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Human factors contributions to the design ofuser inter­
faces are likely to have the greatest impact at early
design stages. Rapid prototyping therefore provides an
important vehicle for incorporating quality and usability
from the outset. Through realistic experience and inter­
action with the proposed user interface, users and user­
interface designers can work together to detect and cor­
rectproblems before a major development investment is
made. The prototyping approach is especially powerful
because it provides the opportunity for (1) early user
feedback and performance data, (2) efficient, focused
communication with users and developers, and (3) itera­
tive design and test. In thispaper we illustrate the proto­
typing and evaluating process with threeexamples of
AT&T products and services.
Introduction

Overthe last few years, traditional systems development meth­
odshave been replaced bya moredynamic approach in the computer
and information systems industries. This approach-prototYPing-is
typified bybuilding a system model, priortoformaldevelopment of
such a system, that looksandbehaves as the systemwi11look and
behave oncedevelopment is complete. The prototype offers an early
and realistic view ofthe systemso that modifications andimprove­
mentscanbe incorporated intothe final product or service.

The prototyping approach is generally useful forclarifying
technical feature requirements andforestimating development efforts.
The approach has been used effectively by a wide variety ofengineers
in allphasesofthe product and service development processes. This
paperwill focus on the use ofprototyping byhuman factors specialists,
sincethe approach is especially powerful in designing user interfaces
that meetcustomer needs.l" Aprototype developed by the human fac­
tors specialist servesas a user interface demonstration system (VIDS).
The VIDS canbe createdin sufficient detail to give users a realistic



preview ofthe product or serviceuser interface. Users'
interactions with the ums provide behavioral data and
otherfeedbackthat guide improvements to the user
interface, ensuring a high-quality and successful product
or service.

Benefits of the Prototyping Approach. The designof
an efficient and pleasantuser interface, viaprototyping,
is an evolutionary process that is affected greatlyby pro­
jectteam and user feedback. The lessons learned at each
test iterationare incorporated into the next design itera­
tion. This approach provides these importantbenefits:
1. Valuable user feedback is obtainedearly in the design

process.
2. Qualitative and quantitative human performance data

canbe collected, usually withinthe contextof the spe­
cific application.' Indicesmeasured include learning
time, task completion time, the number and types of
errors made, and user evaluations (e.g., preferences
and satisfaction) ofvariousaspects of the system.

3. Moreefficient and quickercommunication withdevel­
opers and users occurs, oftenleadingto savings in
time, resources, and money. The prototype provides a
common pointfor user-interface designer-developer
communication so that problemscan be identified
earlyin the development process. Boehmfound that
failures detected at, for example, the delivery stage are
as much as 50 times more costlyto correct that those
found at the system-requirements and high-level
design stages.!

4. Quickmodification for iterative designand test is
cncouraged.S? providing a potent opportunity for an
improved user lnterface.v'

5. Prototyping delivers measurable savings in the
areas ofprojectteam members' effort, resource alloca­
tion, time,and, ofcourse, moneyf In fact, the litera­
ture suggests that prototypingcan lead to a reduction
in development cost and time by a factor of at least
4 or 5.9,10

Overall, prototypingis critical in the designand
development ofuser interfaces that are ofhigh technical

quality. In addition, it provides a healthyopportunity for
increasedteamwork, both amongprojectteam members
and betweenthe projectteam and potential users.

Prototyping Methodology. Prototyping stresses
interaction amongand communication betweenproject
team members (including potential systemusers-see
Figure la) in the beliefthat this leads to the best possi­
ble productor service. This approach maybe contrasted
withthe more traditional systemdevelopment life cycle
(shown in Figure lb). Notethat the formermodelis an
interactive and iterative one,where designdecisions are
based on inputandfeedback froma variety ofcritical
sources,while the latter model is better characterized
as a serialone,where there is less opportunity to take
advantage ofthe benefitsof the interactive process.

Prototyping involves a number ofsteps.The
humanfactorsspecialist must:
1. Learnwhatfunctions the productor service will pro­

vide
2. Workwiththe projectteam and withpotential users

to defineclearly the detailed capabilities ofthe pro­
duct or service

3. Develop a modelofthe user interface that simulates
the appearance and behaviorofkey elementsofthe
productor service, using knowledge ofhumanfactors,
cognitive psychology, and humanbehavior

4. Demonstrate the prototype to projectteam members
and potential users of the systemto collect comments
and test for usability.

These are the essential elementsofprototyping.
In addition, much is gainedby the iterative process
where opinions from membersofthe projectteam and
frompotential users, as well as objective datafrom
empirical usability experiments, lead to successive modi­
fications ofthe prototype.l':" Until recently, designitera­
tionshavebeen costlyand time-consuming. The develop­
ment ofpowerful toolsthat allow quickmodification of
the prototype has changed that.The most dramatic
recent improvements havebeen in the domain ofcolor
graphicsfor interactive computing. These software
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toolkits allow the user-interlace designer to specify the
appearance ofscreens and displays in a prototype as well
as the flow ofcontrolamongscreens and displays con­
tingent on user input (see Reference 15for a surveyof
selectedgraphicalprototyping tools).

Examples of the Prototyping Approach
Within the User Interlaceand Quality Planning

Departmentat AT&T BellLaboratories, a large number
ofprojectshave benefitedfromthe integration ofproto­
typing into the development process. These include
the user interlace designs for several Advanced800
services, Accunet" T1.5information manager,and the
Accumaster'" integrator. Within allofAT&T, an even
widervarietyofproducts and serviceshavebeen
designedvia rapidprototyping. In this sectionwewill
highlightthree examplesofhowhuman factors special­
ists at AT&T BellLaboratories and AT&T Consumer

Products Laboratories used the prototyping approach.
Prototyping a Network Management System. AT&T's

advanced services quick implementation capability
(ASQIC) process is an example that illustrates how
high-quality user interlacesare developed efficiently by
prototyping. The most recent application ofthis process
is the integrated network controller (INC), whichwas
givento oneAT&T customeron a trialbasis. It made
possible end-to-end network management for Data­
phone" data communications serviceby providing fea­
tures such as service restoration, performance manage­
ment, and faultmanagement. The INCsystemuser inter­
faceemployed interactive color-graphics technology to
provide a workstation display ofnetwork information.
The user interlaceincluded a mouse-controlled cursor,
multiple overlapping windows, and user-system dialogue
devices such as menus,windows, and "soft" (i.e., on­
screen) command buttons.
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Oneofthe firstformal steps in the evolution of
the INC project wasthe earlydevelopment ofa user­
interface prototype system (seeFigure2).The prototype
system wasat first a high-level one that stressed con­
ceptsto be incorporated intothe user interface. It was
composed ofpaper-and-pencil sketches, and later,a ser­
iesofstatic, "slide-show" typegraphic screen displays.
These displays were used to elicit comments from pro­
jectteammembersregarding the overall view ofthe INC
system user interface. However, little could be learned
aboutthree key attributes: procedural rules, degreeof
interaction, and usability. To address these issues, a
moresophisticated and realistic prototype wasneces­
sary, one that would be interactive and similar in most
respectsto that ofa completed service's user interface.
Thisneedwasfilled by usinga series ofcommercially
available tools (V. I. Corporation's Dataviews" software,
including both Dvlrraw" and D'VIools" software, and
Hewlett-Packard's HP® Windows). These were

augmented bysoftware developed within the Planning
Systems Department ofAT&T Bell Laboratories, run­
ningon a Hewlett-Packard 9000/350® color-graphics
workstation. This combination allowed the user-interface
designerto createscreensandlinktheminto a demon­
strableprototype. These screenswereeasyto update in
response to feedback from the project teamandusers.
Thus,prototyping allowed fora seriesofearly andcon­
tinuing views ofthe service, usable bymarketing, sys­
tems engineering, development, andthe user.

The user had several opportunities prior to and
during development to affect aspects ofthe INC system
(e.g., technical features andtypes ofinformation gath­
ered and displayed). With respectto the user interface,
this included the form ofinformation presentation as well
as system dynamics, in somecases. For example, work­
ingwith the prototype system gave users the opportunity
to discuss howtheir datatelecommunications network
should be represented. Several examples ofdifferent
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network map displays (seeFigure 3) weredeveloped.
Some displayed the network as a graphical representa­
tion, while others showed a stylized depiction. Some
displayed many user locations on the mapat the same
time, while others used a hierarchical arrangement that
reducedscreen clutter, but requiredthe user to make
morethan onemenuselection to view information for a
particular location. With the aidofthe prototype, users
wereableto test eachofthese possibilities ina realistic
context andcould therebyjudgethe usefulness ofeach
format. Aparticular hierarchical arrangement ofnetwork
elements wasfound to be the easiestto read andthe
quickest to use, and this arrangement wasadopted as a
key component ofthe INC system'suser interface.

In the previous example, the prototype aided
user-interface design by allowing eventual users to com­
pare andtests alternative ways ofdisplaying information.
In contrast, anotheradvantage ofprototyping is that the
user canessentially become a codesigner ofvarious
pieces ofthe system's user interface. Forexample, users
sat down with the user-interface designerandjointly
designed a systemfor circuit identification (e.g., fortest­
ingor reportgeneration) that wasunderstandable and
easyto use.Among the possibilities considered were:
1. Limiting the users to text entryofcircuit identifiers
2. Listing circuit identifiers and allowing users to select

one with the mouse
3. Presenting a graphical representation ofthe circuits

from which the user could makea selection (see Fig­
ure 4).

Eachdesignwasdiscussed with users, andmoreimpor­
tantly, eachwasbuiltintoversions ofthe prototype so
that the users could experience the feature within the
context ofthe whole system. In this way, the prototyping
technology allowed those who would eventually be custo­
mers to helpdesignthe system.

48

Figure 3. Three methods of network map display which were
integrated into the prototype system for user preference and
usability study.

Graphical representlltlon, hierarchical
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o circuit4

o circuit5

CIRCUIT SELECTION.

The prototype allowed swift and efficient com­
munication ofuser-interface requirementsin an unam­
biguous form. This gavedevelopers an earlyview ofthe
INC systemuser interface, allowing them to beginhigh­
level development earlyin the processand to identify
features that were too costly to develop. If a picture is
worth a thousandwords, and if a prototype is composed
ofmany separatepictures, then it is clearthat a well­
developed prototype can be muchmore efficient than
written requirements as a communications vehicle.

Prototyping ofthis graphical user interface.in
particular iterative rapidprototyping, allowed earlyand
continued user inputand resultedin a telecommunica-.
tionsmanagement systemthat met the customer's
needs. The customer'spositive opinion ofthe user inter­
face wasshownby high satisfaction and importance
rankings for the INC system'ssix major features.

Prototyping User Interfaces for AT&T Products. The pre­
vious example illustrated the use ofrapidprototyping
techniques to optimize color-graphics software user
interfaces. Similar techniques havebeen useful in the
design ofhardware devices. For example, the prototyp­
ingapproach wasused to evaluate two alternative user­
interface designsofthe AT&T HTseries cordless.tele­
phoneproductline.

Figure 4. Three methods of circuit selection which were
integrated into the prototype system for user preference and
and usability study.

Acomputer-based prototype wasdeveloped to
simulate the operation ofa cordlesstelephone handset
(see Figure 5). By studying the waypotentialusers
interacted withthe prototype, issues relating to button
labeling, buttonlayout, and operational procedures could
be resolved. The prototype wasimplemented on a high­
resolution graphical workstation usinga touch-sensitive
screen.Custom software waswritten for a DECMINC-ll
systemwithan Elographics touch screen;

A major objective ofthe studywasto assess
users' performance on cordlesstelephones that have
only buttoncontrols rather than a mixture ofslide
switches andbuttons. Software-eontrolled buttonswere
portrayed on a touch-sensitive screenat a significant cost
savings compared to building physical prototypes. For
this study, two prototypes ofthe handsetweredevel­
oped, eachwitha different user interface forits proce­
duraloperations and buttonlayouts.

Operational procedures for the firstprototype
weredeveloped through experience with an existing
AT&T productdesign, throughincorporation of

49
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Figure 5. Computer-based prototype simulates the operation
of a cordless handset.

additional functionality, and throughstudiesofcompeti­
tive products. Morespecifically, the handset incor­
porated three major function buttons: Talk, used to go
off-hook; Standby, used to go on-hook; and Intercom,
used to initiate an intercom conversation between the
base unitandthe handset.

The secondprototype design included only two
major function buttons, Talk and Intercom. (Figure 6
shows both faceplates.) Two major differences were
introduced in the secondprototype: (1) Talk wasa toggle
operation in which pressingthe buttononcetookthe
telephone off-hook and pressingit again put the tele­
phonebackon-hook and (2) a user hung up afteran
intercom conversation bypressingIntercom a second
time, instead ofpressingStandby as in the firstproto-
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Figure 6. Simulated cordless telephone faceplates for proto­
type I (right) and prototype II (left).

type. Identical methodologies wereused forbothstudies
so that resultscould be compared.

Participants in the experiment weregiven a ser­
ies oftasks and askedto use the buttonson the touch
screenas theywould a telephone. TableI liststhe nine
typesoftasks and the correctresponses foreachofthe
prototypes. Eachparticipant received a total of44trials
in one ofthree orders.Theywereprovided With auditory
andvisual feedback as a resultofcorrectactions. For
example, whenthe Talk buttonwaspressed, a speaker
emitted dial toneandassociated light-emitting diodes
(LEDs) lit on the touchscreen. The prototypes indicated
incorrect actions by a written error message onthe
screen; they didnot allow users to traverse a full error
path. Number ofattempts, timeper task, anderror types
wererecorded to evaluate performance. Userswerealso
askedto rate the difficulty ofeach task. Comments made
duringthe studieswerenoted.

TableIIpresentserror datafrom the two proto­
types. Performance, as measured by numberoferrors,



Table I. Types of Tasks Used in HT Series Prototype Study

Correct response

Task

Makea call
Hangup call
Answerincoming call
Pagebase unit
Initiate intercomconversation
Hangup intercomcall
Put callon hold
Returnto held call
Withouthangingup call,

initiate intercomconversation

Prototype I

Talk-7-8-1-5
Stndby
Talk
Page
Intrcom
Stndby
Hold or Intrcom
Talk
Intrcom or Hold-lnircom

Prototype II

Talk-7-8-1-5
Talk
Talk
Page
Intrcom
Intrcom
Hold or Intrcom
Talk or Intrcom-Talk
Intrcom or Hold-Intrcom

Table II. Errors Committed as Percent of Total Trials per Task

Task

Makea call
Hangup call
Answercall
Pagebase unit
Initiate intercom
Hangup intercomcall
Put callon hold
Returnto held call
Withouthangingup, initiate intercom

Prototype I
(30 participants),

percent

52.4
5.8

12.2
17.8
8.6
7.7
3.2

41.3
1.6

Prototype II
(28 participants),

percent

43.8
13.4
2.9
8.2
9.2
7.4
o

26.8
3.45
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didnot differ dramatically. Onthe other hand,evaluating
the typesoferrors committed with both prototypes
yielded two important results:
- The mostfrequenterror wasforgetting to press the

appropriate buttonto get dial tone.
- The radio and cordless industry-standard label

Standby wasconfusing to telephone users, andthe
alternative tested in the secondprototype, Talk, was
no better.

While performance on sometasks improved with the

second prototype, a few moreerrors associated with
hanging upwerecommitted. Designers laterevaluated
alternative buttonlabels forthe product. Asa resultof
furtherhumanfactors experimentation, the Talk and
Standby labelswerereplaced with the less confusing
alternatives Phone and Off, respectively.

In summary, usinga computer-based prototype
greatly enhanced the quality ofthe user interface by pro­
viding a mechanism for iteratively evaluating alternative
designs andto prioritizing identified human interface

AT&TTECHNICALJOURNAL. SEPfEMBER/OCTOBER 1989



Table III. Responses to Cueing Methods

Cueing method

Initial prompt-menu-"now"
Initial prompt-menu-tone
"Atthe tone"-initial prompt-menu-tone

Percent
appropriate response

(120 participants)

65
58
79
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issues. It also reducedcost, since it is less expensive to
develop a computer-based prototype than an actualhard­
wareprototype. Finally, the prototype allowed the devel­
opmentteamto function more efficiently and to have
more confidence in its designdecisions.

Simulating an Automatic Operator Service. The inte­
grated networkcontroller and the AT&T HTseries cord­
less telephoneexamples highlightthe use ofgraphical
software prototypes in the designofhigh-quality user
interfaces. However, prototypes can be much more com­
plex, as in the example presented below. Here the proto­
typeincluded telephoneequipmentand a network simu­
lator,as well as live attendantssimulating automatic
speech recognition equipment, allintendedto address
certainissues in the designofthe user interface for an
AT&T operatorservice.

Anewoperatorservicesposition is being devel­
opedthat can deliver special-billing (e.g., collect, credit
card, or billed to a third party) callsto the operator
already codedby category. To select a billing category,
callersfromtouch-tone telephonescould press digitsin
response to a menu ofoptions. Callers from non-touch­
tone telephoneswould haveto identify their choicesin
an alternative manner,perhapswithspeech whichwould
be classified viaan automatic speech recognition device.
Most of the human factors issues for this system
involved prompting each callerto say the right thing at
the right time (without prior training), so that the auto­
matic speech recognition device couldaccurately classify
the utterance.l''
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Asimulation wasdesignedto establish how
people behavewhenfaced witha particular set of
automatic speech recognition prompts.F Callers were
toldthat theywere participating in a study. Their atten­
tionwasfocused on the evaluation ofan experimental
AT&T service. Since it wasimportant to learnhowpeo­
ple respondto unexpected speech prompts, callerswere
not toldabout the prompts beforethey dialed the experi­
mentalservice.

Aprototype systemthat imitated the automatic
operatorservicewasconstructed to allow investigation of
callerreactions to recordedinstructions. The system
simulated a telephone network complete withdial tone
and audible ringing, and provided a meansofemulating
the real network as necessary. It could concatenate and
playa large number ofprerecordedannouncements, and
the composite messagescould be cued according the
caller'sresponse.

If the callersuccessfully dialed the service's
number and delivered a spokenresponseto establish the
billing category, the systemproduced a busysignal and
played an announcement that asked the callerto try
againlater.This happenedtwice; the third timethe caller
succeededin reachingthe service. This repeatedexperi­
encewiththe prompts for speech allowed observation of
an individual caller'slearning.

Among the centralquestions answered in this
studywere the following:
1. What is the best way to cue callersto talk (i.e., to

speak their billing category)? Three different forms of



Table IV. Responses to Wording

Initial prompt

"Pleasesay 0 0 0"

"Pleasesay the typeofcallyouwantto make 0 0 0"

"Pleaserequest a typeofcallby saying.. 0"
'This is your automatic operator; pleasesay .. 0"

Percent
appropriate response

(240 participants)

78
53
76
74

cueweretested: (a) an announcement asking the
caller to speaka word to indicate a billing preference
(the initial prompt) followed byan auditory menuof
choices and punctuated by a prompt to speakthe
choice "now," (b) the initial prompt followed by an
auditory menuandpunctuated byan audible toneto
signal the callerwhento speak, and (c) an initial
announcement instructing the callerto speak"at the
tone," followed by the initial prompt, an auditory
menu, and the audible tone. The percentages of
appropriate responses (i.e., correct speechto indicate
billing category) are shown inTableIII. On the basis
ofa statistical analysis ofthese data, "at the tone" with
a tone at the end ofthe initial promptwas selected for
use in the rest ofthe study.

2. Whatis the best wording for the initial prompt that
asks callers to saytheir billing choice? Fourdiffer­
entlyworded initial prompts werecreatedthat differed
in level ofexplanation. The percentages ofappropriate
responses (i.e., correctspeechto indicate billing cate­
gory) are shown inTableIV. Statistical analysis
revealed that one ofthe initial prompts, "Please say
the typeofcallyouwantto make... ,"wassignifi­
cantly worsethan the others."Please say..." was
selected foruse in the rest ofthe studybecause it was
the shortest ofthe three prompts that elicited similar
correct response rates.

3. Do reprompts for speechhelpwhencallers fail to
respond appropriately? In the cueing method and

initial promptstudies, if a caller didnotsayoneofthe
menuitemsin isolation, a reprompt was given.
Reprompts duringthe first trial (i.e., before the first
busysignal) added24percentto the successrate.
Reprompts duringtrials2 and3 added an additional 10
percentto the successrate.

4. Docallers showanyeffects oflearning? In the cueing
method and initial prompt studies, acrossallvariables
in this simulation, a dramatic learning effect was
observed. While 58percentofthe callers responded
appropriately on the first trial, 72 percentdidso on the
second trialand74percentdidso on the thirdtrial.

This simulation provided a unique opportunity to
augment and simplify the subsequent live-traffic field
trial. The simulation provided the pre-field-trial screening
ofannouncements and reduced the candidate prompts
bya factor offour. In addition, it provided two sources of
information that field trialstypically cannot: (1) observa­
tionofindividuals learning from repeated experience and
(2) in-depth callerreactions obtained via questionnaires
as well as from behavioral data. Furthermore, the simula­
tionallowed various protocols to be testedwithout inter­
fering with actual call routing andwithout affecting call­
ers' perceptions ofcurrenttelephone service.

Future Directions
In this article wehave focused onthe use ofpro­

totypes as user interface demonstration systems by
human factors specialists forthe design ofhigh-quality
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user interfaces. Rapid prototyping is such an effective
approach becauseit offers a realistic predevelopment
view ofa systemin a formthat encourages easyand fre­
quent iteration. Sucha systemallows the humanfactors
specialist to obtain behavioral dataand opinions from
users and to carryout usability testing. Ourability to
develop the most realistic and testableprototype is dir­
ectlyrelatedto the existence ofa broadclassofgood
rapidprototyping tools. Asthe toolsthat the humanfac­
tors specialist has on hand increasein numberand tech­
nical capability, so will our ability to fully exploit the pro­
totypes. Whattypesofinnovations in rapid prototyping
technology would allow the humanfactors specialist to
create evenmore realistic and usableprototypes? We
suggest the following:
- Prototyping toolsshouldcontinue to be broadened to

include the integration ofmultimode operation (voice,
data, images, three-dimensional graphics, etc.) as well
as the integration ofalternative inputdevices (e.g.,
tablets, lightpens,trackballs, automatic speechrecog­
nition, and features for the disabled such as special
switches or puff/siptubes).These enhancements will
allow humanfactors specialists to develop testable
user-interface prototypes that are more realistic given
the rapidly advancing state oftechnology andthe
resulting advance in the sophistication ofAT&T's pro­
ductsand services.

- Artificial intelligence (AI) technology is nowpractical
and has already been builtinto (orused in) a number
ofproductsand services. The most typical commercial
applications are expert systems. Since the uses ofAI
technology are vast (e.g., aid in configuring and repair­
ing systemsand intelligent on-line assistance and
training), the continued integration ofAItechnology
intoprototyping toolsmust be encouraged.

- Although the simple linkage provided by current rapid
prototyping tools is sufficient forcreatingprototypes
that can be demonstrated, it is not always sufficient for
creatingprototypes realistic enoughto be operatedin
a dynamic, unplanned way by users.A"programming
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by examplc'J" capability would greatlyenhancethe
dynamic and interactive characterofprototypes, allow­
ingfor morevaluable feedback from users as well as
moreextensive usability testing.

Summary
The integration ofprototyping intothe product

or service development processis an extremely valuable
step,and is oftena key to the successand overall quality
ofthe productor service. In this article, the generality of
the approach wasillustrated by examples ofgraphical
user interfaces for network management, telecommuni­
cations productssuch as cordlesstelephones, and an
interactive speechinterface to an operator service.
Across these three examples, the major benefitgained
through use ofthe prototypes wasthe same. They
allowed the humanfactors specialists to addressusability
issues and evaluate alternative user-interface designsat
an earlystage andwithin a realistic context. Prototyping
is mosteffective in improving the quality ofa productor
service whenit is integrated as a standard part ofthe
design and development process. Earlyuse ofprototypes to
demonstrate featuresand determine users' preferences
is a powerful method fordeveloping high-quality pro­
ductsand services that meet users' needs.
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