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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



Page 3 of 125

Case CBM2015—0016l

U.S. Patent 6,766,304 B2

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.
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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



Page 12 of 125

Case CBMZOI 5-00161

U.S. Patent 6,766,304 B2

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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A~o, CA 941<N ,A N~*aeetL D,epae~rf~er>: of <::~f~pa~:te¢ Sc,~ace, C ~  

Fhe dcsigs and  evaluation of imeracti,~e computer 
systems sho~ald ~ake imo accnun~ ~he ~o~a! per~brma~<e 
of the combit~ed ~serocompu~er system. Such an at<:ou~ 
woukJ reflcc~ the psychological charac~eristic.~ of users 
and ~heir imerac~ion wish {he ~ask and the computer. 
This rarely ncc~.:~rs in any sss~ematic and explicit way, 
The causes of this fl~ilare may lie partly in amt~de:; 
ioward doe ~ i b i ~ i ~ y  of dealing s~ccesduily with psy~. 
chok}gicM factors, such as the belief @m~ i~mmion~ s~,b~ 
]ective eaperiesce~ sad anecdote ~brm the only possible 
bases ff:,r deMing wif~ ~hem Whatever may be ~rue ot' 
~hcae more gk:>bat iss:ues~ oae major cau:se is the ab:>ence 
of g<xxJ analysis ~ools for a,::_~:ssiag combined user.,<om- 
purer performance. 

There exists quite a bit of research retevan~ to ~he 
area of user-computer performance, b ~  mo:s~ of it is 
preIiminary is m~ture. Pew et aL [14t ia a review o{ ¢3 
g<r~e~'~fiaIIy relevant haman-system pertbrmar~ce models~ 
co~achade "~ha~ is~egrative models of  huma~~ p<r%rmance 
compa~iNe with the requirements ~br representing cors- 
mand and comrol system ~rR>rmance do so~, exist a~ the 
present @he." Ramsey and A~w~.x>d {/51~ after reviewing 
the human L~c~ors literature pertb~em to computer sys- 
tem:s, conclude 1hat while ~here exists eno~gh material ~o 
develop a qualitative 'human factors design guide," 
~here is i.asufficient material ~br a "quantitative reference 
hand book2' 

This paper presents one s~scific quanti~aive analysis 
took  a simple model for the time it takes a user ~o 
perform a task wi~.h a given me~hod on an interactive 
comp~ster system This model appears to as to ~ simp}e 
enough, accurate enough, and flexible enouglh to be 

applied m practical design and evNuation situatmns~ 
The model addresses only a smgb  aspe:c~ of  pe~brm,- 

amce. To pm ~his asp~e:c~ imo pers~ctive note ~ha~ there 
are marq different dimensions ~o the performance of a 
user-computer system: 

........ Time~ How tong rices it take a user to accomplish a 
givea ~et of  tasks t~sing ~he system? 

....... Errors. How many e~ro~ts does a t~er make aad how 
~ o ~ , s  are ~hey? 

........ Learni~g. How k:mg &>es it take a novice t,tser to 
team ho:w m u ~  ~he @,stem ~o do a Nveo se~ of  
tasks? 

........... f~~,~cgionali~> What range of tasks ¢aana ~ r  do in 
pfactic:e with the system? 

........... RecML How easy g i¢ #or a ~ser m reca~t how to use 
the system o~ a task tha~ he has sot dose  fbr some 
time? 
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~,++'ee~ration, }tow many things does a user have 
t<~ keep it+ mind while using the system? 
:~?+~+g+deL +lOW tired do users get when they use the 
system ti>r exte+~ded periods? 
+<.cQ,~,ohili(v. }row do users :subjectively evaiuate 
~.he system? 

Nex< n)te that there is no s'ingle kind qf'userr Users 
vary aloag many dimensions: 

Their e:v~ee,~ qfknowh~vJNe of tt~e differer~t tasks. 
...... Their know&a~e qf  o~her sys~'ems, which may have 

positive or ,~egative eftEcts on the perfbrmar~ce in 
Ihe system of interest+ 

....... Their motor ski/# oa various input devices (e+g+~ 
typing speed}. 

.... Their get, oral eechnicaI abit.i 9, m using systems (e.g., 
programmers vs+ nonprogrammers). 

........ Their experience with the system. Le+, whether they 
are novke users, who know little about the system; 
ea.~ua] users+ who know a moderate amount about 
the system and use it at irregular intervals; or ex~er~ 
users, who know the system intimately and use: it 
frequently. 

Finatly, note :that there is no sing& kind qftask+ This 
is especially tree in interactive systems, which are ex- 
pressly built around a command language to permit a 
wide :dive,vsity of tasks ~o be accomplished The number 
of qualitatively different tasks per~brmabte by a modem 
text editor, for instance+ runs to the hundreds+ 

All aspects of  perfbrmance, alt types of users, and all 
kinds of  tasks are important+ However, no anifoml up+ 
proach to modeling the entire range of  Nctors in a simple 
way appears possible a~ this time+ Thus, of necessity, the 
model to be presented is specific to one ~pect  of  the 
total user-computer system: .How h)sg it ~akes expert 
users ~o peo~brm routine tasks. 

The model we present here is simple, yes effective. 
The cemrat idea behind the model is that the time tbr an 
expert to do a task on an interactive system is determined 
by the time it takes to do tt~e keystrokes+ Therefbre, just 
write down the method for the task, count the number 
of  keystrokes require& and multiply by the time per 
keystroke ~o gel the total time. TNs idea is a little too 
simplistic. Operations ocher than keystrokes must be 
added to the model  Si~ce these other operations are at 
about the s~m~e level (time grain) as keystrokes, we dub 
it the "Keystroke+Level ModeL" (The oaty other sim~ar 
propo~fl we know of is that of  EmNey et ak {N, wNch 
we discuss in Section & t3 

The structure of  this paper is as ~bllows: Se~4ion 2 
tbrmuNtes the time prediction woblem more precisely+ 
Section 3 lays om the Keystroke+Level Model  Sectkm 4 
provides some empirical vNidafion ~br the model  Sec* 
tion 5 iltestrateS how the m ~ e l  can ~ apptied ia prac+ 
rice+ And Section 6 aa some simpler versions of  tlhe 
model, 

3¢/ 

2+ The Time Predk~ion Problem 

The prediction problem that we wilt address is as 
fbllows: 

Given: A task {possibly involving several subtasks); 
the command language of a system; the motor skill 
parameters of the user; the respo~se time parameters of 
the system; the method used. for the task+ 

Predict: The time an e x ~ .  user will take to execute 
the task using the system, providing he uses the method 
without error. 

Several aspects of this formulation need explication, 
especially the stipulations about execution, methods, and 
the absence of error 

2+1 Unit Tasks and Execution Time 
Given a targe task, such as editing a large &>cument, 

a user will break it into a series of  small, cognitivety 
manageable, quasi-independent tasks, which we call unit 
tasks [4; 5, oh. t 1]+ The task and the interactive system 
influence the structure of  these unit tasks, but unit tasks 
appear to owe their existence primarily to the memory 
limits on human cognition. The importance of unit tasks 
for our analysis is that they permit the time to do a large 
task to be decomposed into the sum of the times to do its 
constituent unit tasks. Note that not aH tasks have a unit- 
task substructure. For example, inputting an entire man- 
uscript by" typing permits a continuous throughput o f  
ganization. 

For our purposes here, a unit task has two parts: ( t)  
acquis°#ion of the task and (2) execution of  the task 
acquired. During acquisition the user builds a mental 
representation of the task, and during execution the user 
calls on the ~¢stem {hcilifies to accomplish the task. The 
total time to do a m m  task is the sum of the time ~br 
these wvo parts: 

The acquisition ~ime for a unit task depends on the 
characteristics of the larger task situation ia which it 
occurs, tn a manuscript interpretation mtuation, m wlhich 
unit tasks are read from a marke&up page or from 
written instructions, it ~akes aN.0ut 2 to 3 seconds to 
acquire each unit task+ tn a routine demgn situation, m 
which unit tasks are generated in the user's mind. it takes 
abom 5 to 30 seconds to acquire each unit task. In a 
c~eative composition situation, i{ cart take even kruger+ 

The execuuon of a urfit ~ask invob~s calling the 
appropriate system commands. This rare!y Cakes over 20 
seconds (a.ssurning the system gas a re efftcient 
command ~mtax)+ I r a  rusk reqmres a tonger execution 
time. the user will likeIy" bredk it into smaller unit tasks. 

We have formulated the p r ~ c t i o a  probkm m pre- 
dict cmly the time of trait tasks, not the acqm+ 
sifioa time. This is t;he part o f  fi~e task uver which the 
s~ stem designer has mosi direct control (i.e., by manip~ 
ulafing the systern°s command la~nguage}, so its predic~ 
tion suffices tbr many practical purposes. Task acqmsi~ 

Com, mua,~a~t(m~ h 4 v  tgg0  
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non {inns are h~ghly wmable, excep~ m specm~ sa{nan<m~ 
{{~ch as {he m~uu~scnpt mterpre{a~,ion sm.~atKm }: and ~e 
can say l{~t¢ ye{ abou~ predicting them. 

Two imfx>r~an~ a.ssumptim'~s andeflie our ~r:ca~me~?~ 
of execution rune. Firs{, exe<u~]<m lime ~s die same no 
ma{~er how a ~ask is acq~aimff, Second. acquisition ~ime 
and exev:u~ion nine are indcp<tnde~{ {e.g, redacting exeo 
cution lime by making @e command lm~guage moo:' 
efficient dc~,s no{ affect aequisiI~og timeL The:se assamp- 
hens are ao doubt fhlse at a fine teve~ of de{ad, but {he 
mwor {hey produce is probably writ below the thresl~old 
of concern in prac:tic;d ~ork 

2.2 Mekh~ls 
A m~}wd is a :feqaen<:e of  sv,s{em c<,mmands fi.r 

execmmg a unH ~azsk {has R~rm:s a well-integrated ("(~>m- 
piled')  segme:a~ of  a a~:fs  behav>a~ h is c,harac~eristic 
of  an expert ~a:ser %a~ he has sine or more methods ~br 
each. ~ype of uni~ {;~sk {/ha~ he encou:a~em and that he can 
qmckly (in ab4>~n a reread) choose ~he appropriate 
me~h~aJ m any ins{ante. 7"his is wha~ makes expert m~-er 
behavior romine, as o ~ : d  ~o novice user behavior 
which i:s dGanctly aonro~ine. 

Mesh(Ms can be s ~ l i e d  at ~ve~at leveg A riser 
aclualiy knows a me-t~q a~ all its levels, {?ore a general 
sys~emdndepvmdea~ fu~clional specifk,a~ioa, a%)wn 
~ohrough the commands m the language of  {.he compumr 
system, ~o fne keystrokes a~d device maniputa~k)ns that 
aauaHy c o m m u n i s t s  ~he me~hed ~o ~he , Med~s  
can deal with m ~ d s  at any of  these leech [4 
~l] The Ke -Level M ~ e t  adopts one s~cif ic  
level--~he keystroke te'veL--~o tbrmaliz, the not.ion of" a 
m e c h . ,  leaving ali ~he other levers m ~ {re.steal inqb> 
mary.  

Many methods that ~h ieve  a ~vea  task can ex:i>{, tr~ 
gener~ such m bear no systematic reta~a~hip to 
each ocher (except ~hat o f  at'taming the same end). E, aeh 
cars ~ake a diffterem nine:am of  time to exec~a~ and ~he 
dit~enc:es can be largeo Th~a:s. in ge~eral, if fine me'shod 
is an re~asonaHe predictk>ns of  execafiem time are 
n ~  possib1:e. For fhis re.~.:~om the p r o o f  p~dict:ion pvab- 
lem is {,he one ~ d  N ~he beginning of dan ~ i o n :  
Predic', the drne given fhe retched. 

2,,..3 Error-Free Ex~'u~t ,m 
The Keys~mke-f,evet Mc~]el assame~ d:m{ the user 

fiai~h..f%].ly executes {he given meth.<w]. The user deviates 
frnm a p4am/Nted when he mWkes a.~ error. Up 
~o a f0ang of  a~ eaperfs  lime <:an ~ ~pera cnrrectmg 
enrors., m~er~ o~,ary in their ~gadeoofT ~ twoen  s p e d  
and errors We are simply ignoring the ~a.sk.s el:retaining 
e:rroes and o~Yy p~vd.ioi~g the ~ro>free  ~,a~ks. fbr we do 
not kwow h;~w m predic~ wheee a~qxi h-ow <gma errors 
re:cur. B~< if she fnr  mg ar~ e-trot ~a ~vem 
the ,x~4el car  be ~a, ved m how k;mg i~ wilI ~ak,e to 
make ~he eor ~ h~ndN mos~ error3 
in romans ways,, i.e.,~ a~cc<~'ding ~o ~ e d , ,  availabN mesh- 

3, The Neys{roke4.vel  Model 

We h y  ou{ the priminve operator,. {,,r the Keyra~ ,ks. 
t e v d  Model and give a sex of heuristic. R>f ~o<hl"~g 
meO~od:, i{~ {erms of these opera{o~>. ]he~  ~e presen{a 
R>;~ e:~ampbs o~ me{hod enc.odi~g. 

3A O ~ r ~ r s  
The Keys{rokedoevel Model aN~.e~s @a~ @e execs> 

~H>n part of a {ask c.an be described m {erm~, ,,,f f0m 
difl%re~}~ physic~dm'~o~or opera{or< H {keysuoking), p 
{pomang), H (homing} and D (d~awmg). a~:~d one memal 
operalor. M+ by @e wser, plus a resp.m.se operator, R, hy 
@e system. These opera{ors a~e l{s~ed m Figare l. Exe- 
cu{mn lime i:s simply the stun of @e time h.:~r each ) f  @e 
opJcr a{o,Lso 

7h~.,,~< = 7% + 7b + 7% + 7b + i&~ + 7)e. (t) 

Men o}~:ra~ors are assamed to ~ake a cons{m{ lime for 
each occurrences,, eg., 7k = n#x. where ,~g is lhe re<amber 
of  keystrokes and o: is @e time per keystroke. {Opera{ors 
D and R are ~reated :~omewha~ dF{~eremly,) 

The moa  frequendy ~sed ovra{or  is K, which rep- 
resems a keystroke or a bu~on push {on a typewriter 
keytx)ard or ar~y other h~Hon deviceL K refers ~o keys, 
ao~ characters (e.g., hitting @e sH~:~ key c<mms as a 
s~eparate K). The average time fbr K, eg, will be taken {o 
be ~he s~andard ~yping raze, as deleHnined by ~4andard 
one-minute ~ypmg tests. This is an appro×ima{ion m two 
~ , e a s ,  Firs< keying lime is dd]krea~ R>r differem keys 
and key devices Secvmd. dhe time f;ar immediately caugh~ 
typing errors (involving ~ac~sPi~c~{ and rekeying) sho@d 
be %Med into gg. Thus, the prefierred way ~o talc@ate ea 
from a typing {es~ is to divi& ~he ~ma~ time taken in {he 
~es~ by ~he ~mat numher of  nonerror keys{tokes, which 
giv.es ~he 9q>cdve keying time. We accept b<Hh dress 
apwoximadons in {he imeres~ of  simplim~y, 

Users can differ in 0sear ~ypir G rates by a, much as 
a faclor of  15, The range of typing speeds is given in 
Fig~are i. Given a V)pula~ioa of  eaers, an a[propria~e ~A" 
can ~ :selected from this rants  If a u ~ r  popula~ior~ has 
'u~ers wi~h iarge g~: differer~oes, ~hen the population 
shouN ~ partigkm~d and analyzed separately, since ~he 
differem of  users will ~ i:ike~y m use diE]ere:n{ 

The opera,or P repre~m.s ~ i a t i ng  to a ~arge~ o~  a 
di:spiay wi~h a "rrmu~e," a wheeted device ~hal g rolled 
am~md Or~ a ~able m guide ~he disptay% cur~.~m Pom~mg 
~ime for the mou;se varies as a f~nmion of  the distance tO 
~he largeL & and the :size of  {he tar{e< a act:oral{n{ ~o 
Fins% Law {2}: 

t,,~, - .8 + ,  l k>g~ ( d h  + .5) s.ec, 

The fa:~es~ time according m ~hg equation is 8 ~.c, and 
{he ~er~ges~ likely ~i:me (d /a  - ~28) is ~5  sec A~aim ~o 
keep ~he m(Mel simpk, we wN ~me a constam time of t, 1 
~ec fbr rex Otis{s, poimmg wdh ~he ~"~se h fbt[owed hy 

ng one of ~Ne b ~ n t ~  on the mnm~e, This key pte:~s 
i~ nta pa.n of  P; i, is r-epresemed by a K f0ll<~wieg d~e E 

C July toSo 
d' Vob~me 23 
},he At.M N m b e t  7 

Page 27 of 125



Fig. ~ l h e  t)pera~ors of  the Keystroke Medal,  

O p e r a t o r  D e s c d p ~ i e n  a n d  R e m a r k s  Time  (sec) 

K 

H 

O(,~MO 

M 

R(b 

Keyst roke  or  bu t ton  pre&% 
Pressdr~g the SHff:~ Or GONfROL key CO, nUt5 as a 
~:~para~e K apefafio~B Time varies with ~he Iypw~g sMII ~f 
t ~  ~,~ser; ~he ~o~towing r~ho'~s ~he range ¢~t 1:ypica~ values: 

Best typist  (135 wpm) .08  a 

Good typist  (90 wpm) .12  a 
Average  ski~ed typist  (55 wpm) ,20  a 

Average  non.secre tary  typLst (40 wpm) . 28  b 

Typing random letters . 50  a 
Typ ing complex  codes  .75  a 
Worst typist  (unfamiliar with keyboard)  1 , 2 0  a 

Point ing to a target  on a d isplay w i th  a moues. 1.1 oe 
'r~e time ~ .~e~n~ varies with Oil,aar~c~ ar~ targ~4 Size &ccordimg 

with 11 ~e~g an svera~ time. This Ol~rator does noz 
meNu,de ~he button .c~re,.~. ~hat .o{~ten foI~ows (.25ec), 

Homing  the hand(s) on the keyboa rd  or o ther  dev ice .  . 40  d 

Drawing (manuaffy)  n#  s t ra igh id ine segments 

hav ing a tota~ Jength of/c~ cm. 
Thi,s is a very restricted or~..~ratot; R asssumc~ thaf~ draw~r~g is 
dO¢3e ~t% g'~e m,o~/.2d~ O~ a system that COr~S~ral.aS a~ t~ad:s 10 
~a~J on a square .5~ cm grid Users vary ~n t~ i f  draw'tag s~N; 
the ~rrte giver ~a an a~e~age vaJue, 

Mentat iy  prepar ing for execut ing  phys~cat act ions. 1 .~5  f 

Response of t sec by the system, t 
This ~akes different ~r'r~s for d#fere,nt commar~ds Ln the ~y,s:lea"~. 
These times must be ~npul 'to ~he model. The respo:r~se time 
counts oely ~ i[ causes the user to ~ait, 

• 9no* .  t 61c~ 

s Thk~ i~ the average typia B rate of the ~onsecre~a D' subjects in the e x ~ . m ~ t  described in 

S~Yion 4. I. 

~ See {2, 4]. 
The drawing dine ~uactm~ and the coefficiems were derived from least squares fits on the 

drawing test data ~ m  the ~bur MARKUP subjects. See Seec~ions 3A and 4A~ 
~The time %r M was estimated from the data from experimen~ described in Secfioe 4.11 See 

Section 4.2,1~ 

The mouse is an optimal pointing device as far as time 
is concerned; but the t~, is about the same for other 
analog pointing devices, such as lightpens and some 
joysticks [2]. 

When there are different physical devices for the user 
to operate, he will move his hands between them as 
neede& This hand movement, including the fine posi- 
tioning adjustment of the hand on the device, is repre- 
sented by the H ("homing") operator~ From previous 
studies [2, 4], we assume a constant tu of A see for 
movement between any two devices. 

The D operator represents manually drawing a set of 
straight-line segments using the mouse. D takes two 
parameters, the number of segments (nv) and the total 
length of all segments (lt~)~ to(nl~. ID) is a line,u; ~hnction 
of these two parameters. The coefficients of tiffs fimction 
are different for different users; Figure I gives an average 
value for them~ Note that this i s a  very specialized 
operator~ Not only is it restricted to the ;mouse, but also 
it assumes that the drawing system constra:ins the cursor 
to lie on a ~56 crn grid. This allows the user to draw 

39q 

straight lines fairly easily, but we would expect tv to be 
different for different grid sizes. We make no claim tbr 
the generality of these times or for the form of the 
drawing time function. However. inclusion of one in- 
stance of a drawing operator serves to indicate the wide 
scope of the mcKlel. 

The user spends some time mnental y preparing" to 
execute many of the physical operators just de~ribed: 
e.g. he decides which command to ca|l or whether to 
terminate an argument string~ These mental preparations 
are represented by the M operator, which we estimate to 
take t .35 sec oil the average (see Section 4.Z 1 k The use 
of a single mental operator rs. again, a deliberate simpli- 
fication. 

Finally, the Keystroke-Level Model represents the 
system response time by the R operator. This operator 
has one parameter. ~, which is just the response time in 
seconds. Response times are different R~r different sys- 
tems. for difl~rent commands within a system, and fbr 
different contexts of a given command The Keystroke- 
Level Modal does not embody a theory of  system re- 
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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 R0 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: 
MKIP] K[u] K[T] K[RETURN], which we abbreviate as M 
4K[P u T 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 POT command is to 
point to its name in a menu and press the RED mouse 
button, we have: H[mouse] MP[PUT] K[RED] H[keyboard]. 

As another example, consider the text editing task 
(called TI)  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 T 1 in a line-oriented editor called POET (see 
Section 4) can be described as follows: 

Method for Task TI-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[LINEFEED] 
MKISI 
5K[word] 
MK[RETURN] 
5K[word] 
MK[RETURN] 
K[RETURN] 

Using the operator times from Figure 1 and assuming 
the user is an average skilled typist (i.e., tK = .2 see), we 
can predict the time it will take to execute this method: 

Texee~te = 4tM + 15tg = 8.4 sec. 

This method can be compared to the method for 
executing task T1 on another editor, a display-based 
system called DISPED (see Section 4): 

Method for Task Tl-Disped: 
Reach for mouse H[mouse] 
Point to word P[word] 
Select word K[YELLOW] 
Home on keyboard H[keyboard] 
Call Replace command MK[R] 
Type new 5-digit word 5K[word] 
Terminate type-in MK[ESC] 

Te~ecute = 2tM + 8tg + 2tH + tp = 6.2 sec. 

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

Begin with a method encoding that includes al~ 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 O. Insert Ms in front of all Ks that are not part of argument 
strings proper (e,g., text strings or numbers). Place Ms in front 
of all Ps that select commands (not arguments). 

Rule 1. If an operator following an M is fully anticipated in the operator 
just previous to M, then delete the M (e.g., PMK ~ PK). 

Rule 2. If a string of MKs belong to a cognitive unit (e,g., the name of 
a command), then delete all Ms but the first. 

Rule 3. If a K is a redundant terminator (e.g., the terminator of a 
command immediately fol',gwing the terminator of its 
argument), then delete the NI in front of the K. 

Rule 4. If a K terminates a constant string (e.g., a command name), 
then delete the M in front of 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-Iike 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[SCROLL-ICON] K[RED] R(.5)) P[word] K[YELLOW]. 

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 sec. 
From this we can predict the average selection time: 

Te . . . .  te = .4tM + 1.4tr + 1.4tp + .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 Heurist ics  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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defined by the command language of the system, bu~ 
from the specifk: knowledge and skill of the user. The 
Keystroke.4,,eve/Model provides a set of rules (Figure 2) 
~br placing M's in the method encodings. These rules 
ernN~dy psychological assumptions about the user and 
are r~ecessarily heuristic, especially given the simplicity 
of the modek They should be viewed simply as guide- 
lines. 

The rules in Figure 2 define a procedure. The pro* 
cedure begins with an encoding that contains only the 
physical operations (N, P, H, and D). First, all candidate 
M's are inserted into the encoding according m Rule 0, 
which is a hemistic tk)r ideati~}'ing all possible decision 
points in the method. Rules I to 4 are then applied to 
each candidate M to see if it should be deleted. 

There is a single psychological principle behind all 
the deletion heuristics. Methods are composed of highly 
integrated submethods ("subroutines") that show up 
over and over again in dirt?rent methods. We will call 
them method chunks or just chunks, a term common in 
cognitive psychology [17]. The user cognitivety organizes 
his methods according to chunks, which usually reflect 
syntactic constituents of  the system's command language. 
Hence, the user mentally prepares for the next chunk, 
not just the next operation. It follows that in executing 
methods the user is more likely to pause between chunks 
than within chunks. The rules attempt to identify method 
chunks. 

Rule I asserts that when an operation is Nlly antici- 
pated m another operation, they belong in a chunk. A 
common example is pointing with the mouse and then 
pressing the mouse button to indicate a selection. The 
button press is fully anticipated during the pointing 
operation, and there is rto pause between them (i.e., 
PMK becomes PK according to Rute 1). This anticipa- 
tion holds even if the selection indication is done on 
another device (e.g., the keyboard or a foot pedal). Rule 
2 asserts that an obvious syntactic uniL such as a com- 
mand name, constitutes a chunk when it must be typed 
out in fulk 

The last two heur~tics deal with syntactic termina- 
tors. Rule 3 ~ r t s  that the user will bundle up redundant 
terminators into a single chunk. For example, in the 
po~!:r example in Section 3.2, a RETURN is required to 
terminate the second argument and then another RETURN 
tO terminate the command; but any user will quickly 
learn to simply hit a double RETUaN after the second 
argument (i.e., MKMK becomes MKK according to Rule 
3). Rule 4 asserts that a temnnator of a constant~string 
chunk will be assimilated to that chunk. The most com- 
mon example of  this is in systems that require a termi- 
nator, such as REt~URN, after each command name: the 
user learns to immediately' follow the command name 
with R I~TURN. 

It is clear that these heuristics do not capture the 
notion of  method chunks precisely, but are only rough 
approximations. FurtheL their application ~s ambiguous 
m many situations, e,g, whether something is "fully 
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amidpated" or is a "cognitive unit." What can we do 
a~x)ut tNs ambiguity? Better general heuristics will help 
in reducing this amNguity~ However, some of the vari~ 
ability in what are chunks stems from a corresponding 
variability in expertness. Individuals differ widely m 
their behavior; their categorizaticm into novice, eas~ual, 
and expert users provides only a crude separation and 
leaves wide variation within each category. One way that 
experts differ is in what chunks they have (see [6] ~{br 
related evidence). Thus, some of the difficulties in plac~ 
ing M's is unavoidabb bmcause not enough is known (or 
can be known in practicN work) about the experts 
involved. Part of  the variability in expertness can be 
represented by the Keystroke-Level Model as encz?dings 
with difl%rent placements of M operations. 

4. Empirical Validation of the Keystrnke..Leve| Model 

To determine how well the Keystroke-Level Model 
actually predicts performance times, we ran an experi~ 
ment in which calculations from the model were corn- 
pared against measured times for a number of different 
tasks, systems, and users. 

4.1 Description of the Experiment 

A total of 1,280 user-systen~t-task interactions were 
obse~ed,  comprised of  various combinations of 28 users, 
I0 systems, and 14 tasks~ 

Systems. The systerns were all typical application 
programs available locally" (at Xerox PARC) and widely" 
used by both technical and nontechnical users. Some of" 
the systems are also widely used nationally. Three of  the 
systems were text editors, three were graphics editors, 
and five were executive subsystems. The systems are 
briefly described in Figure 3. 

Together, these system~ display a considerable diver- 
sity of  user interface techniques. For example, eoFr, one 
of  the text editors, is a typical fine-oriented system, whictl 
uses first-letter mnemonics m specify commands and 
search strings to locate lines. In contrast, ~R.AW, one of 
the graphics systems, displays a rrrenu of  graphic icons 
on the c a t  display to rep~sent the commands, which 
the user selects by pointing with the mouse. 

7~sks. The 14 tasks performed by the users (see 
Figure 4) were also diverse, but typical. Users of the 
editing systems were given tasks ranging from a simple 
word substitution m the more difficult task of  moving a 
sentence from the middle m the end of a paragrapK 
Users of  the graphics systems were given tasks such as 
adding a box m a diagram or deleting a box {but keeping 
a line which overlapped itL Users of the executive sub- 
systems were given tasks such as transferring a f i t e  
between computers or examining part of a file directoD< 

Task-,wstem methods~ I:n all there were 32 task-system 
csombinations: 4x3 = 12 for the text editors. 5×3 = 15 
for the graphics systems, and one task each for the five 
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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-Level 
Model operations. For example, the methods for Tt -  
POET and T I-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, tg. 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 TI  1, T12, T13, T14. All 
ten instances of task TI0  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. 

S y s t e m  Description 

Text Editors 

POET a 

SOS b 

DISPED e 

Graphics Systems 

M A R K U P  c 

DRAW e 

SIL e 

Executive Subsystems 

LOGIN d 

FTP e 

CHAT e 

DIR d 

DELVER d 

Line-oriented with relative line numbers, 

Line-oriented with "sticky" line-numbers. 

Display-oriented; f~ull-page; uses mouse for pointing, 

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 semected by combinations of mouse 
buttons. 

TENEX command for logging in. 

Program for transferring files between computers. 

Program for establishing a "teletype" connection 
between two computers. 

TENEX command for printing a file directory; has a 
subcommand mode. 

TENEX command for deleting old versions of a file. 

POET is a dialect of the QED editor [7]. 
b See [ 16]. 
~See [13, ch. 17 I. 
'~ See [121. 
e Experimental systems local to Xerox PARC, designed and implemented 

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

Fig. 4. Tasks for the experiment. 

Editing Tasks (used for POET, SOS, DISPED) 

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 Task8 (used for MARKUP, DRAW, SlL) 

T5. Add a box to a diagram, 

T6. Add a 5-character label to a box, 

T7. Reconnect a 2-stroke line to a different box. 

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

T9. Copy a box. 

Executive Tasks 

T10. Phone computer and log in (4 char name, 6 char password), 

T l l .  Transfer a file t °  an°ther c°mputer' renaming it" 

T12, Connect to another computer. 

T1 3. Display a subset of the file directory with file lengths. 

T14. Delete old versions of a file. 

Communications July 1980 
of Volume 23 
the ACM Number 7 

Page 31 of 125



laser looked over to the notebook {br the next task. (On 
ff~e pr<~oco~ the first measured time at the begirmmg of  
m execution is always the end of the fira N of the 
~ne~hod. Fh~s~ operatiorml/y, the beginning of execution 
~imc was estimated by subtracting from this first K time 
~he operator times fbr this first K ptus all the operators 
that preceded it,) 

Those tasks on which there were significant errors 
(i.e,~ other ~han typing errors) or in which the user did 
not use the prescribed method were excluded frrom fur- 
thor consideration. Alier this exch~sion, 855 (69 percent) 
of the task instances remained as observations to be 
matched against the predictions. No analysis was made 
of the excluded tasks. 

The resulting obse~wed times ibr task acqmsition and 
execution were stable over repetition. There was no 
statistical evidence tbr task times decreasing (learning) 
or increasing ({htigue) with repetition. 

4,2,1 Cakulation of execution time, Execution time 
was calculated using the method analysis fbr each task- 
system combination together with estimates of the times 
required lbr each operator, All times, except for the 
mental preparation time~ were taken from sources out- 
side of the experiment Pointing time, to, and homing 
time, tH, were taken from Figure t. Typing time, tK, and 
drawing time, ~ v (n ~,~, I~), were estimated from the typing 
and drawing tests by averaging the times of  the tbur 
users involved in each task-system. System response 
time, 7)~, R~r each task-system was estimated from in- 
dependent measurements of  the response times for the 
various commands required in each method. For task 
T 10, logging in to a computer, a telephone button-press 
was assumed to take time tx, Moving the telephone 
receiver to the computer terminal modem was estimated 
to take ,7 sec, using the MTM system of times lbr 
industrial operations [ 10], 

Mental preparation time, L~, was estimated from the 
experimental data itself. First, the totM mentad time for 
each method was estimated by removing the predicted 
time %r all physical operations from the obse~wed exe- 
cution time, Then tM was estimated by a least-squares fit 
of the estimated mental times as a function of the pre- 
dicted number of  M operations, The result was t~  = 1,35 
sec (R ~ = .84, standard error of estimate = , l |  sec, 
standard error about the regression line = 2,48 sec)~ A 
rough estimate of  the SD of t M iS 1, l sec, which indicates 
that the M operator has the characteristic variability of  
mental operators [4]. 

Execution times tbr each task-system combination 
were calculated by formula (1) in Section 3. The catcu~ 
tations of  the execution times are summarized in Figure 
5, which also gives the Observed execution times From 
the experiment for comparison, 

4,2,2 Execution time, The predicted execution times 
are quite accurate. This can be seen in Figure 6, which 
plots the predicted versus the observed data from Figure 

4~D 

5. The scales are logarithmic, since prediction error 
appears to be roughly proportional to duration. The 
root-mean-square (aMs) error is 21 percent of the average 
predicted execution time. This accuracy is about the best 
that can be e×pected Erom the Keystroke-Level Model, 
since the methods used by the su~ects were controlled 
by the experimental procedure, The 21 percent ~ s  error 
is comparable to the 20-.-30 percent we have obtained in 
other studies on text-editing with more elaborate models 
that also predict the method [41, 

The distribution of percemage prediction errors is 
tairly evenly spread, as an analysis of Figure 6 will show, 
No particular systems or tasks make excessively large 
contributions. Predictions are not consistently positive or 
negative for systems or tasks, except that all the executive 
subsystem tasks were overpredicte& Examination of the 
individual observations does not reveal arty small set of  
outl:iers or particular users that inflate the prediction 
error. 

Prediction accuracy is related to the duration of  the 
attempted prediction, The results aNwe are for hndivid- 
uat unit tasks~ Since unit tasks are essentially indepen- 
dent, prediction of  the time to do a sequence of tasks 
wilt tend to be more accurate. This can be seen directly 
in the present data, since each user ran alt the tasks for 
a given system. For example, consider predicting by the 
model, how long it took m do all four editing tasks. The 
average RMS error is only 5 percent. The corresponding 
RMS error for the graphics editors over the five tasks is 
only 6 percent. 

Ideally, all of the parameters of the model should be 
determined independently of  the experimental situation. 
This was achieved for all the physical operation times, 
but not for the mental operation time, tm~ We did not 
have available an appropriate independent source of 
data frmm which to determine t~. The accuracy of the 
model is somewhat inflated by the determination of one 
of  its parameters from the data itself. The substantial 
variability of tM indicates that this inflation is probably 
not too serious, which is m say that small changes in the 
value of  tM do not make much difference, For example, 
i ra  tM as small as 12 sec or as large as 2,0 see were used 
in the predictions, the RMS error for the Keystroke-Level 
Model would only increase from 21 to 23 percent. It 
should be noted that the ~:~ estimated from this experi- 
ment is now available as an inde~ndent  estimate for use 
by other .  

The variability of the observed task times is of  interest 
per s~, since user behavior is inherently variable, tn our 
data the average coefficient of  variation (CV = SD/  
Mean) of  the individual observations over each task is 
~31, which is the normal variaNlity for ~havior  of this 
duration [41~ In comparing the predictions of  the model 
against any actual behavior, the prediction error will 
Nways be cxm~bunded with some error from the prcmess 
of sampling the behavien The sampling error ~Sr each 
of  our observed task times is imitated in the SE column 
of  Figure 5, The average standard error  is 9 percent 
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Fig, 5, (:hdcula~ed and O~e~wed E.xecu~ioa Times in/}i¢ E:xperimem, 

C a ! c ~ a l l e d  ~ O b s e r v e d  
T a s k -  P~ed~ 

S y s ~ e m ~ ~ .................................................................................................................................................................. - .......................... 

T~ ' ~ 23 ~: . . . .  8,S '~' F~::'~f, 4 t .,, 7 8 i :  0 9( 27 ) ~ ~ % 

T~ ,8~xs 22 ~ 19 ,. 9 6  9 8  ± 0 8 ( 3 ! )  ~% 

T~ . 0 : ~ ©  23. 2 8 2 l - 6 4  ~' 5 7  2: (1.3{3~) 11 ~% 

Z2-P~2~ T ~8 4, 14 . . . . . . . .  9 4  8,9 ± 0 7( ~ ;') 5% 

;°2.Sos 23 4 ;8  . . . . . .  9 5  9 7 ±. 0,8(32} .... 3;% 

'Y20,S~,gO 24 2 4 2 1 .. 5.6 4 I ± 0.3{32)  ~ %  

T3.P.C~T t 9  3 t2 . . . . . . . . .  6 3  8 3 ± 0.4(24) 0% 

Ta.F~vS 2~ 2 7 . . . . . . . . .  4 3 4.,0 st: 0 .:~3; ~ ) 8% 

Ta.0"~S;:'¢.;:~ 23 11 2 1 1 3 3  3 5 ± 0.2{38)  -- 7% 

T4-~Z~£,~T A 9  13 92 . . . . . . . .  ~ 5 3  3 7 !  ± 4:3(~0) -- 6% 

T4.~3~S 2 3  t 2  47 . . . . . . . .  2'68 3:27 ± ~ B ( t 8 }  ,-~2% 

T4.0~,S£,!@ .24 2 6 1 3 . . . . .  3..8 1 } 8 14.3 .2:11 1{33)  ~ 2 3 %  

Ya¢%~s*;~,,¢> 2 5  -- 3 .2 . 2.5 4 2,$.9 -- 11.t ! 0 5  .f: 1~ {2 ;  z} 8% 

Ta-©A,~.w ~25 7.6 I2 .6  -. 5 -- ~ 8 9  1 2 5  ± 3.0(23} 34% 

Ta-S~:. .27 11 4 0,4 2 .. 4 8  5 4  ± 0.7{a2) - 12% 

">5*M~.~ta;" . 26  t 7 2 ~ .. 5 0  6 2 :± 0 4(:t~4} -23% 

T f a - ~  ~'/'~ 2"5 I ? ~ 1 . . . . . . . .  4.6 5 9  ± 0.4{34}  -29% 

T8.:S£ 2 7  - e ~ A 1 . . . . . .  3 8  3.6 ~ OZX~9) - 

T74#a~.~x~p 2 4  . 8:5 -o 4 8  6 13.6 15. I !5 .0  ± 2 1(:2@) 

T7.0'~.~,'~*¢ o19 5 13 - .8 . . . .  18.0 1 8 2  ± t .9{  9} - I %  

T ' : ' ~  . . . .  28 1 8 ~- 5 . . . .  9 1 ~ 2.3 ± 2.1 {23} - 3 6 %  

Yg4AS~LSP .26 ,8 -, .9 1 ~.0 ~23  9 3  ± 0.4(22} 24% 
TB-O@at,~ 21t i 5 .. 3 . . . .  5.7 5.3 ;± 0.3/25}  7% 

TB-S~L ..27 1 5 0.7 2 . . . . . .  5.2 4 I ± 0.2(33) 22r% 

Yg-iMa;~:g4.~ ~225 2 8 -. 8~5 3.5 15,4 I 3 0  ± 2 N 2 6  ) t 5% 

Tg-O~'.,.v~t~ 2 2  -. 5.7 -- 5.7 -- 7.5 10.5 ± t .0(25) .,--40% 

g@.s:~k 0228 .. 5 a 3  3 -. 4.8 8.0 :t:: ~ .o{2B) - 2 4 %  

Ti~O-Lo&~ _7@ 2 2"8 1 5 9  27.4 ~ 25.1 ± 0,7~29) 9% 

Tt2-C~. .~ .311 1 11 . . . . . . .  8 a  13,1 11 L 5  ± 0.6{3~6} 12% 

T t  2 ~  30  2 20  . . . . . . . .  0 5  9.2 8,6 ± 0,3(32} 28% 

g 1 4 . f ; t : 2 ~ ,  .32 2 29 . . . . . . . . .  0 4  9),4 7.5 ± 0.4(~3) 20% 

"Th.e roakulatioas are dm-~¢ a~x~:trdmg 1a ~\~rm~a { l ~atmg the opeta lor  t imes m Figure 1. except 
(0¢ g~. 

~ame ~ r~ei.gN~ed by tNe c~:~rm4 number  e f  ir~r,.¢e:s ~br ag~i ~a~ec~ on ~ given 11ask {sa~e Se~io~  
4 2 ~ ) .  

S g  ~s the :~ar~da:d error ~r e m m ~ m  o f  ~he ix~p~ a l o e  meetm ~'.:.:~r s~m~pg¢:, of  ~ r :  ?/. 

TiRe ca~cu{a~e.~d ~imes fbr ~h~.e ~sks  ~fe diflk<~m ~x)ra the c.Ncu~a~4x~ iime~ ia the exampKs m 
~ectg:m }.2. b e c a ~ e  d i f ~ e ~  ~: are ~se.do 

The ¢;.:ec~e d ine  f:o~ the5 t ~ k  aL%o incb4dcs .7 sec fo.r the og~ra~c¢~ e f  moving  tee  Ielep~ofae 
r ew¢ i '~e~  {~e.e Sc~4ion 4.2. t ). 

That the prediction error of  t.he Keystroke~Level M ~ e l  
is over t,~o dines larger than this indicates that m a t  of  
the predictio~[l error i5 due to :the inaccuracy of the model 
and not just unreliable obf, ervationa. 

42 ,3  Ae time. Turning from the execmion 
part of  the task to the a c q ~ i t i o n  part, the data shows 
~ha~ i~ took ~.sers 2 sec, on t~e average,, to a~ui~e  a task 
from the manuscriN~ This number may be refined by 
breaking the ~asks into g:h.ree types: (a) those ~ask, s that 
She ~aser Nready had m memx)ry {the enecutive sub~Tstem 
tasks that were done each time ia the same order); (b) 
th~,e tasks fi~r which the aa~r had m k×)k at the m a n >  
scri N each time (alt the g~aphics ~aaka, the m~~ artd sos 
tasks, and task TIt}; and (c) tho~  tasks ~br wNch the 

user had to look at the manuscript, then scan text on the 
(rot m |ocate the task, The times fbr these three types of  
acquisition are given in Figure 7. Unseen took only .5 sec 
when the task was in memory, t~8 sec to get the task 
from the manuscript, and &0 sec to get the task t¥om the 
marmschpt and scan the cR:r, These 6men are similar to 
results o b t a i n ~  m prevmus experiments [4]. It is rote> 
estmg m note that, although display editors are generally 
fi~ster m use, they impose a 2 sec penalty by requiring 
the user m visually scan the text oe  the display 

We can use ~he acquisition times m Figure 7, along 
with 'the Nedicted execution times ire Figure 5, to predict 
the ford task times, The aMs error of  the~  predictions is 
2~ ~rceat ,  wNch is jt~s~ as acct~rate as predicting the 
execmion times akron. 

Comm~ak:~tie:r~ ] . iy /gg# 
of Vohtme 23 
@e ACM N~mt~r 7 

Page 33 of 125



~ig. 6. 

4O 

3o 

20 

,# 10 

o 8 

)< 
5 

Predicted vs. observed execution dines in the exper imem 

i 

¢ 

-I 
g~ o O 

C| 
0 

* 
~.~ ~ Text  editors 

* -'% " ; ; 7 7  
m sos 

Oraphica editors 

/ "  c~ OaAW 
z'~ SIL 

Executi s 

- -~ - -A ] ;  subsystems- 

2 3 4 5 6 8 10 15 20 30 40 50 

Predicted execut ion t ime (sec) 

5. Sample Applications of the Keystroke-Level Model 

The experiment has provided evidence for the Key- 
stroke-Level Model in a wide range of  user-computer 
interactions. Given the method used. the time required 
{br experts to perform a unit task can be predicted to 
within about 20 percent by a linear function of a small 
set of operators. This result is powerful m 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 o f  keystrokes and in being limited to error-free 
expert behavior. 

In this section we illustrate how the Keystroke-Level 
Model can be used, both to exploit its power and to work 
within its restrictions. The basic application--to predict 
a time for a specific situation by writing down a method 
and computing the value--has  been sufficiently illus- 
trated in the course of  the experiment, where such point 
predictions were made for 32 differem tasks involving 
10 highly diverse systems, We now show three thrther 
uses: ( t)  calculated benchmarks fbr systems: (2) para- 
metric analysis, where predictions are expressed as func- 
tions of  task variables: and (3) sensitivity analysis, where 
changes in the predictions are examined as a flanction of 
changes in task or model parameters. 

5.1 Calcnlat¢~ Benchmarks  
Given the ability to predict tasks, it is possiMe to 

calculate the equivalent of  a benchmark tbr a system ~nd 
hence to compare systems. This has obvious cost advan- 
tages over obtaining actual measurements, More impor- 
tantly, it permits benchmarking at design time. be|ore 
the system exists in a form that permits measurement, 

The analysis fi)r the experimental data lets us illustrate 
this easily~ 

Consider the three text editors, eo~3, sos, and D, SPED. 
Let the benchmark be the four tasks T! to T4. We can 
use the Keystroke-Level Model to compute the total tirne 
to do the benchmark fbr each system. The answer comes 
directly from Figure 5 by summing the calculated 7'~(.,;~ 
~br T1-T4 for each editor. This gives 59.8 sec, 50.2 sec, 
and 26.9 sec as the predicted execution times, respec- 
tively, for eo~::r, sos, and DISP~D. Taking the eoEr time 
(the slowest) as 100, we get ratios of 100:84:45. Thus, as 
we might have expected, the two line-oriented editors 
are relatively close to each other and the display editor 
is substantially faster. Since we have atso done the 
experiment, we can compare, these calculated bench- 
marks with the observed benchmarks (by summing the 
observed %x~c,t~ from Figure 5). We get 60.t sec, 56.0 
sec, and 27.6 sec, respectively. This gives experimentally 
determined ratios 100:93:46, which is essentially the same 
result. This agreement between the calculated and ob- 
served benchmark provides confidence only m using the 
calculated benchmark in place of a measured one. It 
does not provide evidence for the validity of  the partic- 
ular benchmark (tasks T1-T4) or whether benchmarks 
are generally a valid way to compare editors. 

A similar analysis can be performed for the three 
graphics systems, using tasks T5-T9 as the benchmark. 
This yields predicted ratios of 100:93:46 for MARKUP, 
DRAW. and Sn., respectively, with observed ratios of  t00: 
97:58. MARKUP and DRAW 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 [he benchmark is 59.0 
-54.7 = 4.3 sec or 7 percent. The model has an R~,s 
prediction error of 2 t percent for a single unit task. Since 
this benchmark is essentially an independent sum of  five 
umt tasks, the RMS error should theoreticMly be 21 
percent/SQRT(5) = 9 percent. Thus, the predictions for 
the two systems are within the R~S error of  the model. 
and so the predicted difference between them can hardly 

Fig. 7 Observed acqmsiuon  dmees m the experiraem. 

Task Type Task n~mbets Acquisition Time 

{sea} l,~.,ec) 

AIR tasks T1-T14 2.0 ~ 2.0 (8,85) 

Reoeated #ask, reca~|ed TIO. T12. T I &  Tt4 0.5 • 0,3 {"130) 
from memory 

Task acquired by ~ooking T1-T4 {POb~L SOS}, 1.8 ± 1.9 (621| 
at manuscr~pl T~,Tg, T11 

Task acqu{red by ~ooking at T1-W~ (DKS4~'ED) 4,0 t L9 {134) 
manuscd~ the~ scanning 
fo{ task on disp|ay 

" SE ~s the statlttard error of esllma~io~ of t~te pop~1~a~lorl meant for samp|es 

of si*.e N, 
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be ~eliaMe. The ~ct  that ~he model correctly predicted 
that t>aaw was sIighfly t;aaer than s{aa~t P was lucky ........... 
there is no reason ~o expect the Keystroke-Level M(~dd 
to make such close caiis~ 

5+2 Parametric Analysis 
We illustrate the notions of  parametric analys~s and 

se+~sifivi~y analysi> wffh a uew exampie. C<msider ~he 
:fbHowing task: A user is typing text into an editor and 
detects a mi.~speHed word n words back flom the word 
he is curren@ typmg+ How long wiIl it take ~o correct 
the miss~Hed word and resume typing? 

In D~SPM) there are two methods Ibr making the 
correction, which we wish to compare. Since the me~hods 
may behave quite diff:ere:miy depending on how fi.:~r hack 
the misspelled word is+ we need ~o determme how tong 
each method takes as a function of  n. The first me~hv~J 
makes u ~  of  the B~:kword command (cal.k~ by hitting 
the C'raL key and then WL which erases the hs t  t y ~ d  m 
word: 

5~e~od W (Back~a(>rd}: 
Se~ ~p Backw<:rd mmmand 
b!ne(;a~e Eackwo+d e Ii~e~ 
Type ~aew w(>rd 
Revyp~¢ de:s~royed ++ex~ 

MR{CrRL1 
,~,(( +/c ~}~N{w]) 
5 5g{wo~d} 
5.5{~+- ~}iR 

= i ,6 + 2+ t6n see+ 

The execution time is a function not only o f  n+ but 
also of  another parame~en c+ When a user has to repeat 
a single-keystroke command several times, such as the 
Backword m m m a n d  in the above method, he wilt tend 
to break the s equen~  i n n  smali bursts or (~hunks, sepa+ 
rated by pauses, which are represented as M operations. 
according m Rule 2 in F g u r e  2+ Thus, we ~ m l a t e  a 
chunk size, c, which is the average number  of  Backword 
c~>mmands in a bur~t+ 'This is used in the second step in 
the above method, where we count  i / c  M operations for 
each calI o f  the Backword command. An exact value for 
c is unknown, bus we use a ++reasonable +' value, c = 4+ in 
our  calculations (we will r emm m this decision i~ Section 
53)~ tn the calculatmns we atso assume an average 
non.secretary typist (tic = 28 see) and an average word 
length o f  55 Chara¢~evs (inciudmg puncmatio~ and 
spaces}. 

The emc, ond method is m get om of  ty~+in  m.(xte+ use 
the Rep;~ace command ~o correct the word., and then get 
back into ty+pe+m m~de, so ~+hat mpm can ~ resumed: 

N+e~b(~d R (Rep4taee): 

Ttesfmi:ea~e Rep/.ace contused 
Po+a~ ~.<) :av+t in.pro word and ~e+.ec+~ i: 

~+Ngsct 
H{ m~::,,.~,:se} P{++o~d~ 
N{YELLOW} 
Hike)'N)ard I MN{R~ 
4+SK{+~+'ordl 

+++~+:m++ POse+dO 
ggVEt+LOW+ 
}t~keyb~m;d] MN~t} 

~++.+++ ++ 4t+~r + tO~Sg~ + 4tH + 2~ ,  

The predicted time ~br each meO~od as a hmction of  
~,+ is plotted as the solid lines ia Figure 8(a}, As lhe figure 
shows~ it is faster {o use ~he Backword method up umil 
a ce~ain crossover point, n,++v++ after which i~ ~ccomes 
tipster to use the Reptace method. Under the above 
assumptions, ~he crossove+ ~?om ~he Backword method 
~o the Replace method is %und ~o be a~ 4.9 words. 

Suppose a desigr~er wants ~o add a {%ante to ~>~se~ 
to improve per%rmance on this task. We wish to deter+ 
mine+ h @ r e  implementat ion whether the proposed fl:a+ 
lure is likely to be much of  a+t improvement. 

The designer proposes two new comma+~ds, Fhe first 
is a Backskip command ((:~"~~ s), which moves the 
insertion point back one word without erasing any text, 
The second is a Resume command ( o r a l  R)~ which 
moves the insertion point back to the end of  the current 
~ype-in (where Backskip was first called). These corn+ 
mands allow: 

Me~N.'d S (Back~kip}: 
Se~: up Backskip mmmand 
Execute Backskip ~ -- ~ ~ime~ 
Ca~} gackword ~x>mmaed 
Type ~+ew wo~l 
Ca~1 Re:~ume command 

~lKlCT~tt.1 
i n - -  I},((i/(+}MK{S]} 
MK{WI 
45K[word] 
M2K[( TRL R1 

To+++,,+++ (3 + ( .  I ' . . . .  = + )/c)~M + (n + 7.5)t~. (3) 
= 5.8 + +62n sect 

The predicted time 5or the Backskip method is plotted 
as the dashed line in Figure 8(a)+ With the addition of  
this method there are two additional eros>over poims, 
n+v+ and nRs+ between it and the other two methods+ As 
can be seen, the Backskip method is fiaster than both of  
the other methods between n u:+ and nks,  i+e+. from 2.7 to 
t0+2 words. Thus+ a brief analysis provides evidence that 
the proposed new feature probably will be useful+ in the 
sense that it wiff be the fastest method over a region of  
the task space+ 

5.3 Sensitivity Analysis 
How sensitive to variations in the parameters of the 

methods are the a fo r emen t ion~  calcmaaons~ The ques- 
tion of  interest is whether, over such variations+ there is 
still a region in the ~a.sk space in which the Backskip 
methe~d is the fastest, An important parameter is the 
ma:r's typing sp~eed, tK. How much does the crossover 
~ t w e e n  the Backword method and the- Backsk~p+' method 
change a+ a function o f  typmg speed'? Setting eq, (2) 
equal to (3) and ~ lv ing  fbr n as a function of  t~ gives n 
= {+2 + +43/ix+ The cmsz-over increa~s with faster typists 
(decreasing tx), g ~ n g  up to n = 6+6 words for the fastest 
tyNst (tg = +08 see)+ That  is to say+ faster typists should 
pref?r the old Backword method (which involves more 
typing) tbr larger n beff~re switching to the new gackskip 
meth(~  (which mvoh, es less typing, but more mentM 
overhead)° 

We can plot the crossover bourldary betweer~ the two 
m e t h ~ +  in One space o f  +.he two parameters: n (charnel 
terizi:~g dirt?rum tasks) at~d t g~ (¢haracterizmg differem 
u~r~+)+ The two boundaries of  the new Backskip method 
arc plotted in Figure Nb)+ There hout~daries define the 
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};ig 8(a), b, xecmion time for three meth(~&, a~ a fu~ction of  n~ 

• cp J . 
• . /  M e t h o d  'R 

o 5 lo 15 

n (wor~) 

Fig, Bib), Phase diagram for the ~stest  meth(×J. 

] ,0 

.8 

.2 

.08 0 
5 10 15 

n (words) 

Fig. 8(c), Phase diagram adj,us~ed Pot dif~?rem chunk sizes~ 

1.2 

t,0 

~8 

,4 

,2 

0 5 t0  t~ 

regions in the parameter space where each metho~t is 
~&stest. The circles mark the crossover points correspond- 
lag to the ones in Figure 8(a) (i.e, at tK  = .28 sec). This 
diagram clearly shows the shift of crossovers fbr fast 
typists. It also shows that, fbr any speed of typist, there 
are some tasks for which the Backskip method is the 
thstest. 

We are not sure of' the exact chunk size, c, and so we 
must check whether our conclusions about the useNlness 
of the Backskip method are sensitive to the choice of  a 
value for c~ To do this, we rederive the crossover between 
the Backword and Backskip methods by setting eq. (2) 
equal to (3) and solving for n as a Nnction of both c and 
tK; this gives n = 1,2 + . 49 / IK  - 2 4 / C t g .  Although we do 
not know an exact value for c,  we can be rea~.mably 
confident that it will be between 2 and 6. With ta- = .28 
sec, for example, the crossover varies between 2,.5 and 
2,8 words as c varies between 2 and 6; so the value of c 
does not seem to have a great effect at this point. 

The best way to see the overall affect of the value of  
c is to replot Figure 8(b) using the reasonable extreme 
values of  c, The two crossover boundaries for the Back- 
skip method are plotted in Figure 8(c) as "'fat" lines 
defined by setting c to 2 and 6 in the crossover equations. 
This diagram clearly shows that the value of c affects 
one boundary more than the other, The boundary be- 
tween the Backword and Backskip methods is not at ~ 
fected much by c, because the chunk size is involved in 
both methods in exactly the same way. But the boundary 
between the Backskip and Replace metho&s 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 Backskip method. Overall, however, varying 
c does not squeeze out the region for the Backskip 
method; and our basic conclusion--that the new method 
is a useful addition--still holds. 

There are other aspects of the above methods for 
which we could do a sensitivity anNysis. (For example, 
if the last two M operations of the Backskip method 
were eliminated according m Rule 1, how much would 
the vMue of the Backskip method increase?) However, 
the sensitivity analyses above illustrate how the Key- 
stroke-Level Model can be used to evabaate design 
choices even when many aspects of the calculation are 
uncertain--fbr the principal conclusions are often insen- 
sitive to many of the uncertainties, 

6. Simplifications of the Keystroke-Level Model 

The quesuon naturally arises as to whether fiarther 
simplifications of the Keystroke-Level Model migh| do 
reasonably well at predicting execution time. One could 
(a) coum only khe number of keystrokes, (b) count just 
the physical operators and prorate the time tbr mental 
activity, or (c) use a single constant time for all operators. 
We show below that such simplifications substantiMly 
degrade accuracy, However, they provide usxefhl approx- 
imations where the lowered accuracy can be tolerated. 
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6,1 Keys:foRes (.;~ty 
Wish this simplification, execution ~ime is propo> 

tioaal :o :he number of keystrokes: 

We separate out the sys{em respo~se ames° lg~ so as no: 

:o cont;ound ~he comparison, The cous~am of propof  
tionali~y, ~', shotfld he distinguished from ~a, :he ~ypiag 
spee& which is de:ermined from standard ~yping ~es:so 
Estimating ~he value of ~ from a teas>Nuares fi: of ~he 
values of n :  and the observed ~:.~,,.~,,~, it: Figure 5 gives 

= 49 sec/keys:roke~ The correlation between the 6rues 
predicted by ins  model and :he observed times is ~87, 
and 4:8 a s s  :error is 49 percent. The s~adaics for com~ 
earing at| models are presemed in Figure 9. As  can be 
seen, :~smg keystrokes only is substantially less accurate 
~han :he full Keys~roke~kevel Model. This simplification 
is inappropriate for tasks t.hat are not dominated by 
keystfokiag. For example, i: only predicts about a ~hird 
of t~he observed time .for the NaaKVe tasks, which are 
dominated by pointing and drawir~g operations. 

The above estimate of ec is held down by :me oudying 
F~)in~ in the data. T d - ~ T  (n,. = 921). Ksfimatmg ,~: with 
:Ms one pore: remnved gives : = ~60 sec, a value dose m 
another esama:e obtained in an earlier benchmark study 
{1: 5, cho 3}. T4-eo:T is :he only :ask :hat r~.quires any 
repro-typing of text. One obvious refinement of the 
keystrokes-only modei w~ould be m disti:gmsh two kinds 
of  keys:tokes: masa i:p,a:~typirag {at e~: ~7'keys:roke) 
venus aommand-Nnguage keying (at ~ sec/'keys~roke}. 
For this perpos;e, a ~ of" .60 sexc is :he more reasonable 
yahoo. 

The model of Embtey et aL {9] fs fbrma{ly similar m 
can: keys:rokes~nly v~sion. However:, their mc~Jel is 
conceptually different from nuts. The Ke~:roke-Levet 
Model is based on the m~tion of  a unit task struo.ure: 
Embte2¢ et N~ ~cde commands instead. Our model is 
resmcted m skilled exper~ behavior, wheregas they a~- 
tromp: ~o mc~del a{I kinds of  users ~ssentialty, by varying 
:hei: versions of ~he pulmotors  T~,~,~ and ~)~ Unfbr-. 
mna~eiy, :hey did not ~ m p a r e  their model agadns~ amy 
=mpirical perSarmance data, so we cannot compare our 
resulU to ~eirs.. The keN:tokes-only model can~ ~rhaps~ 
be ~aken as an indicator of  ~he a~:cura W of their rr~xtel 
[br e x ~  behavior~ 

6.2 Prefa~ed M e e t s  Time 
According :n :his simp:ifica:mn, executi<m time is the 

~ime required for ~Se physical owratmns m:uhiptied by 
a factor :o ace:nan: fbr @:e memal dine: 

The idea is that :he physical ogra:io~a.s will require a 
annam over~ead of  mental activi V, Thus~ in~ 
~tead of :tying to predim exams@ how many memai 
aperatio~s there are, we can do Ni@ we:l by just asmg 

mu~tiplicative rr,~mM ~ e r h e a d  ~aan:, #, 
Using a leas~-~uares analysis ~o de.~zrmi~e # frnm 

ihe sum of  ~:he c a t c ~ i a ~  ~ierms A}r ~he physical opera~ 

Fig '> ( omp.ms~a of 4:e keya:oke me, de1 v,i*h simpler ,~a.~ia~or:a 

modei~ a~d ~he ob~<~'~ed e~4~I~o~ {~mes i rom Fag:~c 5 

" The R M S  er>4r as g~e~  as a ~'~<e~dage of  1h¢ o~>er~ed cxec~a~o~a ~m~e, 
{ : 0 ~¢v 

t, 1 am! {, 3} 

:ions and Ihe observed values of E ~.:.e~, in Figure 5 gives 
;~a = :67; i.e. :here is a 67 percent overhead fbr mental 
ac6vity. The correlation ~etween predicted and observed 
times is .8t. and :he RMS error is 45 percent. 

This simplification is also tess accurate than the 
Keystroke-Level Model, as can be seen in Figure 9, This 
suggests that the extra detail in the Keystroke-Level 
M<~Jel, involving :he placemems of the mental prepa> 
edness o~ra :or ,  M. is effective. It is 4:is operawr that 
q~:alifies the Keystroke-Level Model as a gemm:e psy- 
chological model and not simply as an analysis of  the 
physical operations. 

There is an imeresting relation between these ,wo 
simpler models and the rules for placing occurrences of 
M m the Keystroke-Level Model (Figure 2). The initial 
placement of M's, by Ruin 0, with certain K's and P's is 
essemialiy an assumption that men:at time is pwpo> 
tional to a s~bset of  the physical operators. If Rule 0 had 
s h i f t e d  alI physical opera:ors~ Rute 0 by itself would 
have been equivalent to prorating mental time. If the 
other physical operators (P, H, and D) had been ignored, 
this would have been equivalent to counting keystrokes 
onty~ Therefbre, :the deletion of  the M's according to 
Rules 1 to 4 constitutes :he ways in which the Keys~roke- 
Love1 Mcxid departs ~?om these simpler models. The 
evidence ~br the superiority of the Keystroked~eve! 
M ~ e t  p~esemed in Figure 9 is aiso evidence that Rules 
: to 4 had a sigmficam el&c: In fact, each of the rules 
individuM~y makes a significam contribmion, m the 
sons  that its removal leads to a decre~se in the accuracy 
of the Keystroke-Level Model. 

62~ Constant Ot~eralor Time 
According to this simplification, execution time is 

proporlional to the mm~ber of Keystroke-Level opera- 
tionss: 

The idea here is the statistical observation [181 that the 
a ~ r a c y  of  linear modets is no: sensitive to ~he diffi:r~ 
emiN w~igh~ing of  ~he Negor>--,,oo,equM weighting does 
nearly a:s well as a~y other weighting, Thus, we disregaN 
the differem operator times and u ~  a si~gle time~ e, fbr 
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all operators Note that the constant~oFmrator-time 
model is fbrmal/y similar to the keystrokes-only model; 
the latter can be viewed as using n~: as a crude estimate 
o{ the total nt~mber of operator*< 

Estimating r by a /east-squares {it of the data in 
Fig~are 5 gives r ~= .43 s-ec/operator. The correlation 
between predicted arid observed times is .92, and the aMS 
error is 34 pcrcem. {For the reason discussed in Section 
6.t, it is useh.d to estimate r with the T4~PoH task 
removed, getting r ..... .49 sec/operator.) 

The cons{am~time model is quite a bit more accurate 
than the keystrokes-only model, which sells ,as that taking 
ir~to account operators other than N is use~hl. In fact, 
most of the actio~ in the constan>tirne model (over the 
:yet of data m Figure 5, at least) comes t?om counting 
only the K, P, and M operators. In any particular task, 
of course, any of the operators can be dominant. On the 
other hand, the constant-time model is still tess accurate 
~han the Keystroke.-Level Model, showing that taking 
into account accurate estirnates of each operator's time 
yidds another increment of accuracy, 

In summa U, all of  the simplifications presented in 
this section are less accurate than the Keystroke-Level 
Model. However, these simplified models are probably 
good enough {"or many practical applications, especially 
for "back-of-the-envelope" calculations, where it is 
too much trouble to worry about the subtleties of count- 
ing the M's that the fult Keystroke-Level Model 
requires. 

predict errors). One of the great virtues of the Keystroke- 
Level Model, from our own perspective as scientists 
trying to understand how humans interact with computer 
systems~ is that it puts a lower bound on the effectiveness 
of new proposals. Any new proposal must do better than 
the Keystroked~evel Model (improve on its accuracy or 
lessen its restrictions) to merit serious consideration. 

The Keystroke-Level Model has several restrictions: 
The user must be an expert; the task must be a rottdne 
unit task; the method must be specified in detail; and the 
performance must be error-free. These restrictions are 
important and must be careNIty considered when using 
the model. Yet, we believe that the Keystroked.evel 
Model model represents an appropriate idealization of  
this aspect of performance and that it is a flexible tool 
allowing the system designer to deal systernaticaIly with 
this aspect of behavior. 

The Keystroke-Level Model predicts only one aspect 
of  the total user-computer interaction, nameIy, the time 
to pert~rm a task. As we discussed at the beginning of 
this paper, there are many other important aspects of  
perfbrmance, there are nonexpert users, and there are 
non:routine tasks. All of  these must be considered by the 
system designer. Designing for expert, error-flee per- 
formance time on routine tasks will not satisfy these 
other aspects. We would tike to see appropriate modeN 
developed for these other aspects. However, even with a 
collection of such models, the designer still must make 
the inevitable trade-offs. Scientific models do not elimi- 
nate the design proNem, but only help the designer 
control the different aspects. 

7. Conclusion 

We have presented the Keystroke-Level Model for 
predicting the time it will take a user to perform a rusk 
using a system. We view this model as a .%stem design 
woL We have shaped it with two main concerns in mind. 
First, the tool must be quick and easy to use, if it is to be 
useful during the design of interactive systems. The exist- 
ing strengths of psychology and human factors methods 
are primarily in the design and analysis of experiments; 
but experiments are too slow and cumbersome to be 
incorporated into practice. Ease of use implies that the 
tool be analytical..-*-that it permit calculation in the style 
faro iliar to atl engineers. Second, the tc~)l must be usetiJl 
to practicing computer system designers, who are nor 
psychologists. This implies that the entire tool must be 
packaged to avoid requiring specialized psychological 
knowledge. We think that the Keystroke-Level Model 
satisfies these concerns, Mong with the primary consid- 
eration of  being accurate enough to make design deci- 
sions. We believe that the Keystroke-Level Model be- 
longs in the system designer's tool-kit. 

It is possiNe to fbrmulate more complicated and 
refined models than the Keystroked.evel Model by in- 
creasing its accuracy or by relaxing some of its serious 
restrictions (e,g., models that predict methods or that 
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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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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 
10 

15 

20 

35 

. to provide a rigid drive shaft means for av 

40 

45 

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 

rtion 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 
ìor 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, 

speedometer mounted von 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 

q 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 

. mounted 
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companying drawings and to the characters ' ` 
of reference thereon‘which form a part of this 
applic ation, in which : V 

Figure 1 ̀ isl a fragmentary view of an au 
tomobile steerinor wheel taken ‘from the driv 
er’s side thereof, showing the speedometer 
mounted at the middle portion of the steering 
Awheel; 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 ofF ig. 1, showing the 
construction and arrangement of the steering 
post, steering wheel and associated members 

65 

70 

and showing the speedometer mounted at the ~ 
upper end of the steering'post; and, Fig. 4 
is a fragmentar sectional Vview thereof taken 
through Á1--41 o Fig. 1. 
Like characters of reference refer to simi 

lar' parts and portions throughout the several 
views of the drawings. 
Inthe 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. 
vWithin 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 steerlng post 1. 
To the upper or outer side of the hub mem 
ber 3, is secured the annular portion 4a of the 
steering wheel et. '12o 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 

75 

su .l 
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cured tothe lower end of the steering post­ 1' ­ 
and rotatably supports the lower end of the 
steering tube. Within _the tube 2 is rotatably 

the fuel control tube 8 and within 105 
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 
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_the fuel and ignition operating levers 12 and boss 15h of the cap 15 by means of a nut 24. 
13. ­Within t e ignition tube 9, is nonrotat- Thusthe length of the usual flexible cable 
ably mounted the tube 14 which usually ex.- is considerably reducedl 
tends beyond the u per andlower ends of the ~ The electric cable 25 for the signal button 
tubes 8 and 9 an is fixedly secured 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 1 of the stationary tube 1_4, through the head 
means shown in the drawings consists of a' member 22, through the tube 14 alongside the 
cap »for the lower end of the tube 14, which speedometer shaft tube and _out through the - 
cap is provided with arms 15l vsecured to the `head of the cap 15. 
gear Casin 7. At the upper end of the sta- vThe arms or levers l() and 11, for controb 
tionary tu l14 is usually provided a station- ling the fuel and ignition, are preferably 
ary support in which is mounted a signal positioned at the opposite sides ofthe 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 I have shown and described a par 
tube 14. v ticular construction­` combination and ar~ 
In my construction I have provided a re1a­' 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- Inobile, Ido not wish to be limited to this par 
wardly oifset 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 end`of 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 appen ed claims._ 
its peripheral portion from the annular por- Having thus described my invention, what 
tion 4EL of the steering wheel and also from I claim as new and desire to secure by LettersV 
the hub member 3 so as to provide sufficient Patent is: _ 
space for the fuel and ignition levers „10 and l­ In :I_Speedometer mounting for vehicles, 
11, connected to the upper ends of the tubes_8 the C_OmblnatlOIl 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 111g tube extending through said post and 
the steerin wheel, to be shifted and operated non-rotatably fixed relative thereto, said tube 
freely. T e outer side of the supporting having an enlarged supporting portion at the 
member 16 may be flush with or extended end contiguous to said wheel, said support 
slightly beyond the outer' face of the annular* ing portion being spaced from said wheel, a 
portio of the steering wheel, as shown.' » speedometer mounted on said supporting por 
In t e cuter side 0f the supporting mem- tion,_a siiiall rigid shaft revolubly mounted 

ber 16, is provided a deep 4recess 16l in which Within said tube and operatively connected 
is mounted the s eedometer 17, the eonnect- at, 011€ end t0 the back Side of said speed­ 
ing boss 17a 0f w ich extends preferably inte ometer, 4and a ñexible cable directly connect 
the upper end of the stationary tube 14. The’ 111g the end of said shaft extending beyond 
center or axis of the recess 16“ is preferably Sald tube to a revolving part o_f the vehicle. 
positioned eccentrically relative to the axis 2. III ßßpeçdûmetßl‘ IIlOlllltlpg fOI‘ Vehloles, 
of the supporting member 16 and the steer.- tho C_omblllation with a steering post and a 
ing wheel 4, Thug e, space is provided ai; the steering wheel mounted thereon and provided 
opposite side of the axis of the stationary with a hollow hub,_ of a supporting tube ex-v 
Supporting member 16, between the Speede'm- tending through said post and nonîrotatably 
eter 17 and the lower side of the member 16, fixed rela-UVB theretmsald tube havlng an en 
for a signal button 18 or other switch mecha- larged supporting portion at the end contig; 
nism or means. _ ­ ous to said hub, said supporting portion ­ 
The speedometer 17 is operated by e, Smell in positioned Within and spaced from said 

rigid shaft 19 which connects the speedom- hu „and 9» SReedOmetelf mollllted _111 theêllp 
eter at the back side thereof with a_ flexible porting­ ortion of said tube lsubstantially 
cable 20 usually employed in connecting e flush wit the front side- of the hub of the 

' moving part of the automobile with the Steering Wheel. 
speedometer. The shaft 19 is revolubly 3. In a_Speedome_ter mounting for vehicles` 
mounted in a casing or tube 21 which is se- the COmblnatloll With a steering Apost and a 
cured at its lower or forward end in the head Steering wheel mounted lthereon and provided 
portionof the cap 15 and is positioned at its with a hollow 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 
iiexible tube 23 in which the exible shaft 20 enlarged supporting porti n at the end con 
is mountedyis connected with an extended tiguoustosaid lWheeïsaid supporting portion 

so` 
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95 
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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 ofsaid 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 end thereof, Said wheel having al 
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 

kthrou 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 bet-Ween said 
hub and said supporting means. 

In testimon whereof, I have hereunto set 
my hand at an Diego,-Ca1ifornia, this 30 
day of August, 1926. 

' 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.
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technology

my
noun tech-nol-o-gy \tek—'ni—i—lc—jé\
Popularity: Top 1% of lookups

Simple Definition of technology

- : 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 Leamer‘s Dictionary

Examples: technology in a sentencev

Full Definition of technology

plural

technologies

1. la : the practical application of knowledge especially in a particular area : engineering 2 <medical technolagy>b : a capability given by the practical application
of knowledge <a car 'sfi,zel-saving technology>

2. 2 : a manner of accomplishing a task especially using technical processes, methods, or knowledge <new technologiesfor information storage>

3. 3 : the specialized aspects of a narticular field of endeavor <educati0nal technologv>

http://wvvw.merriam-webster.com/dictionary/technology



Page 65 of 125

6/24/2016 Technology | Definition of Technology by Merriam-Webster__, -r__,,,, _ ,, _, ,, ,,,_,.,_,,, __,, _,, ., -, , ,,,,,,,,,Q,

technologist

play \-jist\ noun

See teghnglggy 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, June/July 2006

. 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 Internet
and wireless technology transform the way Americans receive news and information. —Wall Street Journal, 14 Mar. 2006

. The rapid shift in technology over the last 10 years has created an entirely new world in which viruses 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

. all technologz and energy revving up for the greatest clash of arms in history. —William Styron, This Quiet Dust And Other Writings, (1953) 1982

. Recent advances in medical technology have saved countless lives.

. The company is on the cutting edge of technology.

. The government is developing innovative technologies to improve the safety of its soldiers.

. How can we apply this new technology to our everyday lives?

. The car has the latest in fuel-saving technologz.

Are you ready for 5G?
Prototype and design next-gen wireless communications systems.

Origin and Etymology of technology

Greek technolagiu systematic treatment of an art, from techné art, skill + -0- + —logiu —logy

First Known Use: 1859

Rhymes with technology

andrology, anthology, apology, astrology, biology, bgyology, cetology, Christology, chronology, conchology, cosmology, cgyptology, cytology, dendrolcgy, doxology,
ecology, enology, ethnology, ethology, fetology, garbology, gemology, geology, graphology, haplology, histology, homology, horology, hydrology, hymnology,
Indology, limnology, lithology, mixology, mopphology, mycology, myology, mfihology, necrology, nephrology, neurology, nosology, oncology, ontology, oology,
pathology, pedology, penology, petrology, phlebology, phonology, phrenology, phycology, proctology, psychology, scatology, seismology, serology, sexology, sinology,

Phrases related to TECHNOLOGY

Related Phrases

- technglpgy park

TECHNOLOGY Defined for Kids

technology

http://wvvw.merriam-webster.com/dictionary/technology
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may
noun tech'nol-0' gy \tek-‘néi-la-jé\

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

my
noun tech~nol-o-gy \—jé\

Medical Definition of technology

plural

technologies

1. I : the science of the application of knowledge to practical purposes : applied science

2. 2: a scientific method of achieving a practical purpose

technological

\_ tek-no- ' léij-i-ksl\play also

technologic

\—ik\p1ay adjective

Learn More about technology

1. Medical Dictionary: Definition of technology Spanish Central: Translation of technology Nglish: Translation of technology for Spanish speakers Britannica English:
Translation of technology for Arabic speakers

Seen and Heard

What made you want to look up technology? Please tell us where you read or heard it (including the quote, if possible).

81 Comments Sort by Newest

Add a comment...
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” Sara M. Rashed - Math Teacher at Nozha Language Schools
' Nowadays I'm studying a course in my diploma and one of the items given in the first session will be " The definntion of technology" and I wanted to look it upjust to

have an idea about it
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3,018,661 
_ _AIRCRAFT INSTRUMENTS 

Frederick William Meredith, “Ardvarna,” Cleeve Hill, 
Cheltenham, England, and Alastair Michael Adair 
Magendie, High Ridge, Winter Hill, Cookham Dean, England 

Filed Mar. 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 ?ight 
(that of its ?ight vector) is such as to achieve and main 
tain a desired ?ight 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 ?ight 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 ?xed 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 ?ight. vThe Y axis 
is normal to the plane of symmetry and directed towards 
the starboard ‘wing. It is convenient to ?x the direction 
of the X axis to point in the direction of ?ight (the wind 
axis) in normal undisturbed ?ight. During any changes 
from straight and level ?ight 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 su?iciently small that the difference which 
they could make on the display to be described can be 
ignored. Thus it is assumed that the ?ight 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 ?ight 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 ?ight 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, 
de?ned 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 bepunac 
celerated in relation to absolute axes as de?ned. 
By the term roll stabilised axes we mean a non-rotating 

set ofaxes 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 and 
the Z axis is’ never above the horizontal. 

By. the ‘term roll stabilised'absolute axes we mean a 
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2 
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 ?ight vector, 
i.e. in the normal plane. 

In these de?nitions and throughout this speci?cation 
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 
manded 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 ?xed relative to the case of 
the instrument. The datum for the normal absolute 
acceleration may be de?ned by a ?xed index indicative 
of the Y or transverse axis of the aircraft. 
A conventional representation of the horizon may 

be provided, displaced relative to the ?xed 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 ?ight 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 ?ight 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 ?ight conditions. 
FIGURE 6 shows schematically one particular form 

of instrument constructed in accordance with the present 
invention. 

. Referring‘ 1to' FIGURE 1 the point 0 represents, by 
means of a suitable projection, the intersection of the 
aircraft Xv=axis with the surface of a reference sphere 

The aircraft attitude is denoted 
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by the angles: \1/ heading; 0 pitch; ¢ bank; as conven 
tionally de?ned. 
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 ij/T and 0T. 
The normal plane absolute acceleration of magnitude 

Ng is represented by a vector of length aNg (“11” 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 ?xed 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 6 decreasing. 
Thus the vector OB represents the acceleration referred 
to ?xed axes in the plane normal to the ?ight vector, 
which is, in accordance with ordinary dynamical prin 
ciples, the vector product VXQ where S2 is the instan 
taneous rate of rotation of the ?ight vector and V is the 
?ight vector. OB thus has length aVXQ. Vector OB 
can be resolved into a horizontal component aD><Dip 
and a component at right angles thereto aVXDli. Here 
and elsewhere the symbol “D“ is used to represent the 
operator of diiferentation with respect to time. OE, in 
the direction of (0 increasing, represents the discrepancy 
between demanded and actual heading and EC, in the 
direction of 0 increasing, represents the discrepancy be 
tween demanded and actual pitch. The discrepancies 
(gl/T—1,b) and (0T—0) may be denoted —¢E and —0E 
respectively. 

If now the aircraft is manoeuvred so that B and C 
coincide and (0T and BT are ?xed, we shall have the 
relations 

i.e. the ?ight 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 de?ned 
as determined by a demanded direction, may also be 
regarded as de?ned by a demanded acceleration referred 
to ?xed 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 31/ increas 
ing and 0 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 0A 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 0A represents 
the quantity, the normal plane absolute acceleration, 
directly under the pilot’s control for the manoeuvre 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, ?xed in 
the instrument, corresponding to the line POQ. 

In. the embodiment of the invention shown in the re 

10 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

70 

75 

4 
maining ?gures 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 ?ow 
of information, which information will be preferably con 
veyed by amplitude-modulated A.C. signals. A ?xed 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 PDQ 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 ?xed 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 ?xed, at 12. The wire 8 and the 
pulleys 9 and 10 constitute means guiding the index for 
displacement along a line whose orientation is ?xed in the 
instrument. 

Behind indices 1 and 2 is mounted a “roller blind” type 
of arti?cial 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 ?exible band 16 passes. Carriage 13 is 
positioned by an electric servo system 17 controlled from 
a remotely situated ?rst 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 arti?cial 
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 6—0E, and its distance from the line per 
dicular to the horizon, indicated at X’ in FIGURE 2, cor 
responds to —-\//E. 
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 the 
band 16. 

Index 4 is mounted upon a wire 3t? passed round rollers 
31, 32 mounted upon a ring gear 33 centred on the in 
dicator axis. Wire 30 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 40 is controlled by a first 
output from a computing device 41, which is proportional 
to the angle 1x 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 diifer 
ential 43 consist of the two outputs from device 41. The 
second of these is proportional to the distance p indicated 
in FIGURE 2. Thus it will be seen that the angular posi 
tion of wire 30 will be given by the angle a, 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 a and p) may be obtained will 
now be described. 
A directional device is provided to generate a signal 

representing the difference between the actual heading of 
the craft and the desired heading if some desired ?ight 
path is to be followed. In a particular form, as indicated 
in FIGURE 6, this includes a gyromagnetic 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 ?ight 
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 —1,//E, or the quan 
tity X’ of FIGURE 2. 
An air speed responsive device, indicated at 48, and a 

further 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 
50, 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 ?ight path is to be followed-—that is to say 
the quantity —0E. This is added to a signal proportional 
to (lg 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 5%} 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 S2, and outputs are obtained 
from the separate rotor windings respectively propor 
tional to 

X’ cos ¢—Y’ sin ¢ 
and 

X’ sin ¢+Y’ cos ¢ 

These quantities are related to p and o: by the relations 

p cos e=X’ cos ¢-Y’ sin ¢ 
p sin a=X' sin ¢—Y’ cos p 

They are applied as inputs to computer 41, previously 
referred to. Computer 41 comprises a further resolver 
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6 
synchro, to the separate stator windings of which the 
“p cos a” and “p sin it” 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 ?eld produced by the stator windings, i.e. the 
rotor is so positioned that its angular displacement from 
some datum position is equal to a, and a suitable signal 
generating device positioned by the motor is utilised to 
give the desired a 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 p 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 ?ight 
path, bring the aircraft to a condition of non-turning ?ight. 
However, the manoeuvre demand could be, for example, 
for continuously turning ?ight 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 
‘ole 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=l 
If We limit the maximum acceleration to be demanded in 
any manoeuvre to, say, 6g, this means that 

ag=% 
and the time constant of subsidence will be 1,4;- 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 
?ight 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 ?ight 

conditions, when the manoeuvre demand is being met, 
that is to say when index 2 is brought into alignment with 
index 4. 
FIGURE 3 shows the display when climbing at about 

2° with the aircraft level in bank and on the demanded 
attitude. 
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 41/2g 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 

FIGURES 2 to 6 utilises a “moving horizon” resenta 
tion for aircraft attitude, the aircraft representation (index 
I) being ?xed in the instrument. Alternatively a “mov 
ing aircraft” presentation of aircraft attitude could be 
used, (the representation of the horizon then being ?xed 
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 de?ne 

a viewing aperture, a first index supported for movement 
within the aperture, means within the aperture to de?ne 
a datum position for the ?rst index, driving means con 
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nected to the ?rst 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 ?rst 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 ?ight 
path is to be achieved and a maneuver of the aircraft in 
bank and pitch to superpose the ?rst index and further 
index thus resulting in the attainment of the demanded 
normal plane acceleration and the desired ?ight 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 ?xed in the instrument. 

3. An instrument according to claim 2 wherein the 
means to de?ne the datum position comprises a ?xed 
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 ?xed 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 ?ight 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 ?xed 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- de?ne 
a viewing aperture, a ?rst index supported for movement 
and positioned to be viewed through the aperture, datum 
position de?ning means for said ?rst index, driving means 
connected to the ?rst 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 ?rst 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 de?ning means in accordance with a 
demanded vector value of the normal plane absolute ac 
celeration, said demanded value being that required by 
a desired ?ight path and a maneuver of the aircraft in 
bank and pitch to superpose said indices giving an in 
dication that the desired ?ight path of the plane has 
been attained. 
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9. An aircraft instrument for assisting a human pilot 

to control an aircraft simultaneously in pitch and roll, 
comprising in combination a ?rst index means supported 
for movement relative to the aircraft, means to de?ne a 
datum position for said ?rst index, driving means con 
nected to move said ?rst 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 effective value of the normal plane absolute 
acceleration, said demanded value being that required to 
achieve a desired ?ight path and the superposition of said 
?rst and second index means. 

10. The combination set forth in claim 9, said ?rst 
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 ?rst 
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 ?rst output for rotating said ?rst 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 
?cial horizon indicator means mounted behind said ?rst 
index means, said second index means and said means to 
de?ne 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 
?ne a datum position, a pair of rollers having a ?ex 
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 de?ne 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 de?ne a datum 
position. 
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METHOD AND SYSTEM FOR PLACING A 
PURCHASE ORDER VIAA 

COMMUNICATIONS NETWORK 

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 identi?able 
by a Uniform Resource Locator (“URL”). To vieW a speci?c 
Web page, a client computer system speci?es the URL for 
that Web page in a request (e.g., a HyperTeXt 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 de?ned using Hyper 
TeXt Markup Language (“HTML”). HTML provides a stan 
dard set of tags that de?ne 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 de?nes the Web page. When the 
requested HTML document is received by the client com 
puter system, the broWser displays the Web page as de?ned 
by the 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 (e.g., 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. When the user has 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-speci?c 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 con?rms the order by send 
ing a con?rming Web page to the client computer system and 
schedules shipment of the items. 

Since the purchaser-speci?c order information contains 
sensitive information (e.g., a credit card number), both 
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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 ?nal 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 electronic 

catalogs is generally based on the “shopping cart” model. 
When the purchaser selects an item from the electronic 
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 provides 
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 billing and 
shipment information. Although the shopping cart model is 
very ?exible 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 electronic 
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-speci?c order infor 
mation to complete the order. That Web page may be 
pre?lled 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 con?rming the various steps of the 
ordering process and Waiting for, vieWing, and updating the 
purchaser-speci?c 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 
Internet, 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 identi?er that 
identi?es a customer. The client system displays information 
that identi?es 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 identi?ed item. In 
response to the indicated action being performed, the client 
system sends to a server system the provided identi?er and 
a request to order the identi?ed item. The server system uses 
the identi?er 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 identi?er of the customer and provides 
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the identi?er to the client system. When requested by the 
client system, the 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 
association With the identi?er 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 How diagram of a routine that enables 
single-action ordering for a customer. 

FIG. 4 is a How diagram of a routine to generate a Web 
page in Which single-action ordering is enabled. 

FIG. 5 is a How diagram of a routine Which processes a 
single-action order. 

FIG. 6 is a How 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 client/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 identi?er to each client system. The 
server system also stores purchaser-speci?c order informa 
tion for various potential purchasers. The purchaser-speci?c 
order information may have been collected from a previous 
order placed by the purchaser. The server system maps each 
client identi?er to a purchaser that may use that client system 
to place an order. The server system may map the client 
identi?ers 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 identi?er. The server system determines Whether the 
client identi?er 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 noti?es the server system. The server system 
then completes the order by adding the purchaser-speci?c 
order information for the purchaser that is mapped to that 
client identi?er to the item order information (e.g., product 
identi?er 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 identi?er identi?es purchaser-speci?c 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. 1A 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 identi?es 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 
103a, purchaser identi?cation 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 
con?dent that the server system correctly identi?ed 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 veri?ed before the shipping information is 
vieWed or modi?ed. The server system then sends a Web 
page to the client system for display and possible modi? 
cation of the shipping address. In this Way, the transmitting 
of the sensitive shipping address can be avoided unless 
requested by the veri?ed 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 con?rms 
receipt of the single-action order. FIG. 1B illustrates the 
display of a Web page con?rming a single-action order. The 
con?rming 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 con?rmation section 105 is displayed at 
the top of the Web page. The order con?rmation section 
con?rms that the order has been placed and provides an 
opportunity for the purchaser to revieW and change the 
single-action order. Alternatively, the con?rming 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 con?rming the order. 

If a single-action 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 103a 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 suf?cient 
purchaser-speci?c order information for that client system to 
complete a single-action order. If the server system does not 
have suf?cient 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 veri?ed 
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 ?ve 
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. FIG. 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 combined 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 that 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 delayed modi?cation of the orders is referred 
to as “expedited order selection” and is described beloW in 
detail. 

FIG. 2 is a block diagram illustrating an embodiment of 
the present invention. This embodiment supports the single 
action ordering over the Internet using the World Wide Web. 
The server system 210 includes a server engine 211, a client 
identi?er/customer table 212, various Web pages 213, a 
customer database 214, an order database 215, and an 
inventory database 216. The server engine receives HTTP 
requests to access Web pages identi?ed 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-speci?c 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 identi?er/ 
customer table 212 contains a mapping from each client 
identi?er, Which is a globally unique identi?er that uniquely 
identi?es a client system, to the customer last associated 
With that client system. The client system 220 contains a 
broWser and its assigned client identi?er. The client identi 
?er is stored in a ?le, referred to as a “cookie.” In one 
embodiment, the server system assigns and sends the client 
identi?er to the client system once When the client system 
?rst interacts With the server system. From then on, the client 
system includes its client identi?er 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 single 
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 How 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 
speci?c 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-speci?c 
order information. Second, the server system could also save 
the purchaser-speci?c 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 identi?er that Was sent by the client 
system. In step 302, the server system updates the client 
identi?er/customer table to indicate that the generated client 
identi?er has been associated With that customer. In step 
303, the server system sets a ?ag indicating that single 
action ordering is enabled for that client identi?er and that 
customer combination. That ?ag may be stored in the client 
identi?er/customer table. In step 304, the server system 
supplies a con?rming Web page to the client system. The 
next time a purchaser attempts to order an item, the client 
system Will supply its client identi?er 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 identi?er in the client identi?er/ 
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 How 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 
speci?c 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 
?ve digits of a credit card number or a nickname selected by 
the purchaser. Such partial information should be the mini 
mum information suf?cient to indicate to the purchaser 
Whether or not the server system is using the correct 
purchaser-speci?c 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 ?ag 
has been set for the client identi?er 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 How 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 noti?es the 
server system. The server system then combines the 
purchaser-speci?c 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 
(e.g., 90 minutes). This routine illustrates the combining 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 
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 con?rmation and 
completes. 

FIG. 6 is a How 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. 
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FIG. 7 is a How 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 speci?c shipping address 
plus a speci?c purchaser’s billing details. Orders that are 
sent to the same destination are knoWn as “sibling orders.” 
The algorithm has tWo stages. In the ?rst stage, the algorithm 
schedules for shipment the orders for destinations for Which 
all the sibling orders are ?lled. An order is ?lled 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 ?lled or partially ?lled. The 
algorithm may split each partially ?lled sibling order into a 
?lled sibling order and a completely un?lled sibling order. 
The algorithm then combines all the ?lled 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 ?lled, then the algorithm in one 
embodiment does not split that order to avoid making an 
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 ful?llment time for an item in the group. The 
next ful?llment time for a group of sibling orders is the 
minimum expected ful?llment 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 ful?lled and their 
expected ful?llment times range from 3 days to 14 days, 
then the next ful?llment time for that group is 3 days. The 
algorithm ?rst schedules those groups of sibling orders With 
the largest next ful?llment time. For example, if 6 groups 
have next ful?llment times of 3, 5, 7, 10, 11, and 14 days, 
respectively, then the algorithm ?rst selects and schedules 
the sibling orders in the group With the next ful?llment time 
of 14 days, folloWed by the group With the next ful?llment 
time of 11 days, and so on. By delaying the scheduling of 
groups With short next ful?llment times, the algorithm 
increases the chances of additional items becoming available 
(because of the shortness of the next ful?llment time) and 
thus combined With the scheduled order. 

Steps 701—703 represent the ?rst 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 ?lled and combining the orders. 
In step 701, the algorithm selects the next group With all 
sibling orders that are ?lled. 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 ful?llment 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 ?rst 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 ?elds that may not all ?t 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 ?elds do not ?t 
onto the display at the same time, it is dif?cult 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 ?elds 
Would not ?t onto the display at the same time. FIG. 8A 
illustrates an outline format of a sample form to be ?lled in. 
The sample form contains various sections identi?ed by 
letters A, B, C, and D. When the user selects the start button, 
then sectionAexpands to include the data entry ?elds for the 
customer name and address. FIG. 8B illustrates the expan 
sion of section A. Since only section A has been expanded, 
the user can vieW the data entry ?elds of section A and 
summary information of the other sections at the same time. 
The user then enters data in the various data entry ?elds 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 
?nancial information may be entered. FIG. 8C illustrates the 
expansion of section B. If the previous button is selected, 
then section AWould 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 proximity (e.g., on the line beloW) to the 
data entry ?eld that contains the error. This Web page is then 
displayed by the client system to inform the user of the error. 
In addition, each of the data “entry” ?elds may not be 
editable until the user clicks on the data entry ?eld or selects 
an edit button associated With the data entry ?eld. In this 
Way, the user is prevented from inadvertently changing the 
contents of an edit ?eld. When the user clicks on a data entry 
?eld, a neW Web page is presented to the user that alloWs for 
the editing of the data associated With the ?eld. When editing 
is complete, the edited data is displayed in the data “entry” 
?eld. Because the ?elds of the form are thus not directly 
editable, neither “named-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 the ?eld 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. Modi?cation 
Within the spirit of the invention Will be apparent to those 
skilled in the art. For example, the server system can map a 
client identi?er to multiple customers Who have recently 
used the client system. The server system can then alloW the 
user to identify themselves by selecting one of the mappings 
based preferably on a display of partial purchaser-speci?c 
order information. Also, various different single actions can 
be used to effect 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 
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selection using any pointing device may be effected 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 identi?ed by a unique customer 
identi?er 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 identi?er 
could be also stored persistently on the client system so that 
the purchaser does not need to re-enter their customer 
identi?er each time access is initiated. The scope of the 
present invention is de?ned 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 
identi?er 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 identi?ed by the identi?er in the 
received request; and 

generating an order to purchase the requested item for the 
purchaser identi?ed by the identi?er in the received 
request using the retrieved additional information; and 

ful?lling 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 1 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 an item comprising: 
an identi?er that identi?es 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 system to order the identi?ed item, the request 
including the identi?er so that the server system can 
locate additional information needed to complete the 
order and so that the server system can ful?ll 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 prede?ned 
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 
the plurality of users, 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 ful?llment 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 identi?ed item; and 

in response to only the indicated single action being 
performed, sending to a server system a request to order 
the identi?ed item 

Whereby the item is ordered independently of a shopping 
cart model and the order is ful?lled to complete a 
purchase of the item. 

12. The method of claim 11 Wherein the server system 
uses an identi?er 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 identi?er iden 
ti?es the client system and the server system provides the 
identi?er to the client system. 

10 

15 

25 

35 

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 method of claim 11 including sending from the 
server system to the client system a con?rmation that the 
order Was generated. 

17. The method of claim 11 Wherein the single action is 
clicking a mouse button When a cursor is positioned over a 

prede?ned area of the displayed information. 
18. The method of claim 11 Wherein the single action is 

a sound generated by a user. 
19. The method of claim 11 Wherein the single action is 

selection using a television remote control. 
20. The method of claim 11 Wherein the single action is 

depressing of a key on a key pad. 
21. The method of claim 11 Wherein the single action is 

selecting using a pointing device. 
22. The method of claim 11 Wherein the single action is 

selection of a displayed indication. 
23. The method of claim 11 Wherein the displaying 

includes displaying partial information supplied by the 
server system as to the identity of a user of 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 identi?ca 
tion of the purchaser, payment information, and shipment 
information from the client system. The server system then 
assigns a client identi?er to the client system and associates 
the assigned client identi?er with the received purchaser 
information. The server system sends to the client system the 
assigned client identi?er and an HTML document identify 
ing the item and including an order button. The client system 
receives and stores the assigned client identi?er 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 identi?ed item. The server 
system receives the request and combines the purchaser 
information associated with the client identi?er of the client 
system to generate an order to purchase the item in accor 
dance with the billing and 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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