:a“':}; §1§{i?'»3.<3iZI’1.—:3i§C am? %3,if3§;—§:ii wgiy.
That: c;'m;xa«:2—.€. 9? ’ii‘§i:‘>‘-, 3".;1ii:.m2 zany 15:: p;art.§:; 3:1 ;,11§§2:2«;3r;:a

ix[‘Ws-‘;3‘.¥‘£.3a iffafi ~ai§‘2§§§§§;¢' mi‘ ¢.§::;,:‘§in.;'31 ~s§‘z:i%_y *w:f.’§'2 ;}5s},a~

c?2zz‘2;§nA',>g,:a::.a3 i1;u;r:.:;:":~x, zmcth ma §’fi<‘:3.%£:E/ 21%;: mimzéwz. §;u%72«

§I:Z‘*l£iW%i t:,a§,s«y:2z":.w;:a2a;a:é gain? ;;%z"m;s:§a>i£: {O/ma 1% 4: a>M}'
223: dfléiiifig with {mm Whezimer’ naaagg Ex: Hm: 22%"

zkmszzz rm;:>r«:: giaybzafi mI:zaz;.~ a1m3:3r' :;»;m.w tbs; ;a‘%fm:z'ia;t:

mi” zmxzs ,3 £z:f:»11'%§;$; gm a.:w.2.$$§ag a:<>rn%:—1t’u:»:§ 3.§$~‘3E’~>a:a’§{¥‘w

pazzzw ;;««:::t'<>sr:2”a2me.:w:n

‘"f"h<:m :::a.::;£.s s;;a,;i,m a M :3?’ mgvxtzzrch stab.-mm: 53;: am:

:m:;a uz“ :.me~rws4::mpa2:s:{ g.>2:s"??;2;"s:mm~::.é;:, beau zrsmssz mi" it

;a:*»r2L§§.2‘:m;;"z.r”;,' ii} £1m.¥.§Z”&3£, }’¢:w as 211%, 1145, "m 22 i”*ét‘~€ii*fi«%f mi" 53%}

~g3«z;>m:2€é;3.E.%},=‘ rzzievzmi %1u::::g:;»¢;§::;imz2 §>~§:'€‘f£.“az“1‘§X;1x3Cfi :'m:zz.ie§:s.
i:»«iL¥§§i‘;§“v.3di.‘: ”E§3.§i£ iz2£az:§,§e;i;i"»*e: §“X‘i<;?:'f.’§£3i;‘§ {bf mzmnza §3».rr§7wrrmz;cc

{i{i:§’§}§L¥é§§i§?%§é‘: w“§iia zm: :"»s*,»:.;ax§ren2ien:2«: Mr :c:;2ré~wn:%zzz<g -x:m”!1~

§‘{%Ea.I'§,£§ and z:a::mm§. s;y5£x~;:n:; §:mf2}rxn;:s,m:<: em gm: am: an we

;.m:*<:=m“a: §é.me~‘:." ¥Emns;aj€ :md /Xi£%£<.‘tCfw;‘i { ESQ. mar: n°wi:;~wir;g
fizz”: icmmsam f:a:;°w:r‘:; iéwmxusrz: §vé:r:im:,:%:: ii? ::43n>;:>ssis:?r

imzza. c;i:m:<:§:2»:3:3 thsiz whé.£x: mm vz2>§is;t.:~; e:3s:mg;?2 mzmsriafi ii)

aiéwaistagz Va ‘i;«%i,12E§§.i'zf9:ii‘1’{fi “human €:»:c::£m":=:. fissigrs gui<;iss:.,"

€i:“:»::::z‘t2 i&i,¥3E§1:f§§£:fi:i*E1Z mzmzriai £33: 21 “fizguazziéiaiéwr z*rf”::21ma:é:
izgmxii kw

his gape? pm:w:ra£:a {am ::;>a«::?:1’2a: :.;zm;m.iu«:ziVvs:: sgxngzig/zaéa;
smsi: 23 éé§1Ii§)§£i rzwdcrl {M {M M22152 :2 :;a}%c*::s 3, maezr 4:3
gxerfmm :2 mm: with 25 gmcz: zxm£$x<;»z:il an an iuiwsrraatiiw

::::am§:emz' This §:m;:»:§::.1 agapazama me 2:1; £23 1%: :;iT:xxg9i~e

mmsgh, azzgairaaa cazrvcyugia. and fiseziiaixz azimsuggiz if} be

ap§::§;i£afi fit §m?m;:ii.c,21i zimségfi and e:~v;a.iuza£i¢::zt :e;i‘:z,::a~:£éés;::,?2.:;~

‘Nike azxmwcigsi aéfirmém mrxiy zz *:a:;;*:g£z: ;12;;3«c2zz2fp.m'i”£;rs2"v

Emma. “m gm aim; zsspecx firm: §zvé:r*&§;m:‘t§*m., maize 2212:: ihtmfi
am 'm$;=r4v;1 éiffazzemt a;ié.u.wnz~:é¢;zn;:§ w Jim: pefi"mn1;m»::s:: :3?" 11
s1~iéem*-aisfigrifzgaziiatr :z‘§*$I<.*::n:

—————~ Time. Eiaw lgsrzg ciws $1 maxim ;2 u;:2.<:r iv zmssizrxxgalish 2:
gi:w:r: mi «rzsf m.3§c,:»; axszairag, the fiyfiieznz‘?
2§:7m:1;*3.. Véwisxzsw {many €“.%'£“2“£>?”f~;:-‘ »:¥4;W:; 3 xxmr zxuflw éi£'2§§ imw

am*iLm.m 33%;: tmy?

—»-Ixgarwfzrg. §€§L£:»w kmg myezta '31 Law: :5; :1a:w*§m: 1,15%? 34;:
warn izawe: :79 um: aim 5;}‘2%£¢:zr2 £52: 45:1: a givzsn 2:421 {sf
m:aka;’.»‘

.§1::sc:£anazii:;a Wm: zzaéragzr :2?‘ aazaigs mm :5». 11%? {its in
gfaexma with W: symzm’?

~~ fiaswzfi, iiww waxy is is: 31:22: :/A w rzaazmi haw Mg: we
am syagmm mm :3 12m; max iw has; mm cizmc fan: mama
iimz?

auiémm ms? mag £’?‘§§3*!a'?fi aw iirawzi am ia'§g;:§m§n:ié<;2;~».i w.raims fix,
W212 $23 gs ««:s»m2,.s%:.'§;m an X-szzmsx; ¥’M?:; as :::=wm2;£ ’1:“a—ifu,/W‘:
£3; Far: :3 véaxvw sis?‘ aim izasggaar imam ;§f§§f¢g.!éiX$& :95‘ M%§£~%2 ms: gszmiéz

in am fifigiéfii’ ia a: gmt, V

£Tm2:x§amz§:§a@1£43:z¢'s Eaiy §*;i*é§%§
M ’%/z;a=%4;t::zt».z 133
13%: mC..“M ,?*€%s113Ee§?3W “?
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if1231:'»z~*nim£zz._:rz. Hmsv mmajsz mémgze <;§a:;2e§; 3, me: mm:

in i<.f:i‘:§7 ifi rmmi wimst Lazsérag iha‘: sayszxzmi’

fékzzzgzw Wvw zérmi (£4: uagzra gffi wiwr: ihzty iiféfit 233%:
{M ezmzmivrd §>:3r:w;§:~:’?

xi:"Mi*;9?:J:‘>fi»i¥:*. Hm‘ aim users; +£1:?€?{j{’:<:i'i%.’@3}1 z-:'vaiu;«‘m:
aha ,$»~,')/‘f=;i<;*a":"{’

‘{":i.?§i3 £33211 mm is no xirzggieé kind :gf’2ss;¢*r,. U§£é3“I">»
xvzarjsa zaimragg rmmy rgiamfixiaiorzsz

7 ’I”?'ae:i{ »:;’,Y;IW1z‘ cgfkn-:)w!e:*r,1ge Cif tin: a:ii$“§':33?i:,z;z 1223313,

"Ha:/:::: .5:’f3z‘)m't’¢%‘dgr? zg:/f azixw :,y.é;?;3nz,~:n whéxziz :*:my 33:rm¢

;m:=;::éms‘: (f>§‘ xaagaatéve t:.f"f’éms 1:1": mm: ;§aZ5’i’F<j3i”'§“}"2£&1i?%“3(t ém
am: ?2i:2r’bj§3;f;3l'fi M é;m.:H::~:L

~—~"2'"h§m‘ r;*‘wm:" ,5'¥<i1z’_'s‘ «rm 2/zaricms; ‘mm: rievims {e g,
zygaézag :z:;>e:e:dj;,

?”?"}2«¢iV: g,«a:m:::'2;:% :fI:xsr‘3n1(:(1i czbi1z'i;x in mfmg szgiswzcns {6.g.,
prsiagrammesrfi W. m>x1pr0graminm"3,}.

Thzcii z?;r;'p€.W'erz€€ with the :45/m:rr;. m whether zéwy
are rzmzm zm=rr*.~:, wim Mow léufizs aaisvmui that E5}/’S‘¥€‘:{I,“l;
z~m~z:a;’ 1«l:E«'é1’f“§. ‘whw know 4: f§1£}(§(§fE1i£‘: ammuzafi a$:ec:mz

the xysiam mm} ‘L‘1S£3 ii at irmguiar ixzzey 315; or expat:

u.wr.s, whsa kmrzw ms: fzeysiexn ir1£;é.x7n.z:£»::1j,’ zmci me: it

f”mquex1:;1§,a

%nai3g;n note that them 113 rm 3*§2/zgfé’ imam‘ z3j"za::!<:. This
i:~; tasgveciaafiy tam: in inizzrazstiwz 5y$£zVm5, %»vhia::§1 am: am

pr¢:“.535;§y buiit amund 2. mmmazasti izmguagez m pazrmii a

wide diwwgiiy £21’ tzmias ms M3 aflfififilyiifihfifl. The mxmbaer

a§‘quaf§im1iw§y c!¢?if‘IE*::rr::L:?xi iasksa p&.;'fo?rr1'xab1a by a madam
tam edimr, for instance, aruxzs £01112 hfinfitfififi,

A1} zifipéééfilré mf wrfvrzzxaace, all 3,}/pfls 0%” uyzss, iilid all

imgdsa (9! §§if:‘«k,.*3 am %m§::mM:;a_m. fiargwcszm, no xmifcmn ap~

preach 14:3 m£:de§,i,::g1h£ maize range 0%” faczms in a simpla

may apptzzms. pmssilzala ai ihixa time“ Thufi, so?" nscessitya that
m<:«c§::i to he presexztesd £3 :spa:ci.£2c ta: £31516 Zt£p$Ct Qf the:

total u:s:::r~::om*;2u,wr xysiem: ffmss Zamg is xakes wager:

zzseéw 51;: gwsforrrr raaxziém £.a$k5.

The mrczciai we prasaim here is simpie, yet ef§‘e<::i:%ve..
The weazximi idzra behmfl the medal is iimz the time fer an

¢:7<pe::‘£ to ma a task m: an ime:m.cim: syémm is dmsnnizzed

by aw time it takes m «:10 {ha kesyszrmkeza, ”1‘hemfc~:c. gas:
mm e.i:;;'w.zs Lhsza: xmsihml far we §,&:i€~:i£. (man; the xm.mhm'

M iw§.r:s::'<>3s;m m.;um:r;iV, mad maxizigtaiy by me: time per

keystrakzt is gxtz ihifl tam} téxms. This izieca is ,2: iiiiia {U0

&ai:~:*xpii:«;t,i<;;. Operatmaza mikxer than kazysstmkcs mn;:;% be
addmi m the: mzzdei. Sixzw tiwse miliw,-r cvpemtimxs are at

2:134:13: ihfi fiiamza lama: {aizmt grain) as kéeyszrokm, WE duh

ii the "‘1{.ay:atraima«i,w23% Mcsdéi.” {The tmiy zsaihar simiiar
prwpcvsaai we immw af is that <1? Ernhiey <5: aim £9}, which
we discms; in fziimrtion {#3.}

"Fiat: zvzruxzmrst «.::£‘t1ézis papez‘ is as ihiitzrws; Eéemmz 1;‘;

§3;>r:mzi2at2:a zshzz iigm gzrrszdictéimx ;:m:>%:I£:*m mare prmzimiy.
ffimiam 13 iaysa mm the E<;a§:s£r::»ii:a«I,ev<:.§ Mm3e:§, LS»e«cs:?i«:;>V2*:z #4
;:sr::widr;m Mme ¢m;:siz“ia:§:i \éaiiti;>:3fi£:«n far aha: xtz*;::>daL f§¢€‘—*
ticm ‘Z5 iit‘:;1:ma;::s haw this rm.sx;%se:is:=:a,:1. km aggiiezzi is; grant»

iriizét. mac: §e:a::i:>:: :5 amzaiyrazezéa mama siatpfiim vmzsiczm»: at” aim
zm>—<;iai.

1%’?

2* “figs: ’§'1%1':7:.eé ¥"mi%mVi:;n ifiaiaiem

The: pmiicmm prabiegs {hm we mi} ft<idf¥";‘33és is; 3.2;
fail-aawss:

(}'ive:»z<z: A mi: {g2z;>s;3%biy mvoiwing ésa3w.2;ra3 3z2%3ta3§<.s,:‘}:

mg: s.:<;::mmar;si lzmguaga: of 2% sjmcmz z.'%;<=: mom: $3031

gmramwme :22" am uszzarg the mrsponse time parameters 0:"
aha: 5;/man}: aha matimd amzci. fm mes: zassk.

Pm/,1ir:1: ‘flu: iime an expm may mi: take is emccuie

ah: 13.3%; zmng the systazzza prmvidizzg he liféfiféé the masihead
wimesazat armré.

Emma} :z:.:s;:uac15 mi’ th.é:~; furmulwziian mzrssti s:xpILication,
£§§p£3C'§3fijJ the ssiépuiaiicgyma 3501:: t32(€<CL£ii0§}, xrzeihzxizs, and
aha’: zzbwnca {>5 @;rr<>z.

2,3 ‘ijxait Taeakss M36 Executim Time

("ivésxezzx 2: iarge zzmk, 811th as Mixing a. imge cietrwmezat,

as xzscsr wiii break i$ mm a smes af small, £.uc:~gn.itive%y
atxzaneagaabizfi quasi~ia<k:;)»:::der:%; tasks? which we caii uni:

izzxiw W; 5, £32. :13. Tim ms}; and tiara imeraczix/<2 system
infiwimzxs me sxructmva of zhesa uni: iafiiiés, but 'z1I1i£t.2s'3§{5

appear 10 czwrs their E,3€if§{€n{L¢3 pr*ima;*iiiy 10 {ha mfzmory

iémiiss am humem. wgniiiom. Tbs importzrncre: {Bf unit tasks

fur our azzaiygis is; {hm ihey pcrmii zitze iime:-: :0 do 2: iargss:

task ms be demmposefi into the sum {}*f’£h£3 times, is <33 its
conLstiim:m unit t:z:;i<;s. Now that no; 31% tasks have 21 um-

msk aubxirxmctxzrc. For examp§.e, inpuitizzg an entire mam

ugczripst by iyping perméiz; a canzinuam throughpui M»
ganization.

Fm am purpasm: hare, a uraii {ask has ism parts: { 3}

aeqaaisiiian cf me msiz and {2} executian of the task
awqaired, Duriag acquisixiiuzfs {hit usm bzaiids a manta!

rspresenzation 9!‘ me Qaséz, and during fixecuticzn ihe usar
Caiis on 111% system faciiities to accompiish the male. The
semi Lima to tie a uni: amk is; me sum ef” the time fm

tizesa Vtwa parts:

lrtcmfiz “T” :r::vq:;ira> "53" Taavrezetsfie

T312 acqumliiom mm: for 22 mi: iarsk dcpencis an the

aharacierifiiim 0%‘ {he iarget £2255: simaiion in which ii
r.>ccm's, In a mamxscripzi imerp;w:Lat§c>z1 siiuazian, in which
amt tasks am raaii fmm 2% :33zzr§:e{2«tsp gagrz: at fmm
Mwr.5AtaVn infiimctions, ii takefi shim: 2 to 3 secondzt in

acquire mach um: zasig. in 2: m2.1::.ix1e: maiggx ,§ima£.,iun, in

which unis tasks. are genarawii in tha ::se:,r”:~: ,mimi. i£ {aims
kfi3{}'i.3¥ 3 ii) 3% semmés to a%7qi,z.im sack um; sash. In a

creative r:ampm3i:VéoLn sé£1m£inn,Lit can ‘mks: even longer.
37% exaauaien cf 21 urziz task imuczivas caiimg the

a§:»prcpVr<iaL£e system mmmands. This mmig takes cover 20
saconcis {assu axing tha Systam has 21 ycamzmbiy efficient

mmmand sjmtaxg. IN; task reqmires a wage: executign
t.i.:m.‘:_,, the wear wiii iikeiy breaic it Exact; sxmaiier uni: maiig.

We haw: far£!x::§a4£ea§ the gyradiazivzaxa protziztxrn tn grew

diet: stmly film wxamtion Qizzixes mi‘ km: mxks, ms the fi,£3qi;£.§—~
siaicm t;i:":m This is firm part 4):‘ Eitxrr. task QVESX‘ which Liza

xjgstem dfiaignar has; znmgt cfiri:zc£*f:x::1£m1 {ism by;1:anig.r~
uiatixzzg izfm sy2::«2:m“s cmnmmzti ianguéage}, set; its gamdiss»
{inn asxzfiiaim far many ;pz=a<:£imi purpesgs. Task esczqzsisi»

C’t>r2x:::zsmimxii~msz Judy 2931::
cs? ‘v’<':%a2_mvz: 23
aka: zM;T'M: Nugmbet 3”
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2,3351 smmtc» 731:: %‘¥§§§j§iZfv‘ ysmfizté-r,-:\. my §‘%‘§ an ‘ /§..i;i§§L¥i‘§:i
*2“ am: mzt2,ms:::<s.:;*2:p: z:2:,svz£;:z:*c:*iz:’aw..>;‘a ;‘lé¥i.ZJ;’§uUi7Z§‘. W»:

mfjy tiéiéa j»:"i.:"5€ z3z’Ef:z:gm

"§“m2 i§n;?s»z*.»rm,22I ;§:%é¢£§§”£7i§:3*Ei1¥§%:& mas«§~::r§§s:’ ma? §§“ii.s'3.’i§I§”x§:Ei£
«:,s.=f° i1.?L{fiZ$;i¥.,7.¥;3Y’i zmaxs. E*‘€a:é~:§. a,m’:2::a;m.~-2’; iimv: 33552:: aw
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Fag. 3, 'i we 1;I?;c>crm£m 4:25 the féesyszruke Mtssjifii,

ifimzcriméon and Ramazm

5. ifleys-str(9$<:a gr %:>um:>n ;3!9S&

Time {sac}

5”r.*35,L:4é,r»g; um §5—‘ri_%F‘f £31 §;QN'mQi, my z,;,«;:.mm 313 g
swzpawwa K operalam Tsma va 3» wa‘£$"> the Zyfimg 25%: :3?
1*M75 W»‘.“!; ioflés-nmgz rmétsma am range /:5 Iy;}Iz:a4 v3,~m+3:'::

{Best hjpim (135 wpm)
{K2053 {wisest {$0 mzm)
Avaragté: sxiilw i'y,c:i:~:t {'35 mam)
Awraga m:>n-sssmreiary taméai (60 wpm}
Tygmg ramiimn miter?»
Typmg t:s3:‘m::2a=ex cmias
Wears’: typiai {un!am§iia1r wim keybozard}

Poimmg £9 21 targr-2*! ms z3.c:33sp1ay with a mousse.
TN? WW ‘W Wm! ~/antes; wzm oiimanzm arazé zargszi sixe aczcardmg
to 5""1‘£l3.'3 i.aw Thar mm.» raragws {mm .810 1 5 W,
wish 1 1 being an gwerage hrrze. This; {J91-3:a::}{ (31393; no:
zmzimifi me '::u'ttr::n rm.-:53 mm mien iQ41:3ms{.2 391;)

Homénag the handm) cm the keyboard 9!’ other device. .40“

Draxwéng imanuemy) an s;:ras'ghx<I%.ne segments

haaréng ex iota} iemgih of 10 cm. .9aa+ .1619”TM; is 2: very wrstricirrd cmraicr: it £133-m’?’»3$ that mawing as
time with fizz: mousse rm 5: system the: ccnaatrai-na ail fines to
mm mm ea aware .58 cm gréii, OM12 vafy in meér dzawing skéfi;
me {me gwen is an avernagse «agme,

Mentaiéy nrepaxing for executing physicai acfiions.

a'5§é3$§)C1flSE of Isaac Evy the system.
"Hus takes dfifareni fsmes €07 flfifierenl mmrnamis in the» aysatam.
The-532 {mass must he mm: is we model. The rmaome frme
mums my ‘:3 it causes the use: in wan.

"” Tings "us Use avemgc typing rate of the nomwcretzzry subjectm in the expemlmtsz ciefl-cribcd in
$<‘:c1’:(m 4,2.

See 1 }.
“ 3% {Z 43.
" Tim aimwing umc funaizan arm the c£>s°:l‘fi£’ient5 were dcwivrtd from am: squams ms on the

drawing mt data from the four MARKUP suby:-215. Ste Scmians 3.} and 4&4
“The time for W was ezsiimaied {mm the data from ezcpeyimani éescribcd in swim 4.3 See

seam 43.21,

The mouse is an optimal painting device as far as time
is concerned; but the no is about the same fox other

analog, pmnnng devices. such as lightpens and some
joysticka [21,

When there are differem physical davices. for the asset

to operate, he: will move h:1$ hzmds between them as
mzcderd. This hand movement, including the Yum peak

timxing adjustmémt Qf (ha hand on the device, is mpa*e~
senmd by the H (“homing”L} Operator. Fmm pre?v’ztm.s
studiozzs £2, 4], we asmme a constaxu 1;; Qf .4 sec far

mowmetlt between any two dcviccs.

The D operator rapresents mzmuatly drawing a set of
stmig,hi«line segments using the mouse. D mkas two
parzznmters, the numbczr oef segmexxts (rm) and the total

length of alt sesgzxaexxts (la). t‘s,){!.'t;,;a, I5) is 3 linear 'Fu:m:t.i<m
mt” tlzcrtse twcx pammézmrzs. The caaffizzients of this; fumztiszm
are alii‘i’c:reLnt for diffewnt usmzg Fi,gure I givas an average

value for thank Nata that this‘, is a very speciaiized

(sperator. Nest ébflly is it réstricmd tea the: mum: but alscx
it ammmezs; that the drawing gystem cmxstraéius-; the cursar
in Lisa on an ‘:36 cm grid. This allows the H893“ w drmw

straight fines fairly easily, but we wauld ezcpcct in to be
different fat ditferent grid sizes“ We maize ma ciaim for

the generality Of these times or for the fonn of the
drawing time function. However, inclusion 0f mic in~
stance of a drawing opcmtor serves :0 indicate the wide

scape of the mode}.
The user spends smme time “menmfly prepzuing“ to

axecute many of the ;:«?hysi<:a1 ogxerators just described;

e,g., he decidas which commsmd to call in whether In
tersninaze an argu.mcni string. These manta! preparaticms
are repmsented by the M oparamr, which we estimate to
take 1.35 see an the average {see Section 4.2.1). The use

of 3 singls me:1tai0;:+e1“ator is, again, a delibeératr: simpfv
ficmian.

LFina§.iy_. the Keystm.kc—Levei Mo-;1e;i rcpresems the
syswm respanse time by the R 6-pewter. This crptzmtor
has mm Lpatameter, i, which £5, just the respanse time: in
seuecncis. Respnnsa tinms. aw: difthrent fur diffewm 3333.»
(mm, fm c:§iffem::t cemmmxds within :1 saystetn; and for
di.ffm=::::t cmsxzexts of 3 given c0mxmmd.. The I%Zt:ysir<::kc:~
Levei Mmiei does not embmiy a thmry Of system re»

CIommu,:aicmix::.m: ilxiy 3988
{sf Vaiume E3
the AGM Namkwr ?
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sponse time. The response times must be input to the
model by giving specific values for the parameter t,
which is a placeholder for these input times.

The R times are counted only when they require the
user to wait for the system. For example, a system re»

sponse counts as an R when it is followed by a K and the
system does not allow type-ahead, and the user must
wait until the response is complete. However, when an

M operation follows a response, the response time is not
counted unless it is over 1.35 sec, since the expert user

can completely overlap the M operation with the re-
sponse time. Response times can also overlap with task

acquisition. When a response is counted as an R, only
the nonoverlapping portion of the response time is given
as the parameter to R.

3.2 Encoding Methods

Methods are represented as sequences of Keystroke-

Level operations. We will introduce the notation with
examples. Suppose that there is a command named PUT
in some system and that the method for calling it is to
type its name followed by the RETURN key. This method
is coded by simply listing the operations in sequence:
MK[P] K[U] K[T] K[RE'l‘URN], which we abbreviate as M
4K[P U r RETURN]. In this notation we allow descriptive

notes (such as key names) in square brackets. If, on the
other hand, the method to call the PUT command is to

point to its name in a menu and press the RED mouse
button, we have: H[mouse] MP[PUr] K[RED] H[keyboard].

As another example, consider the text editing task
(called T1) of replacing a 5-letter word with another 5-
letter word, where this replacement takes place one line

below the previous modification. The method for exe-
cuting task T1 in a line—oriented editor called POET (see

Section 4) can be described as follows:
Method for Task T1-Poet:

Jump to next line
Call Substitute command

Specify new 5-digit word
Terminate argument
Specify old 5-digit word
Terminate argument
Terminate command

MK[LlNEFEED]
MK[S]
5K[word]
MK[RETURN]
5K[word|
MK[RE'l'URN]
K[RETURN]

Using the operator times from Figure 1 and assuming
the user is an average skilled typist (i.e., tx = .2 sec), we

can predict the time it will take to execute this method:

Tmcm = 4tM + l5tK = 8.4 sec.

This method can be compared to the method for

executing task TI on another editor, a display-based
system called DISPED (see Section 4):
Method for Task Tl-Disped:
Reach for mouse
Point to word
Select word

Home on keyboard
Call Replace command
Type new 5-digit word 5K[word]
Terminate type-in MK[ESC]

Te,-wcuge "-= ZIM 4' 8t(( + 2!}; + fp = SCC.

H[mouse]
P[word]
K[YELLOW]
H[keyboard]
MK[R]

400

Fig. 2. Heuristic rules for placing the M operations.

Begin with a method encoding that includes all physical operations and
response operations, Use Rule 0 to place candidate Ms, and then cycle
through Rules 1 to 4 for each M to see whether it should be deleted.

Rule 0. insert Ms in lront of all Ks that are not part of argument
strings proper le,g., text strings or numbers). Place Me in front
oi all Ps that select commands (not arguments).

ll an operator lollowing an M is fully anticipated in the operator
lust previous to M, then delete the M (e.g., PMK —+ PK).

if a string of MKS belong to a cognitive unit (e,g., the name of
a command), then delete all Ms but the first.

If a K is a redundant Perm/nalor (e.g., the terminator of a
command immediately following the terminator of its
argument), then delete the M in from oi the K.

It a K terminates a constant string (e.g., a command name),
then delete the M in front oi the K; but if the K terminates a
variable string (e.g., an argument string), then keep the M.

Thus, we predict that the task will take about two seconds

longer on POET than on DISPED. The accuracy of such
predictions is discussed in Section 4.

The methods above are simple unconditional se-

quences. More complex or more general tasks are likely
to have multiple methods and/or conditionalities within
methods for accomplishing different versions of the task.
For example, in a DISPED-like system the user often has
to “scroll” the text on the display before being able to

point to the desired target. We can represent this method
as follows:

.4(MP[scRoL1.-IcoN] K[RED] R(.5)) P[word] K[YELL()W].

Here we assume a specific situation where the average
number of scroll jumps per selection is .4 and that the
average system response time for a scroll jump is .5 see.
From this we can predict the average selection time:

T.,.,,..,, = .4tM + l.4tK + 1.4x,» + ,4(.5) = 2.6 sec.

For more complex contingencies, we can put the opera-
tions on a flowchart and label the paths with their

frequencies.
When there are alternative methods for doing a

specific task in a given system, we have found [4] that

expert users Will, in general, use the most efficient
method, i.e., the method taking the least time. Thus, in

making predictions we can use the model to compute the
times for the alternative methods and predict that the
fastest method will be used. (If the alternatives take
about the same time, it does not matter which method

we predict.) The optimality assumption holds, of course.
only if the users are familiar with the alternatives, which
is usually true of experts (excepting the more esoteric
alternatives). This assumption is helped by the tendency

of optimal methods to be the simplest.

3.3 Heuristics for the M Operator

M operations represent acts of mental preparation
for applying subsequent physical operations. Their oc-
currence does not follow directly from the method as
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£.i<:i”nm:i by the mmrnzmd language of firac sf;/saszrsri, 2:32.11
{mm a:“%2£: Sfamific §»:m3w}mige 22:36 sakili of the: amt. The

%éLej,rs;;§<t>.3r<<:mI,Me3x;<:i Mmxiei p:'a:mdsz.~a a fiéii emf mziasa {f‘i,g'um 2)
31:»; pi:/s.s;"ii1§g M72; in ma m<':&ha:><§ s:nC<3(§iz1g:s. Tiwsw wigs
arzziraziwaiy ;7>sycimi<'>g,i:;2:‘i 2x:e.:wr11;?:>1i£:n:; abmxi ma": xmtzr ami

4m“: :w;«e:ss;ariiy §1wrisIi:.:» ezspeciaiiy §§i‘v{':§1 shs: saimpiiciiy
mi" flu: m<>d:.::i. Thaagx .:a:.?ma,z3d be vicwmi sémgfiy as guidw
{mm

Titait mitts in Figzzw Z Lr;i£:fm,c a garocadure. Tm pr!»
c<‘:{iz.w: %>e:gix1:a with «em mcodiing {hm cxmiaim manly me:
physical! -<>pem1ic;n:2s{h7, P’, M, and 1)‘), I*"ir2’s:;, zsii czmdidam

M3,; i1'3:3s:.rI9:.d mm the amending accxamtiirzg 10 31136 G.
which iii ex hs=:uriz;ti4: far scizzraiifying 213.1 ;:>0::~;zsé'bie cilrzzriaixsxa

points 1:“: am: ;n:;:Lh<,:m;i. Rules 1 ii’) 4 are then applied 14:»
£525}; czzndidzgit“: M is 3566:: if it would be dcaierctxsd.

"i“¥°a«e:r€: i3 21 :;;ir:g§{: i3'f$yi3h.()§{)gi€3éi§ principie. b-eshimi an
tha dfiiifiiiflfl hisurisiius. Meihmis am cempomd (:5 highly

ixxtmgramd submizthodzs (‘*su%r0uxui.n£5") aha: zshmvsz up
(Mar and cwcvr again in <jiifI‘em1t meihods. We win cal}

them mefizryd churzkx or jam chunks, 21 {mm commen ix:

cxzagfiiiives pg;/c1"a{:3“l<>gy {Y7}. Tim user ccagmtively organézonss

rmcthoflz; accmdmg ta: cimxzim, wizizzh :1s».2.a3§y xafiezczi
syntactic CsDr1.3iiiué:fl£S ofthvz sysaamfis wmman«ci languages,

Hence. the use: naentaiiy prcpzxres for the nam chunk,

not just the next Gptsrzmcm. it follows that in exxzcutimg
mssflmds ms: uzser is name likely to pzmsc betwxacn chunks

Char: within chunks. The nfies zmampi >10 identify methad
chunks.

Ewe 1 zasssérrts that whazn an operation is fuiiy antic:i~
pzueci in zmoflzevr operation, aha}; belong in 21 chunk. A

coxnmen example is peiming with the nwuse and then
pressing the mcgmse button 20 indicatc a selection. The

bmion press is fn.'1ii;¢ anticipated during the pointing
oprcration, and there is m: pause between them (L2,,

PMK becames ¥’K, am:»0rd’mg :0 Rule 1). This anticipa-
zaima hoids even if the :;¢e1ec~:i<)n indicaiion is done an

zmmher devisze {e:.g., {ha keyboard or a fact pedal). R1116:

Z agsaxxs that an obvious, syntactic unit, such as 21 com:
mand mama, mnstimws a chunk when it must be typed
cm}. '11; {ML

The iasz two» heuristicss deal with syntactic tarminzv

tom. Rule 3 asserts that £123 user wiijl bundie up redundant

mrminatms into a magic chunk. For emmple, in the:

PO§£“£‘ example in Section 3.2% a nmurxzw is required is
terminaie the secxzmd aTrgu.menz and than another §?;ETUR,‘N
m ternnnate the mmmzmdg but any user will quzickiy

iczzxrrx to simply hit a doubic Ri—;‘I‘UR,N after the second

argumeni (i.e., MKMZK ltmccmes MKK awarding to Ruie
3'). Rubs: 4 asserts that a temxinamr 05" a consianmtring
(skunk will be: assimilated m (mt chunk. The Lanaest mm-

men exanapie of this he in symtezms that require a {armi-
namr, gush as zurxxmw, aflear amen command name; aim

wear le.~:2m1:s ta) ixzxnxadiately foilcaw the mntzxtnzmti name
with Rfi2'K"U_l%.N.

it is clear that thew heuristics. dc: rm! capture im:

nutiarx cf z:m:Lh<ad eahunkgs preuisely, but are stmly rough

apprczxixxaations. Furtxhar, their applicaticm is ambigucnus
in rtmrxy situatims, 43.3., whestéher szzzmething is; “fuliy

M31

ar;ii:2i?;:eat@d” 93" a “<::Jg;:1i1iva unit.” Wfnaii can we: do

aixmt £,h,:'s zxmbiguiiy? Beam: gamma! ixeurizmcs wiii help
in maducing this ambiguity Hsawzaver, wins :21” the va.1“2',~

;abi.i:t;~' in M3211 are chunks stems from a c0r?re;3pc;x1:iing
vzmakaility in rsxpemacsei. Individuals differ widciy in
{hair bezhaviaar; their can/:g:::»sri;:at*i0n fimo fl€?‘Ji£‘€, cczsmzzl,

and Exflfft u_s;€r§; pmvidfis rmiy 2:1 rcmds 5/::;)2zzr.atis‘,>:}. and
§af:‘a’s'E.‘5 wide: variaflon within eaxsh rsaicgazyi One way thas
cxpwizfi diffs; is in what chunks they have (Si‘}€i {6} far

miaied cvidenw}. Thus, some of the diificuiticrs in plasw
ing M‘:; is unavoiaiabhe because my: exmugh is kzmwn {or

zzam be kmwn in pmc%;ia:ai wwk) abmzt the experts
i.nw:v1~vmiA Far: of ma ‘vasiabiiity in e:a;:m:nes;:s can be

rspresenied by iha Kayszrmke:-Levei Made: :15 enwdings
with diiferem ;>ia4;em<—:1:m; of M ;)pe'rations.

4, Empirical Vaiidatizm 0! the Keystroise~Levei Made!

To drstermins haw wed! the K5},-’$!1”Okf:~L¢V£i Mcadci

acmafiy pmdicv: perfcmmance {imam we ran an experi~
men! in which caicuiaiwrxs fmm Eh»: madei wen: com~

pared against measured times fer a number of different
tasks, systems, ané users.

4.! Deseription 0! £112 Exgwriment

A totai of 1,280 user~sy3mm~ta3i«; interacizflens were

observed, conxprified of mdous combizzafions of 28 usezm,

10 systems, and 24 tasks.

Systems. The sysxsms were 311 typicai application

pmgrams available iocafly (at Xemx PARC) and widely
used by bath technical and nantexrzhnicai users. Some of

the S§‘Si8'iX1S are aiso widcaiy used maticnafiy. Three of {he
systems were text editors, three were graphics ediams,

aad five were exemztive subgystcsxas. T12: sysiems; are

briefly described in Figure 73.
Together, these systams display a mnsidera ble diver~

sity of user imarfacze zecimiques. Far axample, 902:1, one

of the text editors, is a typical {inc-miemed system, which
uses firsmetter mnemenics to specify commands and

Search strings Ii) lactate fines. In cmzirast, DRAW, one of

the graphics systams, displays a menu of graphic icons
0:: the CRT dispiay‘ to fcpxtscnt the commands, which
the user salects by pixinamg with the mouse.

Tcmks. The .14 tasks perfumed by the users (set:

Figure 4) were also diverse, but typical Usems of me
cdifjulg sysscms ware g,ive:.n tasks ranging from a simple
word substiuxtian tax the nmre diVffi.cuit task of moving a
sentence {mm the middle to the and of a paragraph.

Users of the graphics systtzms were given taskg such as

adding 2 box to a cfiagram at deietimg 2: baox(butt;eepi11g
:1 fine which evmlapgzssd it) Usms cf the eycearsutiw sub»
systams: ware given 23316.3 such as Vtrarmferring :3 ma
hatwem: computers €31’ axa:ni,n.i53g part cf at 511% dimctmy,

3.1”e2sfr~s;m€e~rrn:ae:i2e2:£s. in ail mare were 32 tasicwyasmm
mnxbimnt;i’(:ns: 4x3 w £2 for Sm: text erdimr;:, 3x3 w 15

far that grzzphim systsama and mm tam: eath far the Siva

Juiy 2983
Wxizzmt
Nzxmbrar if

<I2z;«u:zxx:s_::max.&<»::s
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executive subsystems. For each task~system combination,

the most efficient “natural” method was determined (by
consulting experts) and then coded in Keystroke~.i.evel
Model operations. For example, the methods for T1-
POET and Tl-DISPED are given in Section 3.2. (A complete
listing of all the methods can be found in [3].)

Experimental design. The basic design of the experi-
ment was to have ten versions of each task on each

system done by four different users, giving 40 observed
instances per task—system. No user was observed on more
than one system to avoid transfer effects. Four tasks were

observed for each of the text-editing systems, five tasks
for each of the graphics systems, and one task for the
executive subsystems.

Subjects. There were in all 28 different users (some

technical, some secretarial): 12 for the editing systems,
12 for the graphics systems, and 4 for the executive

subsystems. All were experts in that they had used the
systems for months in their regular work and had used
them recently.

Experimental procedure. Each user was first given

five one-minute typing tests to determine his keystroke
time, ix. In addition, users of MARKUP (the only system
requiring manual drawing) were given a series of draw-

ing tasks to determine the parameters of their drawing
rate (as discussed in Section 3.1).

After the preliminary tests, the user was given a small
number of practice problems of the sort to be tested and
was told the method to use (see above). In most cases,

the methods presented were those users claimed they
would have used anyway; in other cases, the method was

easily adopted. Users practiced tasks until they were
judged to be at ease with using the correct method; this

was usually accomplished in three or four practice trials
on each task type.

After practicing, the user proceeded to the main part
of the experiment. The user was given a notebook con-
taining several manuscript pages with the tasks to be
done marked in red ink. Text-editing and graphics tasks
appeared in randomized order. Executive subsystem
tasks were always in the order T1 1, T12, T13, T14. All
ten instances of task T10 were done in succession.

Each experimental session, lasting approximately 40

minutes, was videotaped and the user’s keystrokes re-
corded automatically. Time stamps on the videotaped
record and on each keystroke allowed protocols to be
constructed in which the time of each event was known

to within .033 sec. These protocols are the basic data
from which the results below are derived.

4.2 Results of the Experiment
Each task instance in the protocols was divided into

acquisition time and execution time (see Section 2.1)

according to the following definitions. Acquisition time
began when the user first looked over to the manuscript
to get instructions for the next task and ended when the

user started to perform the first operator of the method.
Execution time began at that point and ended when the

402

Fig. 3. Systems measured in the experiment.

System Description

Text Editors

POET3

SOS” Line-oriented with “sticky" line-numbers.
Dl$PEDe

Line~orlented with relative line numbers.

Displavoriontcd; liull-page; uses mouse for pointing.
Graphics Systems

MARKUP‘ Uses mouse to draw and erase lines on a bitmap
display; commands selected from a hidden menu,
which must be re-displayed each time.

Lines defined by pointing with mouse to end points;
commands selected with mouse from a menu.

Lines defined by pointing with mouse to end points;
boxes defined by pointing to opposite vertices;
commands selected by combinations of mouse
buttons.

Executive Subsystems
LOGIN“

FTP” Program for transferring tiles between computers.
CHAT‘

TENEX command for logging in.

Program for establishing a “te|etype“ connection
between two computers.

DIR“ TENEX command lor printing a tile directory, has asubcommand mode.

DELVER" TENEX command tor deleting old versions of a file.

“ POET is a dialect of the QED editor [7].
“ See [16].
‘ See I13. ch. 17].
" See [12].
” Experimental systems local to Xerox PARC, designed and implemented

by many individuals, including: Roger Bates. Patrick Baudelaire, David Briggs,
Butler Lampson, Charles Simonyi, Robert Sproull, Edward Taft, and Chuck
Thacker.

Fig. 4. Tasks for the experiment.

Editing Tasks (used Ior POET. SOS. DISPEDI

T1 . Replace one 5»letter word with another (one line from previous task).
T2 . Add a 5th character to a 4»letter word (one line from previous task).
T3. Delete a line, all on one line (eight lines from previous task).
T4. Move a 50-character sentence. spread over two lines, to the end of its

paragraph [eight lines from previous task).

Graphics Tasks (used for MAHKUP. DRAW, SILP

T5. Add a box to a diagram.
T6. Add a 5-character label to a box.
T7. Reconnect a 2-stroke line to a diflerent box.

T8. Delete a box, but keep an overlapped line.
T9. Copy a box.

Executive Tasks

T10. Phonecomputer and log in (4 char name, 6 char password).
T1 1. Transfer a file to another computer, renaming it.
T12. Connect to another computer.
T13. Display a subset of the file directory with tile lengths.
T14. Delete old versions of afile.
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11312:‘ Zzsmami (WC? :0 am: m>:fi%3<:s<.2‘k far that mm: task. {Cm

aims; prnh“>4;('>1 1:224: 13115;! zaaeasmmi mm: ax, the bcgirmmg <3?’
ma a:'3;fi2£;:ii§ms'a is aiways #3:: mad aaf the first K mi" tbs“;

zmmmi, Tmss, a‘sp€I“1;tt§£'>:‘z;iU?/. ms: hfizginrzing <93 :::xe'-:<:a.a:1a:m
zirm: W235 <:siim2a143<% by :a13hi.r2:£;2iI:g frmz’: {his firs? K timf:
fin: <>;>q:r;1im' mm for Maia; §'ir:¢;: K pins ail am: z.'2;:w:rzm;vrsa
{mi §m:r.:<;°:<1m3 iv;

'i"?:c:s5<‘i taskéa cm «mm ‘thfrrfz V»/aim fiignificaaai m"rc)m;
(xxx. oi2'v:":z' than iypmg errcaris) or in which the aager did
ram am: am g)r£:s:;;”éh£:1;1 zimiiawd ww: €?'.LI§,1.3d*’J€.i {mm fur

that‘ wmic1<::zmi<>n. Aflfbl’ this; emzlxxgicaza, 855 {(29 ;:~a‘:~ra:-:sr,*ai}
of me task i.!1&»tar1ct::a rcmaimrag, a5 <>i:s.$<:rva:mns to M:

mzmzlmd agziinsi the gmméctiaians. N43 2).I}£1§}’é3i£§ was mads
mi‘ am: c;m;h,ad<::d tasks.

Thz: rewiiing s:)Fi>3€:x"«/ed iimms for 12153.3( 2:cqui:sit%m1 mad
:::mC1a1i<>n were iambic avsar repeiziimm. There was rm

ss1z;’Li;=,su~:;a§ evidcmza for task {imam da:c:‘<2:::.i:i;1g (14.-éaming}
m increzmmg (fmigue) wizh repeiition.

51.2.1 Caicauiazinxa of eawcutiolx time. Fixemazicnn tixne

<:a‘im,:1a£::d using the m€:£h(3d zmaiysis for grad’: task
gyzitcrza czanabinatiaza tcwgsthér with ezmrnatcts Of the Limm

rezquircni far each oprrramr. Ail Limes, cxaept for ma
zmzmal prepzxraiitm tirrm, were iaksm fmm seuxcszss out»

side: vi" that mp:::“m1icm. Pmnting iime. tp. and hommg
zime, 1,1, ware taken {mm Figure 2. Typing timc, Ix, and

drawing tizzae? 2;; (r2 9, 11;), were estimated from she typing

mad drawing, {@5215 by avtzraging the {£11135 ui"1he;: four

uzserza invmvad in each tasi<«s};.s:em. System rcsponse
time. 7);, for each task-sysiezn was ezstimazcd fmm in—

depaaxacierzt xzaeasxzraxnanis M the resportsc timc$ for 211::
various mmmaads rcquiwd in web smtthod. For {as}:
T16, iogging in to 21 compmer, a micphcme butiompress

wag; assumed 1:) take {me ix. Moving the ieiephonaz
nzceiver m that coxraputarzr. mrmmal modztm was estimated

ta: take .7 :~m<:., using him MTM sgmem of times for
industriai eperatiunx W33,

Mama} pmparaticm iima, mg, was estimated from the
experimemai data itseif. Firsz, the zeta} mezntai {time far.

each rnethaci was estimated by ramming the predicted

time for 2111 ;2%;ysi<;a1 x7;p~<:rati<ms from the observed em»
cmicarx tima. Than m was csiimated by a leastwsquarérs fit

of the rzszimazed mental times as a function cf the pre»

dicted number of M opuzzmticms. "rm rérwh was (E91! M 13:3
56:4: (RE w .84, standard s“.'§‘I‘01" of estiznmc m 31 sec,

aztandarci error ubmn aha-:: regrersssian {me m 2.48 sea). A

rough emimate (pf tilt? SE} 02" mg is 1.1 saa. which indécatérs
that the M operatcsr has aha cim.r.a1r:t<:rist.i<: variahi}itj;: {pf
m<:nta.i u-pe:rz~a.mr3 I43.

EZx<:£:uti0x'a tinxes fm much tzask-sysiezn combizmticm
were: céxictxlawd by formula (1) in Secxicbn 3, The cakzw

iatims of me exmzrxxzimn tinws are summarizeti in Figure:

:5, which aim giwszs the: i§b§§€I‘V‘€2:{.§ eixezcutimx t,im«::-as frmin

the’: e?xperVi.m«cnt 11;:-t cm:np.a2“is£>n.

4.23 iéixecsxtictn time. "rm: pretiimaai e:m::uti<;)Ln times

are quite zmczurzstea This mu be: saan in Figure £5, *wh.ic:i1
gwkmts; than ‘ififeiiiflilffiifl ver:;w3lVic1e: elaservcéd aims: {mm figure

43113;!

5. scai»s::s are '5.og:;1ritbmic, sizzxce prediciicn esrmr
2.;7;.">4cz«srr5 is: be Iwughly pmp0rii0r1.ai :0 duralima. T316

s'4:m1«maan~s;quarc {gm} emczr 22 pezczam .95 the awsrage
pm«.;;i%.a:t::x;i e:xt:wii£'2«r>. mite, "Fhis ac£:mezcVy' is abwm we beat

tiwz can ax;:>cc:te:c:I fmm me I-éxysiroke-Level Modci,
since: {ha m<:1h0d5 used by ihfii wmc »::a)nm>1i::c§
by the &xpar‘i.:rnem:;1 ;>m{:eduVr::. The 2? parstecnz RMS srrmr

15 campsuablés :4.) me LZO~~~3{9 percent we haw: ebmizraed in
0t3ne:r studies 0:; t:‘:xt~e:di1Ving with rncsm ciaborate xnodeis

firm: also praediszt aha rnmhod 1 }.

"Wars d:z.:sx;'ibmim2 cf perwmiagaa prediction esrmrs is

fairly evemiy gpmad, as am anaiyxis of Figure é wiii ahow,

3N0 pariimzlar sysamms 01“ tasks mcezsssivciy iargc
mrxirébuaions. }?’r.ed‘icti<;»rx:~; are 220:: cansistemiy pcasitivet :2:
negative for aysicms €31” %z:3k.s, exccpt that 2.11 {ha €x¢:::utév::
smbsyszsm tasks Lwm: overprcdiczed. Examinaticsn :3!‘ she

indivifiuai Qbservationzz dofis not reveal any small set 43?’

outiirsrs or panicmar users that inflate the predictiozzcrmzx

Predmion aczuracy is mated to the durazinn 0f {ha

aitempted prediciizrm. The‘: resuits; above are for inéivid~

uai uni: tasks. Sinex: uni: iaskg arc cssentiaiiy indepen-
dtszn, p'redicxir;3n of £33m time: 10 de a sequence of 1213113
Wifl Lend {<3 bc mote accurate. This can be seen directiy

in the prcseni dam, since web user ran :31} the tasks fer

a given system. Fer example, consider preaiicting by the

modei haw long it took to do :21’!fear editing tasks. Ths

average mas error is only 5 percent The corresponding
RMS error for the graphing ediiors cover the five tasks is

Qmiy 6 percent.

Idealiy, all of tbs: parameters of the modei sheuid be
determined independensiy of the experimemal situation.

This was achieved for 211} the p'hys.i<.:ai eperafion times.
but rm; for me mental operation time, W. We did nu:

have avaiiable an appropriate independent saurcc (sf
data fmm which to dewrzuine W. Th: accuracy cf the

mcxdei is semewhat "mfiafied by the daiern1ina£i0n of one

0f ‘izs parameters from the data isgseif. The substamiai
variabiiity of mg indicmex that ibis infiaticn is probabiy

am too serious, which is to say that smaii changes in the
Kfflhiiii‘ of :5; do mt make much difiérence. For example,

if a 53,; as smafl as 22. sec m as iayge as 2.0 see were used

in am: prmiiciitms, the mas error far the K_e_ystroke~Lew:1
Mardefi wozstd miiy .in<:re;ns<=: fmm iii ta 23 percent. It
shcmld be noted ahat {he astimzmt/d fmm this experi-

ment is new zwailabie as an independent estimate E0: use

by mixers.

The variability af the obsewed task times is af intereat

‘per 256:. Siflfié user behavim is inherémiy variabie. in mu‘
data the average maffiaient 0%“ vzmaziun {CV = SD!
Mésan.) 63%" the §.I}diV“idtl.’:’d obfiervaiiang ever each task is

.31‘ which is 1.23% normm va;r'iabi£ity fur imthavior at" this
e:it;réu':i<m {:1}. in mmparirxg the pred.écVt%0n$ at" the {studs}

2J.g2.i£l5$1 any mztuai b::.hav.im: the predictm: emzur wiii
always be 0E§‘nfi)t'H,&(‘.¥€)i§ with same ermr fmm the prmesrs

of samplving the hehavim. ‘The z~:amp1.ir;g ermr {hr émzzh
at” cm fihficrved, task times; i$—i£1€§if;~&£e?d in the SE mhsmn

tr?‘ Féguzm :1. Tm swamge standard ermr £5 9 Lpercmfi.

Juiy 29$)Vffizsimzzv;-.23
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“ :5 ms 5.2% memgn mam {mm 13%: itj;w.a3g imx Em 221:5: mbjcaiss 0:2 3 gewm wzzam F‘~1M§; 9.ui*{§t£;1’—>*.
am :5 mmgkiefi E5? 5332 mama: samba: mmm 5%; him emizgezcz cm :« ggwagm task {we k;e:m,:‘o:.a23.‘Z,i’§.

‘” 35 aha azmxiaré arm: cf ammmzmz :2? €313 §tr(:§'m§»'m-s'.>::a zzmai-I‘: fa: smzgoiezg at»! me 1%)
’* pmsmm mmr is» g,-iv»:~n ass 1; gaemenmge «:3! {Ease 22-mflx ?:y,>zsz4y.!a-
" "§”‘2za micaiazmf timm far these wsizgs am ésfifmzm ;"m«:a 1&2»: casrczsiasexi én ah»: managicz3%», an 3.2, §?§3C‘v1':1§fik§€ »§i§',§2:%:rr;s 1;; am: am.

The mvaw-me mm ms was iwés. am anzzfszafita ,7 we 22;»: the e>§:«:musm m" mmmg ma icizphorgt:rmswer .5.a:mu E },

Tim: {M pmzfiiiziiw mm: as?‘ the §°‘;&ijg${I0§€£i~§,.@*?v“¢§ isxfigxiai
£5; 4EEW£I wzvza time»; iargez“ iimrz mks ;inci§z::a;m:z shat mm: 0?

aha prxmiiazisaz mam: £3 éiifi w sizg i.m<;::§.sVrVas.:\;z mi‘ me zm::d¢::i
am ma»: jzsa:-‘£1 a:s,nr<2:£§.;§b%e 5>3rt>:mz'wa£i<3ns.

4.2.3 :4%c{gaui2;.i12?£;mn fimtr. fiarraizxg ihif wwcrmima
gmrz «sf the ms}; :9 the »3z£‘>¥Z§1i.L‘:2‘§¥.§£3m para gm aiaw 5.ha:3*w5
ma: 2: max E53653 422 ms, an the .awarz«:gza., ta am;ui:e a {wig
{mm the: ;t:§anw«:s::zé;7£, ‘fhis zm;m.bmr may be mfimfi by
bmakging me zaaizzg ixztzx iizétm {$22 ikmzw ia%§:5 t?i':m
Kim :s.7a~:<r a§!t‘l?éi$§ had ii’: mamas? {Em ammziive §3«"i.3b§»‘:si$$€:m

{max «m:rx: mm: mszzfiz. fima in me: fiéimfl a:avrdm'*§; {Es}
Sfiifiéw ::a:;;§:;~st fa}: aasrimsix aim am; am as imsxk .22: em marm-
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4334
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when am wars}; was in zxzajmgyry, Hi gaze ta gm am: lam:
{mm ma m,amm;m*%p.:, and 4.1”} 3-36 us: get the task {mm am
mamzscrépez and .s~:z:ar; {hit trait. Thwez times are zsimiiaz to

:'em§12'; aiaiaimzd rm prervmua axperimanm £43. 11 is im:ar~
mixing :9 awe £11431}, aizbscmgh dizspiay egliicvrts are g2':n<:zzzl1y
iamsr £9 um? may impctem: a 2 sec f3r€§n,2!.I§‘.'_’y’ by mquiring
ms: um” 1:0 visuaily was: me: mm 0:; aim c£§3;:§ay4

W5: cam me: am: acquisizimz zimazs. in Figzmz 7, aiang
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ikgg. ti. Wetlictcd olfitservcrl execution times in the experiment,

- """"""""””'”'“”’““”"¥“””“r'““”r""‘r"*7**r"*t-r“~"'mr--~w-'*-~rM3

36

PG (3 7

...a {JV

»a C3

l§;<3_§d;ée2.r§.
O POET
I! 534353
A l1‘>lSPE{>

§:.eei1l9§.e*:?t9:a
C) MARKU?
C3 DRAW
A SH.

ggggggye sebggstemg
6 Ali sulzsystanuz

Gbsaerveadexecutlrzrafrom{year
456 8301520 334060

Predicted execution time (sec)

5. Sample Applications of the Keystroke-l.es'el Model

The experiment has provided evidence for the .l€.ey—

3trol<e—Levc.l Model in 21 wide range of usencompcter
interactions. Given the method used, the time required

for experts to perform a unit task can be predicted to
within about 20 pervert’: by a linear function of a email

set of operators. This result is powerful in permitting

prediction without having to do any measurements of
the actual situation and in expressing the prediction as

a simple algebraic expression. Its limitation lies; in re

quiring that the method be completely specified at the
level of keystrokes and in being limited to error-free
expert behavior.

in this section we illustrate how the Keystrolce-Level

Model can be used, both to exploit its power and to work
within its restrictions. The basic applicationwto predict

a time for a specific situation by writing down a method

and computing the valuewhas been sufficiently illus-
trated in the course of the experiment, where such point

predictions were made for 32 different tasks involving

10 highly diverse systems. We now show three further
uses: (1) calculated be.nchma.rk.5 for systems; (2) para«

metric analysis, where predictionr are expressed as frmc~
tione of task variables; and (3) sensitivity analysis, where

changes in the predictions are examined as a function of

cltariges in task or model parameters.

5.1 (Zalculated Benchmarks

Given the zxbility to predict tasks, it is possible to

calculate the equivalent oft: be.nchmarkfer 21 system and
hence to compare systems. This has obvious coast adven-

tagess over obtaining actual measurements. More impor-
tantly, it permits ber\ch'marlri.t1g at design time, before

the sytttem exists in 2! form that permits meaeuremerlt,
405

The analysis for the experimental data lots are illustrate
this easily’.

Conszirler the three text editors., Porstr, 302;, and orsmso.
Let the her,ach‘mark be the four tasks Tl to T4. We can

use the l<;eystrol<e~Le-vel Model to compute the total time
to do the bench mark for each system. The answer comes

directly from Figure 5 by summing the calculated srgm...
for T’l-’l‘4 for each editor. This gives 59.8 sec, 50.2 sec,

and 26.9 see as the predicted execution times, reepeo

lively, for eor.~:7::, $05, and {)lS¥’ED. Taking the Polar time
(the sloweetl as 100, we get ratios of lOfJ:8él:4S. Thlus, as
we might have expected, the two llneerienteci editors

are relatively close to each other and the display editor
is eubstantiaily faster, Since we have also done the

experimertt, we can compare these calculated bench-

marks with the observed berzchrztarlcs {by summing the
observed Tgmm from ?E*lg‘ure 5), We get 60.1 sec. 56.0

sec, and 27.6 sec, respectively. This gives experimentally

cletcrminecl ratios 10093246, which is essentially the same
result. This agreement between the calculated and ob~

served benc,hmarl< provides confidence only in using the
calculaterl benchmark in place of a measured one. It

does not provide evidence for the validity of the partic-
ular benchmark (tasks T l~T4) or whether benchmarks

are generally a valid way to compare editors.

A similar analysis can be performed for the three
graphics systems, using {mks T5~T9 as the laenchrnarlc.

This yields predicted ratios of lO0:93:46 for MARKUP,
omxw, and 311., respectively, with observed ratios of 100:

97:58, MARKUP and DRAVV are close enough to raise the

question of whether the predicted difference between
them is too small to be reliable. The calculated difference
between MARKUP and DRAW on the benchmark is 59.0

-54.7 = 4.3 sec or 7 percent. The model has an EMS

prediction error of 21 percent for a single unit task. Since
this benchmark is essentially an independent sum of live

unit tasks, the RMS error should theoretically be 21
percent/sQR'r(S) == 9 percent. Thus, the predictions for

the two systems are within the RMS error of the model,

and so the predicted difference between them can hardly

Fig, 7. Observed acquisition times in the experiment.

Acquisition Time
M 3: 35“ (N)

(sec) {sec}

Task Type Task numbers

T1~—T14 2.0 x 2.0 (east

Repeated tafik. recalled T10. T12, T13, TM {)5 .:t 0.3 £130}
from memory

T,l»l-4 {X'~‘O€‘T. S238). 1.8 It: 1.9 {SEQ
‘l'S-"f9. T ll

Task acquired by looking
at nmnuscréel

‘reek smtguéged by tomong lit ?'l~'F«1(fitSi>‘E£‘:} 4.0 2%: re {tad}
memscrlpt, moo ecennmg
for task on diegrtrzy

‘ . the slzlnximd mm of estimation of the pomlarlom elem; for samples
of size .

C'omn‘:u.rr§catior1's .1 uiy 198413
gr \r‘o?:u.m<: 2.3
the AC M Number "5
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in *én2;:ms.—*<: p<:ri"<;>r:x1;1m:c on t2aé::: manic, Wt‘ wish in ai«*:£:.:r~

mm. fiwfjézw %'m;3¥::r1m:2tz1£ioza. w}3t:€h<:r the prsgpmaeci
mm as h§‘>Lt’:§}~’ us he xxzwsh uikz: :;npmv<:'rm2m:,

Haas dasigzntér p:*<:»;:ose:s M0 new £:<.:£1"u1‘1z3z“u;17~s. Thai: §7:r:«+i,
za Backgkip tn:'smm:md i(.‘§£‘3“i S}, whicéw nmwzs ihe

izaszemiisn pwizai. back am: 'w::>rd wiimmi esrzasing, ztmjy‘ mrxzt.
‘The 52C7’C‘3§3lj is as Rtswmcz s:m.1‘:m;amd {<TI'?*iI_ R). wi11:;h

aimwzs me irmisrtimrz gzmim back 10 the mad «sf the Ci1i'§”t3f}{

:y§:m::~i:z (where fia>::1<;::;ix;,ip vvas fmzz cyzxiksd). ‘}”h<::~tu:*. mm«~
zxmmzis 2ai§ma;:

;"es-§ei&aa;:z»»s2i S {fim:l:,rek%;::3:
Sitti 25;; Bmckaitxgs z:mm':w.,zr:d 2"¢{fi{C"?"Ri,,}

Eauazvicakép :1 3 zénszm in ' i‘:‘((1,.—’c~}M§6;§5§ja
rim ?3m:i<;w'cm2 mm rmxird ;’\»‘I§§{‘v"~r’§
Tjmvc new wszmi t3.5K{wm“d§
(U.?*;,§§ §3?.£.~3-2512:: mgzmmzzrfi M2KI{"?‘f?.L R;

I*'}1,,E,W, 3: (3 + {r: W §:)./’i’}:fi,;; 4% (I: + 7.f§)!;;V» M. (3)V» 3,3? -%« 62:2 sea.

The prr:.t:iMix:*~:a<5tiVs:1¢: tkanhe i3z.u:k$ic.ip mefimd is picutted

22.1: firm (flashed hm: én Figure 8(a). Wiiia the adciimm £3!"

this zzzmhcwd ihflffi 21:3 awn aciditiomzl cmsezowz gaxsimxa.
zmd rm;,;, betwmn it mad the: other! twcz mathcads. its

be gmtn, the ‘B£:~::§:5.i<§;:> method is; fzmtz: than bath of
the <31hm f£”1€‘§h,{}—€§$ ‘mtzwmxz mm; and fmm 2.? :0

H12 wmaizs. Thug, 3. bricf zmalysaizs provigfies midrsnm‘: thai
the pmpgxaed MW fczmzre prababiy wili be usafzxia in the

seam: mat ii wili be ihxs: ilaxsiegi mcszhcyd mar 22 region
ms: iipiécfl.

5,3 S~e::5;it§v§:y Axaalysis;

flow sm:si’tiw'.: £9 var“£a£:icaxa.:; in the paranxcierrz of the

mzihzxds are the afaramentiomzd s:.>;2.£cuia£i£:rzs‘? The quzssw
{ism cf inmrsm is whetmr, caveat such variazioxm, there is

3:32} a mgien in mg 1355!: gapace in which the iiacicskip
mmfmd is aim fasaesz. An i?mpcma.m pm“aLnw;-w.:' is me
m;cr’:~,: iypimg; Spfifid, Lac. /f~¥:::‘sw mucfa d<>:=:é: the cm:ss<;wc:r

between the ;§a4:§<.w'm'ci mmhmd am! tin‘: >’fla.<:k3i<;,ip maihod
asimngfi 3.29 3 fz.2r1e:::i4:aVn «sf ijgping Bpew‘? Sexzimg aq, {E ,1
Lexqmai we {3} and :3<a§‘~zi2r2g fear :1 as :1 §‘unciia;m of zg gives: :1
m 1.2 ~§~ ,«13,;’;’;a;, The '¢3;x“£1&%9C>“%.«’i3:" .i§3£Zf€ai3€."3 Wiib tiaxssaer zypim
{d»e£:rm$.inLg 111;}. gfiizzg up ‘in 22 w 5.5; worda far aha fastest

zgggaésat {:g w W; wt}. ‘ma: is am fame; :5/pm; shmzid
pmfesr {he stzzké Bmzimnrd methmgl {which iuveuiwa-.3 mszzmzz

iygfiirzgg} far iargtsr re befmre :t;wi£s:§":ing W; 111%. mm Wfizxckskép
mveiizmfl {whim %,nvx:2iw~3 imaa typing, but zimre mscmaé
a:wa:2-§2£.*;acL€;L

’We cm pigs: {kw arwaamwx muzaszéary hetweerra the {W313
meetmdfi in fiiw wxxw sf‘ mas: {wig mranxfitarx: rz {£:ha£‘:~1f:»~
wzi?2:i.zr;g difffiffifii zswzicg) mzi Hg‘ {‘a:«i:z:1z*a:c:wr12:ixzg xziiffemtnt
wgmfl ?}2¢.: £‘w«r,:s %cas:3‘:xn4§a:fi.42;§ €>f mg: mew !B;ackV2§k.ip fixézthm‘.
am pia::£m;i f‘~"3gs.2m éfhib}. T116% muxtmsrim cmtfinez the

Cfzatzimzméwtéamés Juiy Ziffiifiiti
mi’ Wiurxm 323
am: .~4s£‘.§s:i ?%immiae:~r ”§'
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lwgg. film}, E::se2<:mi<u~: iims: Era.’ llama: nwl§”}'CnTi:~‘ M a flxncuoga My),

>444—: 4 {’”"!"""‘*“"‘¢“‘“"”“"V'~""<’<>'y7'->r-r-N»-r-»«u u,,W..W..W_~,W...rW,m,..

mm0

rs (words?

“£5

w.s....~»_.. .....,...J.‘VV‘4?‘VA&(>-CIVV-4§1A\»yrv§¢'l0

.f'*'ig. 8(lr:‘3. Wmse diagram far my fasmzsz xmzzlwd.

1.2 ....«..,. *'r""""r*'*"T~

A16

regémnss in me paramemr spam: where: each maximal is
fasmzai. The circles mark me amssowsr paints wrra§p£2nd~
ing ta‘; the (arms in Figure: 8(a) {i,e:., at 11:; m 28 sec)‘ Thig
diagram alcarly shows me shift <32?" r:m:~;sow=:rs for fast

xypisels. it also shows zhaz, far any szpeed ml” typist, mare
am wine for 'w'i2ix:h the ‘l3acks;l<ip metlaod is the
léxszacsil

We are not sum ofthe exact chunk size? 5., and :30 W:
mas: meal; Wh4E{b)eI‘ our canzzluzsiom abouz the usefulness

0f" the .333acIksk.ip ,method aria ssémsitive lo the chzsica Of at
value Fm (7. Ta (hi) this, we rcdesrrivas: the cmssover bstwézm

aha Backward and Backakip methods; is-y wetting eq. {2}
equal :0 {3} and saving for n as 2:. ilzxaciéwxi at‘ boil; c and

lg‘, this gives»: 72 m 1.2 + .49/?;( - .24/six. fil1ih0‘ugh we dc»
rm: know an mast ‘valus for we: can be reaaonflzly
confident lhai ii will be bezween 2 and 6. with I); = .28

sec, far example, the cmssover varies between} 2.3 and
2.8 words as c varies between 2 and 6; so {he value cf 0

daes no! seem to have a greai effect at this point.
The best way 10 see we overall affect 0f the value: mi”

6 is to replat Figure 8&9) lasing {he reasonable extreme
valucs of c, The two crossover beundaries for {he Back-

sklp method are plotted in Figure 8(a) as “fat” lines

defined by setting c to 2 and 6 in the crossover equatixms.
This diagram clearly shows that the value of c affects

one boundary more than the other. The boundary be«-
tween the Backward and Backskip methods is net af»
fected much by c, because: the chunk size is involved in

box}: methods in exactly the same way. But the boundary
between the Backskip and Replace methads is greatly
affected by the value of c, since c is not involved in the

Replace method at all. Small chunk sizes, especially,

penalize the Backskjp method. Overall, however, varying

c does not squeeze out the mgion for the Backskip
methcrd; and our basic cancltzsionmthat the new method
is a useful additionwstill holds.

There are other aspects 0f the above methods for

which we could do a sensitivity analysis. (For example,
if the last two M operations 0f the Backskip method

were eliminated according to Rule l, how much would
the value of the Backskip method increase?) However,

the sensitivity analyses above illusirate how the Key
stmke-Level Modal can be used to evaluate design
cheicesmevetz when many aspects of the calculation are

umzelrtain ~~~~~for the principal couclusicns are often £11563»
siim: 1.0 many cf {he uncertainties.

6. Simplificaeimzs of the Keystmke-Level Model

The question naiurally azixes as £0 Whether further

simplificatimxs of me Keystrake-.Levell Model might <10

reascsnahly well at pmdi-sting exe:::uti<>.n time. One muld
(la) count tmly {Em numhesr of kejgxtrokcs. (bk xxmautjust

the physiml ozypimitom and prxsme the time far lmmtal
activity, or (:2) we a zéingle constant time for all aperaturs.

We show lwlcvw that web simplificzazicraa substantially

degrade accearaty‘. i‘I<3W€w'er, they pm-ville useful approx-
ixmatimxs where the l<:n=na=”erexl zxmmraizy 5352 be mlelratmi.

(:7QI¥}l‘{l£3,Kli(Z&§iiXJ!&S» July '.!9<‘.l€*
of V csimxtm 23
‘am: A\’;‘.a\«i Nx2,mE>ex ‘?
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63 §§f3_§i5i3§‘{}isW:$ (}£.2I§3;

‘Wm: this ::Vé:rz:g,"ai§L£E<:;ae:im. 4:‘2<«4:<:m,im i%m£: is pmpm»
mmgai :0 am: mzmiaar mi‘ é;»~.e;‘g:§:;r+::»Eé;zm:

Tnwcm W M’? fig "‘§" Tie.

" aim: :;<;¢ sjmam m£;;m~zme :,im<~:.::a, " " ‘£‘m1

£0 <:a::n2’m.md ms: c.:::mgm:‘ia<»z:. "‘€‘m: csxmzasazam mi" §:vm:;>m~

’ M, :x§1z::~Mad kw: xi,éa£i:2ga§é3E2¢d §'re;>r~:2 mg iha ‘typmg

apc:«r:x:£, w%m'%%1 is aiciermzzw/£3 fFi}£”£‘§ :;§;mL»:£:::‘<,i :};‘pr;.:3g mzazs.
Esiiénmimig Hm: vzzizm nf a: fmm :2 F2: uf ma

W1.§uz‘:¢:» 1‘ and Q1: I?" in Figmrx :3 g§'v‘é.?:€«.

e3‘i‘§ 5«‘:«::;’i<a:ijsa:<;rasi<t::. '¥‘hi:: :z::>r@a:%m':x:::: 53€¥‘we:»zm am: £1im¢:*1e

gvrmiiaifid $34 ihis :7e'miis::.§ we <2%>s.¢:z“’»'2:;ai i§E‘m::‘» is

am {bar mm: mm: ‘§2e¢3§’€':3i’32£. "$322 2;m:i:.».:m:s, Elm" a::.*2m~

gaming 222% mfiteéfifiéfi am pmszwieazfi in F%g:.2m $1 mm M
maria. zzzaiag §i‘i?}’S%I€}%(%3 amijg is :m£%:;£;.&,,zz::;ai3j; 36:225. aicwrzws

mm: mm m: K«i~:mr&o§<«a~§Z,»e:v¢&£ Thég ::img3§i§E<:a2i<m

E53 igzaggtegzazpriazxia far u;*si§:;5 mm am mm. dmainatm by
kL=f;:szroki11g. Fm’ e:;.‘x:m11g;:§e. i% —m':&}:‘ ;3r£%i§x:'i:; abmzi .3 third
41%’ the @m.¢:zw~s:d arm: {or that amxxxw i,$?.3§{i~). whicgh am“:

dmmi.ma::m“§ by and .:fir:a;w.Tmg :ram:rmm:2;s;_
’fh::: »i1i’:2{!4‘V£2 mt%mm:z:~ 9? gm‘ izaiii cfiiéwik mm £}1X£§”g*i2‘a.g

mm: in the dm.:aa., T53v-P05’? {mg m 'zzw.£ag with

§%::.%§ ikiati gzssém 3‘t31§‘£iI:’9fi£:d :4»: w ,:S»‘£;% .3 yams‘ sxkmt m
amxha: e;~;z.i::::z«.zm <3%s:.a.izwafi in an e:mimr msacismaszk :=;:u£;%y

g:; :3. ch. 3; ”N~;s>m;‘r is Em: ezfiy task: mat mq>z.:ire:;;: iifiifw’

inp2z£~!jy"g2émg :32‘ iem. {}m: zsshwémm nzfmaemam <33” 1.12%

i=:eys:m:1ke3—»4;:a}:g madfli wimid $4: in e:§.i:»;i/iuVgu%.§fi iW'£%

Sf §;a}*szwi<m~;: mamas alnpuz-:*§;pi.;:g {ax £5: :am*;*'%:¢j;m:m§;»$’}
aéiemzza mmmzmd~§ang:mVgs Zzejgigag {at at w::;'kmy:~:twi:s}.

Fm {ms pazrpwss. a 43:" .63 w: is iha maam r“ea3;;:sr:af§:L£aa
araimx.

”§”he.: mafia: ai‘ Embfiejg 3: $93., {*9} £23 fszrnzafljy 3§,{E}§.ii.~i§ in

mar keygiraksgmniy vemimm, §~ie;w€w:r.. their mmfei :3

$a'S.»a41“<€3p§iAa§3.‘_y <ii?“far£:";§ fmm mam. ‘She Ka’§m:0k.a»Lcve’i
Mafia? is mmd an im: mwim; af 3: mm L335; mmctum;

Embétxgg sari 33. um mmmamig znazmd. £312: mafia-2:} £3

E‘-s‘:S7éz‘i7§£:‘E€:~”{§ E-G 3k.2.i§m§ mpaaasm behavégsr, ‘wfmrr-ms ah

zanzga ta messiei ad? Ezmds mfnzms {exsmatiaiéy by wgjaing

am; wx"si4;m3 wf the pfisamtwm }"',,W;m mzed acfg. Uafm*-
Ezxgzaasmiv. fiéd Em mmpme {heir mafiai agmrm 3.13?

=.:mp§:m:z:x¥. pefmzmzanata éaza, 52:» ‘war: cmxnm mmpms: any

rmss,z?§2.$1im«1%m§m” Tim 3;wj;§:x2’.e3§;:e::;-»:w;3.§=}é mmadai flan» gxrtriaagza
M \£.z3.§s:e::%2 as; an §;I’.§'é.'3Ki£Z££$«€,‘a.I' 23%“ gm amxumcy 9%‘ »:h$:§.r mmézai

my m;;3~er2 ’€3$%aavé+‘J*¥i.

(2.2 §’rzrram:i Evimmi Tim

é’§«;r:a>rzéi,ng; we aim $i,:.z‘:Lg,vEif"z<:a::;§a:m, axéramiaan Kilfmfi ix new

time: raguirafi fly: $23 gahysixzai <3pa:ra“£%cm3 £2522;-§»€:i;33a}z2:;i by
3; i7aa:wx ice accmzui $2.): the iszwiezi iima

:f.2;x~ea:.:‘am‘ W ‘+ E!-fff '§' é' M?"

371%: idea £3» akzsn 1&4: —phv:@§%;;;§i flpfizsaiiiagzg «mgi rwquire 3

camazizm §§W1“%'E%g£‘1 £waf§“s.:€::$;£.% 43%? mszzzzem £2/;:zi§w§:3;( “£11m in»

maefi :3? wyiag ta} Aprmiat se;m~s:ai§; éww gammy z3.wni.;23

§%§?$i€}1”‘&-¥._i€:i§E§i ziwm isfft, W mi; {:0 §”m%i;e* Wflfi $33: 5:13;: zmiag

& mu5;ip3§m::.ém memiai <;w~:s“.§3£2$§i »s::r;;z:2§:,:a:;za ilfiv

'§.E.2:§23g a §%3t~:3;qr.szzrs:5; gmiilyfiéfi m am§az~m1i:m gt {mm

Lhfi mmm 53%” me <:&¥:s@:u°2me4£ §i‘>2z' fiw pfizaysiésai 9:;s:s::x~

fig

Hg "5 ('"‘a’>m;m.xw_3«: «.3? Size ism: ‘;:r‘>k:: nwelxri méia samplarr m2';m:z,m:s

Mcgzmfi ‘ézzséaazécum Faramemza Cmrmézaéézm (W §’%,M5 Efiumi’

K 2'»: «iii? a§=x~'<,‘.‘z.~«x{a<

« “wt: §’sgmc ii
1' my 35,3»-zrz; 334 :1 ;wmc;az';:g;z: £3? fin: o?n»§‘iw'~L1 m£'a‘z.:1s4,'m tum’,

" \.§o:'x° ua<'€*.z§ ;m<"azm2z¢~r &:;3/2:225: me: Ox N? am‘ .'2;'s;§ av :3‘? us»: («arr ;"*»:;-vxazma
rs é mg as 2';

iizasass that efl:x:<x:‘rv::~Li wf }’;,,,.‘.,.m. in Fig;x.m: 5 giwsé;
,2; m $32333’: M3,, i%=e:2r%:r ea 6? {Jv‘.3‘3'C§l'Ui iswcrhézzzad fox‘ rmsniaal

Laarmzigjg. Thfii mrraiatigan b<:m*e:e:rz prcdic£::<1 and <1>i“>:«wr'vz:d

times; £2: 3%, am aha $2543 gzrror 535 parcaent.

Tétzjzs :aimpii£icaz.ie>n is aim 16:523. szcszxarzm: thzm the

Kay::m3&;a»Lew:i Mada}, mm be war: in figxxrta 9. "§‘%xi:»:

sagywfiis ma? the extra <§¢‘£:‘£€£§! in she: }=<.M¢:}'xstrc>}<a’:~.Lr:rvc:i

Mmizfifll izw{2i'%:iVz1g the gniacitirxeaza M the nmntai ;m:par~
i",:f_”3~t).§"a3%»(}!’, . effacsziva. it is mix <,1pe:mz.<:=r ma:

agzxaiifie,-3:2: {ha Key2;:r<3?r;e~Law3 :’v1Qdc:E 33 a g<=:m.ame psjgv

cmwgiasai m¢z>::;i:2E am? :30: sirnply .’53_f}é§l:g_lSiS of tin:

p§1*;;3:«:a§ (3§}f:£”«2‘%%i£>;£‘2s.

’i"here is an inmreatmg mizmorz bzzvwemu z§ws;t': imp

simgxixzr mocieis and the rukzs £111: piacirig <.wm,::"rm:C€5 =5»?

M in the: f§i£:§i51:~Qi§€~§,x:x‘ei Mmdei {Fi_gg.::*e: 2}. The inimal

gskacztxraam Qf M’2~;,:, by Rum £3. wiah cezrtzfirz K5 and V5 it;
£:;a«.=m:i.a3,§y mi é3£f‘$SU{!’2;’3ii£’m {hat menmi time is pmpmw

t,§m;:a%3 £0 3 subxzat {bf iiw physiaai Operators. If‘ Rxziis 6 had

specified an yhyaiaai {;«p>.:ra:<:>:sL. Raw :2? by iiseif wt:-arid

hava been aquiwaient to proraaing menaai time. if the

mher phytsiezzii <::;;»»m'a£<>3':s £13’. gmrai I?) ma §3~Ei«<’:E1 igzmwd,
xltzis wmzid have meg; equivaimzzi mi: cumming iagzyzszrzzkes

fifififih Tiwrefmm. the ciaiaiian M the aatcordizzg 10
Rufies 1 m :2 ::».:sn5mum2a me ways in which met Kfl§{SiI'()kf:—

Lem! éviadfi departs from these sizrzpier mmdcis. The
msidxttzrzsm far the ;mpesric:rity M ms: K€}fi>‘!I’Qk£3-Laévifil

Made} p't‘s:*5;£m{»€:d in Fzgtzm ‘*9 is am aviflence {fiat Ruieass

% to 4 Emmi a sigmffieanz »:::ffz:<:t. In fzwh gash of zm rum;

ixédwéaéusflifig maimes a significam cmntrmutiran, in me
?it‘:£:%&€ iizag fizz; mmmral imzis 1:: an i;im;x*»azm£: in the m:.::m"2u:3J

{)5 am Kgztyfiirwkfiwmwl .M0(3<ti.

63 Cranmagzi Qperzmrrr Time:

;-‘«E»§:s*.:<;>;;*:§i.z1g :53 um ;§:i2:n‘p1if§{:2:1i{2.;1, gmcutim time: is:

pratagwmwzzi to aim ngmzbter 0:" F?»1:2y$£rs::§w~Lev£2i anpwarra»
timm:

3'” "«“{fiM *1“ 3%” + I229 4*“ fig: 4“ I213} 4' 7%.

’Zf‘‘Ew idem fizexw: $4.5 ms: :5;£xi%s;§;§a;a.2 ubm:rv2~;1i~<::;1 H3} that the

mczgraw :52“ iinzrm“ Ltizzcsvgiizeltzz $5 me‘: zwmaiiiaw am that ciif‘fc:r«

émiiiii Vwetizgwmi/ng vi’ the §%i&fi—€)!“£%»”'-“""m:§13§;t§ we:%g,;hti:ng, c;%<::e$
s*:%:;&M:iy ax; weaii 2:5 2:13}: astiwr weighting, ‘fixing was <1 i:‘»:mga:a:i

ziw g'§%?§‘i“eVn«7:Vz2t egwramr timma and 4.2% 2: zaingisz mm, 7», {bf

Cfgrgxzzzszxsgiezzaaiawm Jmiy 2‘2f*=%€}(35% "‘s*‘:;§s,;mé: 33
@3472 ;>‘}»(W1¥-1)‘? Nsasmiwvr "7
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aii a.“>';‘:s::r;:i<':r5s. ?‘~e'm<2 that the c:ar;ss:t;mt~c>gw2rz:tor—iirm:

m(*’a:;§i;t3 ix §‘m:m:1i§y sainiiiar :4‘: the keys1rm’k;'::;»cmiy rsiwd€'i:,

am: izsmr iiwfi be: véarwssai as maizag me; 222; 2: m,u1i4:: vssmzxzazcs
mi’ aha: am:-ai nu m1:w<::r M‘ c>;:s<:a'a::=::;»r:s;.

E§imr2*:aii:ag, 1' §:'a§/ :1 1€Z&$t'~fs£§ll2lY€;3S (ii, an? ma: data in

Figgazréz 5 gggéwssa 1 =1: $13 s»€::;,/;">;"2«::rz2.iwr. Tbs: c:;>ms:E2mmn
bgstwmm pmiaciefl axnci <>§;>z»«s:rx'a;m1'£i:I1»::§é:s;.‘92. amd she: was
mfmz’ 7w M pfirrczzm. {EH31 that reasian ziisgcusmd is E§£:<,;£is:>:a
61}, ii r.1s£:fui :0 €Sé€§1‘I1€.1{6 “r wizh Um: T4~mm" £21314

re:m<:w£:«;;§. gmi.n§; ?” .49 sec/'«;:-gsfirazor.)

The c;:£3n5:%;i:3€viim‘:: rncadéci is aguitge: an bit mart: ;».c<:»,:r2:w

mm lhfi“ '$«:z3y..~sx,r<:>k<:,s~—m3iy n1<>&ei., Much mils us; that taking
Ema zaxxmmi mperzaiaprza @1112! than K is 21:9:/zfui. in fact?
rzzmsi of am: acm::n in the €0za:«;iar:t~Iém:: smsciazi {cnvw the

:1~4':'§ rm" 11.21122: in Figufle: 3, at icemé comm; fmm aezmzmng

unify the K, 13’, and M oparawrs. in any parzicuiar task,

of <:<3m':;;vs, any 0f the mgaezramrs can be demiuam. On ihe:
<>1;}wr hand, the <:<>n.stant-Iima: made‘: is mu 1:255 accurate

{man zhe K<::ys£roke:~L::v2i Mcrcieai, showing mat taking,
inns mtmum accurate £::51iz'I3,a£&:&; of wash §::pi:ra10r’:s iizitxe

yiazfidrg smoihscr incmmtzm of amurzxcy.
in ésmrzmary, all af tht“: simyziiiicaimns prasanted in

ibis s¢m'o;n a.r:=; less; accuraze than iha Km/s£r0ke««Leve§

Modei. However, them“: simgaiifiéid nmdels are probabiy

gazed emsrugh for mzauay praciécai ap;p1icaiic;t15, especially
fm“ "baci<~0f~t1"2e~env¢ic»;pe*’ cahtuizmens, Whfiifti’ it is
£00 much trmxme 1:0 worry about the subtleties of comm-

ing the M3 that am fuii K€}’:;£rUk€~LcV€i Made?
acquires.

V. Conclusiim

We have: presemed the Keywoke:-Level ,Mede‘! for

predicting the time ét wiil tabs: 21 ussr to perform a task
usaing :2 systsna. We view this modei as a .9j3A$!€?n dexign

1490!. We have shaped it with two main concems in rxximd.

Firsi, the 3001 must be quick and easy to use, if it is :0 ha

useful during {fee desigsz of interactive systems. The exisb
mg strengths <21‘ psycholegy and human factors methods

an: pximariiy in the azieisign and anaiysis cf experiémmts;
but axperixnenm are too slow and cunzbersamc {<3 he
in£:()rp«:>r.ate€! into practice, Base 492‘ implies thai the

{mi bx»: arxalyticalwmthat it permit caltuiaticm in the style
famiiiar ac» MI engineers. Seeond. the moi must be useful

:0 priacmzing cotnpumr system des,igners, who are net

ps;ycha:>i<>gists. This impI.i<’:$ that the entiré mo! mum be
packagmd :0 amid r6:::;'v;:iri,ng apeciialized psychologicai
knowleaige. We think max the ,Keystroke~Lcvc§ Made}
satisfies; these: concerns, along with the primary czmrsid-

aeration of being accurate mxough to nmkt: desigra daai-~
szions. Wa beiicve that the LKeystreke«[§.mel Mncicl haw

lorxgs in the system de::;ig.ne:*’s tc::<>1~kit.

it is pmsibie ta fiarmuiate mam: mnxpiécaieti and
refinad madam; than the K€3yS'll“K‘Jk¢~L¢':Y’€Z‘§ Mezzdei by £13» L

crcazsing its zmzumssy m by relaxing some of its ~S:1€i’i“imii‘i
rn&3£3t:‘i<:Li£)mf¢ (exgy, medals: that predict mectmcm or that

M9

predict mrayxsa}. 011$ 05 aha: great virtums of that €13}/stroLaev—

Level is/iodwifi f’;*om our own pergpeciwe as scientists

:11“;/iraig 1:1» uriderzamnd haw humam intsracsz with computer
is that it puia at icawcr beumci on ma effgsetiveness

{if 136%’ §3r.<2p~:>$azl.3.. Any new pm9s::sai muési dz) bvsmzr than
the Keg/5tr<3§::c»L£vr:i Mcadal «fimpmvs: on its a¢<:um~cy car
itzzsserz 51:7»; resmciians} to merit sericms cgnsidmazion,

"Hm K€:y§3¥.r0i£€—*L23”v'£:1 Mmisi has sczvgrai r<:smc;»tiom:

The mm" mam be an expert; that task mam 13¢ a 'r0axti.ne
unit task; the method mus: be s~:;3ecified in detaifi; and the

pn:*rforn1a.ne;w: mmst be £:r'r¢:2zr~1‘r»:':s::, Thfléiéfi r¢siri::t%0n:; are

impommz and mm?! bf: c21Lrefu§§y comidsred when using
the model, Ysa we: %‘n:~,i§e:w: {hat the ?§<;cyssm3ke~K.evz;%§

M05361 rrmciwl rexprezsemz-; an appmpriaaat idezaiizaiioz: of
am asapeci (af perforrnancr: and that it is a fiexibés £001

aflowing the system designer to (1233 sjasiematécaiiy with

{his aspect of behavior.
’I‘i:1<: KeysLr0ke~Lev¢i Made: predms only (me aspea

of me: 10:31 user~compu:m imeraciion, namciy, the time

to pa-rfonn a iagk‘ As we diwassed ax the beginning of

t§2§s paper, there are nxany oahm inapcarmni asspscm sf
p¢rf0rma,r1ce, there are ‘nanexpert usem, and there an:

zwnroutinve tasks. A1: of mass must be corzsidared by the

aystem designer, ?Desigm'.mg far expseri, e.rr<>z‘»fret: 334:1-
fornlancac ‘time on reutine tasks wiil mat satisfy fihetse

ether aspccxs. We wmzid like to see appropriate medeix

deveioped far these mher aspects, However, even wizh a
coiieczimra of such modeis, the designer still must make:
the inevimble trade~o£fs. Scientific madeis do no: e}.i,mi~

mate ihfi design problem. but only 1263;: the designer
contra the different aspects.

Ac-imowfedgmenrs. We thank J. Famess, whc ran the

expcrémezmg described in this report, and T. Roberts‘,

whc: {wiped in same 01" our early expioratiens 0f file

kejgstrakmcountmg idea and provided extensive com~
menzg an eariier drafts sf this paper.

Receivw 3;"r'9; revised 2380; acxtcpicd W89
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ABSTRACT 
The development of user interface systems has languished 
with the stability of desktop computing. Future systems, 
however, that are off-the-desktop, nomadic or physical in 
nature will involve new devices and new software systems 
for creating interactive applications. Simple usability 
testing is not adequate for evaluating complex systems. The 
problems with evaluating systems work are explored and a 
set of criteria for evaluating new UI systems work is 
presented. 
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INTRODUCTION 
In the early days of graphical user interfaces, the creation of 
new architectures for interactive systems was a lively and 
healthy area of research. This has declined in recent years. 
There are three reasons for this decline in new systems 
ideas. The first is that, unlike those early days, there are 
essentially three stable platforms (Windows, Mac, Linux) 
upon which virtually all software is built and those 
platforms have dictated the user interface architecture. This 
is in contrast to the state of UI research 15 years ago when 
there were many competing toolkits and platforms. The 
second is that the stability of these platforms has lead to a 
new generation of researchers who lack skills in toolkit or 
windowing system architecture and design. The third reason 
is the lack of appropriate criteria for evaluating systems 
architectures. This paper addresses the last question of 
“How should we evaluate new user interface systems so 
that true progress is being made?” 

WHY UI SYSTEMS RESEARCH? 
Before addressing the evaluation question we must first 
consider the value of user interface systems research. The 
systems we have are stable. Applications are being written. 
Work is progressing. The users are happy (sort of). Why 
then does the world need yet another windowing system?  

Forces for change 
A very important reason for new UI systems architectures is 
that many of the hardware and operating system 
assumptions that drove the designs of early systems no 
longer hold. Saving a byte of memory, the time criticality of 
dispatching an input event to the right window or lack of 
CPU power for geometric and image transformations are no 
longer an issue. Yet those assumptions are built into the 
functionality of existing systems. The constraints of screen 
size are rapidly falling and we are finding that interaction in 
a 10M pixel space is very different from interaction in a 
250K pixel space. 

Our assumptions about users and their expertise have 
radically changed. Most of our windowing systems are 
designed to deal with a populace who had never used a 
graphical user interface. That assumption is no longer valid. 
The rising generation is completely comfortable with 
computing technology in a variety of forms and is 
increasingly comfortable with change.  

Our existing system models are barriers to the inclusion of 
many of the interactive techniques that have been 
developed. Research as shown that manipulating the mouse 
gain can improve selection in various spaces [1] yet this 
does not fit smoothly into any UI system model. Cameras 
and touch tables produce inputs that are the size of a hand 
or finger rather than a point, yet we force such techniques 
into the standard mouse point model because that is all that 
our systems support. Multiple input points and multiple 
users are all discarded when compressing everything into 
the mouse/keyboard input model. Lots of good research 
into input techniques will never be deployed until better 
systems models are created to unify these techniques for 
application developers. 

The advent of new interactive platforms also drives a need 
for new systems architectures. The WWW forms a huge 
base of interactive use, yet its interaction model is primitive 
and the toolkits built around it are difficult. People are 
increasingly moving their digital lives to PDAs, cell phones 
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and other portable platforms. Many people live and work 
across many platforms and interact with many people, yet 
our UI systems architectures support none of this. 

In the early days of the Mac and Windows, an industry 
leader said “Almost none of our customers own a mouse or 
a graphics card. The installed market is too large and too 
entrenched to change.” Barely 5 years later that company 
had fallen from market dominance to near irrelevance 
because the market had moved to screen/keyboard/mouse. 
We now stand at a similar position. Systems based on one 
screen, one keyboard and one mouse are the new equivalent 
of command-line interfaces. We need new UI systems 
solutions. Our current systems architectures are beginning 
to impede progress rather than empower it.  

Value added by UI systems architecture 
Before addressing the evaluation of research claims we 
should look at the value UI systems architectures bring to 
the table. 

Reduce development viscosity 
A good UI toolkit will reduce the time it takes to create a 
new solution. The faster new solutions can be created, the 
easier it is to try more solutions on users. The more 
solutions that users experience, the more effective the UI 
design process will be. 

Least resistance to good solutions 
UI programmers, like most programmers, are optimizers. 
They tend to follow the path of least resistance. Apple spent 
a lot of time and effort writing a style manual and 
evangelizing the value of a common look and feel. None of 
this effort had the impact of providing a standard widget set 
built into the system that was available for free. The toolkit 
made adoption of a common look and feel much cheaper 
and easier than custom solutions.  

A related concept is that toolkits can encapsulate and 
simplify expertise. When exploration of a space of 
possibilities finally settles on a few good solutions, these 
can be packaged into a toolkit to simplify the development 
of future systems. 

Lower skill barriers 
Bill Buxton’s Menulay [2] demonstrated that large portions 
of the UI design problem could be handled by drawing 
rather than code. Systems like HyperCard and Visual Basic 
commercialized these ideas and allowed people with a 
much different set of skills to participate in UI 
development. The right toolkit design meant that artists and 
designers rather than programmers were dictating the visual 
appearance of user interfaces. Good toolkit design can 
expand the set of people who can effectively create new 
applications.  

Power in common infrastructure 
Though the current mouse/keyboard event model is 
standing in the way of many new interactive devices and 

techniques, it has also empowered many new techniques. 
Pen-based interfaces have benefited from pretending to be a 
mouse. Though the pen has many unique advantages, by 
pretending to be a mouse it is usable for most existing 
applications. In our current event model, any device that 
can produce 2D input events is usable by any existing 
application. This has real power in supporting new 
combinations to create new solutions. What we need is an 
upgrade to this common denominator to empower more 
advanced techniques. 

The HTTP/HTML standard is a clear example of the power 
of common infrastructure. By adhering to this simple 
standard any user can acquire a browser that will give them 
access to a vast number of services. Conversely any new 
service that adheres to the standard can gain access to 
multitudes of potential customers. 

UI toolkits and system architectures define the ways in 
which interactive components are combined. The power of 
such techniques is also their curse. The importance of such 
standards makes the cost of changing them very high. 
However, if we do not search out and develop new ways to 
combine UI technologies we stunt our potential. 

Enabling scale 
Laying stable foundations makes possible larger more 
powerful solutions than ever before. The set of applications 
that can be economically built without a good toolkit is 
substantially smaller than with one.  

EVALUATION ERRORS 
Before exploring better ways to evaluate interactive 
software architectures, it is helpful to look at some ways 
that misapplied evaluation methods can damage the field. 
There are three to be discussed here: the usability trap, the 
fatal flaw fallacy and legacy code. 

The Usability trap 
When evaluating interactive systems the first concept that 
comes to mind is usability. There are several common 
measures of usability such as time to complete a standard 
task, time to reach a certain level of proficiency and 
minimize number of errors. Usability measures have driven 
a great deal of good research in the CHI community. 

Many usability experiments are built on three key 
assumptions. The first is “walk up and use.” This assumes 
that all potential users have minimal training. This is a great 
goal for home appliances and for software tools used by 
many people. This goal also works if there is a large pool of 
potential users with shared expertise, such as secretaries or 
chemists. The assumption is that anyone with the shared 
expertise should be able to walk up and use the system. The 
“walk up and use” assumption does not work well for 
problem domains that require substantial specialized 
expertise, such as user interface programming or design. 

The second is the standardized task assumption. To make 
valid comparisons between systems one must have a task 
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that is reasonably similar between the two systems and does 
not have many confounding complexities. The task of 
entering a string of text is fairly standard across any set of 
text entry techniques. There are not many ways to approach 
the task. A task of painting a picture or designing a circuit 
is not a good task for a usability experiment. There are too 
many variables in the task to make valid comparisons. 
Individual differences in creativity and skill create too 
many variations in the potential user population. A task that 
is suitable for a usability experiment must have low 
inherent variability so that any variance can be assigned to 
the differing techniques being tested not to variations in 
approach to the task or user expertise. 

The third assumption is scale of the problem. The 
economics of usability testing are such that it must be 
possible to complete any test in 1-2 hours. More extensive 
testing may allow multiple sessions over many weeks but 
any practical experiment cannot afford thousands or tens of 
thousands of experiment hours. A usability test of a toolkit 
that requires 10 programmers over 6 months would incur at 
least $300,000 in user subject compensation for just that 
one test. The cost is high and the statistical significance 
very low. 

Usability testing is attractive because it can produce a 
statistically valid, clearly explained, easily compared result. 
However, toolkit and UI architecture work rarely meets any 
of the three assumptions of usability testing.  

Usability testing of interactive tools and architectures 
Any UI toolkit that addresses substantive problems will 
require expertise in using the toolkit. By definition any new 
toolkit will have no population that possesses that expertise. 
Any comparison between a new toolkit and an existing 
toolkit will be confounded by familiarity with the existing 
toolkit and the need for expertise in using the new one. The 
only way to eliminate this confound is to find a population 
that is equally ignorant of both systems. This produces 
comparison results that are not representative of the 
intended populations of either tool.  

The standardized task assumption is also violated in 
systems architecture research. Any problem that requires a 
system architecture or a toolkit in its solution is by nature 
complex. UI applications are known to be complex with 
many possible paths to a solution. Meaningful comparisons 
between two tools for a realistically complex problem are 
confounded in so many ways as to make statistical 
comparisons more fantasy than fact.  

The task scale assumption is also violated by UI systems 
work. Building a significant application using two different 
tools, even if valid comparisons were possible, would be 
very costly. Performing many iterations on a toolkit 
solution using this evaluation technique would be out of the 
question. 

The usability trap lies in how we respond to nature of 
usability measurement for systems architectures and 

toolkits. There are those who respond with “If it can’t be 
measured it is not research.” This reduces research to the 
study of the trivially measurable. There is a slightly 
different response which is “Focus on the measurable it is 
easier to publish.” This limits our power to effect 
significant change. A much more interesting response 
would be “If not usability then how do we evaluate 
systems?” This is the topic of this paper. 

The fatal flaw fallacy 
When evaluating small interactive techniques or specific 
behaviors it is good practice to carefully examine all of the 
possible ways in which the technique or its validation might 
be in error. If such a fatal flaw is discovered then the 
reported results may not be valid and the work should be 
remanded to the authors for repair. 

This search for fatal flaws is devastating for systems 
research. It is virtually impossible for a small team of 
researchers to recreate all of the capabilities of existing 
systems or to completely examine all of the eventualities of 
new concepts. The farther such a team reaches into new 
territory the more compromises will be required and the 
more supporting ideas must be left unresolved. If a new 
systems approach is attempted, the omission of some 
important feature is guaranteed. The existence of a fatal 
flaw is a given. If the evaluation of the work is focused on 
“what does it not do” no research system will ever pass. 
Flaw analysis will frequently be a barrier to new systems 
research. 

Legacy code 
In the late 1970s many people objected to new UI 
architectures because of the vast amount of legacy code 
written with command-line or text screen interfaces. When 
the Macintosh hit the market followed by Windows 
suddenly all that legacy code became irrelevant. The 
WWW has precipitated a vast rewrite of the ways in which 
companies deal with the public. Many desktop applications 
have been rewritten for cell phones and PDAs. And yet 
people still invoke the “legacy code” standard for UI 
systems research.  

If a toolkit can run legacy applications while providing 
some new advance that is a good thing. If a new 
architecture necessitates rewriting applications, that is just 
the price of progress. The legacy code requirement is a 
barrier to progress. 

EVALUATING EFFECTIVENESS OF SYSTEMS AND 
TOOLS 
To find ways to evaluate systems and tools we must revisit 
the claims that are made. Our list of advantages presented 
for toolkits and systems provides us a framework of 
possible claims. Given a set of possible claims we can then 
outline ways to demonstrate each of them.  
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STU: Situations, Tasks and Users 
Every new piece of interactive technology addresses a 
particular set of users, performing some set of tasks, in 
some set of situations. It is critical that interactive 
innovation be clearly set in a context of situations, tasks and 
users. The STU context forms a framework for evaluating 
the quality of a system innovation.  

In systems and toolkit work there are frequently two 
different STU contexts. The users of a toolkit are 
developers. The task is to design quality interfaces that fit 
some end user STU context. For example we may develop 
tools for programmers (users) who are creating applications 
(task) for doctors (end user) accessing medical records (end 
task) while making hospital rounds (end situation). These 
tools might be designed to allow programmers (users) to do 
development while following doctors around (situation).  

Importance 
Before all other claims a system, toolkit or interactive 
technique must demonstrate importance. Tools are 
invariably associated with expertise gained over time. 
People will not discard a familiar tool and its associated 
expertise for a 1% improvement. In most cases at least a 
100% improvement is required for someone to change 
tools. Without establishing the importance of the problem 
and its proposed solution, nothing else matters. 

Importance analysis proceeds directly from the intended 
STU context. The first question is the importance of the 
user population (U). Populations can be important because 
they are large (every sentient being over the age of 10). 
User populations may be important because their 
performance is critical to the well being of others (doctors, 
emergency personnel, or teachers). User populations may 
be important because of tremendous need (disabled, 
poverty). Every population is important to itself. We must 
give some consideration to the population’s importance to 
society in general. Sports fans in the bleachers behind left 
field at Yankee stadium would not be a very important 
population no matter how fervid they may be. 

Assuming that the user population is important we must 
then evaluate how important the target tasks (T) are to that 
user population. Importance might be established by how 
frequently the task occurs. It might also be established by 
looking at the consequences of not being able to do the task. 
It is a serious problem if a doctor cannot access a patient’s 
records. 

We must look at the set of situations (S). How often do the 
target users find themselves in these situations and do they 
need to perform these tasks (T) in those situations? We 
must also look at the importance of the STU context as a 
whole. Many doctors go scuba diving. Doctors are 
important. Scuba diving is a novel situation but accessing 
patient records while scuba diving does not seem 
particularly important. 

Lastly we must consider the difference that our new 
technology will make. Changing work practice requires a 
lot of effort. Although data analysis is good, if the 
difference offered by our new technology must be carefully 
analyzed for statistical significance in order to establish an 
improvement, then it is probably not important.  

Problem not previously solved 
This is one of the more compelling claims for a tool. This 
claim says that there is a STU context that has no current 
solution. It is a powerful claim to demonstrate that T can be 
performed effectively with a new tool. Usability testing is 
irrelevant when comparing what can be done against what 
cannot. 

Such a claim is seriously weakened if there is only a single 
task T. What has been created is not a design tool but an 
application. That application may be important to the user 
population U, in which case it may be more appropriately 
published in the literature of population U. This novelty 
claim is strengthened if population U is very, very large 
(i.e. everyone who can read). The larger and more diverse 
the STU context is, the stronger the claim to the importance 
of a solution. The World Wide Web could make the claim 
that previously it was impossible for non-programmers to 
interconnect many disparate information resources. 

Generality 
The new solution claim is much stronger if there are several 
populations Ui that each have tasks Ti that do not have 
effective solutions with existing technology. If the new tool 
can solve all of Ti then a claim for a general tool is quite 
strong. The generality of the new solution claim is 
strengthened as the populations Ui are increasingly diverse 
from each other.  

The problem with this claim is that proving solutions for all 
Ti is not possible. In fact the more general the tool the less 
likely one can demonstrate all of the possible solutions for 
which the tool is useful. The best proof of a generality 
claim is the diversity of the STU contexts for which a 
solution is demonstrated. If one has used the tool to solve 
three diverse problems then one can argue that the tool 
solves most of the problems lying in the space between the 
demonstrated solutions. The greater the diversity and the 
larger the number of demonstrated solutions, the stronger 
the generality claim. 

Reduce solution viscosity 
One of the important attributes of good tools is that they 
foster good design by reducing the effort required to iterate 
on many possible solutions. The more cumbersome the tool, 
the greater the viscosity in the design process with fewer 
and less diverse alternatives being explored. There are at 
least three ways in which a tool can reduce solution 
viscosity: flexibility, expressive leverage and expressive 
match. 
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Flexibility 
A UI tool is flexible if it is possible to make rapid design 
changes that can then be evaluated by users. This has been 
the claim of interpreted programming languages. By 
eliminating the compile step, it is faster to try many 
different solutions. By evaluating code created at run-time 
more flexible solutions are possible. Visual UI design tools 
exhibit flexibility when one can rapidly make changes to 
the appearance of the user interface. 

The flexibility claim is relatively easy to support. Define 
some interesting and diverse set of possible design changes 
and show that such changes take significantly less effort in 
the new tool relative to the competition.  

Expressive Leverage 
Expressive leverage is where a designer can accomplish 
more by expressing less. The dominant cost of any design 
processes is the making, expression and evaluation of 
choices. Expressive leverage is achieved when a tool 
reduces the total number of choices that a designer must 
make to express a desired solution. There are several ways 
this might be done. 

Eliminating repetitive choices is an easy technique for 
achieving leverage. The simplest mechanism is reuse. The 
claim is that a large class of STU contexts include the 
expression of choice Y, yet Y is the same across all of these 
solutions. A tool that encapsulates Y so that the choice is 
made only once is more expressive. One must show that 
every solution in the class of solutions includes Y and that 
every instance of Y is similar or show that the differences 
are easily parameterized. The size/importance of the STU 
contexts in which choice Y must be made is key to this 
claim. 

There are pitfalls to the “generalize and reuse” strategy for 
expressive leverage. In many cases the manipulation of the 
parameters is more complex than redoing a custom instance 
of Y. This comes when there is more variation in Y than 
was originally anticipated. This also comes when one 
generalizes too far.  

A good example of over-generalization is the Table widget. 
At first glance it has rows, columns and cells. Columns 
have headers and cells contain text. It is relatively easy to 
write such a widget and its interface to the data for the 
model is quite straightforward. The temptation, however, is 
to add fonts, colors, special layout rules, arbitrary data types 
for the cells, icons for the columns and specialized cell 
editors with four or five different ways of embedding those 
editors into the cells/table layout. Suddenly the correct 
specification of the parameters to the Table widget is more 
complex and less predictable than implementing it from 
scratch. A generalize and reuse strategy must demonstrate 
that there has been a clear reduction in the number of 
choices that a designer must make and that the implications 
of those choices are clear to the designer. 

A second means for reducing the required number of design 
choices comes from observing that many choices are not 
independent but are almost always implied by other 
choices. Having made choices A, B and C, then design 
choices U, V and W are determined. We get our expressive 
leverage by automatically computing U, V and W from A, 
B and C rather than requiring the designer to express them. 
An example would be the automatic calculation of 
complimentary colors once a background color is selected. 
A variation is that default values U, V and W are computed 
and then only manually changed when necessary. In the 
common cases the complexities of U, V and W are gone. 

A third means for achieving expressive leverage comes 
from the progress of technology. For example the GIGO 
event handling system [3] was widely acclaimed in its time 
because of its small memory footprint and that event 
dispatch that could be accomplished in less than 10 
machine instructions. For years various event dispatch 
mechanisms were proposed to optimize the interactive loop. 
This need for optimal event dispatch imposed various 
design choices on programmers to achieve the desired 
speed. When 500 KHz processors became 3GHz processors 
these design choices became irrelevant. Eliminating such 
choices and simplifying what a designer must do becomes 
possible as more memory, processor and communications 
power becomes available. 

Claims of increased expressive leverage may often be 
unjustly discounted by reviewers. Most of the leverage 
comes from some insight about the way in which systems 
have been used or developed. Once the insight is exposed, 
the implications are obvious. It is very tempting for 
reviewers to site the obvious nature of the implication and 
thus discount the value of the insight. It is incumbent on the 
reviewer to demonstrate that the insight is either trivial or 
was already known.  

Expressive Match 
Tools for creating new user interfaces can be improved by 
increasing the expressive match of the system. Expressive 
match is an estimate of how close the means for expressing 
design choices are to the problem being solved. For 
example one can express a color in hexadecimal or one can 
pop up a color picker that displays the color space in 
various ways and shows the color currently selected. Both 
are completely accurate means for expressing color, but the 
color picker is a much closer match to the design problem.  

Most interface design environments provide a tool for 
placing widgets in a form and dragging them around until 
the resulting layout is visually appealing and readily 
understood. Encoding the coordinates of each widget in 
C++ or a text file will accomplish the same goal, but the 
visual tool is a better expressive match for the task of 
creating a usable and pleasing layout. 

There are several requirements when making a claim of 
greater expressive match. One must demonstrate that the 
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new form of expression is actually a better match. If the 
problems are small enough one can compare times to create 
a design or express a set of choices. This may or may not 
fall into the usability trap described above. Frequently 
greater expressive match is tied to a claim to lower skill 
barriers.  

Another test for expressive match is a “design flaw 
challenge”. A design that is deficient in some way is 
encoded in the two different forms. Users are each given 
one of the forms of expression and asked to locate and 
remedy the flaw. Time, errors, difficulties and success rates 
can be used to compare two forms of expression. In many 
cases such challenges are trivially obvious. “Match this 
color” can be given in hex or in a color picker. For most 
people the task is virtually impossible in hex and even for 
experienced designers there is a lot of trial and error 
required. Similarly a flaw in the input handling of some 
widget can be posed. Some designers are given state 
diagrams and some are given the equivalent Java/Swing 
code. Each is challenged to find and remedy the flaw.  

Greater expressive match sometimes introduces difficulty in 
integrating multiple forms of representation and their 
associated tools. A long term challenge in the UI 
community has been the integration of various visual 
representations with program code. Despite years of 
research and dozens of alternative proposals, algorithms 
and data structures are still best represented in a general-
purpose programming language. State machines showed 
real promise as a representation for input, yet they always 
reached expressive limitations that required a transition to 
code and the transition was awkward.  Visual Basic 
addressed this problem by integrating a full interpreted 
programming language into its UI layout tool. The key 
point is that any new form of expression must be 
computationally complete or must have a clear integration 
mechanism with a programming language. When there are 
many different forms of expression, the tools must show 
how they integrate effectively with each other. In many 
cases the integration effort swamps the benefits of the new 
tool or notation. 

Empowering new design participants 
The previous set of claims focused on the speed or ease 
with which a user interface could be designed. Tools can 
also make a contribution by introducing new populations to 
the UI design process. Frequently this is done by dealing 
with expressive leverage and expressive match issues, but 
the claims are different. The “new design participants” 
claim is that there is some population U who would benefit 
by being more directly involved with the UI design process. 
It has long been claimed that empowering artists will lead 
to better visual designs. Participatory design advocates the 
involvement of end-users in the design process. 

The first part of the claim must be to describe some 
population of participants and show why they should be 
involved in the UI creation process. Secondly one must 

establish why existing tools are not acceptable for this 
population. This may include lack of appropriate training, 
different norms of expression or design goals that are not 
supported by existing tools. Lastly one must demonstrate 
that the new tools are accessible, easier or more effective 
for this desired population.  

The simplest criterion is that the existing tools simply could 
not be used by the target population at all. Demonstrating 
that artists cannot reliably encode colors in hex is an easy 
claim to make. A second claim is that the new tools are 
easier for this population. Here usability tests are possible. 
However, the representation may not scale to full-sized UI 
designs and the usability trap will be reintroduced. There is 
also an importance issue. If there is not a substantial 
improvement in ease or usability to this population or the 
population is only peripherally involved then there just may 
not be much value in the new tool. People will only change 
tools for substantial (2 times or better) improvements. The 
last claim is that the resulting UI designs are “better” when 
the new tools are used by this population. The question of 
defining “better” is problematic. 

Power in combination 
Many tools demonstrate their effectiveness by supporting 
combinations of more basic building blocks. There are two 
basic variations of this claim. The first is an inductive claim 
that an infinite set of solutions can be built from primitives 
and their combinations. The second is the N to 1 reduction. 
Both of these approaches are based on clearly defining 
mechanisms for combining pieces of design to create a 
more powerful whole. 

Inductive Combination 
This is the basis for grammars, UI component trees and a 
variety of other innovations. The idea is that there is some 
set of primitive design components and some mechanism 
for combining them into more complex designs. Some 
simple set of string tokens can be combined using non-
terminals and production rules to create an infinite number 
of different programming languages. Simple widgets that 
each perform some interactive task can be combined using 
panes, tabs, tables and other visual constructors to create an 
infinitely diverse set of UI designs.  

Making this sort of claim requires that one show that the set 
of primitives is either relatively small or can be easily 
extended. User interface toolkits use both of these 
strategies. There is usually a small set of primitive widgets 
(less than 30) from which many interesting designs can be 
built. In addition, most toolkits provide a mechanism for 
creating new primitives that can be readily integrated into 
the set. The power comes from the means for combining 
these pieces into more complex designs. The induction to 
an infinite set of possibilities comes when any of these 
combinations can be used wherever a primitive solution can 
be used.  
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This claim introduces the question of coverage. For 
example, context-free grammars define an infinite set of 
textual languages. However, it can be readily proved that 
they cannot fully represent most programming languages. It 
can also be readily shown that combining menus, scroll-
bars, labels and text boxes into forms can produce an 
infinite number of UI designs. However, many UI designs 
(painting, drawing or animation time lines) will not fit this 
model.  Virtually any combination scheme will leave out 
some design solutions. Therefore one must show that the set 
of designs within the system are interesting and that there 
are mechanisms outside the system for addressing issues 
that are not covered. Compilers added symbol tables to 
context-free grammars to make them effective. UI toolkits 
generally provide a means for adding new primitive 
components for extensibility. 

Simplifying Interconnection 
There are many situations where components must 
communicate and integrate with each other. This 
interconnectivity is critical to the deployment of new 
technology. A system of N components that must work 
together imposes a serious burden on the N+1 component. 
If every component must implement an interconnection 
with every other component then the N+1 component must 
include N interconnections with other pieces. A good 
interconnection model will reduce the cost of a new 
component from N to 1. With a good interconnection model 
the new component must only implement the standard 
interface. It will then be integrated with all N existing 
components. 

An early example was the use of pipes in UNIX. 
Applications would read from standard-in and write to 
standard-out. Pipes could connect the standard-out of one 
program directly to the standard-in of another, allowing 
applications to be plugged together in any number of useful 
ways without new code.  

A more compelling example is the World Wide Web. When 
one creates a new web browser one automatically inherits 
the value of all of the web sites that have been created. 
When one creates a new web site one inherits the value of 
all of the browsers that have been installed. Adding a new 
browser or a new site incurs only the cost of that site and 
not the cost of creating, connecting or deploying the 
remainder of the needed infrastructure. The power is in the 
connectivity architecture that reduces cost from N (one for 
every related component) to 1.  

To make the interconnection claim, one must show 1) that 
there is an interesting diversity of choices on both sides of 
the connective architecture, 2) that they are all cleanly 
supported by the architecture, and 3) that the space of 
combinations is interesting and non-trivial. 

Ease of Combination 
The fact that architectural components can connect is 
generally not sufficient. It is important that the 

interconnection be simple and straightforward. In most UI 
toolkits a new widget must only implement the redraw() 
and resize() methods to integrate with the rest of the 
system. Additional event-handling methods will provide 
interactivity but these two are sufficient. Many of the 
interconnection complexities are hidden in inherited code. 
The WWW has a similar ease of combination. The HTTP 
protocol that connects browsers to servers is very 
straightforward and easy to learn. My personal counter 
example is SOAP which took the relatively simple HTTP 
and XML techniques and created a very complex model for 
interconnecting with web services. This model is very 
difficult to use without additional layers of code generation 
to obscure its complexity. 

Can it scale up? 
An important question that must be asked of every new UI 
system is whether it can scale up to large problems. This 
was the fundamental drawback of state machines for 
describing user interface dialogs. For simple examples like 
dragging a rubber-band line, the state machine dialog was 
clear and direct. However, for any reasonable application 
the representation acquired hundreds of states 
interconnecting in hundreds of ways that were impossible to 
visualize, present on a screen, or debug. Constraint systems 
have similar problems. They nicely model small local 
relationships yet produce serious debugging challenges 
when hundreds of constraints are all being evaluated 
simultaneously. Any new UI system must either show that 
it can scale up to the size of realistic problems or that such 
scaling is irrelevant because there is an important class of 
smaller problems that the new system addresses. To 
evaluate this criteria one must try the system on a 
reasonably large problem and show that the advantages of 
the new model still hold. 

SUMMARY 
User interface technology, like any other science, moves 
forward based on the ability to evaluate new improvements 
to ensure that progress is being made. However, simple 
metrics can produce simplistic progress that is not 
necessarily meaningful. Complex systems generally do not 
yield to simple controlled experimentation. This is mostly 
due to the fact that good systems deal in complexity and 
complexity confounds controlled experimentation. This 
paper shows a variety of alternative standards by which 
complex systems can be compared and evaluated. These 
criteria are not novel but recently have been out of favor. 
We must avoid the trap of only creating what a usability 
test can measure. We must also avoid the trap of requiring 
new systems to meet all of the evaluations required above. 
This would recreate the fatal flaw fallacy. We must look to 
our evaluation strategy to answer the fundamental question 
“Has important progress been made?” If the answer is yes 
then we happily take our share of the new knowledge and 
move forward to fill in the gaps. 
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'WIIaIaIA.'E E. WHEELER, OF SAN DIEGO, CALIFORNIA.

SPEEDOMETEB MOUNTING FOR VEHICLES.

Application filed September 20, .1926. Serial No. 136,505.

My invention relates to speedometer mount-
ings for vehicles, and the objects. of my in-
vention are; first, to provide a steering con-
trol means for vehicles on which is mounted
a speedometer whereby the speed of the vehi-
cle may be readily determined by merely
dropping the vision slightly to the middle
portion of the steering wheel which is sub-

. stantially in line with the line of vision of the
driver and as close to the eyes of the driver as
possible, thus determining the speed of the ve-
hicle with least danger to the driver and other
occupants; second, to provide a steering post
and steering wheel for automobiles which are
so constructed that a. speedometer may be
mounted on the steering post at the middle
portion of the steering wheel and substantial-
ly flush with the hub portion of the steering
wheel, thus rigidly mounting the speedome-
ter in plain view of the driver and in such a
manner as not to interfere with the vision
and necessary movements of the driver; third,
to provide a steering post and steering wheel
for automobiles which are so constructed as
to receive and support a speedometer at the
upper end ofthe steering post and at the
middle portion of the steering wheel and to
one side of the axis of the wheel so as to pro-
vide a convenient space for a si al button
or other switch mechanism at t e opposite
side of the axis of the wheel and on the sta-
tionary portion at the middle portion thereof;
fourth, to provide as a whole a novelly con-
structed and arranged mounting for a speed-
ometer in connection with the steering post
and steering wheel of an automobile; fifth,

' to provide a rigid drive shaft means for a
speedometer mounted on the steering post,
which drive shaft means extends through the
steering post, thus‘ materially decreasing the-
length of the flexible cable usually employed
in connecting a. revolving part of the auto-
mobile with the speedometer; and‘, sixth,‘ to
provide a speedometer mounting, in connec-
tion with the steering post and steering wheel .
of an automobile, which is simple and eco-

J nomical of construction, durable and which
will not readily deteriorate or get out of
order. .

With these and other objects in view, as
will appear hereinafter, my invention con-
sists of certain novel features of construc-

tion, combination and arrangement of parts
and portions as will be hereinafter described
in detail, and particularly set forth in the ap-
pended claims, reference had to the ac-

companying drawings and to the characters
of reference thereon‘ which form a part of this
application, in which: . V

Figure 1‘is, a fragmentary view of an au-
tomobile steerinrr wheel taken ‘from the driv-
er’s side thereof, showing the speedometer‘
mounted at the "middle portion of the steering

‘wheel; Fig. 2 is a fragmentary sectional view
taken through 2-2 of Fig. 3‘, showing the
construction of the upper end of the steering
post below the steering wheel; Fig. 3 is a_
fragmentary longitudinal sectional view
taken through 3-3 of.Fig. 1, showing the
construction and arrangement of the steering
post, steering wheel and associated members
and showing the speedometer mounted at the —
upper end of the steeringpost; and, Fig. 4
is a fragmentar v sectional view thereof taken
through 4—4 of Fig. 1.

Like characters of reference refer to simi-
lar‘ parts and portions throughout the several
views of the drawings.

In.the steering post construction of cer-
tain types of conventional automobiles, the
steering shaft or tube and also the ignition
and fuel controls, as _well as certain electric
cables, extend through or. are directly asso-
ciated with a. stationary hollow post. Such a
construction and arrangement is illustrated
in the drawings and will be briefly described
hereafter. ’

The steering post 1 is rigidly mounted on
the automobile frame in any suitable manner.
Within the post 1, which is in the form of a
tube, is rotatably mounted the steering tube
2 to the upper end of which is secured the
metallic hub member 3 of the steering wheel,
the lower end of the hub, member 3_ extending
around the upper end of the steering post 1.
To the upper or outer side of the hub mem-
ber 3, is secured the annular portion 4“ of the
steering wheel 4. To the opposite end of the
steering tube 2, is secured a Worm which is
adapted to drive the steering worm gear 6
mounted in a casing 7. The casing 7 1S se-
cured tovthe lower end of the steering post 1
and rotatably supports the lower end of the
steering tube. Within the tube 2 is rotatably

. mounted the fuel control tube 8 within
the latter is rotatably mounted the ignition .
control tube 9. Said tubes are provided at
their upper ends with control levers 10 and
11 respectively which extend preferably be-
yond the upper side of the annular portion
or hub portion of the steering wheel. To the
lower ends of the tubes 8 and 9, are secured

1,692,601 ,
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the fuel and i ition operating levers 12 and boss 15" of the cap 15 by means of a nut 24.
13. -Within 1; e ignition tube 9 is nonrotat- Thus the length of the usual flexible cable
ably mounted the tube 14 which usually ex: is considerably reduced
tends beyond the u per and lower ends of the . The electric cable 25 for the signal button
tubes 8 and 9 an is fixedlyvsecured at its 18 extends, preferably, backwardly through
lower end, in any suitable manner, to the the supporting member 16 into the upper end
gear casing 7 or the steering post 1. The ' of the stationary tube 14, through the head
means shown in the drawings consists of a‘ member 22, through the tube 14 alongside the
capyfor the lower end of the tube 14, which speedometer shaft tube and out through the
cap is provided with arms 15" secured to the head of the cap 15. '
gear casin ,7. At the upper end of the sta- The arms or levers 10 and 11, for control-
tionary tu 14 is usually provided a station- ling the fuel and ignition, are pi.-cfeiably
ary support in which is mounted a signal positioned at the opposite sides of the electric
button or other switch means, the electric cable 25, as shown best in Fig. 2, so as not to
cable, connecting the same to the mechanism interfere with the same.
to be controlled, extending through the Though Iliave shown and described a par-
tube 14. v ticular construction, combination and ar-

In my construction I have provided a, rela-' rangement of mounting a speedometer and
tively large and deep supporting member‘ 16 also a signal button in connection with the
which is positioned within the annular por— steering post and steering Wheel of an auto-
tion 4' of the steering wheel and an» in- mobile, I-do not wish to be limited to this par-
wardly offset recess in the hub member 3, ticular construction, combination and ar-
and is secured at its under or inner side to rangement but desire to include in the scope
the endiof the stationary inner tube 14, ex- ofmy invention the construction, combination
tending beyond the fuel and ignition tubes. and arrangement substantially as set forth in
The large supporting member 16 is spaced at the appended claims.
its peripheral portion from the annular por— Having thus described my invention, what
tion 4“ of the steering Wheel and also from I claim as new and desire to secure by Letters
the hub member 3 so as to provide sufficient Patent is:
space for the fuel and ignition levers .10 and 1. In {speedometer mounting for vehicles,
11, connected to the upper ends of the.tubes_8 the C_0II1hln3-tion With a steering post and a
and 9 res ctively and extending beyond and steering wheel mounted thereon, of a support-
over the ront side of the annular portion of mg tube extending through said post and
the steerin wheel, to be shifted and operated non‘-rotatably fixed relative thereto, said tube
free] . Tge outer side of the supporting having an enlarged supporting portion at the
mom or 16 may be flush with or extended end contiguous to said wheel, said support-
slightly beyond the outer face of the annular‘? mg portion being spaced from said wheel, a
portio of the steering wheel, as shown. ' ’ Speedometer mounted on said supporting por-

In 1; e outer side of the supporting morn- ti‘on,_a sni_all rigid shaft revolubly mounted
ber 16, is provided a deep ‘recess 16‘ in which within said tube and operatively connected
is mounted the s edometer 17, the €onnect- 511? One end to the back Side of Said Speech
ing boss 17“ of W ich extends preferably into 9]Ilel'/BI‘, ‘and a. cable directly connect-
the upper end of the stationary tube 14. The ' mg the end of Said Shaft extending beyond
center 0): axis of the recess 16*‘ is preferably Stud tube to 3. I'eV0lVl11g part Of the vehicle.
positioned eceentrically relative to the axis 2., In aspeedometer mounting for vehicles,
of the supporting member 16 and the steer.— the C.0II1blI1a-t—10I1 Wlfh 3- Steering post and EL
ing whee] 4_ Thus 9, space is provided at the steering wheel mounted thereon and provided
opposite side of the axis of the stationary with a hollow hub,_ of a supporting tube ex-.
supporting member 16, between the speedorn- tending through said post and non-rotatably
eter 17 and the lower side of the member 16, fixed 1'01”-t1Ve th81'8t0;_S’1id tube h*1Vi11g 311 911'
for a signal button 18 or other switch mecha- larged supporting portion at the end conti u-
nism or means. _ ' ous to said hub, said supporting portion %e-

The speedometer 17 is operated by 3, small in positioned Within and spaced_ from said
rigid shaft 19 which connects the speedom- hll rand 3- 5P.9ed°met‘51_' m°“nt9d .111 th°,S“P‘
eter at the back side thereof with a flexible port1ng_ ortlon of sa_1d tube -substantially
cable 20 usually employed in connécting 3, fl11Sl1.W1t thé front s1de- Of the hub Of the
-moving part of the automobile with the Steering wheel. . * A_ i _
speedometer. The shaft 19 is revolubly 3- In a_spe£_edonie_ter mounting for vehicles.
mounted in a casing or tube 21 which is se- the C0mblnat10n With a_ steering ‘post and a

cured at its lower or forward end in the head steeringlwheel mounted ‘thereon and providedportionof the cap 15 and is positioned at its with a ollow hub, o_f a supporting tube ex-
_ upper end by a head meinLer 22 positioned at tending through said post and non-rotatably

the upper end of the stationar tube 14. The fixed relative thereto, s id_ tube having an
flexible tube 23 in which the exible shaft 20 enlarged supportino porti n at the end con-

“ is mounted, *is connected with an extended tiguoustosaid wheel, said supporting portion
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being spaced from said wheel, and a speed-
ometer mounted within the supporting por-
tion of said tube and substantially flush with
the hub, a‘ speedometer drive means extending
through said tube and operatively connected
with said speedometer, and vehicle control
levers positioned in the hollow portion of the
hub outside ofvsaid supporting portion with
their ends extending beyond the hub.

4. In a‘ speedometer mounting for vehicles,
the combination with a hollow steering post
and a steering wheel rotatably mounted at
the outer endlthereof, said wheel having a
hollow hub, of fuel and ignition control tubes,
the one being rotatable within the other and
the other rotatable within the steering post,
a stationary supporting tube extending

3

throu h said tubes and said post and non-
rotata ly fixed relative to said post, a sup-
porting means mounted at the outer end of
said supporting tube positioned within the
hollow hub and . spaced from the Walls
thereof, a speedometer supported within said
supporting means, a speedometer drive means
extending through said supporting tube and
connected with said speedometer, and fuel
and ignition control levers connected to said
fuel and ignition control tubes and extending
through and beyond the space between said
hub and said supporting means.

In testimon whereof, I have hereunto set
my hand at an Diego,-California, this 30
day of August, 1926.

E WILLIAM H. WHEELER. ‘
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UMTED STATES PATENT OFFICE.

JAMES FRANK DURYEA, OF SPRINGFIELD, MASSACHUSETTS.

STEERING MECHANISM ‘FOR VEHICLES.

SPECIFICATION forming part
of Letters Patent No. 714,878, dated December 2, 1902.

Application filed May 10, 1900. Serial No. 16,241. (No model.)

To all whom, it ntcty corwe7"7:,:

Be it known that I, JAMES FRANK DURYEA,
a citizen of the United States of America, and
a resident of Springfield, in the county of
Hampden and State of Massachusetts, have
invented certain new and useful Improve-
ments in Steering Mechanism for Vehicles, of
which the following is a full, clear, and exact
description.

This invention relates to improvements in
motor-vehicles or automobiles, and more par-
ticularly to the class of such vehicles wherein
the front wheels are both the driven and the
steering wheels; and the invention more es-
pecially pertains to the mechanisms and con-
trolling appliances whereby the motor may
be made available for the propulsion of the
vehicle through the front steering- wheels,
whereby the motor may be employed to swing
the steering-wheels to steer, whereby the mo-
tor may be simultaneously caused to . both
drive and steer, and whereby the motor may
only drive the steering-wheels, the steering‘
being operated manually.

The improved mechanism is especially use-
ful on large and heavy motor Wagons or
trucks in which, especially at the time of
starting the same, considerable power is nec-
essary to change the. relative position of the
wheels under the body.

Another object of the invention is to insure
that in the operation of the steering mechan-
ism when the connections for changing the
positions of the wheels toward one side are
in engagement the connections for reversely
changing the positions of the wheels must be
necessarily out of engagement.

Another object of the invention is to pro-
vide an indicator observable at the place oc-
cupied by the rider or person in control of
the motor-wagon for enabling him to know
whether the steering-wheels range straight
with the length of the vehicle or are turned
to either side, this being especially advanta-
geous at the time of starting the vehicle,
which may have been left with the front
wheels considerably deflected toward either
side of the wagon.

The invention consists in combinations and
arrangements of mechanisms and appliances
and in constructions and combinations of

parts, all substantially as hereinafter fully
described, and set forth in the claims.

Reference is to be had to the accompanying
drawings, in which the views show the for-

ward portion of the motor-vehicle having an »
engine or motor mounted thereon and show-
ing the forward driving and steering Wheels
and the means for controlling the driving ’
and steering, and in said drawings—

Figure 1 is a plan view. Fig. 2 is a front
View with parts broken away and the engine-
shaft being seen in cross-section as taken next
to the rear of the engine. Fig. 3 is a side ele-
Vation. Figs. 4 and 5 are views in detail at
right angles to each other of articulated driv-
ing connections hereinafter particularly re-
ferred to.

In the drawings, A represents the forward
portion. of the body of the motor-wagon or
automobile vehicle, beneath which is the di-

vided axle B for the forward wheels B2 B”,
which are in this mechanism both the driving
and the steering wheels, and,as common in the
divided axles for the driving-wheels of motor-
vehicles, the two adjacent parts of the axle
are equipped with the compensating gearing
indicated within the casing C, and comprised
in which compensating gearing is the bevel

. gear-wheel A, to which continuous rotary mo-
tion may be imparted through driving con-
nections from the engine thereto to secure
the propulsion of the vehicle.

Above the divided axle is a. truck-frame D,
there being interposed between the truck-
frame and the journals b b for the axles the
spring Z29, and the truck-frame has the de-
pending pedestals Z73, in which guide-blocks
or parts Z)‘ of the axle-journals have relatively
thereto a vertical play. The platform-like
upper part c of the truck-frame supports
thereon the large worm-wheel E, meshing
with which is the worm F, the same being
carried as a fixed part on ashaft G, which is
horizontally and transversely mounted in the
hangers or brackets d d, which are secured
to and depend belowthe bottom of the wagon-
body A. ‘

II indicates the engine or motor, supported
at extreme forward part of the wagon, the
main or driving shaft J of the engine extend-
inglongitudinally along about the central line
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of the wagon near the wagon-bottom, and its
rear end is mounted in the journal-lug e, ris-
ing suitably above the bottom of the wagon-
body. On the rear end portion of the shaft
is a bevel gear-wheel a3, which rotates in a
vertical plane and in mesh with which is a
bevel gear-wheel 0.2, which is mounted on the
upper end of a vertical shaft 0,4, which shaft
is shackled To the shaft-section a’ of the bevel

gear-wheel 0., which is in driving connection
with the axle-sections B B.

For the reason that the gear-wheel and
shaft section CL2 a4 have vertical movements

relatively to the wheels and axle correspond-
ing to the movements of the spring-supported
Wagon-body and the gear-wheel a and its shaft-
section a’ are practically or relativelyimmov-
able the shaft-sections a’ and at are united by
the double toggles f, which are articulated in
such manner that the endwise contraction of
the two shaft-sections is readily permitted,
but so that the turning of the upper shaft-
section insures necessarily the turning of the
lower shaft-section and the gear thereon.

The gear a3 is understood as being loose on
the engine-shaft J, and this gear-wheel a3 has
as one therewith the loose clutch-Wheel LL5,
also loose on the engine-shaft, and with the
grooved hub of‘, which is splined to slide on
the shaft J and which operates the shoes of
the clutch, which may be of the most com-
mon and well-known type, the yoke a7 is en-
gaged, said yoke having the extension or con-
necting-rod as, with which is connected or
engaged an arm or lever g2, which is carried
at the lower end of a vertical shaft or post g,
which at its upper end is provided with the
operating-lever handle g3. The said shaft g
or rotatable post is mounted in its vertical
position in suitable bearings or brackets of
the supporting structure, (indicated ina gen-
eral way by the letter h.)

Of course it is apparent that by properly
swinging the handle-lever Q3 in a horizontal

45 plane the engine will be in or out of driving
connection with the front-wheel axle.

Mounted on the elongated hubs of the
aforementioned worm F are bevel gear-wheels

j j for rotations in vertical planes as one with
the shaft G, and both gear-wheels it are in
mesh with the said gears j j, the same being
fixed at the lower ends of vertical shafts 76 10, ~ ~
which extend from the positions of said gears
73 below the wagon-body upwardly through
the latter and have suitable bearings both
near their lower ends and" also in the arcl1-

like part of the supporting frame or casting h.
Loose on the shafts Io kare worm-Wheels

m m, intermediate between and in engage-
ment with both of which is a worm n, (seen
in Fig. 2,) said worm being fast on the en-
gine-shaft J. Formed with or afiixed to move
in unison with the normally free-running
worm-wheels m m are annular clutch mem-

‘ bers o 0, for coaction with which are arranged
the correspondingly- provided clutch mem- I
bers 0” 0”, which are carried by the rotatable

sleeves 03, which slide vertically on the shafts
7.9, but have spline engagements therewith,
whereby they are rotated in unison with said
shafts. -

13 represents a two-armed lever, (best seen
in Fig. 2,) the same being intermediately piv-
oted beneath the upper part of the arch-like
supporting-casting h and between the said
shafts 70 7.2, and the extremities of the arms
10 are formed into yokes which engage the
clutch -sleeves of the parts 03, and the ex-
tended ‘intermediate journal-stud or rock-
shaft, of which the said lever-arms p are ex-
tensions, has affixed thereto the upwardly-ex-
tending operating-lever handle 10?. It will be
understood that for the reason that the worm-
wheels m m are, as shown in Fig. 2, arranged
on opposite sides of the worm n the said
worm-wheels will be rotated by the worm in
reversed directions, and so will be the shafts 79
79, one after the other, if placed in clutch with
the respectively-provided worm-wheel, and
rotational movement of either shaft imparted
thereto from the power—driven worm 77, when
such shaft is in clutch with its worm-wheel
will correspondingly turn the shaft G, which
is below the wagon-body and on which is the
worm F, so that the rotational movement of
said worm F will cause the partial turning of
the large worm-wheel E and the front run-.
ning-gear on which said large worm-wheel is
an equipment. Thus it will be seen that the
steering of the vehicle either to the right or
to the left may be accomplished, using the
engine-power of the vehicle as the force for
causing the deflection of the front-wheel axle
and body under the control of the rider, who
has merely to manipulate the clutch-operat-
-ing lever 12?.

In addition to the capability for the power-
steering, as just explained, one of the shafts
70 (it is immaterial which) may be upwardly
extended, as seen in the drawings, and pro-
vided with a hand-wheel 1', by means of which
to operate the shaft on which it is mounted
manually. Therefore by leaving the lever 132
in its upright position, so that both of the
shafts it 79 are out of connection with the en-
gine—shaft, the entire steering» may be per-
formed by turning the hand-wheel in either
direction, as" required.

For the reason that in many types of motor-
vehicles in which the present steering mech-
anism is applicable the steering-wheels will
not be visible to the person in control of the
vehicle I make provision whereby the posi-
tion of the wheels is indicated, the same con-
sisting of a small worm s on the end of the
shaft G, with which is in mesh a worm-wheel
25, the same being supported at the lower end
of a vertical shaft 16*, the upper end of which
is journaled through a bracket h3, supported
by the casting h at an upper extension there-
of ,and also supported movably on this bracket
is a dial-plate it, while the upper end of the
shaft has fast thereto an index or pointer 253. ~
The dial-plate may have graduat-ions and in-
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dicating characters as means for increased
convenience of the person in charge of the
running of the motor-vehicle.

The worm-wheel E, provided as an equip-
ment to the steering—axle, and with which
worm-wheel the axle must necessarily turn in
unison, and the worm on the vehicle-body
having the capability of being turned by the
application of iute11igently-directed power
from above the body constitute va1uablefea—
tures in the present invention for improve-
ments in motor—wagons, more especially be-
cause the worm—wheel and worm constitute a

'lock against any force tending to turn or
swing the axle, which may be directed by
pressure or stress on or through the wheels
and axle, while at the same time the move-
ments for the proper steering may be most
readily imparted through the appliances
(either power or, manually operated) for turn-ing the worm.

Having thus described my invention, what
I claim, and desire to secure by Letters Pat-
ent, is——

1. A vehicle having on its body a motor-
driven shaft, a clutch-engaged gear-wheel to
be driven by said motor-shaftgand a depend-
ing shaft.-section, the axle for tl1e forward
wheels arranged under said depending shaft-
section and a gear—wheel in driving connec-
tion with the axle having a rising shaft-see-
tion, means ofengagement between said shaft-
seetions whereby they rotate in unison, but
may have contracted and distended relations,
journal-sleeves surrounding said axles, hav-
ing upward extensions 134 b“, and supporting
the springs, a part, D, supported by said
springs having the pedestals depending over
and embracingsaid journal-sleeve extensions,
and on which part D the forward part of the
vehicle-body rests, and between which said
part and body there is relatively a swiveling
movement and means provided and actuated
on the body, and operating on the said part
D, for turning same, substantially as de-scribed.

2. A vehicle having on its body a motor-
driven shaft, a clutch-engaged gear-Wheel, to
be driven by said motor-shaft, and having a
depending shaft-section, the part D, having
the worm-wheel, E, below the body and rela-
tively to which it turns about the axis of said
shaft-section, and provided with the pedes-
tals b3, the axle having the journal-sleeves
provided with the rising extensions b4 engag-
ing and adapted to play within, said pedes-
tals,and havingsupported thereon the springs
on which said part D is yieldingly mounted,
a gear-wheel in rotatably-driving connection
with the axle, having the upstanding shaft-
section, double links jointed to the two said
shaft-sections, a worm supported by the body,
engaging said worm-wheel, and mechanism

l

l

l
l

intervening between the motor—shaft and said ‘
worm connected with the worm and having
clutching and unclutching connections with

8

the motor-shaft, substantially as and for the
purposes set forth.

3. In a motor-vehicle the combination with
the forward axle, equipped with a worm-
wheel, of the vehicle-body carrying _a motor
and provided with a worm ‘in engagement
with the worm-wheel, which worm has, to ro-
tate in unison therewith, two gear-wheels, two
shafts located at opposite sides of the motor-
shaft, on which are gear-wheels meshing said
two gears provided to the worm, a. worm
mounted on the motor-shaft, worm-wheels 7% 7n
loosely mounted on the said two shafts and
engaging at opposite sides of the said motor-
shaft worm, clutch members mounted on and
constrained to turn with said two shafts, and
adapted to be thrown into engagement with
said worm-wheels m m, for the purpose setforth.

4. In a motor—vchicle, the combination with
the forward axle, equipped with a worm-
wheel, of the vehicle-body carrying a. motor
and provided with a worm, in engagement
with the worm-wheel, which wormhas, to re-
tate in unison therewith, two gear-wheels,
two shafts located at opposite sides of the mo-
tor-shaft, on which are gear-wheels meshing
said two gears provided to the worm, a worm
mounted on the motor-shaft, worm-wheels
m m loosely mounted on the said two shafts
and engaging at opposite sides of the said
motor-shaft worm, clutch members mounted
on and constrained to turn with said two
shafts, and mechanism for controlling said
clutches having united members engaging
both thereof, whereby when one is in engage-
ment with its adjacent worm-wheel m, the
other clutch necessarily is placed out of en-
gagement with the other worm-gear, substan-
tially as described.

5. In a motor-vehicle the combination with
the forward axle, equipped with a Worm-
wheel, of the vehicle-body carrying a motor
and provided with a worm in engagement
with the worm-wheel, which worm has, to re-
tate in unison therewith, two gear-wheels, two
shafts located at opposite sides of the motor-
shaft, on which are gear-wheels meshing said
two gears provided to the worm, a worm
mounted on the motor-shaft, worm-wheels m
m loosely mounted on the said two shafts
and engaging at opposite sides of the said
motor-shaft worm, and having clutch mem-
bers 0 0, clutch members 02 0”’ sliding on and
turning with said two shafts, and having
grooved extension-sleeves 03, a handle-lever
pg mounted for a rocking motion and leaving
the double lover members 1) p which engage
said clutch-sleeves 03, substantially as de-scribed.

6. The combination with the vehicle-body
having the shaft provided with the worm F
and the worm 3, the front-wheel axle equipped
with the worm-wheel E, with which the worm
F is in. engagement, means for causing the
rotation of the said worm F in either direc-
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tion, a shaft having a worm-wheel t in en-
gagement with worm s, and having an indi-
cator, substantially as and for the purpose set
forth.

‘ 7. In a motor-vehicle in combination, the
front-wheel axle supporting the worm-wheel
in unison with which the axle is constrained
to turn or swing horizontally, the Vehicle-
body having the motor and its shaft mounted
thereon, and provided with the gear-wheel a3,
a clutch for connecting and disconnecting
said gear-wheel with and from the ails, and
means for operating the clutch, the shaft Gr
mounted on the body provided with the worm
F and the bevel-gearsj j, the shafts 1.: 7c mount-
ed on the body at opposite sides of the motor-
shaft, a worm 'n on the motor-shaft, worm-
wheels m m loose on the shafts Ii; 79 having
clutch members, clutch members turning
with, but slidable along. said shafts 7c, coact-
ing with the worm-wheel clutch members,
means for manually operating the sliding
clutch members simultaneously in opposite
directions, and means for manually rotating
one of said shafts 7c in either direction, sub-
stantially as and for the purposes set forth.

8. In a motor-vehicle in combination, the
fr0nt—wheel axle having the spring-support
ed truck-frame D provided with a worm-

30 wheel E, and a vertical shaft-section ct’ with

ri4,s7s-

a gear in driving connection with the axle,
the vehie1e—body having the shaft-section a4
link-connected with shaft—section cc’, the en-
gine~shaft having the worm n, and the loose
clutch-wheel (L5 geared to the shaft-section or‘,
the clutch-sleeve turning with and movable
along the engine-shaft, the lever g3 and con-
nections between same and the clutch-sleeve,
the shaft G supported below the motor-body,
having the worm E engaging said worm-
wheel, and having the bevel gear-wheels j,
the vertical shafts 75 79 at opposite sides of the
engine-shaft having the gear-wheels, 73 7),
meshing the onesj and having loose thereon
the Worm-wheels m m both meshing said en-
gine-shaft worm, and provided with clutch
members the clutch-sleeves turning with and
slidable along the shafts k k cooperating with
the worm -wheel clutch members, the two-
armed leverp and common operating han-
dle-lever p2 and a means for manually turn-
ing one of said shafts 75, substantially as de-
scribed. -

Signed by me at Springfield, Massachusetts,
in presence of two subscribing witnesses.

J. FRANK DURYEA.

VVitnesses:
WM. S. BELLQWS,
NETTIE M. BELLOVVS.



 
 

APPENDIX E 
  

Page 63 of 125

APPENDIX E

Page 63 of 125



6/24/2016 Technology | Definition of Technology by Merriam-Webster

Follow:

Merriam-

Webster

SlNCl.}..L8Z8.
Menu

Didionary

- Dictionary
- Thesaurus
- Scrabble
- Spanish Central
- Learners Dictionary

technology

.1» D. - v‘

_.n p V Raise your manufacturing IQ 
technology

213! _noun tech-nol-o-gy \tek-‘n5-la-Jé\
Popularity: Top 1% of lookups

Simple Definition of technology

I : the use of science in industry. engineering, etc., to invent useful things or to solve problems

0 : a machine. piece of equipment, method, etc.. that is created by technology

Source: Merriam-Webster's Learner's Dictionary

 V

Full Definition of technology

plural

technologies

1. la : the practical  ofknowledge especially in a particular area :  g2 <medicaI technaIogy>b : a capability given by the practical application
of knowledge <a car’:/ieel-saving technology>
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technologist

glam-jist\ noun

See tgghmlggx defined for English-language learners

See technology defined for kids

Examples of technology in a sentence

1. One by one. the pieces take flight: a parachute, the stowed Martian balloon—a Montgolfiere hot-air type. named for the French brothers who pioneered the
technology in l782—and a sensor package with guidance system. radio transmitter, and video camera. —Joe Pappalardo, Air & Space, Jtme/July 2006

2. There's no question the industry has been subjected to a great deal of competitive pressure over the past decade or so, with promises of more to come as the lntemet
and wireless technology transforrn the way Americans receive news and infomiation —WaII Street Journal. I4 Mar. 2006

3. The rapid shit! in technology over the last 10 years has created an entirely new world in which vinrses can replicate. While in 1989, viruses were primarily spread
by “sneakemet,” as users walked diskettes from machine to machine. modern viruses are capable of spreading around the world in the blink of a digital eye. —
Sarah Gordon, Information Security, November 1999

4. all technology and energy revving up for the greatest clash of arms in history. —William Styron, This Quiet Du:tAnd Other Writings, (I953) 1982

5. Recent advances in medical technology have saved countless lives.

. The company is on the cutting edge of technology.

§l0\ The government is developing innovative technologies to improve the safety of its soldiers.

8. How can we apply this new technology to our everyday lives?

9. The car has the latest in fuel-saving technology.

Are you ready for 5G?
Prototype and design next-gen wireless communications systems.

Origin and Etymology of technology

Greek technologia systematic treatment of an art, from techné art, skill + -0- + -logia -logy

First Known Use: 1859

Rhymes with technology
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Technology | Definition of Technology by Merriam-Webster

Definition of technology for Students

plural

technologies

1. I : the use of science in solving problems (as in industry or engineering)

2. 2 : a method of or machine for doing something that is created by technology

Medical Dictionary

technology

max
noun tech-nol-o-gy \-j€\

Medical Definition of technology

plural

technologies

1. I: the science of the application of knowledge to practical purposes 2 applied science

2. 2: a scientific method of achieving a practical purpose

technological

\_tek-no-‘léj-i-kalmlayglso

technologic

\-ik\g]a;Ladjective

Learn More about technology

1- Medical Dictionary: llefinitinmzfltcchumzzu Spanish Central:  Nslish:Ims Britannica English:
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What made you want to look up technology? Please tell us where you read or heard it (including the quote, if possible).
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United States Patent Office
1

3,018,661
_ AIRCRAFT INSTRUMENTS

Frederick William Meredith, “Ardvarna,” Cleeve Hill,
Cheltenl1am,_England, and Alastair Michael Adair
léfigtiéandge, High Ridge, Winter Hill, Cookham Dean,g an

Filed Mal‘. 4, 1957, Ser. No. 643,835
11 Claims. (Cl. 73-178)

The present invention relates to aircraft instruments
for assisting the control of an aircraft by a human pilot
in such a manner that the direction of its line of flight
(that of its flight vector) is such as to achieve and main-
tain a desired flight path.
‘It is an object of the present invention to provide an

aircraft instrument constructed to facilitate the control
of an aircraft simultaneously in pitch and roll by a
human pilot and which preferably is combined with
means to display the pitch and roll attitude of the air-
craft to give a readily appreciated indication of the ac-
tual attitude of the aircraft and the action which is
required to attain the ‘desired flight path.

The attitude of an aircraft can be defined by the direc-
tions of three mutually perpendicular axes in the aircraft
through its centre of gravity. The X and Z axes lie in the
symmetry plane, the X axis being a fixed line, pointing
forward, approximately parallel to the centre line of the
body, and the Z axis at right angles to this and pointing
downward when in straight and level flight. "The Y axis
is normal to the plane of symmetry and directed towards
the starboard wing. It is convenient to fix the direction
of the X axis to point in the direction of flight (the wind
axis) in normal undisturbed flight. During any changes
from straight and level flight the X axis may deviate
from the wind axis, the angular deviation in -the sym-
metry plane being the change of angle of incidence and
the angular deviation normal to this being the sideslip
angle. In correct operation of an aircraft, both these
angles are sufliciently small that the difference which
they could make on the display to be described can be
ignored. Thus it is assumed that the flight vector (whose
direction is that of the wind axis and whose magnitude
is equal. to the airspeed) coincides with the X axis of
the aircraft in all conditions.

It is convenient to resolve every force or acceleration
into components, one along the X axis and the other in
the YZ plane, hereinafter referred to as the normal plane.
The algebraic sum of the components of the forces along
the X axis, including forces produced aerodynamically,
by the propulsive mechanism, and by the action of grav-
ity, determines the rate of change of the magnitude of
the flight vector. The vector sum of the components
of the forces in the normal plane determines the magni-
tude and direction of the rate of turn of the flight vector.
In the absence of side slip and also, as will be assumed,
in the absence of transverse wind components, the com-
ponent of the aerodynamic forces in the normal plane
must coincide with the Z axis.

For a complete understanding of the invention it is
desirable to refer to three‘ special frames of reference,
defined by appropriate sets of axes:

By the term absolute aircraft -axes we mean a set of
axes which instantaneously coincide with the aircraft
axes but are non-rotating and of which the‘ origin is fall-
ing free. Thus a mass free from restraint will be,unac-celcrated in relation to absolute axes as defined.

By the term roll stabilised axes we mean a non-rotating
set of axes in which the origin coincides with the origin
of the aircraft axes, the X axis instantaneously coincides
with the aircraft X axis but the Y axis is horizontal andthe Z axis is never above the horizontal.

By the term roll stabilised absolute axes we mean a
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set of axes which instantaneously coincide with the roll
stabilised axes, are non-rotating and of which the origin
is falling free.

By the term absolute acceleration we mean the external
force to which the aeroplane is subject (excluding grav-
ity) divided by the mass of the aircraft, i.e. the accelera-
tion of -the aircraft referred to absolute axes.

By the term normal plane acceleration we shall mean
that component of acceleration normal to the flight vector,
i.e. in the normal plane.

In these definitions and throughout this specification
and the appended claims, the effects of wind on the
aircraft are ignored.

In accordance with the invention we provide an in-
strument having an index, means to displace the said
index relative to a datum in accordance with the normal
plane absolute acceleration along the Z axis, a further
index and means to displace the further index in rela-
tion to the datum in accordance with a demanded value
(both as to magnitude and direction) of the normal
plane absolute acceleration, whereby manoeuvre of the
aircraft, by banking to rotate the direction of the de-
inanded normal plane absolute acceleration relative to
the aircraft and by pitching to vary the magnitude of
the normal plane absolute acceleration so as to super-
pose the index and the further index results in the attain-
ment of the demanded normal plane absolute acceleration.

One convenient method for displaying the normal ab-
solute acceleration is by displacement of the index along
a line whose orientation is fixed relative to the case of
the instrument. The datum for the normal absolute
acceleration may be defined by a fixed index indicative
of the Y or transverse axis of the aircraft.

A conventional representation of the horizon may
be provided, displaced relative to the fixed index in ac-
cordance with the pitch and roll attitude of the aircraft.

A convenient method of displaying the demanded nor-
mal plane absolute acceleration is by displacement of the
further index along and at right angles to the horizon,
in accordance with the components of demanded normal
-plane absolute acceleration in these directions.

An instrument according to the present invention thus
may display to a pilot information relating to the present
attitude and normal plane absolute acceleration of his
aircraft, and simultaneously the normal plane absolute
acceleration which the aircraft should assume to follow
some desired flight path.

It will be seen that by use of the invention the re-
quired manoeuvre demands are displayed in relation to
one of -the two sets of absolute axes. This is particularly
advantageous, since the acceleration force under the
control of the pilot produces accelerations in relation to
these axes.

The invention, and various embodiments thereof, will
now be described with reference to the accompanying
drawings, of which

FIGURE 1 shows diagrammatically the attitude of
an aircraft, the direction of its flight vector, the normal
absolute acceleration to which it is subjected, and the
component of gravity in the normal plane.

‘ FIGURES 2 to 5 show the display provided by an in-
strument embodying features of the present invention in
various flight conditions.

FIGURE 6 shows schematically one particular form
of instrument constructed in accordance with the presentinvention.

. Referring to’ FIGURE 1 the point 0 represents, by
means of a suitable projection, the intersection of the
aircraft X=axis with the surface of a reference sphere

The aircraft attitude is denoted
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by the angles: 39 heading; 0 pitch; qs bank; as conven-
tionally defined.

The transverse of Y axis of the aircraft is indicated
by the line POQ. The desired on-target attitude is shown
by point C, where the desired values of heading and pitch
are indicated as W and 01-.

The normal plane absolute acceleration of magnitude
Ng is represented by a vector of length aNg (“a” being a
scale factor, “N” being a positive number and “g” the
acceleration due to gravity) indicated at 0A.

The component of acceleration, referred to fixed axes,
due to gravity in the normal plane is of magnitude g
cos 0 and is at an angle (90°——¢) to the transverse axis
of the aircraft. It may thus be represented by a vector
AB of length ag cos 0 in the direction of 0 decreasing.
Thus the vector OB represents the acceleration referred
to fixed axes in the plane normal to the flight vector,
which is, in accordance with ordinary dynamical prin-
ciples, the vector product Vxrz where S2 is the instan-
taneous rate of rotation of the flight vector and V is the
flight vector. OB thus has length aV><t2. Vector OB
can be resolved into a horizontal component aD><Dtb
and a component at right angles thereto aV)<D9. Here
and elsewhere the symbol “D" is used to represent the
operator of differentation with respect to time. OE, in
the direction of up increasing, represents the discrepancy
between demanded and actual heading and EC, in the
direction of 6 increasing, represents the discrepancy be-
tween demanded and actual pitch. The discrepancies
(t,bT—-up) and (0-p—9) may be denoted —:pE and -61;
respectively.

If now the aircraft is manoeuvred so that B and C
coincide and gbrr and 01- are fixed, we shall have the
relations

aVXD‘/’E+‘/’E=0
(ID XD9E+fiE=0

i.e. the flight vector subsides on to the desired direction
with time constant aV (if V is constant).

It is evident that the point C, which has been defined
as determined by a demanded direction, may also be
regarded as defined by a demanded acceleration referred
to fixed axes in the normal plane.

It will be seen that precisely the same result may be
attained by introducing a further vector CD, extending
in the direction of 0 increasing, of magnitude ag cos 0,
i.e. equal and opposite to vector AB, and controlling the
aircraft in such a manner that point A lies on point D.

It will be appreciated that the vector OC represents,
referred to axes through 0 in the direction of ~,b increas-
ing and 9 increasing respectively, the required normal
plane acceleration referred to roll stabilised axes, whereas
the vector OD represents the same quantity referred to
roll stabilised absolute axes. Also the vector OB repre-
sents the actual normal plane acceleration referred to roll
stabilised axes and 0A represents the same quantity re-
ferred to absolute roll stabilised axes, i.e. the normal
plane absolute acceleration.

Referred to axes lying along and at right angles to the
line POQ, these vectors represent the same quantities
referred to the corresponding aircraft axes.

In an instrument in accordance with the present inven-
tion the vectors OA and OD are displayed, i.e. the normal
plane absolute acceleration (by point A) and the de-
manded normal plane absolute acceleration (by point
D). It will be appreciated that the vector OA represents
the quantity, the normal plane absolute acceleration,
directly under the pilot’s control for the Inanoeuvre of
the aircraft, its direction being controlled by banking and
its magnitude by pitching.

Most conveniently the display is provided by move-
ment of points A and D in relation to an index, fixed in
the instrument, corresponding to the line POQ.

In the embodiment of the invention shown in the re-

4

rnaining figures the instrument indications are provided
within the compass of a conventional circular viewing
aperture upon an indicator, as shown. In the ensuing
description connecting lines indicate channels for the flow
of information, which information will be preferably con-
veyed by amplitudc-modulated A.C. signals. A fixed in-
dex 1 is provided, in the form of a symbolic representa-
tion of the rear view of the wings of an aircraft, its Y
axis across the display and Z axis down the display and
thus corresponding to line POQ in FIGURE 1. A nor-
mal plane absolute acceleration index 2 is provided in the
form of a ring with a downwardly-extending line. In
accordance with the assumption that the normal plane
absolute acceleration is along the aircraft Z axis, index 2
is displaced -along the Z axis (positive or negative) of the
aircraft representation forming index 1, so that the centre
of the circle is displaced from the centre of index 1 by
an amount proportional to the normal plane absolute
acceleration, under the control of a conventional accel-
erometer mounted on the aircraft so as to be responsive
to acceleration of the aircraft along the Z axis. The ac-
celerometer 5 controls a servo 6 fixed in the indicator.
Servo 6 positions a drum '7 upon which is wrapped
a wire 8 carrying index 2, the wire passing round pulleys
9, 10, and being attached to one end of a tension spring
11 whose other end is fixed, at 12. The wire 8 and the
pulleys 9 and 10 constitute means guiding the index for
displacement along a line whose orientation is fixed in theinstrument.

Behind indices 1 and 2 is mounted a “roller blind” type
of artificial horizon indicator, giving “moving horizon”
presentation. This comprises a carriage 13 mounted for
rotation about an axis passing through the centre of in-
dex 1, the “indicator axis,” carrying a pair of rollers 14,
15 over which a flexible band 16 passes. Carriage 13 is
positioned by an electric servo system 17 controlled from
a remotely situated first gyro vertical 18 in accordance
with the roll attitude of the aircraft, the servo system
rotating a shaft 19 carrying a pinion 20 engaging with a

‘ gear 21 attached to carriage 13. Shaft 19 also carries a
pinion 22 engaging with a gear 23 forming one input of
a conventional mechanical differential 24. The other in-
put of the differential 24 is positioned in accordance with
the pitch attitude of the aircraft by an electric servo 25
also controlled from gyro vertical 18. The output of the
differential 24 is transmitted by a shaft 26 lying on the
indicator axis. Shaft 26 carries a gear 27 capable of driv-
ing, through a train 28 and bevel gears 29, roller 14.

The servo systems 17 and 25 and the various gear ratios
are such that the rotation of the carriage 13 relative to
the index 1 is equal to the bank angle of the aircraft and
rotation of shaft 19 with servo 25 stationary results in no
relative movement between gear 27 and carriage 13. It
thus follows that roller 14, and hence band 16, are moved
in accordance with the pitch attitude of the aircraft, and
this movement is such that the total extent of band 16
visible corresponds to about 120° of pitch movement.
The band 16 is distinctively coloured to give an indica-
tion of the horizon, as at 3, and representations of the
zenith and nadir are also provided on the band, so that
the index 1 co-operates with the band to give a display
corresponding to that of a conventional gyroscope artificial
horizon instrument.

A director index 4 is provided, in the form of a dot
rather smaller than the internal diameter of the ring of
index 2. Director index 4 is positioned so that its distance
from the representation of the horizon 3 corresponds to
the desired pitch attitude of the aircraft plus ag cos 0, and
its distance from the centre line of the band 16 corre-
sponds to the difference between the desired and actual
heading of the aircraft. If lines parallel and perpendi-
cular to the horizon are imagined drawn through the
centre of index 1, then it follows from the above that the
displacement of index 4 from the imaginary line parallel
to the horizon, indicated by Y’ in FIGURE 2, is propor-
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tional to ag cos 9-03, and its distance from the line per-
dicular to the horizon, indicated at X’ in FIGURE 2, cor-
responds to —rpE.

The intelligence by means of which index 4 is positioned
may be obtained from instruments completely separate
from the gyro vertical 18 controlling the position of theband 16.

Index 4 is mounted upon a wire 30 passed round rollers
31, 32 mounted upon a ring gear 33 centred on the in-
dicator axis. Wire 3!} lies diametrally across gear 33,
and passes round further guide rollers 34 mounted on gear
33, being attached at one point to a peg 35 attached to a
further ring gear 37 extending through an arcuate slot 38
in gear 33. Gear 37 is also mounted for rotation about
the indicator ‘axis. Gear 33 is engaged by a pinion 39
positioned by a servo 40. Servo 49 is controlled by a first
output from -a computing device 41, which is proportional
to the angle at indicated in FIGURE 2. Gear 37 is en-
gaged by a pinion 42, positioned by a servo 44 controlled
by the output from a differential 43. The inputs to dilfer-
ential 43 consist of the two outputs from device 41. The
second of these is proportional to the distance ,0 indicated
in FIGURE 2. Thus it will be seen that the angular posi-
tion of wire 30 will be given by the -angle (X, and the radial
position of index 4 will be given by the distance p.

One manner in which the intelligence for positioning
index 4 (i.e. the quantities on and p) may be obtained willnow be described.

A directional device is provided to generate a signal
representing the dilfcrence between the actual heading of
the craft and the desired heading if some desired flight
path is to be followed. In a particular form, as indicated
in FIGURE 6, this includes a gyrornagnetic compass 45
and a radio device 46, such as a conventional directional
radio beam receiver, or a conventional radar installation
or instrument landing system, providing a signal repre-
senting the bearing of a target being tracked, which re-
spectively provide signals representing the -actual heading
of the craft and the desired heading if some desired flight
path is to be followed. These signals are applied to a
computer 47 which generates a signal representing the
difference between the signals applied to it. The output
from this device is thus proportional to —v,//E, or the quan-tity X’ of FIGURE 2.

An air speed responsive device, indicated at 48, and a
ftuther radio device, indicated at 49, such as -a conven-
tional glide path receiver or a conventional radar installa-
tion providing a signal representing the elevation of a tar-
get being tracked, provide signals one or other of which
can be applied to the input of a further computer device
59, as indicated by »a change-over switch 51. Computer
50 determines from these signals and from pitch signals
derived from a gyro vertical 52 the difference between the
actual pitch attitude of the aircraft and that required if
some desired flight path is to be followed——-that is to say
the quantity —0E. This is added to a signal proportional
to ag cos 0 (derived from intelligence also obtained from
gyro vertical 52), to give a total output proportional to
the quantity Y’ of FIGURE 2.

The X’ and Y’ signals from devices 47 and 59 are ap-
plied to the separate stator inputs of a conventional re-
solver synchro indicated -at 53. The rotor of the resolver

V is positioned in accordance with the bank angle ¢ under
the control of gyro vertical 52, and outputs are obtained
from the separate rotor windings respectively propor-tional to

X’ cos ¢—Y’ sin «:8and

X’ sin <i5+Y’ cos 45

These quantities are related to p and II by the relations

p cos ct: ” cos ¢—-Y’ sin (1;
p sin a=X’ sin ¢—Y‘ cos 4:

They are applied as inputs to computer 41, previously
referred to. Computer 41 comprises a further resolver

6

synchro, to the separate stator windings of which the
“p cos ac” and “p sin or” signals are applied. The rotor
of the synchro is positioned by a motor energised from
one of the rotor windings of the synchro, which thus posi-
tions the rotor so that this winding is at right angles to the
resultant fiold produced by the stator windings, i.e. the
rotor is so positioned that its angular displacement from
some datum position is equal to at, and a suitable signal
generating device positioned by the motor is utilised to
give the desired ct signal output from computer 41. The
signal induced in the second rotor winding will be propor-
tional to p and is utilised to provide the [3 signal output
from computer 41.

As described above the manoeuvre demand is derived
from position information, and the use of the instrument
will eventually, if there is no change in the desired flight
path, bring the aircraft to a condition of non-turning flight.
However, the manoeuvre demand could be, for example,
for continuously turning flight at a constant rate of turn.

As noted above, as far as the scale of the display is
concerned, it is convenient to make the radius of the visi-
ble portion of the band 16, correspond to 60° (i.e. ap-
proximately 1 radian) pitch (or heading) deviation, when
one at least of the representations of zenith, horizon and
nadir on the band will always be in view.

A maximum manoeuvre demand will then be given by
aNg=1

If we limit the maximum acceleration to be dem-anded in
any manoeuvre to, say, 6g, this means that

ag=%

and the time constant of subsidence will be 1/6-V/g. The
displacement of the centre of the ring of index 2 from the
centre of index 1 will in conditions of straight and level
flight correspond to a normal acceleration of g, and the
length of the vertical stroke of the index 2 is preferably
such that, under these conditions, its end lies at the centre
of index 1. Preferably also in such conditions the centre
of index 2 lies at the centre of the display.

FIGURES 3, 4 and 5 show the display in various flight
conditions, when the manoeuvre demand is being met,
that is to say when index 2 is brought into alignment withindex 4.

FIGURE 3 shows the display when climbing at about
2° with the aircraft level in bank and on the demandedattitude.

FIGURE 4 shows the display when following a demand
for a steady horizontal turn at 52° bank to the left.

FIGURE 5 shows the display when following a demand
for a horizontal 41/zg turn to the left.

The sense of the pitch and bank corrections required
are always clear from the display, even if negative lift
manoeuvre is required.

The particular instrument described with reference to
FEGURES 2 to 6 utilises a “moving horizon” presenta-
tion for aircraft attitude, the aircraft representation (index
ll) being fixed in the instrument. Alternatively a “mov-
ing aircraft” presentation of aircraft attitude could be
used, (the representation of the horizon then being fixed
in the instrument), various mechanical means by which
this could be achieved being obvious to those skilled in
the art. However, a “moving aircraft” presentation would
be substantially more complicated mechanically.

While there have been described above what are
presently believed to be the preferred forms of the inven-
tion, variations thereof will be obvious to those skilled
in the art and all such changes and variations which fall
within the spirit of the invention are intended to be
covered by the generic terms in the appended claims,
which are variably worded to that end.

We claim:

1. An aircraft instrument comprising means to define
a viewing aperture, a first index supported for movement
within -the aperture, means within the aperture to define

75 a datum position for the first index, driving means con-
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'3
nected to the first index, means to control the driving
means in accordance with the component of the normal
plane absolute acceleration of the aircraft in direction of
its Z axis so that the displacement of the first index
from the said datum position is proportional to the said
component of the normal plane absolute acceleration of
the aircraft, a further index supported for movement
within the aperture and means to displace the further
index in relation to the said datum position in accord-
ance with a demanded value, both as to magnitude and
direction of the normal plane absolute acceleration, said
demanded value being that required if some desired flight
path is to be achieved and a maneuver of the aircraft in
bank and pitch to superpose the first index and further
index thus resulting in the attainment of the demanded
normal plane acceleration and the desired flight path,
neglecting any components of the normal plane absolute
acceleration in the direction of the transverse axis of the
aircraft.

2. An instrument according to claim 1 comprising
means for guiding the displacement of the index along a
line whose orientation is fixed in the instrument.

3. An instrument according to claim. 2 wherein the
means to define the datum position comprises a fixed
index indicative of the transverse axis of the aircraft.

4. An instrument according to claim 3 wherein the
means to displace the further index are operative to dis-
place it linearly from and to rotate it angularly about
the fixed index in accordance with the magnitude and
direction of the demanded value of the normal plane
absolute acceleration referred to absolute aircraft axes.

5. An instrument according to claim 4 wherein the
means to displace the further index comprise both de-
vices responsive to deviation of the aircraft from some
selected flight path and a device responsive to the pitch
and roll attitude of the aircraft.

6. An instrument according to claim 5 comprising
also means to provide a representation of the horizon and
means to position the same in relation to the fixed index
in accordance with the pitch and roll attitude of the air-
craft.

7. An instrument according to claim 6 wherein the
means to position the representation of the horizon are
independent of the means to position the further index.

8. An aircraft instrument comprising means to define
a viewing aperture, a first index supported for movement
and positioned to be viewed through the aperture, datum
position defining means for said first index, driving means
connected to the first index, means connected to con-
trol said driving means in accordance with the component
of normal plane absolute acceleration of the aircraft in
the direction of its Z axis so that the displacement of
the first index from the said datum position is propor-
tional to the said component of the normal plane absolute
acceleration, a second index supported for movement and
positioned to be viewed through the aperture and means
connected to displace said second index relative to said
datum position defining means in accordance with a
demanded vector value of the normal plane absolute ac-
celeration, said demanded value being that required by
a desired flight path and a maneuver of the aircraft in
bank and pitch to superpose said indiees giving an in-
dication that the desired flight path of the plane has
been attained.

8
9. An aircraft instrument for assisting a human pilot

to control an aircraft simultaneously in pitch and roll,
comprising in combination a first index means supported
for movement relative to the aircraft, means to define a
datum position for said first index, driving means con-
nected to move said first index, means to control said driv-
ing means in accordance with the component of the nor-
mal plane absolute acceleration of the aircraft along its
Z axis, a second index means supported for movement
relative to the aircraft, and means to displace said second
index means relative to said datum position in accordance
with a demanded value, both as to magnitude and direc-
tion of the efiective value of the normal plane absolute
acceleration, said demanded value being that required to
achieve a desired flight path and the superposition of said
first and second index means.

10. The combination set forth in claim 9, said first
index means being in the form of a ring with a down-
wardly extending line, said driving means comprising a
servo motor and movable wire means carrying said first
index for movement in translation, said means to con-
trol said driving means comprising an accelerometer
means mounted on the aircraft so as to be responsive to
acceleration of the aircraft along its Z axis, said second
index means being a director index in the form of a dot
of smaller diameter than the internal diameter of said
ring, said means to displace said second index means com-
prising a second wire means, a ring gear mounting said
second wire means diametrically thereacross, a second
ring gear carrying means acting to move said second wire
to displace said second index, dual servo means for rotat-
ing said ring gears independently, a gyro vertical mounted
on the aircraft to supply pitch signals, computer means
connected to said gyro and to said dual servo means for
supplying a first output for rotating said first ring gear
to move said second index by rotation of its supporting
wire means and for supplying a second output for rotat-
ing said second ring gear to move said second index radi-
ally in translation.

11. The combination set forth in claim 10, an arti-
fieial horizon indicator means mounted behind said first
index means, said second index means and said means to
define a datum position, said horizon indicator means
comprising carriage means mounted for rotation about
an axis passing through the center of said means to de-
fine a datum position, a pair of rollers having a flex-
ible band bearing a horizon indication line thereon rotat-
ably mounted on said carriage means, a gyro vertical
means, differential means controlled by said gyro for
rotating said rollers and moving said horizon indication in
translation with respect to said means to define a datum
position and drive means controlled by said gyro for
rotating said carriage means for rotating said horizon

indication with respect to said means to define a datumposition.
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[57] ABSTRACT

A method and system for placing an order to purchase an
item via the Internet. The order is placed by a purchaser at
a clie11t system and received by a server system. The server
system receives purchaser information including identifica-
tion of the purchaser, payment information, and shipment
information from the clie11t system. The server system then
assigns a client identifier to the client system and associates
the assigned client identifier with the received purchaser
information. The server system sends to the clie11t system the
assigned client identifier and an HTML document identify-
ing the item and including an order button. The client system
receives a11d stores the assigned client identifier a11d receives
and displays the HTML document. In response to the
selection of the order button, the client system sends to the
server system a request to purchase the identified item. The
server system receives the request and combines the pur-
chaser information associated with the client identifier of the

client system to generate an order to purchase the item i11
accordance with the billing and shipment information
whereby the purchaser effects the ordering of the product by
selection of the order button.

26 Claims, 11 Drawing Sheets
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Summary Description of Item

102 Add it to your shopping cart

(You can always cancel later . . . )

NEW! Order faster with 1-Click!

(You can cancel within 90 minutes )

1033 Buy item and ship to:

103b John Doe at home

1030 Check shipping address or change 1-click settings

103d Learn more about 1-Click express ordering

Detail Description of Item
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Thank you for your 1—click order!

A quantity of 1 of |the item] will be shipped to you

as soon as possible. We will do our best to

minimize your shipping costs by combining your

1-click orders into as few shipments as possible.

Please continue browsing.

Review or change your 1—click orders

Summary Description of Item
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Summary of 1-Click Express Orders

Press this button if you Changed Quantities of any item

below. If you don't press it, your changes won't "stick."

You can set the quantity to 0 (zero) to cancel an item.

The l-click orders below (available in 3 or fewer days)

will be shipped together.

Order # 098337

E Item 1 $10.00

E Item 2 $15.00

Total $25.00

The l-click orders below (available in one week or more)

will be shipped together.

Order # 098336

Item 3

Item 4

Total

Ship to: John Doe at home

Shipment Method: Standard Domestic Shipping

Payment Method: **** **** ***l_2345

Continue Shopping

l-Click Express shipping policies

Fig. 1C
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ordering for client
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Process Single-
Action Order

Availability
of item

short-term order 0ng—term order

open for open for
customer Customer

503

Crcatc short-term Create long—term
order order

504 507

Add item to short-term Add item to long-term
order order

508

Generate and send

confirmation

Done

Fig. 5
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Generate Single-

Order Summary

Generate standard web

Page

Short—term Add short—term order

order open to web page

Long-term Add long-term order

order open to web page
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Expedited Order
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701
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All
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already
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START

Customer Name & Address

Customer Financial Info

Customer Employment Info

Customer Education Info

Fig. 8A

First Name :

M.I.

Last Name :

Stmet I 

City : [E

State : :|

Customer Financial Info

Customer Employment Info

Customer Education Info

ZHVZ

Fig. 8B
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Customer Name & Address

Net Worth:

Annual Income:

Spouse's Annual Income:

Other Income:

Next Previous

Customer Employment Info

Customer Education Info

Fig. 8C



 
 

      
   

  

  

         
          
         

    

         
       

      
        

         
          

           
        
          

          
          
          
          

         
          
           
        

          
         

          
    

        
        
             

           
           
          
         

         
          

        
         
        

          
       

         
        

        
         

         
         

        
        

            
         

           
         

         
          

      
        
          
         

           
     

      
        

 

 

 

 

 

 

 

 
          

       
        
          

         
          
       

       
         
        

        
        

         
       

        
     

         
         

         
       

           
           
        

         
          

          
        

           
        

         
         

           
        

          
         

         
          
         

            
          

         
        

         
          

          
        

        
         

    

        
          
          
        

          
           

            
         

          
           
        

           
        

       
          

        
         

Page 94 of 125

5,960,411
1

METHOD AND SYSTEM FOR PLACING A
PURCHASE ORDER VIAA

COMMUNICATIONS NETVVORK

TECHNICAL FIELD

The present invention relates to a computer method and
system for placing an order and, more particularly, to a
method and system for ordering items over the Internet.

BACKGROUND OF THE INVENTION

The Internet comprises a vast number of computers and
computer networks that are interconnected through commu-
nication links. The interconnected computers exchange
information using various services, such as electronic mail,
Gopher, and the World Wide Web (“WWW”). The WWW
service allows a server computer system (i.e., Web server or
Web site) to send graphical Web pages of information to a
remote client computer system. The remote client computer
system can then display the Web pages. Each resource (e .g.,
computer or Web page) of the WWW is uniquely identifiable
by a Uniform Resource Locator (“URL”). To view a specific
Web page, a client computer system specifies the URL for
that Web page in a request (eg., a I-lyperlfext Transfer
Protocol (“HTTP”) request). The request is forwarded to the
Web server that supports that Web page. When that Web
server receives the request, it sends that Web page to the
client computer system. When the client computer system
receives that Web page, it typically displays the Web page
using a browser. A browser is a special-purpose application
program that effects the requesting of Web pages and the
displaying of Web pages.

Currently, Web pages are typically defined using Hyper-
Text Markup Language (“HTML”). HTML provides a stan-
dard set of tags that define how a Web page is to be
displayed. When a user indicates to the browser to display a
Web page, the browser sends a request to the server com-
puter system to transfer to the client computer system an
HTML document that defines the Web page. When the
requested HTML document is received by the client com-
puter system, the browser displays the Web page as defined
by tl1e HTML document. The HTML document contains
various tags that control the displaying of text, graphics,
controls, and other features. The HTML document may
contain URLs of other Web pages available on that server
computer system or other server computer systems.

The World Wide Web is especially conducive to conduct-
ing electronic commerce. Many Web servers have been
developed through which vendors can advertise and sell
product. The products can include items (e.g., music) that
are delivered electronically to the purchaser over the Internet
and items (e.g., books) that are delivered through conven-
tional distribution channels (eg., a common carrier). A
server computer system may provide an electronic version
of a catalog that lists the items that are available. Auser, who
is a potential purchaser, may browse through the catalog
using a browser and select various items that are to be
purchased. VVhen the user l1as completed selecting the items
to be purchased, the server computer system then prompts
the user for information to complete the ordering of the
items. This purchaser—specific order information may
include the purchaser’s name, the purchaser’s credit card
number, and a shipping address for the order. The server
computer system then typically confirms the order by send-
ing a confirming Web page to the client computer system and
schedules shipment of the items.

Since the purchaser—specific order information contains
sensitive information (e.g., a credit card number), both

2

vendors and purchasers want to ensure the security of such
information. Security is a concern because information
transmitted over the Internet may pass through various
intermediate computer systems on its way to its final desti-
nation. The information could be intercepted by an unscru-
pulous person at an intermediate system. To help ensure the
security of the sensitive information, various encryption
techniques are used when transmitting such information
between a client computer system and a server computer
system. Even though such encrypted information can be
intercepted, because the information is encrypted, it is
generally useless to the interceptor. Nevertheless, there is
always a possibility that such sensitive information may be
successfully decrypted by the interceptor. Therefore, it
would be desirable to minimize the sensitive information

transmitted when placing an order.
The selection of the various items from the e ectronic

catalogs is generally based on the “shopping cart” model.
When the purchaser selects an item from the e ectronic
catalog, the server computer system metaphorically adds
that item to a shopping cart. When the purchaser is done
selecting items, then all the items in the shopping cart are
“checked out” (i.e., ordered) when the purchaser arovides
billing and shipment information. In some models, when a
purchaser selects any one item, then that item is “checked
out” by automatically prompting the user for the bi ling and
shipment information. Although the shopping cart model is
very fiexible and intuitive, it has a downside in that it
requires many interactions by the purchaser. For example,
the purchaser selects the various items from the e ectronic
catalog, and then indicates that the selection is complete.
The purchaser is then presented with an order Web page that
prompts the purchaser for the purchaser—specific orc er infor-
mation to complete the order. That Web page may be
prefilled with information that was provided by the pur-
chaser when placing another order. The information is then
validated by the server computer system, and the order is
completed. Such an ordering model can be problematic for
a couple of reasons. If a purchaser is ordering only one item,
then the overhead of confirming the various steps of the
ordering process and waiting for, viewing, and updating the
purchaser—specific order information can be much more than
the overhead of selecting the item itself. This overhead
makes the purchase of a single item cumbersome. Also, with
such an ordering model, each time an order is placed
sensitive information is transmitted over the Internet. Each
time the sensitive information is transmitted over the

Inter11et, it is susceptible to being intercepted and decrypted.
SUMMARY OF THE INVENTION

An embodiment of the present invention provides a
method and system for ordering an item from a client
system. The client system is provided with an identifier that
identifies a customer. The client system displays information
that identifies the item and displays an indication of an
action (e.g., a single action such as clicking a mouse button)
that a purchaser is to perform to order the identified item. In
response to the indicated action being performed, the client
system sends to a server system the provided identifier and
a request to order the identified item. The server system uses
the identifier to identify additional information needed to
generate an order for the item and then generates the order.

The server system receives and stores the additional
information for customers using various computer systems
so that the server system can generate such orders. The
server system stores the received additional information in
association with an identifier of the customer and provides
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the identifier to the client system. When requested by the
client system, tl1e server system provides information
describing the item to the requesting client system. When the
server system receives a request from a client system, the
server system combines the additional information stored in 5
association with the identifier included in the request to
effect the ordering of the item.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A—1C illustrate single—action ordering in one
embodiment of the present invention.

FIG. 2 is a block diagram illustrating an embodiment of
the present invention.

FIG. 3 is a flow diagram of a routine that enables
single—action ordering for a customer.

FIG. 4 is a flow diagram of a routine to generate a Web
page in which single—action ordering is enabled.

FIG. 5 is a flow diagram of a routine which processes a
single—action order.

FIG. 6 is a flow diagram of a routine for generating a
single—action order summary Web page.

FIG. 7 is a How diagram of a routine that implements an
expedited order selection algorithm.

FIGS. 8A—8C illustrate a hierarchical data entry mecha-
nism in one embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides a method and system for
single—action ordering of items in a clie11t/server environ-
ment. The single—action ordering system of the present
invention reduces the number of purchaser interactions
needed to place an order and reduces the amount of sensitive
information that is transmitted between a client system and
a server system. In one embodiment, the server system
assigns a unique client identifier to each client system. The
server system also stores purchaser—specific order informa-
tion for various potential purchasers. The purchaser-specific
order information may have been collected from a previous
order placed by the purchaser. The server system maps each
client identifier to a purchaser that may use that client system
to place an order. The server system may map the client
identifiers to the purchaser who last placed an order using /
that client system. When a purchaser wants to place an order,
the purchaser uses a client system to send the request for
information describing the item to be ordered along with its
client identifier. The server system determines wl1etl1er the
client identifier for that client system is mapped to a pur-
chaser. If so mapped, the server system determines whether
single—action ordering is enabled for that purchaser at that
client system. If enabled, the server system sends the
requested information (e.g., via a Web page) to the client
computer system along with an indication of the single
action to perform to place the order for the item. When
single—action ordering is enabled, the purchaser need only
perform a single action (e.g., click a mouse button) to order
the item. When the purchaser performs that single action, the
client system notifies the server system. The server system
then completes the order by adding the purchaser-specific
order information for the purchaser that is mapped to that
client identifier to the item order information (e.g., product
identifier and quantity). Thus, once the description of an
item is displayed, the purchaser need only take a single
action to place the order to purchase that item. Also, since
the client identifier identifies purchaser-specific order infor-
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mation already stored at the server system, there is no need
for such sensitive information to be transmitted via the
Internet or other communications medium.

FIGS. 1A—1C illustrate single—action ordering in one
embodiment of the present invention. FIG. IA illustrates the
display of a Web page describing an item that may be
ordered. This example Web page was sent from the server
system to the client system when the purchaser requested to
review detailed information about the item. This example
Web page contains a summary description section 101, a
shopping cart section 102, a single—action ordering section
103, and a detailed description section 104. One skilled in
the art would appreciate that these various sections can be
omitted or rearranged or adapted in various ways. In general,
the purchaser need only be aware of the item or items to be
ordered by the single action and of the single action needed
to place the order. The summary description and the detailed
description sections provide information that identifies and
describes the item(s) that may be ordered. The shopping cart
section provides the conventional capability to add the
described item to a shopping cart. The server system adds
the summary description, the detailed description, and the
shopping cart sections to each Web page for an item that may
be ordered. The server system, however, only adds the
single—action ordering section when single—action ordering is
enabled for that purchaser at that client system. (One skilled
in the art would appreciate that a single Web page on the
server system may contain all these sections but the single-
action ordering section can be selectively included or
excluded before sending the Web page to the client system.)
This example single—action ordering section allows the pur-
chaser to specify with a single click of a mouse button to
order the described item. Once the purchaser clicks the
mouse button, the item is ordered, unless the purchaser then
takes some action to modify the order. The single—action
ordering section contains a single—action ordering button
1030, purchaser identification subsection 103b, and single-
action ordering information subsections 103c and 103d. The
purchaser information subsection displays enough informa-
tion so that the purchaser can verify that the server system
correctly recognizes the purchaser. To reduce the chances of
sensitive information being intercepted, the server system
sends only enough information so that the purchaser is
confident that the server system correctly identified the
purchaser but yet not enough information to be useful to an
unscrupulous interceptor. The additional information sub-
sections allow the purchaser to obtain various settings or
obtain more information related to the single—action order-
ing. If the purchaser wants to verify the shipping address, the
purchaser can select the “check shipping address” label. In
response to this selection, the server system may require the
purchaser to perform a “login” so that the identity of the
purchaser can be verified before the shipping information is
viewed or modified. The server system then sends a Web
page to the client system for display and possible modifi-
cation of the shipping address. In this way, the transmitting
of the sensitive shipping address can be avoided unless
requested by the verified purchaser.

When the purchaser selects the single—action ordering
button, the client system sends a message to the server
system requesting that the displayed item be ordered. After
the server system processes the message, the server system
provides to the client system a new Web page that confirms
receipt of the single—action order. FIG. 1B illustrates the
display of a Web page confirming a single—action order. The
confirming Web page contains essentially the same infor-
mation as the Web page describing the item (i.e., FIG. 1A)
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except that an order confirmation section 105 is displayed at
the top of the Web page. The order confirmation section
confirms that the order has been placed and provides an
opportunity for the purchaser to review and change the
single-action order. Alternatively, the confirming Web page
can be identical to the Web page describing the item (i.e.,
FIG. 1A), except that the single-action ordering button is
replaced with a message confirming the order.

If a single-actio11 ordering is not currently enabled for the
client system but could be enabled, then the server system
can generate a Web page like FIG. 1A, except that the
single-action ordering button 10311 is replaced by a single-
action ordering enable button. Such a replacement button
could contain text instructing the purchaser to click on the
button to enable single-action ordering. When the purchaser
clicks on that button, the server system would send the Web
page of FIG. 1A to be displayed. Single—action ordering can
be enabled whenever the server system has stored suflicient
purchaser-specific order information for that client system to
complete a single-action order. If the server system does not
have suflicient information, then when the purchaser selects
the single-action ordering button, the server system can
provide a Web page to collect the additional information that
is needed. The server system may require the purchaser to
“login” so that the identity of the purchaser can be verified
before the single-action ordering is enabled.

To help minimize shipping costs and purchaser confusion,
the server system may combine various single-action orders
into a multiple-item order. For example, if a purchaser
orders one item using the single-action ordering and five
minutes later orders another item using the single-action
ordering, then those orders may be cost effectively combined
into a single order for shipping. The server system combines
the single-action orders when their expected ship dates are
similar. For example, if one item is immediately available
and the other item will be available in one day, then the two
single-action orders may be cost-effectively combined.
However, if the other item will not be available for two
weeks, then the two single-item orders would not be com-
bined. l’lG. 1C illustrates the display of a Web page repre-
senting four single-action orders that have been combined
into two separate multiple-item orders based on the avail-
ability of the items. The order information 106 indicates that
item 1 and item 2, which will be available in three or fewer
days, have been comained into one order. The order infor- /
mation 107 indicates that items 3 and 4, which will not be
available within one week, are combined into a separate
order. In one embodiment, the server system may combine
single-action orders hat are placed within a certain time
period (e.g., 90 minutes). Also, the server system may
combine or divide orders when the orders are scheduled for

shipment based on the then current availability of the items
ordered. This delayec modification of the orders is referred
to as “expedited order selection” and is described below in
detail.

FIG. 2 is a block ciagram illustrating an embodiment of
the present invention. This embodiment supports the single-
action ordering over tie Internet using the World Wide Web.
The server system 210 includes a server engine 211, a client
identifier/customer table 212, various Web pages 213, a
customer database 214, an order database 215, and an
inventory database 2l6. The server engine receives HTTP
requests to access Web pages identified by URLs and
provides the Web pages to the various client systems. Such
an HTTP request may indicate that the purchaser has per-
formed the single action to effect single-action ordering. The
customer database contains customer information for vari-
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ous purchasers or potential purchasers. The customer infor-
mation includes purchaser-specific order information such
as the name of the customer, billing information, and ship-
ping information. The order database 215 contains an entry
for each order that has not yet been shipped to a purchaser.
The inventory database 216 contains a description of the
various items that may be ordered. The client identifier/
customer table 212 contains a mapping from each client
identifier, which is a globally unique identifier that uniquely
identifies a client system, to the customer last associated
with that client system. The client system 220 contains a
browser and its assigned client identifier. The client identi-
fier is stored in a file, referred to as a “cookie.” In one
embodiment, the server system assigns and sends the client
identifier to the client system once when the client system
first interacts with the server system. From then on, the client
system includes its client identifier with all messages sent to
the server system so that the server system can identify the
source of the message. The server and client systems interact
by exchanging information via communications link 230,
which may include transmission over the Internet.

One skilled in the art would appreciate that the si11gle-
action ordering techniques can be used in various environ-
ments other than the Internet. For example, single-action
ordering can also be in an electronic mail environment in
which an item is described in an electronic mail message
along with an indication of the single action that is to be
performed to effect the ordering of the item. Also, various
communication channels may be used such as local area
network, wide area network, or point-to-point dial up con-
nection. Also, a server system may comprise any combina-
tion of hardware or software that can generate orders in
response to the single action being performed. A client
system may comprise any combination of hardware or
software that can interact with the server system. These
systems may include television-based systems or various
other consumer products through which orders may be
placed.

FIG. 3 is a flow diagram of a routine that enables
single-action ordering for a customer. To enable single-
action ordering, a server system needs to have information
about the customer that is equivalent to the purchaser-
specific order information. The server system can obtain this
information in various ways. First, the server system could
ask the customer if they would like to have single-action
ordering enabled. If so, then the server system could prompt
the customer using a Web page for the purchaser-specific
order information. Second, the server system could also save
the purchaser-specific order information collected when an
order is placed conventionally. The server system could,
either automatically or with the customer’s assent, enable
single-action ordering. In step 301, the server system
retrieves the client identifier that was sent by the client
system. In step 302, the server system updates the client
identifier/customer table to indicate that the generated client
identifier has been associated with that customer. In step
303, the server system sets a flag indicating that single-
action ordering is enabled for that client identifier and that
customer combination. That flag may be stored in the client
identifier/customer table. In step 304, the server system
supplies a confirming Web page to the client system. The
next time a purchaser attempts to order an item, the client
system will supply its client identifier to the server system.
If single-action ordering is enabled for that purchaser, the
server system will assume that the purchaser is the customer
associated with that client identifier in the client identifier/
customer table. Thus, a purchaser may not want to allow the
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server system to enable single—action ordering if there is a
possibility that someone else may use that same client
system.

FIG. 4 is a flow diagram of a routine to generate a Web
page in which single—action ordering is enabled. When
single—action ordering is enabled, the server system gener-
ates a Web page describing an item as is conventionally done
and then adds a single—action ordering section. In one
embodiment, the server system adds partial purchaser-
specific order information to the section. This information
may include the customer’s name, a shipping address moni-
ker selected by the purchaser (e.g., “at home”), and the last
five digits of a credit card number or a nickname selected by
the purchaser. Such partial information should be the mini-
mum information suflicient to indicate to the purchaser
whether or not the server system is using the correct
purchaser—specific order information. In step 401, the server
system generates a standard shopping cart-type Web page
for the item. In step 402, if the single—action ordering flag
has been set for the client identifier and customer

combination, then the server system continues at step 403,
else the server system completes. In step 403, the server
system adds the single—action section to the Web page and
completes.

FIG. 5 is a flow diagram of a routine which processes a
single—action order. When a purchaser performs the single
action needed to place an order, the client system notifies the
server system. The server system then combines the
purchaser—specific order information for the customer asso-
ciated with the client system with the item order information
to complete the order. The single—action order may also be
combined with other single—action orders and possibly with
other conventionally placed orders to reduce shipping costs.
In one embodiment, single—action orders can be combined if
they are placed within a certain time period of each other
(eg, 90 minutes). This routine illustrates the oombining of
the single—action orders into a short—term order (e.g., avail-
able to be shipped in less than a week) and a long-term order
(e.g., available to be shipped in more than a week). One
skilled in the art would appreciate that the single—action
orders can be combined in various ways based on other
factors, such as size of shipment and intermediate-term
availability. In step 501, if the item is expected to be shipped
in the short term, then the server system continues at step
502, else the server system continues at step 505. In step
502, if a short—term order has already been opened for the
purchaser, then the server system continues at step 504, else i
the server system continues at step 503. In step 503, the
server system creates a short—term order for the purchaser. In
step 504, the server system adds the item to the short—term
order and continues at step 508. In step 505, if a long-term
order has already been opened for the purchaser, then the _
server system continues at step 507, else the server system
continues at step 506. In step 506, the server system creates
a long-term order for the purchaser. In step 507, the server
system adds the item to the long-term order. In step 508, the
server system generates and sends the confirmation and
completes.

FIG. 6 is a flow diagram of a routine for generating a
single—action order summary Web page. This Web page (e .g.,
FIG. 1C) gives the user the opportunity to View and modify
the short—term and long-term single—action orders. In step
601, the server system adds the standard single—action order
information to the Web page. In step 602, if a short—term
order is open, then the server system adds the short—term
order to the Web page in step 603. In step 604, if a long-term
order is open, then the server system adds the long-term
order information to the Web page in step 605 and com-
pletes.

8

FIG. 7 is a flow diagram of a routine that implements an
expedited order selection algorithm. The goal of the expe-
dited order selection algorithm is to minimize the number of
orders sent to each destination so that shipping costs are
reduced. A destination may be a specific shipping address
plus a specific purchaser’s billing details. Orders that are
sent to the same destination are known as “sibling orders.”
The algorithm has two stages. In the first stage, the algorithm
schedules for shipment the orders for destinations for which
all the sibling orders are filled. An order is filled when all its
items are currently in inventory (i.e., available) and can be
shipped. For each group of sibling orders, the algorithm
combines those sibling orders into a single combined order
so that only one order is currently scheduled for shipment to
each destination. In the second stage, the algorithm com-
bines and schedules groups of sibling orders for which some
of the sibling orders are not filled or partially filled. The
algorithm may split each partially filled sibling order into a
filled sibling order and a completely unfilled sibling order.
The algorithm then combines all the filled sibling orders into
a single combined order and schedules the combined order
for shipment. If any group has only one sibling order and
that order is partially filled, then the algorithm in one
embodiment does not split that order to avoid making a11
extra shipment to that destination.

During the second stage, the algorithm may select and
schedule groups of sibling orders in a sequence that is based
on the next fulfillment time for an item in the group. The
next fulfillment time for a group of sibling orders is the
minimum expected fulfillment time of the items in that
group of sibling orders. For example, if a group of sibling
orders has seven items that are not yet fulfilled and their
expected fulfillment times range from 3 days to 14 days,
then the next fulfillment time for that group is 3 days. The
algorithm first schedules those groups of sibling orders with
the largest next fulfillment time. For example, if 6 groups
have next fulfillment times of 3, 5, 7, 10, 11, and 14 days,
respectively, then the algorithm first selects and schedules
the sibling orders in the group with the next fulfillment time
of 14 days, followed by the group with the next fulfillment
time of 11 days, and so on. By delaying the scheduling of
groups with short next fulfillment times, the algorithm
increases the chances of additional items becoming available
(because of the shortness of the next fulfillment time) and
thus combined with the scheduled order.

Steps 701-703 represent the first stage of the expedited
order selection algorithm, and steps 704-706 represent the
second stage of the expedited selection order algorithm. In
steps 701-703, the algorithm loops selecting groups in
which all sibling orders are filled and combining the orders.
In step 701, the algorithm selects the next group with all
sibling orders that are filled. In step 703, if all such groups
have already been selected, then the algorithm continues
with the second stage in step 704, else the algorithm
continues at step 703. In step 703, the algorithm combines
and schedules the orders in the selected group and loops to
step 701. In step 704, the algorithm selects the next group of
sibling orders that has the largest next fulfillment time. In
step 705, if all such groups have already been selected, then
the algorithm is done, else the algorithm continues at step
706. In step 706, the algorithm combines and schedules the
orders in the selected group and loops to step 704. When the
expedited order selection algorithm is being performed, new
orders and new inventory may be received. Whenever such
new orders and new inventory is received, then the algo-
rithm restarts to schedule and combine the new orders as

appropriate.
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Although the algorithm has been described as having two
stages, it could be implemented in an incremental fashion
where the assessment of the first and second stages are
redone after each order is scheduled. One skilled in the art

would recognize that there are other possible combinations
of these stages which still express the same essential algo-
rithm.

FIGS. 8A—8C illustrate a hierarchical data entry mecha-
nism in one embodiment. When collecting information from
a user, a Web page typically consists of a long series of data
entry fields that may not all fit onto the display at the same
time. Thus, a user needs to scroll through the Web page to
enter the information. When the data entry fields do not fit
onto the display at the same time, it is difiicult for the user
to get an overall understanding of the type and organization
of the data to be entered. The hierarchical data entry mecha-
nism allows a user to understand the overall organization of
the data to be entered even though the all data entry fields
would not fit onto the display at the same time. FIG. 8A
illustrates an outline format of a sample form to be filled in.
The sample form contains various sections identified by
letters A, B, C, and D. When the user selects the start button,
then sectionAexpands to include the data entry fields for the
customer name and address. FIG. SB illustrates the expan-
sion of section A. Since only section A has been expanded,
the user can view the data entry fields of section A and
summary information of the other sections at the same time.
The user then enters data in the various data entry fields that
are displayed. Upon completion, the user selects either the
next or previous buttons. The next button causes section A
to be collapsed and section B to be expanded so that
financial information may be entered. FIG. 8C illustrates the
expansion of section B. If the previous button is selected,
then section A would collapse and be displayed as shown in
FIG. 8A. This collapsing and expanding is repeated for each
section. At any time during the data entry, if an error is
detected, then a Web page is generated with the error
message in close proximi y (e.g., on the line below) to the
data entry field that contains the error. This Web page is then
displayed by the client sys em to inform the user of the error.
In addition, each of the data “entry” fields may not be
editable until the user clicks on the data entry field or selects
an edit button associated with the data entry field. In this
way, the user is preventec from inadvertently changing the
contents of an edit field. When the user clicks on a data entry /
field, a new Web page is presented to the user that allows for
the editing of the data associated with the field. When editing
is complete, the edited da a is displayed in the data “entry”
field. Because the fields of the form are thus not directly
editable, neither “namec—submit” buttons nor Java are _
needed. Also, the form is more compact because the various
data entry options (e.g., radio button) are displayed only on
the new Web page when he field is to be edited.

Although the present invention has been described in
terms of various embodiments, it is not intended that the
invention be limited to these embodiments. Modification

within the spirit of the invention will be apparent to those
skilled in the art. For example, the server system can map a
client identifier to multiple customers who have recently
used the client system. The server system can then allow the
user to identi y themselves by selecting one of the mappings
based preferably on a display of partial purchaser-specific
order information. Also, various different single actions can
be used to e ect the placement of an order. For example, a
Voice command may be spoken by the purchaser, a key may
be depressed by the purchaser, a button on a television
remote control device may be depressed by the purchaser, or

10

selection using any pointing device may be elfected by the
purchaser. Although a single action may be preceded by
multiple physical movements of the purchaser (e.g., moving
a mouse so that a mouse pointer is over a button), the single
action generally refers to a single event received by a client
system that indicates to place the order. Finally, the pur-
chaser can be alternately identified by a unique customer
identifier that is provided by the customer when the cus-
tomer initiates access to the server system and sent to the
server system with each message. This customer identifier
could be also stored persistently on the client system so that
the purchaser does not need to re-enter their customer
identifier each time access is initiated. The scope of the
present invention is defined by the claims that follow.

We claim:

1. A method of placing an order for an item comprising:
under control of a client system,

displaying information identifying the item, and
in response to only a single action being performed,

sending a request to order the item along with an
identifier of a purchaser of the item to a server
system;

under control of a single-action ordering component of
the server system,
receiving the request;
retrieving additional information previously stored for

the purchaser identified by the identifier in the
received request; and

generating an order to purchase the requested item for the
purchaser identified by the identifier in the received
request using the retrieved additional information; and

fulfilling the generated order to complete purchase of the
item

whereby the item is ordered without using a shopping cart
ordering model.

2. The method of claim 1 wherein the displaying of
information includes displaying information indicating the
single action.

3. The method of claim 1 wherein the single action is
clicking a button.

4. The method of claim I wherein the single action is
speaking of a sound.

5. The method of claim 1 wherein a user of the client

system does not need to explicitly identify themselves when
placing an order.

6. A client system for ordering a11 item comprising:
an identifier that identifies a customer;
a display component for displaying information identify-

ing the item;
a single-action ordering component that in response to

performance of only a single action, sends a request to
a server syste111 to order the identified item, the request
including the identifier so that the server system can
locate additional information needed to complete the
order and so that the server syste111 can fulfill the
generated order to complete purchase of the item; and

a shopping cart ordering component that in response to
performance of an add—to—shopping—cart action, sends a
request to the server system to add the item to a
shopping cart.

7. The client system of claim 6 wherein the display
component is a browser.

8. The client system of claim 6 wherein the predefined
action is the clicking of a mouse button.

9. A server system for generating an order comprising:
a shopping cart ordering component; and
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a single—action ordering component including:
a data storage medium storing information for a plu-

rality of users;
a receiving component for receiving requests to order

an item, a request including an indication of one of 5
the plurality of risers, the request being sent in
response to only a single action being performed;
and

an order placement component that retrieves from the
data storage medium information for the indicated
user and that uses the retrieved information to place
an order for the indicated user for the item; and

an order fulfillment component that completes a purchase
of the item in accordance with the order placed by the
single—action ordering component.

10. The server system of claim 9 wherein the request is
sent by a client system in response to a single action being
performed.

11. A method for ordering an item using a client system,
the method comprising:

displaying information identifying the item and display-
ing an indication of a single action that is to be
performed to order the identified item; and

in response to only the indicated single action being
performed, sending to a server system a request to order
the identified item

whereby the item is ordered independently of a shopping
cart model and the order is fulfilled to complete a
purchase of the item.

12. The method of claim 11 wherein the server system
uses an identifier sent along with the request to identify
additional information needed to generate an order for the
item.

13. The method of claim 12 wherein the identifier iden-

tifies the client system and the server system provides the
identifier to the client system.

12

14. The method of claim 11 wherein the client system and
server system communicate via the Internet.

15. The method of claim 11 wherein the displaying
includes displaying an HTML document provided by the
server system.

16. The metiod of claim 11 including sending from the
server system o he client system a confirmation that the
order was generated.

17. The me 10C of claim ll wherein tie single action is
clicking a mouse Jutton when a cursor is positioned over a
predefined area of the displayed informa ion.

18. The me ioc of claim 11 wherein tie single action is
a sound generatee by a user.

19. The me ‘JOC of claim 11 wherein tie single action is
selection using a elevision remote control.

20. The me ioc of claim 11 wherein tie single action is
depressing of a key on a key pad.

21. The me ioc of claim 11 wherein tie single action is
selecting using a aointing device.

22. The me ‘JOC of claim 11 wherein tie single action is
selection of a displayed indication.

23. The method of claim ll wherein the displaying
includes disp aying partial information supplied by the
server system as to the identity of a user 0 the client system.

24. The method of claim 11 wherein the displaying
includes displaying partial shipping information supplied by
the server system.

25. The method of claim 11 wherein the displaying
includes displaying partial payment information supplied by
the server system.

26. The method of claim 11 wherein the displaying
includes displaying a moniker identifying a shipping address
for the customer.
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(57) ABSTRACT

A method and system for placing an order to purchase an
item via the Internet. The order is placed by a purchaser at a
client system and received by a server system. The server
system receives purchaser information including identifica-
tion of the purchaser, payment information, and shipment
information from the client system. The server system then
assigns a client idcntificr to the client system and associates
the assigned client identifier with the received purchaser
information. The server system sends to the client system the
assigned client identifier and an HTML document identify-
ing the item and including an order button. The client system
receives and stores the assigned client identifier and receives
and displays the HTML document. In response to the selec-
tion of the order button, the client system sends to the server
system a request to purchase the identified item. The server
system receives the request and combines the purchaser
information associated with the client identifier of the client

system to generate an order to purchase the item in accor-
dance with the billing a11d shipment information whereby
the purchaser effects the ordering of the product by selection
of the order button.
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EX PARTE

REEXAMINATION CERTIFICATE

ISSUED UNDER 35 U.S.C. 307

THE PAT,1N l IS HER E BY AM E ND E D AS
INDICATED BELOW.

lVIatter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part ofthe
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
l_)E'l'ERMlN ED THAI’:

The patentability of claims 6-10 is confirmed.

Claims 1 and 11 are determined to be patentablc as
amended.

Claims 2-5 and 12-26, dependent on an amended claim,
are determined to be patentable.

1. A method of placing an order for an item comprising:
under control of a client system,

displaying information identifying the item purchas- '
able through a shopping car! model; and

in response to only a single action being performed,
sending a request to order the item along with an
identifier of a purchaser of the item to a server sys-
term

2

under control of a single—action ordering component of
the server system,
receiving the request;
retrieving additional information previously stored for

the purchaser identified by the indentifier in the
received request; and

generating an order to purchase the requested item for the
purchaser identified by the identifier in the received
request using the retrieved additional information; and

fulfilling the generated order to complete purchase of the
item

whereby the item is ordered without using [a] the shop-
ping cart [ordering] model.

11. A method for ordering an item using a client system,
the method comprising:

displaying information identifying the item purchasable
lhrough a shopping can model and displaying an indi-
cation of a single action that is to be performed to order
the identified item; and

in response to only the indicated single action being
performed, sending to a server system a request to order
the identified item

whereby the item is ordered independently of [a] the
shopping cart model and the order is fiJlfillCd to com-
plete a purchase of the item.
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