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This issue oftheAT&T Technical Journal focuses onthe
role ofhuman factors inuser-interface design. This arti­
cle provides an overview ofthe contribution ofhuman
factors specialists to the design and evaluation ofuser
interfaces and ofuser-interface technologies for AT&T
products and services. It introduces each ofthe other
articles inthis issue within thecontext ofongoing human
factors activity atAT&T.
Introduction

AT&T's success in the telecommunications markethas always
been basedon providing customers with products andservices that
meettheir needs. Alexander Graham Bell andThomas Watson's crea­
tionofa usable device fortransmitting the voice overwire wasrooted
in Bell's commitment to improving communication forpeople who
weredeaf. In addition, Bell's studyofthe physiology ofhuman speech
andhearing wascritical to his invention ofthe telephone. Thus,inhis
work, Bell studied not only technology, but also the capacities ofpoten­
tialusers ofhis invention. In today's competitive marketplace, the goal
ofmeeting realhuman needsis moreimportant thanever. Accomplish­
ingthisgoal requires, as it didin the day ofAlexander Graham Bell,
understanding human capabilities as well as technological possibilities.
Study ofthe capabilities andneedsofusers ofa product or service and
application ofthisknowledge to the design ofproducts andservices is
known as human factors.

Human factors has had a longandsuccessful history ofcontri­
buting to telecommunications design at Bell Laboratories. Hanson pro­
vides an excellent summary ofthishistory in a 1983 issueofThe Bell
System Technical Journal devoted to humanfactors andbehavioral sci­
ence.' As Hanson noted, human factors decisions weremade about
telephones from the beginning oftelephony. The initial challenge was
to improve the quality andintelligibility oftransmitted speech. Then in
the 1920s and 1930s, the physical dimensions ofcustomers' handsand
heads andthe properties ofthe human ear andvoice werestudied to
improve the design oftelephone sets. In the mid-1940s, whenBell
Laboratories addeda UserPreference Research department, the focus
ofhuman factors workwasextended to include network applications
anduser preferences foralternative designs. Throughout the next40



years,humanfactors workcontinued to expand both in
focus and in the organizations within which itwas
represented.

Today at AT&T, humanfactors workcontributes
to a broadvariety ofproducts, services, and technologies.
Human factors specialists continue to contribute to the
design ofuser interfaces for telephones, focusing on phy­
sical design, ringing signals, visual indicators, software­
basedfeatures, andvoice quality. In addition, humanfac­
tors workhas expanded to include rapidly developing
technologies (such as graphicalworkstations, text-to­
speechsynthesis, and automatic speechrecognition) and
the products that incorporate these technologies.

The goalofhumanfactors workis to optimize
the performance ofan entire system, wherethe system
includes both the humanbeingand the technological
toolthe humanis usingto facilitate his or her work. To
meetthis goal, products and services mustbe designed
so that (a) they matchthe abilities ofthe people who use
them and (b) they are appropriate for the tasks people
will perform with them.Whenproducts are so designed,
theyare safe, easyto learn,and easyto use; they mini­
mize errors, increase productivity, and,ideally, are even
funto use.These factors contribute significantly to a
customer's perception ofthe quality ofa product. [The
term "products" is used throughoutthis article to refer
to products, services, anduser-interface technologies
(suchas speechrecognition or graphical displays) that
are incorporated intoproducts and services.]

The primary focus ofhumanfactors workis on
the user interface ofa product. This includes anycom­
ponentofa productwith which the human, the user,
comesintocontact. It includes, forexample, terminal
hardware (lights, buttons, keyboards), operational pro­
ceduresand associated user feedback (suchas tonesor
lightflashes), computer-user dialogues and computer
screendesigns, synthetic voice prompts andfeedback,
user manuals, anduser training procedures. In addition,
one branch ofhuman factors activity considers the
organizational contextand social structureintowhich
newtechnology is placed; a broadoverview ofthiswork

is provided by Pava."
The final user interface ofa product results, of

course, from a teameffort. The teamoften includes spe­
cialists from many disciplines, including marketing, sys­
tems engineering,computer science,electricaland
mechanical engineering, operations research, andgraph­
icsdesign. Human factors specialists playa unique role
on sucha team, ensuring that the abilities andneedsof
the user are carefully considered as the product-and
especially the user interface-is beingdesigned.

Human factors specialists are typically trained in
experimental psychology or some other areaofbehav­
ioral science (e.g., linguistics or sociology). These spe­
cialists, thus,bringtwo important types ofknowledge to
the design process:
- Knowledge ofhumanabilities andlimitations
- Knowledge ofempirical methods forcollecting valid

datafrom humans and skills in interpreting suchdata.
The knowledge ofhumanabilities andlimita­

tionsis based onthe researchliterature in numerous
areasofexperimental psychology, including cognition
(memory, reasoning, problem-solving, decision-making),
learning, humanperformance, visual andauditory per­
ception, psycholinguistics, motivation, and physical
strength andskills. Because products mustbe matched
to the abilities ofpotential users, this knowledge is criti­
calin the design process. Asimple example is basingthe
physical design ofa telephone handseton the modal dis­
tancebetween a human'sear and mouth. Amorecom­
plexexample is the design ofa graphical user interface,
which would build on a knowledge of:
- Perceptual skills, such as which visual objects are

easily discriminable andhowinformation should be
presentedforeasyidentification ofthe mostcritical
objects.

- Motor skills, such as howlargean area is neededfor
selection with a mouse.

- Cognitive skills, such as whatoperational procedures
are easyto learnandto remember acrossallthe tasks
forwhich the interface is beingdesigned.

In addition to a knowledge ofhuman abilities,
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human factors specialists have experience usinga variety
ofempirical methods forcollecting and interpreting infor­
mation-from humans. These methods include experi­
mental design, statistical dataanalysis techniques, obser­
vational techniques for use in the laboratoryand the
field, focus group techniques, and surveytechniques.
These methodsprimarily helpa designerobtain valid
and reliable information from users or potential users.
It is easyto collect information from people, especially
information that confirms whatweexpectto find. Unfor­
tunately, it is not as easyto collect unbiased information
that canbe generalized to a largepopulation ofusers.
The empirical methods ofbehavioral scientistshave
been developed to collect unbiased, generalizable infor­
mation. Thus, theyallow us to obtain evaluations ofpro­
ductsor technologies from the perspective ofthe user.
These evaluations can then be used to improve the user
interfaces ofproducts throughout the product realization
process, resulting in a final productthat the user judges
to be useful andofhigh quality.

Quality and the User Interface
The user interface contributes significantly to the

user's perception ofthe quality ofa product. The value of
a feature depends, to a great extent, on a person'sability
to actually use that feature. Imagine a telephone system
with a myriad offeatures, including hold, conferencing,
call forwarding, and calling partyidentification. Imagine,
however, thata usercannot remember the rathercomplex
meansforusingthese features and cannotfind instruc­
tionseasily in a user's manual. For this user, these fea­
tures mightas well not exist.

There are many examples ofsuch products in
the marketplace, products inwhich features areprovided
but are toocomplex to use. Fewthingsare morefrustrat­
ing to a user than being unable to access and use a
feature provided by a system. Unusable features contri­
bute to a perception ofpoorquality. Conversely, easily
used features makea strong, positive statementabout
quality. It is not surprising that "user friendly" has
become a popular term for advertisers and the public.
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Consumers expectanddemand that theybe able to use
a toolto facilitate theirwork, rather than having to work
harder to learnhowto use a tool. When competing pro­
ductsprovide the samefeatures, it is likely that the pro­
ductswill be differentiated on the basisofease ofuse. In
this case,ease ofuse may become the critical indicator of
quality to the user.Thus, usability is a necessary attri­
bute forachieving quality in a product.

Usability through Iterative Design and Evaluation. In the
initial design ofa user interface, human factors special­
ists use theirknowledge ofhuman capabilities andthe
humanfactors literature. Forexample, onewell-known
principle from the cognitive psychology literature is that
short-term memory is limited to aboutseven items, plus
or minus two (Miller, 1956).3 (Since Miller's work, there
have been changesin theoretical models ofmemory;
however, the factofshort-term or working memory con­
straints has notbeen contested.) This means, forexam­
ple, that people cannot be expected to remember long
listsofitemsin an auditory menuand, therefore, that
auditory menusshould be fairly short.

However, the psychological andhuman factors
literature is rarely specific enough to describe precisely
howa user interface should be designed. This is espe­
cially true whendeveloping newtechnologies or design­
ingcomplex user interfaces. Therefore, a human factors
specialist designing a user interface relieson established
knowledge andexperience forthe first"draft" design.
This design is then tested forusability.

Usability refers to howeasily the functions ofa
product or service are learnedandusedby actual users.
For example, canusers easily program a telephone for
automatic dialing? Can users configure, schedule, and
update call routing plans for their company's AT&T
Advanced 800 service? Can users rapidly identify the
causeofa problem on a company's voice and datanet­
works throughthe graphical user interface ofa network
management system?

Usability is assessedthroughsystematic usabil­
ity testing. Manyarticles have been written on tech­
niques forusability testing; articles byWhiteside et al.



(1989) and by Gould and Lewis (1985) provide useful
introductions.v" In usability testing, two typesofmea­
sures are often employed: behavioral and subjective.
Behavioral measures, are obtained while a user is actually
performing a task. Suchmeasures include time to learn
howto performa task, speed ofcompleting the task, num­
ber oferrorsmade, numberoftimesthe user referred to a
user's manual, and success in finding instructions in the
manual. To obtain these data, a user or potential user actu­
ally performs the task, in the laboratory or in the field,
using a prototype of the productor the productitself.

Subjective measures are alsouseful in usability
testingand ofteninclude ratings on questionnaires or
comments during an interview. Subjective measures pro­
videinformation on a user's satisfaction witha product
and a user's assessment ofits value for helping accom­
plisha task. Bothbehavioral and subjective dataprovide
information on the strengths ofa productand on areas
for improvement.

Asa general rule,usability testing early in the
designofa productis especially cost-effective because
results can be used to refine productdesignbeforethe
productitselfhas been built. Becausethe productitselfis
not available earlyin the designprocess,prototypes of
the productuser interface are tested for usability. Proto­
typesmaytake different forms at different stages ofthe
productrealization process.Ata veryearlystage, they
maybe simplepaper-and-pencil drawings or screen
designs rapidly created using a graphicseditor. Atlater
stages, they maybe simulations ofa portion ofthe user
interface necessaryfor completing some particular task.
Regardless ofthe particular form, prototypes canbe used
in the laboratory or in the customer'senvironment to
obtain data on (1) the value ofthe design in facilitating
the user's task and (2) the ease ofuse ofthe design,

In this issue, Benimoff et al.provide a more
detailed accountofthe benefitsofrapidprototyping, an
overview ofsomegraphics prototyping tools, and some
examples ofthe use of rapidprototyping in product
development," Other authors alsodiscuss rapid proto­
typing techniques.

Human Factors Throughout Product Realization
Human factors specialists play important roles

throughoutthe productrealization process. This section
outlines the specific contributions that humanfactors
specialists, as membersofsystemsengineering and
development teams,can makeat each stage ofthe pro­
cess. (Although the productrealization processis
described here as sequential, the stages often overlap
considerably.)

Research, Standards, and Technology. Human factors
workon anyparticular productor service buildson a
foundation of research, standards, and technology.
Relevant research includes research on humancapabili­
ties and on humans in interaction withtechnology. This
research often uses sophisticated experimental designs
and data analysis techniques. Whenthe research is not
tied to specific productsbut addresses general issues,
the data maybe useful for a variety ofproducts and ser­
vices. Israelski et al.provide examples ofgeneric
research on three different topics:
- Voice path cut-through timeon a switch
- Distinctiveness and pleasantness ofauditory alerting

patterns
- Effectiveness oficonsin human-computer interfaces."

Standardsfor user-interface designare an integral
part ofthe AT&T user-interface architecture. They pro­
videguidelines for implementing interfaces so that there
will be significant commonalities in both appearance and
operational procedures. These commonalities makeit
easier for users to combine a numberofAT&T products
to meet their specific needs. Ideally, once a customerhas
learnedhowto use one product, the customerknows
how to use others. Farber provides an overview of
AT&T's user-interface architecture. This architecture
provides a framework for defining commonalities in the
components ofuser interfaces andfor developing stan­
dards and software toolsfor the interfaces,"

Technology includes the hardware andsoftware
used both in the productand in developing the product.
In the formercase, it includes speech recognition de­
vicesand graphical user interfaces; in the latter, it
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includes programming languages, software toolsand
toolkits. and shell software architecturesthat makeit
both possible and easier to implement consistentuser
interfaces. Nakatani and Ruedisueli provide examples of
technology used both in the productand in developing
the product." The authors describea toolthat provides
assistance to users of emac s or vi whowantto incorpo­
rate mmtext-formatting commands in their files. (emac s
and vi are text editors used in the UNIX® operatingsys­
tem;mm,for memorandum macros, is a general-purpose
macro package used withthe UNIX systemnroff and
troff text formatters.) The tool, a typeofon-line help
system, provides information aboutmm, including on-line
documentation, sample documents, and plansfor com­
mondocuments. In addition, Nakatani and Ruedisueli
describeTIPS, the framework used to develop the on-line
help system. Tips can alsobe used to develop help sys­
tems for other existing computer-based tasks.

Bennettet al.provide an overview ofhumanfac­
tors research for newspeech technologies, including
text-to-speech synthesisand automatic speech recogni­
tion." The authors covera variety ofresearch, much ofit
generalizable to manydifferent products. In addition, they
outline the role played by humanfactors specialists and
linguists in developing the linguistic theory that sup-
portscreation ofmorenatural-sounding synthetic speech.

Customer Needs and the Product Concept. Atthe initial
stage ofthe productrealization process,humanfactors
specialists can profitably workin collaboration with
market researchers and productplannersto identify cus­
tomer needs and define productconcepts. Twocontribu­
tionsthat humanfactors specialists can makeat this
stage are: (1) conducting task analyses and (2) creating
and obtaining feedback on earlyprototypes ofa product.

Task analyses ofthe processescustomersuse
while performing their jobs identify critical tasks, bottle­
necks in their current processes,and causes oferror.
These analyses thus identify critical areas for planning
and designingnewfeatures. After task analyses have
indicated where users need help in performing their
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jobs,preliminary prototypes ofuser interfaces ofpos­
sibleproductscan be taken to customersto obtain
feedback-both onthe features beingconsidered forthe
productand on the manner in whichthe features are
implemented in the user interface. Often a feature must
be describedconcretely in the formofa specific user
interface to get meaningful feedback fromcustomers.
This constitutes an earlyformofusability testing. Usa­
bility testingat this pointis especially cost-effective
becauseit provides feedback on the matchoffunction
and designto customerneeds beforeproductdevelop­
mentbegins.

Garberget al.describehowtask analysis was
used to analyze the job ofa telephone attendantin a
small business." This task analysis revealed that there
are many"call passing" tasks handledby an attendant
and that there are specific high-frequency tasks where
productivity can be increasedby a better-designed
attendantconsole.

The Requirements Process. Human factors special­
ists are involved in the requirementsprocessin several
different ways. They are often responsible for systems
engineering ofthe user interface, i.e., forwriting the
requirementsfor the user interface. These requirements
specify to the developer howthe user interface should
lookandfunction. As"user-interface systemsengineers,"
humanfactors specialists workside-by-side withother
systemsengineersand developers to define the system
and its user interface based on task analyses, user abili­
ties and needs, and technological possibilities.

Workon the user-interface requirements should
begin simultaneously with work on the functional
requirements. In the past,workon the user interface
wassometimes notbegun untilfunctional requirements
had been defined; essentially, the user interface was
treated as an "add-on" to the product. We are becoming
more aware that user-interface designshouldbe
considered at the same timethe functionality and the
architectureofthe systemare being defined. Because
the user interface is constrained bywhat is provided in



the hardware and software, the requirements for a high­
quality user interface mustbe considered while design­
ingthe architecture and specifying the product function­
ality. Forexample, howor whetherapplications interact in
a complex software-based productcanhavemajor usabil­
ityimplications forusers who need rapid accessto multi­
pleapplications. Usersmayhaveto go through many
moresteps if applications cannotaccesseach other.If
user-interface design is delayed untilarchitectural
requirements havebeen completed, it mightbe toolate
to consider this effect on the user interface.

During the requirements process, prototypes of
the user interface should be createdand usability testing
should be conducted on these prototypes. Suchusability
testingvalidates the initial designconcepts and ensures
that the user interface described in the requirements will
be easyto learnanduse.

The use ofprototypes and usability testingbefore
and duringthe requirements processis described in
several ofthe following articles. Specifically, Garberg et al.
describe an initial task analysis and then experiments
that wereconducted usingtwo alternative prototypes ofa
newtelephone numberlist-management capability for
the 5ESS® switch. Benimoff et al. and Bennettet al. high­
lightthe role that prototypes canplay throughoutthe pro­
ductrealization process.

Development and System Test. Asdevelopment
proceeds, developers sometimes discover that cost and
schedule do notpermitimplementation ofthe user inter­
face as specified in the requirements. Atthis point, tough
decisions mustbe madeaboutwhatcanbe changed or
even whatmustbe omitted. Human factors specialists
should be involved throughoutthe development process
to provide inputon user-interface priorities. Usability test­
ingshould be conducted on anymajor changesto the user
interface to ensure that problems are not introduced
at this point. In addition, system test provides a first
opportunity forusingthe "realproduct" to determine
whetherit performs as specified in the requirements and
whetherit is easyto learnand use.

Pre-Introduction, Beta Test, and Beyond. Usability test­
ingwith customers is critical aftera product has been
developed but before it has been made widely available.
During pre-introduction andbeta test, wehave ourfirst
opportunity to observe customers or potential customers
usingthe "final" product to perform necessary tasks.
Usability testingat this stagecanbe conducted either in
the laboratory or in the customer's own environment.
Datafrom usability testingat this stagecan identify any
unanticipated, serious problems that mustbe fixed
immediately andcan suggestenhancements forfuture
releasesofthe product.

Kotsonis et al. describe several methods forob­
taining customer inputat this post-development stage.12

User perception testing is a method forevaluating new
products in the laboratory before the product is actually
introduced. Kotsonis et al. citeexamples ofuser percep­
tiontestingfor the successful HT5300 cordless tele­
phone. In addition, theydescribe evaluations conducted
duringproduct introductions andlarge-scale customer
satisfaction surveys performed aftercustomers have
someexperience with anAT&T product. Customer satis­
faction surveys provide information aboutthe perceived
quality ofAT&T products; such information canbe fed
backintothe design ofnewgenerations ofexisting pro­
ductsor intothe design ofnewproducts.

Delivery Support. Customer documentation for
products includes user manuals, installation andmainte­
nanceguides, andtraining materials. This documentation
(a) is a significant partofthe user interface, (b) canoften
substantially affect a customer's ability to learnanduse a
product, and (c) almost always influences a customer's
perception ofquality. Workon these materials should
beginrelatively early in the product realization process.
Ideally these materials should be tested for usability
simultaneously with prototypes ofthe product.

Human factors specialists sometimes create cus­
tomerdocumentation; morefrequently, however, they
conduct usability testingon the documentation and pro­
vide feedback to technical writers andcoursedevelopers.
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The on-line helpsystemdescribed by Nakatani and
Ruedisueli is an example ofhumanfactors involvement
in the creation ofuser documentation. Kotsonis et al. pro­
vide examples ofevaluating user manuals andinstalla­
tionmanuals duringuser perception testing.

Summary
In this issue ofthe AT&TTechnicalJournal, the

authorsprovide concrete examples ofthe methods and
contributions ofhumanfactors specialists to the design
ofthe humaninterface. Human factors workis described
at numerous stagesofthe productrealization processand
for a variety ofdifferent products and services. Through
these reviews, weillustrate the importance ofhumanfac­
tors activities in ensuringusability andhigh quality­
from the user's perspective.

AT&T has a long history of leadership in two
arenas: (a) inventing newtechnologies and (b) providing
products and services that meet our customers' needs.
Asour engineering skills and newtechnologies permitus
to createmore sophisticated and internally complex pro­
ducts, humanfactors specialists mustensure that the ele­
ganceand simplicity ofthe user interface is maintained.

Usersperceive a product or service throughthe
user interface; therefore, the user interface is a primary
criterion forjudging quality. That is, howeasyit is to
learnand use our technologically complex products
determines, at least in part, howwellthey will be
received. The user interface is the component through
which users know the system; thus, it is the medium that
reveals a productto be eithera task facilitator or a task in
andofitself.

Bystartingfrom a knowledge ofhumanabilities
andbyconducting iterative usability testing, human fac­
tors specialists play an essential rolein ensuringthat
AT&T's products makeusers' tasks easier.
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