
Talking to Machines Today and 
Tomorrow: Designing for the User 

Michael J. COW Automatic speech recognition (ASR) is finding many new applications in 
Barry Uvely both products and services. Designing good user interfaces with ASR 

Unda A. Roberts poses a variety of challenges. This paper: 
Blake L Wattenbarger - Addresses basic principles in designing for the user, - Describes the need for appropriate dialogues between the user and ASR- 

- Discusses how these user-machine transactions are changing due to 

= Discusses the direction ASR should take to provide the kind of “natural” user- 

based systems, 

improved ASR technology, and 

machine dialogue that is expected in Vision 2001. 

Introduction 

Virginia. About 45 years ago, it was a com- 
mon occurrence for someone living in 
Hundred to go to the telephone, lift the 
receiver from the switch hook, turn the 
crank to signal the operator, and say: 

you ring my mother, please?” 

Hundred is a small town in West 

“Good morning, Florence. Would 

And Florence might reply: 
“She’s over at your Aunt Madge’s. 

Do you want me to ring her there?” 
The communication was natural and 

personalized. Then advances in technology 
provided a more economical telephone ser- 
vice by centralizing operators, installing 
advanced switching systems, and providing 
telephones with a wide range of features. The 
communication certainly was faster and more 
economical, but user actions were more indi- 
rect-less natural and less personalized. 

Today, the caller dials a seven-digit 
number (roughly the maximum number of 
digits the average individual can remember) 
if “Mom” is not too far away, or an 11-digit 
number-or longer-if she is in some distant 
city. Technology, of course, continues to 
advance. As the year 2001 approaches-the 
beginning of the 21st century-it is possible 
that some of the naturalness that marked 

early electronic communication can return 
by using: - Speech-based user interfaces that employ 

automatic speech recognition (ASR) for 
speech input, and - Coded or synthesized speech for prompt- 
ing and feedback. 

Rather than dialing an arbitrary 
number, the user will be able to talk naturally 
to almost any telecommunications device: 

end report, display sales figures for Model 
1341.” 

utterance, based on its findings, as well as 
any recent changes: 

Receivable has hold on sales figures for 
Model 1341, pending inventory report.” 

on the market now, particularly for turning 
on computers and dialing car phones, that 
allow a simple form of dialogue. The user 
might say to the cellular phone system: 

“Mom.” 
and the system would respond: 

“Dialing Mom.” 
This interchange clearly requires 

less effort than remembering and dialing 

“Computer, access December year- 

The device will respond with its own 

“Yearend report accessed. Accounts 

There are many consumer products 
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Panel 1. Abbrevlatlams, Acronyms, anal Terms 
ASR-Automatic speech recognition 
~ ~ 1 4 r a p h i c a l  user interface 
w-User interface 

1-813-5551234. But notice that while the word recognizer 
can deal effectively with “Mom,” it would find it difficult 
to handle what the user said to Florence-‘Would you 
ring my mother, please?” 

Technology is available that could come much 
closer to doing Florence’s job; but, as other papers in this 
issue make clear, it has some distance to go to achieve 
Florence’s level of sophisticated performance. The tech- 
nology needed to support a more natural exchange 
between the user and the system is the kind envisioned in 
the year 2001. That world, it is assumed, will have seam- 
less user-machine communication, no matter where the 
user is. In the office, the car, at home, or on vacation, it will 
be possible to stay in touch with both machines and other 
people-with simple and direct verbal communication. 

Human-Factors Engineering 

engineering or user-centered design, refers to a set of 
methodologies that: - Make products and services very easy to use, and - Enhance productivity and efficiency of users. 

Human-factors engineering is a formal disci- 
pline made up of trained professionals, typically with 
advanced degrees in behavioral sciences, such as exper- 
imental psychology, cognitive psychology, and human 
factors. These specialists have expertise in a number of 
areas, including statistical analysis and user interface 
design methodologies. Some of the common methodolo- 
gies used by human-factors experts are described in 
Panel 2. 

Also encompassed in human-factors engineering 
is the use of behavioral sciences and applied psychologi- 
cal principles and methods to design user interfaces for 
products and services-keeping in mind the user’s goals, 
skills, and limitations throughout the design process. 

back at all stages of the design, including the earliest con- 
ceptual stages. Data from representative users must be 

Human-factors engineering, also called usability 

Human-factors engineers incorporate user feed- 

included in the user-centered design process-from the 
early analyses of user tasks, to iterative user-interface 
design and usability testing, to final empirical usability 
testing of the completed application, including documen- 
tation and training. 

The benefits of human-factors engineering include: - Decreased development cycle time and costs; - Increased productivity, reliability, and user satisfac- 

- Marketplace differentiation on ease of use. 
The result of human-factors engineering is high- 

quality user interfaces that are: - Designed to match a user’s capabilities and limitations; - Easy to learn and to use; - Consistent with the user’s expectations, leading to 

- Highly satisfying to customers, leading to increased 

tion; and 

decreased training costs; and 

sales. 

Basic Principles in Designing for the User 
Designing for the user begins with a set of basic 

principles for satisfying the user’s needs. An understand- 
ing of these needs can help in the design of virtually any 
user interface, including those designed for speech- 
based applications. In one way or another, these princi- 
ples have motivated the design of a variety of products, 
including airplane cockpits (from World War I1 to the 
present), as well as the way light switches work 
traffic-light operation, accommodating the requirements 
of people with special needs, the layout of the touchtone 
dial pad, and the way users interact with computers. 
These issues will be introduced in this section in ways 
that will highlight some of the challenges facing design- 
ers and developers in achieving Vision 2001. 

I. Understand the User and the Application. When a 
product concept is being considered for development, it 
is very useful to observe typical users in their own envi- 
ronment, using applications that are related to that partic- 
ular product. Bottlenecks may be observed in the way 
users do their work, or more efficient ways of performing 
their tasks might be noted. 

Understanding users and building a design around 
their needs entails a variety of different kinds of testing pro- 
cedures that, together, help to answer many questions 
about what the new product should be and how it should 
work. Opaluch and Tsaol and Day and Boyce2 described 
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Panel 2. Human Factom Methodologies 
1) uteratun Reviews. If the human-factors 

expert is working on a problem that has been around for 
a while, it may be appropriate to consider using the 
results of previous human factors studies by reviewing 
the literature, and checking the large body of scientific 
work reported in research journals and books in applied 
psychology, cognitive science, market research, manage 
ment science, and other behavioral science disciplines. 

Human-factors professionals observe users in their nat- 
ural setting. They derive an understanding of the 
processes users employ while performing their jobs, 
and identdy critical tasks and bottlenecks in their cur- 
rent processes, as well as causes of error. These analy- 
ses identify critical areas for planning and designing 
new features and services. 

a) Focus amps. Simulations, such as written 
descriptions, slide shows, prototypes of user interfaces 
of possible products, can be shown to customers in 
order to obtain feedback. These simulations and proto- 
types will elicit responses both on the usefulness of the 
feature or service being considered for the product, and 
on the manner in which the features are implemented 
in the user interface. Often a feature must be described 
concretely in the form of a specific user interface to get 
meaningful feedback from customers. 

4) Participatory m. If there is enough time in 
the process, it may be appropriate to have end users 
participate actively in the design process, particularly 
for simple features or applications. In such cases, repre 
sentative customers are brought together to express 
their needs and preferences for each detail of the 
design. These representative users assist in producing 
user interface (VI) simulations and mock-ups in a small 
group setting moderated by a human-factors specialist. 
Marketing and development specialists often will partic- 
ipate, as well. The mock-ups are often made from index 
cards, post-it notes, and other low technology devices. 
The output of this activity is usually then translated into 
a simulation or prototype of the UI design. 

s) simuiatIons/Pmtotypiototypin& Because the product 
itself is unavailable early in the design process, simula- 
tions or prototypes must be created in order to facilitate 
an understanding of the feature or service. Simulations 
may take different forms, depending on their complexity 
and on the particular need. For example, if working pro- 
totypes are not available, the simulation might be a 
‘Wmd-of-02” approach-an experimenter in another 
room simulating ASR performance. 

perform an evaluation of the user interface, based on 
professional training and experience with usability 

2) Task Analyds/Customer Neuds Analydr 

6) ~ e ~ r l s t i c  Evaluation. Human-factors specialists 

principles. This is also called an expert audit. 

researchers are faced with decisions that require 
selecting among two or more alternative implementa- 
tions of a feature, or are deciding whether a single 
implementation measures up to some criterion of per- 
formance or acceptance, traditional lab studies are 
most appropriate. Here, representative customers par- 
ticipate in an experiment in a human-factors laboratory 
in which they interact with the alternative implementa- 
tions. By examiniig errors, response times, and prefer- 
ences, usability engineers can easily determine which 
implementation best meets user needs. 

8) usabiiity Studler Usability testing early in the 
product design is particularly costeffective because 
results can be used to ensure that usability objectives 
can be met and that an excellent user interface is 
designed before the product is built. Based on expert 
knowledge or on the findings from task analyses, simula- 
tions or prototypes are developed and end-users are 
brought into the lab to use the feature or service by per- 
forming tasks on the simulation. Using this method, 
human-factors experts can understand where potential 
problems or confusions occur, and where subsequent 
changes must be made. Data collection instruments 
include: observation, directed dialogue, videotape, soft- 
ware capture, electronic instruments, questionnaires, 
and postexperiment interviews. 

s) iterative bsm. If the feature is quite com- 
plex, iterative design is required. That is, following 
focus groups or usability testing, changes and improve 
ments to the design of the feature or service are made 
and additional usability testing takes place to make 
sure that the changes were appropriate. This process 
continues until no problems remain or until usability 
objectives can be met. 

10) new studies. It is critical to observe behav- 
iors and collect data at customer sites. For example, in 
order to understand the needs of telephone attendants, it 
is essential to gather information in the user’s actual envi- 
ronment The goals of field studies are to understand 
user needs prior to developing a product, as well as to 
evaluate user satisfaction after the product‘s release in 
order to improve the user interface for the next release. 
Data from actual users can be collected in field settings 
with or without control of independent variables that are 
thought to impact user performance or satisfaction. Data 
can be collected through surveys, structured interviews, 
observation, video tape, software capture, electronic 
instruments, transaction logs, and user diaries. It may 
also be possible to solicit reactions to paper- or computer- 
based simulations of proposed user interfaces. 

7). bboratory Studies. When human-factors 
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efficient techniques for gathering this information. 
An issue that can be anticipated in most applica- 

tions is the problem of accommodating both experienced 
and novice users. Sophisticated users want a quick trans- 
action with minimal support in the way of prompting and 
feedback. New users want more support, either in being 
told which options are available or in understanding what 
the system will accept as valid input, such as whether the 
system will accept “I want to reverse the charges,” or “I 
want them to pay for this,’’ or just “Collect.” 

A procedure called Question + Options addresses 
the differences between experienced and novice users. 
With this procedure, the system asks a question and 
then, after a short pause, offers a menu. For example, the 
system asks: 

‘What type of call would you like to make?” 
(brief pause). 

“Please say collect, credit card, third number, 
person-to-person, or operator-now.” 

In the simplest systems, the automatic speech 
recognizer can “listen” for the presence or absence of 
speech during the pause. In this case, less experienced 
users can say nothing during the pause and wait to hear 
the alternatives, while the more experienced users can 
speak during the pause, thus avoiding the timeconsum- 
ing menu of choices. 

ty, which allows the user to speak at any time,3 and key 
word spotting, which makes it possible to pick out key 
words when the user speaks some extraneous words, 
such as “I’d like a collect call, please,” when only “collect” 
is required by the system, or ‘Would you ring my mother, 
please?”, when only “mother” is needed. 

It is liiely that designs employing the Question + 
Options approach will be used into the next century 
because the approach yields good performance, is well 
l i e d  by users, supports both novice and experienced 
users, and does not preclude the advancement of impor- 
tant forms of technology.4 

a broader range of utterances, such as synonyms, and 
still offer a limited set of alternatives-although the spe- 
citic alternatives offered may depend on the “meaning” 
extracted from what the user said. 

challenge of Vision 2001 is to make products and services 

More advanced systems offer a barge-in capabili- 

A more powerful ASR system might simply accept 

2. Ensure Self-Evident Feature Operation. Part Of the 

so easy to use that aids that are external to the system, such 
as the customer instruction booklet, will not be needed. 
That possibility is part of the appeal in developing speech 
recognition as a means of user control. At some time in the 
future, the user will speak naturally and the device will 
“understand” variations in wording and syntax. 

What exists now are systems that constrain the 
user to using only certain words or phrases. Novice users 
often become tense because of the differences between 
what they want to say and what the system will accept; the 
system must guide the user towards acceptable choices 
as simply and directly as possible. 

given a rich array of prompts at any point in the exchange. 
But the user often has only an auditory channel available 
for prompting and feedback, such as when driving a car, 
using ASR across the room from a device, using a computer; 
or when accessing a service from a pay phone. In such 
cases, part of the solution is to choose speech prompts 
carefully to guide the user to make appropriate choices. 
For example, compare the following prompts for guiding 
the useis choice of utterances efficiently: 

1) “Do you want to make a collect call?” 
2) “How may I help you?” 
3) ‘What kind of call do you want to make?” 
In the first example, language conventions tend 

to constrain the user to “Yes” and “No” and their variants. 
The second example would require a system capable of 
understanding natural language. The third example is 
more open ended, and not suitable as it stands. Adding 
options to the question-the Question + Options 
method-would be more appropriate. 

But even when a prompt seems clear in meaning 
to its designer, studies have shown that users sometimes 
don’t “hear” what is said. Lively and Holinkas saw this 
when designing and testing a system that provided auto- 
mated number reporting in directory assistance. 

In an early trial, the number requested was 
inserted into the following sentence frame: 

“The number is 555-1212” (followed by two-sec- 
ond pause). 

“If you need a directory assistance operator, 
please remain on the line.” 

People remained on the line, even when they 
didn’t need help. Apparently, they were not listening as 
they were copying the number and they didn’t hear “If 

If a visual display is available, the user can be 
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you need a directory assistance operator. ..” All they 
heard was “...please remain on the lie.” 

Changing the prompt to the following consider- 
ably reduced the user‘s holding time: 

“If you need further assistance, an operator will 
return.” 

At a more general level, it is important to provide 
the user with a way of thinking about the product, or 
understanding what it is doing, to ensure its ease of oper- 
ation. Mental modek offer a powerful means of doing this. 
A mental model is a mental representation that sets up 
expectations about how a system works, and helps guide 
the right behavior. The user‘s expectation can be implied 
by design or it can come from user’s experiences. 

required for mental models to be formulated. For exam- 
ple, Bennee has shown that the conception of many peo- 
ple regarding how the telephone system works is two 
telephones joined by a wire-one step removed from two 
paper cups joined by a string. This mental model works 
well for talking on a simple telephone (although some 
“magic” is required to account for how the call was set up 
in the first place). The model runs into ddficulty, however, 
when more advanced features are required, such as 
putting a call on hold or setting up a conference call. 

A more advanced mental model is required to 
deal with this level of technical sophistication. It is not 
surprising, then, that when people Erst began connecting 
telephones to the network on their own, they ran into 
problems (the phone didn’t ring or they couldn’t make 
calls). They had a very difficult time learning to distin- 
guish between problems that arose in the telephone set, 
versus those that occurred in the wiring or the network. 
Not having a good model is a likely contributor to those 
sorts of problems. 

Similarly, the authors have observed that users 
sometimes treat ASR systems as live human beings who 
don’t hear well and aren’t at all intelligent-users talk 
slower and louder. The problem in speech processing 
applications is to create a model that will help guide the 
user through the task, often without the aid of specially 
labeled buttons or a visual display. The way the dialogue 
between the user and the system is structured can help 
them to formulate an appropriate model. 

mental model for a new application is likely to be deter- 

Technical understanding of the product is not 

3. Employ users’ Knowledge AC~OSS Systems. The 

mined by the experience with a similar application. As 
speech-based control applications expand to include 
office, mobile, and residential products, users will be well 
served if they can carry over their experience from one 
product to the next. (In any case, they will try to do just 
that.) On the one hand, this encourages the use of com- 
mon vocabularies and common operating procedures. On 
the other hand, it is a good strategy to accommodate syn- 
onyms, such as “dial” and “call,” or “attendant” and “oper- 
ator,” that users might use during the application. 

Another issue concerns consistent feature opera- 
tion from one application to another. The order of enter- 
ing a telephone number or a credit card number is an 
example of an operation that should be consistent from 
one device to another. Users will expect a particular 
sequence of these activities, and a well-designed system 
should meet that expectation. Understanding the impor- 
tance of these issues, AT&T is promoting consistent user 
interfaces across ASR applications within the company. 
This is being done by means of a set of internal standards 
concerning the structure and wording of, for example, 
prompts, feedback, and standard command words. 

4. Don’t slow the user Down. Experienced users 
are particularly concerned about the speed in which 
transactions are completed. The general rule is that sim- 
ple transactions are better than complicated ones. For 
example, studies show that short prompts are generally 
preferred to long prompts, and that feedback messages 
should not delay the user.7 

Suppose, for example, that the user has spoken a 
long series of digits, such as a long distance number or a 
credit card number. An important concern for the human- 
factors expert is whether the system should repeat the 
number so that the user can verify it. Experienced users 
would rather this didn’t happen because it takes up too 
much time, whereas novice users would prefer feedback 
to confirm that they didn’t make an error. 

some ASR systems can judge their own “confidence” in 
the correctness of their own performance in recognizing 
such a string of digits. The work found that the system 
could “tell” with a high level of accuracy whether or not 
an error would be likely to occur. The ASR system would 
then offer the string for verification only when the proba- 
bility of an error was likely. Users preferred this differen- 
tiated form of verification. The Question + Options 

In work internal to AT&T, it was shown that 
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method is another way of speeding performance, since 
options are given only if the user waits for them. 

A different approach to allowing users to 
decrease the time they spend in a transaction is to pro- 
vide them with the ASR “barge-in” capability that, as noted 
previously, permits users to interrupt by talking over sys- 
tem announcements, or to enter touchtone responses 
while the announcements are being played. Both of these 
capabilities typically result in the same thing: immediate 
truncation of the announcement; system acceptance of 
user responses, whether uttered or keyed in; and a dra- 
matic savings in overall transaction time. 

issue here is no different from that in many complex 
applications. Users may find themselves in blind alleys, 
not knowing how to get out of an interactive process, or 
they may say one thing but mean another. The recognizer 
also will likely make errors. 

deal with Issues 1-4 and avoid errors and confusion. At 
the next level, assume that errors and confusion will 
occur anyway and that they must be dealt with. Any solu- 
tion will, of course, depend upon the application, but 
some general strategies are to: - Tell the user what the current state of the system is; - Provide a means for the user to get to a human operator; - Provide a means to allow the user to back up a step, and - Provide a way for the users to get back to the begin- 

5. Provide Simple Ways to Deal With User E m m .  The 

The first approach is to design the application to 

ning of the application, that is, to start over. 
Users at one time were inclined to blame them- 

selves for errors, even when a system error occurred. To 
some extent, this is still true for errors in manual dialing, 
but people are beginning to understand that system 
design has a lot to do with whether errors will be made. 
They are becoming less tolerant of less-than-excellent 
designs. This tendency is fed, in part, by users becoming 
more educated through published evaluations of prod- 
ucts’ ease of use. Consumer Reports and personal comput- 
er magazines routinely provide this kind of information. 

There are reasons to be particularly concerned 
about the ease-of-use issue in ASR applications. The ASR 
recognition process is very different from human recog- 
nition, and the kinds of errors the system makes will con- 
sequently be different from the confusion humans make. 
Users would probably understand how confusion could 
occur over the use of similar sounding words, such as 

“bun” and “done.” But they would have difficulty under- 
standing how “help” and “delete” could be confused, and 
probably wouldn’t tolerate the problem. But to some rec- 
ognizers, however, these words are close enough for 
technical reasons for designers to consider not having 
their functions active at the same time. 

widely applied basic design for a telephone product or ser- 
vice is likely to encounter some conflicting requirements 
in meeting the needs of all of its users. People differ in 
their needs and in their preferences, so no single design 
will be best for all users. The ability to customize and per- 
sonalize products and services enhances both their usabili- 
ty and attractiveness for users. Perlmuter et al.8 demon- 
strated that the ability to select the material to be remem- 
bered enhanced performance in a memory task. 

The issue of customization is the other side of 
the concern raised in Issue 3, allowing the user to carry 
over as much experience as possible from one system to 
another. A problem exists between the need to provide a 
standardized, predictable interface and the need to cus- 
tomize that interface to meet the demands of a specific 
business segment. 

It also is important to allow users to personalize 
their products. Examples include the capability of users 
to record their own personalized message on an answer- 
ing system, or to choose their own names for a voice dial- 
ing system. In ASR applications, there is sometimes the 
opportunity to do both. 

Examining users’ spoken vocabularies can easily 
demonstrate that providing only “Yes” and “No” as stan- 
dard utterances for confirmation or denial is not ade- 
quate. Accommodating synonyms, such as “Yep,” “Yeah,” 
and “Nope,” can sometimes be important for a large seg- 
ment of users. Although most users could be accommo- 
dated by most of these choices, the user may want to use 
additional options that are more natural to them, such as 
“Oui” or “Non” for a bilingual user. 

interfaces include a core vocabulary of command words 
that should always be accepted by a system, where appro- 
priate, but synonyms are permitted to accommodate the 
need for customization in particular situations. 

7. Make Products and Services Attractive. User 
interface design has historically had a very functional ori- 
entation, focusing on a clean, crisp, and unassuming 

6. Customize for Market Segments and users. A 

Internal AT&T design standards for ASR user 
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appearance. In World War 11, for example, standardizing 
and optimizing the design of airplane cockpits had an 
immediate payoff-pilots and crews were more likely to 
survive and carry out their missions. This functional 
approach continues into the present. Putting a dot at the 
center of each hole on a rotary dial improved dialing speed 
and accuracy. Automating the reporting of the requested 
telephone number in directory assistance saved an aver- 
age of five seconds per call. Giving an ASR service tasks 
that operators once performed saves money310 

An important consideration in incorporating 
each of these changes was whether the user found the 
change acceptable. Currently, the aesthetics of the user 
interface on a product or service is assuming a more 
strategic role. In addition to providing excellent func- 
tionality, the user interface is expected to distinguish 
the product from its competition and, thus, promote 
market leadership. 

AT&T’s True Voice@ service is an example that 
distinguishes AT&T from its competitors. Here, sophis- 
ticated, real-time speech processing is used to enhance 
the sound quality of the received speech signal. This 
patented new technology is used not to enhance intelli- 
gibility but to produce a sound that users like better. 
People don’t just find True Voice acceptable, they find it 
preferable. Not only has AT&T highlighted this enhance- 
ment in advertisements, but it is expected that this kind 
of strategy will add to market leadership. 

um on the design of the user interface. There are many 
ways to make an auditory interface more attractive, 
such as choosing the right wording for prompts and 
feedback, selecting a pleasing voice and using it appro- 
priately (soft or harsh, demanding, neutral, or inviting), 
or the effective use of tones and other auditory signals. 
When used across product lines, these common aspects 
of the user interface reflect a relatedness that gives a 
common look and feel, and suggests a common opera- 
tion, even if technical implementations vary. 

Visual aesthetics have been an important part of 
product design for a long time. The product’s shape, col- 
ors, and the way visual accents are used have been the 
bread and butter for industrial design firms for decades. 
More recently, the design of graphic user interfaces 
(GUIS) for computer applications have carried this tradi- 
tion into screen design. 

The emphasis on aesthetics also puts a premi- 

Current and Future ASR Applications 
Although many of today’s user interfaces that 

are supported by speech processing technologies are 
becoming more “natural,” they fall far short of what is 
expected in 2001. 

restrictions on what users could and couldn’t say, and 
whelz they could and couldn’t say it. The user, often an 
unsuspecting caller, was required to: - Speak only the target word, with no filled pauses, nois- 

es, or extraneous words permitted. - Speak the target word after the prompt or announcement 
was completed, and not before it had run its course. 

Early user interface design efforts for MR 
devices were focused primarily on the design of the 
announcements. Considerations of wording and word 
choice, intonation, announcement length, and pauses all 
contributed to maximizing the likelihood that the user 
would, in fact, utter only the right word at just the right 
time. Even small changes in an announcement’s design 
could decrease error rates or call abandons significantly. 
For example, internal trial results showed that call aban- 
don rates varied from 2 to 30 percent as a function of 
changes in announcements. 

Data collected during early trials of applications 
with these constrained ASR user interfaces showed that 
users were unwilling to be so “well-behaved.” Often utter- 
ances involved extra words, including expressions of 
amazement, and began well before the prompt ended, 
since these users were accustomed to dialing through 
prompts with touchtone keys. 

Issue 1 (understand the user and the application), 
Issue 3 (allow the user to carry over as much experience 
as possible from one system to another), and Issue 4 
(don’t slow the user down) were all brought to bear when 
ASR technology was first introduced to users. Word-spot- 
ting and barge-in technology improvements to ASR, imple- 
mented as a result of these early trials, increased the 
usability of ASR-based applications-as measured by call 
abandon rates and transaction completion rates. They also 
significantly relaxed the constraints imposed on the user. 

However, talking to a machine today is still not at 
all like talking to a person. Most ASR-based user inter- 
faces employ a command-andcontrol, menu-driven 
approach. Users are essentially asked to provide verbal 
equivalents of touchtone responses to navigate across or 

Previous ASR-based applications imposed narrow 
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Panel 3. Order entry: isolated word versus advanced ASR 

Isolated word Advanced ASR 

Order system Caller Order System 1 Caller 

Rye 

Dark 

Thank you for calling 
What type of sandwich 
would you like? 

Light, dark, or marble 
rye bread? 

Boiled ham on rye, 
with Swiss cheese, 
lettuce and mustard 

Dark 

Thank you for calling. 
What type bread would you 
like for your sandwich? 

Light, dark or marble? 
down menus. These responses are both func- 
tional and acceptable to users, but they are 
still not natural. 

Because full, unrestricted natural 
language processing is still a few years off 
(see Rabiner” in this issue), current efforts 
to improve the naturalness of ASR-based user 
interfaces are beginning to focus on limited 
applications, such as product ordering, infor- 
mation retrieval, and reservations. This focus 
includes a detailed characterization of what a 
user typically does and says in the particular 
application-Issue 1, again. 

By characterizing the naturally 
occurring linguistic behavior of users, and by 
specdying the user’s intent and task, gram- 
mars can be produced that give the ASR 
device a much better chance at recognition 
because it knows what to expect from the 
user. Users, on the other hand, are apparent- 
ly unconstrained and, thus, can speak natural- 
ly. They are also given the added sense of 
controlling the machine-instead of being 
controlled by it. 

There are several ways that user- 
machine dialogues can be made to sound 
more like natural language, and two types 
will be illustrates here. Consider the order 
entry example shown in Panel 3. It portrays 
the difference between an isolated word 
interaction and an advanced ASR interaction 
in a simple task-ordering sandwiches from 
a deli. The natural language approach is a 

What type of meat 
would you like? 

Would you like tomato? No 

Boiled or baked? Boiled 

Mustarc What type of dressing- 
mustard, mayonnaise, 
commercial whip, 
butter or none? 

Would you like lettuce? Yes 

Would you like tomato? No 

Would you like cheese? Yes 

Swiss, muenster, cheddar, 
American or pepper? 

swiss 

Yes You have ordered boiled 
ham on dark rye with 
Swiss cheese, lettuce, and 
mustard. Is this correct? 

Thank you. 

You have ordered boiled 
ham on dark rye with 
Swiss cheese, lettuce, an 
mustard. Is this correct? 

Thank you. 

Yes 

mation, recognize that information, and then coniirm that 
all recognized items constitute the intended sandwich 
order. 

As one might expect, applications rarely have 
grammars that are quite so simple, and few applications 
are so well-bounded and predictable as this one. However, 
data collection and analytic methodologies of behavioral 
scientists are well suited to dealing with the apparent 
unpredictabiliv found in natural language. Welldesigned 
and systematic observational techniques produce data 
from which inductions can be made about the underlying 
patterns or rules governing the user’s linguistic behavior. 

A more demanding application, such as a pay- 

dramatic improvement over the isolated word approach 
and provides for an interaction that is more natural and 
a lot less tedious for the caller. And it clearly is sensitive 
to users’ needs as expressed in Issue 1 (understand the 
user and the application), Issue 2 (ensure self-evident 
feature operation), and Issue 4 (don’t slow down the 
user). 

Note that the underlying grammar of the interac- 
tion in this application resembles a check-list or “fl-in-the 
missingdata” routine. Once items for inclusion on the sand- 
wich are recognized and populated in the checklist- 
regardless of when or how they are spoken-the system 
merely needs to reprompt the user for any missing infor- 
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per-view movie selection system, would enable users to 
query it with questions like: 

Pacino? Uh, he played a lawyer, I think. It was made sev- 
eral years ago.” 

If there was a match in its database, the system 
could respond to the key worlds “Al,” “Pacino,” “movie,” 
“title,” and “lawyer,” with: 

‘What is the title of the movie that starred Al 

“And Justice for All” 
Or it would list several titles that matched the 

attributes of the movie that the user had provided, and 
then prompt the user to make a selection or provide a 
less ambiguous attribute. 

The underlying grammar of this kind of interac- 
tion would be considerably more complex than the other 
grammars considered so far. The ways in which people 
can, and would, ask about movies are surely to be much 
more variable than the ways in which people would list the 
contents of a sandwich that they order. S i a r  to being in 
a “tipof-the-tongue” state,l2 people would bring any num- 
ber of clues to the task, such as lead actors and actresses, 
director’s name, co-stars, memorable characters, unforget- 
table scenes and lines (the legendary but incorrect “Play it 
again, Sam”), themes, messages, and settings. 

iterative design-by-use methodology typically would be 
used to spec@ and refine the underlying grammar and to 
test it against additional data that would be gathered in 
each iteration. But even such a human-factors approach 
would be hard pressed to fully characterize this kind of 
application. Yet this is the very challenge that Vision 2001 
presents. As the 21st century moves closer, AT&T’s cus- 
tomers will come to expect and demand user interfaces 
that permit unconstrained and “intelligent” interactions. 

To address this more complex application, an 

Future Design Challenges 
The preceding sections have discussed user- 

machine communications in the context of traditional 
telephony-based applications, and the discussions have 
consequently focused mostly on speech technology. It is 
clear, however, that a revolution is under way in telecom- 
munications that will go well beyond the fairly simple 
telephone call that has been evolving for over 100 years. 
Telecommunications in the year 2001 will include much 
more than simple speech communications; it will entail 
receiving information in a variety of forms, including 

some as yet unimagined, and interacting with communi- 
cations systems in entirely new ways. 

Our vision of multimedia communications in the 
year 2001 contains a rich mixture of data inputs, such as 
speech, music, still and motion video, and graphics, com- 
bined with simple-to-use ways for people to manipulate 
their otherwise complex and rich communications envi- 
ronment. Speech recognition, just one of many different 
ways for people to control the services they use, will need 
to fit into an environment that includes graphical inter- 
faces that can be used with the click of the familiar mouse 
or the touch of a finger. 

This richer environment brings with it an 
increase in the number and complexity of choices that 
must be made by the user interface designer. There will 
be a need to develop an understanding of what mixtures 
of media and user control works best for each applica- 
tion. There will also be a need to understand, for exam- 
ple, when a spoken command is superior to pressing a 
button, and the practical limits of a “language” of ges- 
tures made with a stylus.13 When using a text editor, it is 
necessary to understand the optimal roles of the key- 
board, mouse, speech, or other device, as control mech- 
anisms. There are an almost unlimited number of such 
questions that must be answered through experimenta- 
tion and experience. 

paper are offered as guidelines for user interface design. 
It still will be essential to completely understand both the 
users and the applications to which they will put AT&T’s 
products and services. Feature operations should be self- 
evident to the user, and consistency across systems will 
continue to be very important. AT&T’s customers will 
still desire speed of operation, as well as easy ways to 
deal with and recover from errors. Aesthetics will assume 
increased importance, since there will be more opportu- 
nities to provide an interface that is not just functional 
and attractive, but compelling. The interface should also 
be fun. It should be possible to do all of these things far 
better than they can be done today, but the design choic- 
es will be tougher because of the increased number of 
options from which users will be able to choose. 

lenges for user interface designers trying to make human 
conversations with machines easier and more productive. 
It is not enough to just ask potential users what they 

The basic user issues discussed earlier in this 

The future holds many possibilities and chal- 
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want. It is necessary to be more active than that, by mak- 
ing informed predictions that are also based on laboratory 
tests and field experience. 

their own very sophisticated information processing 
capabilities to serve customers, the use of intelligent 
agents is, perhaps, the best way to economically return 
to personalized, intelligent service in the future. We 
must try to provide automated systems that do as well as 
Florence did. It won’t be easy! 

As the telephone operators of the past applied 
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