
HUMAN FACTORS IN THE DESIGN
OF TELEPHONE FEATURES

_____.--- Roger B. Garberg, Charles E. Lincoln, and David R. Millen

56

Roger B. Garberg and
Charles E. Lincoln are
with the Switching Sys­
tems and Customer
Applications Planning
Department at AT&T
Bell Laboratories at
Indian Hill Park, Naper­
ville, Illinois. David R.
Millen is supervisor,
Human Factors, in the
Systems Engineering
Department at AT&T
Bell Laboratories in
Middletown, New Jer­
sey. Mr. Garberg is a
member of technical
staff who works on
user-interface design
for personal computer
applications to the
Integrated Services
Digital Network. He
received an A.B. in
social science from
Shimer College and an
M.A. and a Ph.D. from
Southern Illinois
University at Carbon­
dale in applied experi­
mental psychology and
cognitive psychology,
respectively. He joined
AT&T in 1986. Mr. Lin­
coln is supervisor of
the Human Factors and
Communication Stu­
dies Group, which is
responsible for human
(continued on page 68)

AT&TTECHNICALJOURNAL. SEPTEMBER/OCTOBER 1989

Technology is providing users expanded control over
telecommunication services. However, thiscontrol
increasingly depends upon successful structuring of
the human/machine dialogue. In thispaper, we describe
several phases ofdialogue design, including taskanaly­
sis, generation ofalternative designs, and evaluation of
design proposals. Examples ofthesephases are drawn
from small business systems as well as systems
designed for wide residential deployment. We give spe­
cial emphasis to the evaluation phase, showing how
human factors methods are employed to ensure a dia­
logue design supporting both novice and experienced
usersofservices.
Introduction

Consider this scenario illustrating uses ofthe telephone. An
engineerfrom Chicago is preparing to leave fora conference in
Denver. Before leaving, she programs her phonesystem to recognize
two veryimportant numbers. Later, at the Denver conference, a phone
in the conference roomringswhena call from one ofthese numbers is
forwarded from the Chicago office to the Denver number. Meanwhile,
less urgent calls to the engineer's office are beingforwarded to a secre­
taryin Chicago, therebyavoiding long-distance charges.for these calls.
Returning to her office in Chicago, the engineerreprograms her phone
so thatveryimportant calls causeher phoneto ringin a distinctive way.

In this scenario, the engineerexercises a degreeofcontrol
overthe operation ofa telephone that wasimpossible only a few years
ago. The control is possible both because oftechnological develop­
ments inhardware and software and because the service, throughits
user interface, supports a productive dialogue with the user.This
human/machine dialogue lets the user takefull advantage ofthe power
ofthe communications system. Optimizing such dialogues is a great
challenge facing humanfactors engineers today.

To better understand this challenge, consider Figure 1,which
illustrates elements ofthe human/machine dialogue fora telephone
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feature. Atthe heart ofthe dialogue are information
exchanges between the user and the machine. The
feature designermust sequencethese exchanges effec­
tively, maintaining operational consistency whenever
appropriate. In addition, the designermustunderstand
the capabilities andconstraints ofuser inputdevices and
systemfeedback mechanisms. While mosttelephone
features relyonbuttonand switchhook input, newinput
devices, such as touch-sensitive screens,magnetic card
scanners, and speechrecognizers, are becoming increas­
ingly feasible. Likewise, while mostexisting telephone
features take advantage ofaudible tone andlight-emitting
diode (LED) lamp feedback, increasing numbersoftele­
phonefeatures provide feedback throughliquid-crystal
displays (LCDs) or through synthesized speech.

The userbrings to the human/machine dialogue
special information processing capabilities andlimita­
tions. The user alsobrings strongexpectations about
howfeatures should work. The machine bringsto the
dialogue particular inputandoutputdevices, as well as

Figure 1. Components of feature operation specifications.

inherentproduct "architectures" that constrain the design
ofnewfeatures and presentimportant feature interactions
between newand existing features. The designer of
telephony features mustensurea match between the
resourcesofthe user andthose ofthe machine.

Thispaper describes several phases inthe design
ofthe human/machine dialogue fortelephone features. In
eachphase, humanfactors researchyields prescriptions
for the designoftelephony features. In the firstphase, the
prescription is basedon detailed task analyses ofusers'
communication requirements. In the nexttwo phases,
prescriptions are madeforreducing unnecessary cogni­
tive complexity in the operation ofcommunication tools.
The researchpresentedhere focuses on the develop­
mentofspecific products, but resultsofthe research
haveinfluenced the development ofother services that
attempt to provide userswith extensive control ofcom­
munications equipment.
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Figure 2. Partial task
analysis for a small­
business attendant.
DSS represents direct
station selection.
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Early Stages of User-Interface Design
Beforeplanning the user interface for a proposed

feature, the designer must analyze in detailthe task or
series of tasks that a user is trying to perform. Human
factors engineers use a variety of formal research
methods, such as task analysis and process flow chart­
ing, to discover and describe these user tasks. Oncethey
understand the tasks and subtasks reasonably well,
human factorsengineers identify areas ofuser confusion
or frequent error. These areas becomecritical pointsin
the design ofa newfeature or service.

Humanfactorsengineers at AT&T use task anal­
ysis extensively as a preliminary step in designingnew
telephonefeatures.A recent example is the development
ofthe Merlin" communications system. In this project,
human factorsengineers interviewed employees in over
100 smallbusinesses rangingfromlegaland medical
offices to wholesale distributorsand flower shops.These
structured interviews yieldedinformation about small
business customers, their patterns oftelephoneusage,
and their particulartelecommunication problems.

Suchcustomer studies,combinedwithearlier
field research for AT&T products such as the Horizon"
communications system,showedthat a critical job lies
withthe telephoneattendant in a smallbusiness. In many
respects, the job is unchangedfromthe local"switch­
board"operatorof the past.Abasic attendantfunction is
to answerincoming callsand then to screen and pass these
callsto employees withinthe business. If the callcannotbe
passed because the calledemployee is busy or does not
answer, the attendantusually must take a message.

The task analysis showedthat an attendanthan­
dles a high volume ofcallson manylines,and often
spends considerabletime servicing individual calls. In
addition, an attendant is responsible for other job assign­
ments and is away fromthe telephonefor significant
periodsof time (e.g., during the lunchhour).Therefore,
twodesign goals were (1) to make it easy to integrate
backupcoveragewithprimaryattendantcoverage and
(2) to maintain consistency offeature operation across

the system.Bysatisfying the secondgoal, the feature
designers expectedto keep trainingtime short and to
improve performance ofoccasional substituteusers.

The attendantjob appearssimple, yet analysis
showedmanycallpassingvariations. Figure2,which
was adaptedfroma partial task analysis completed by
humanfactors engineer]. P. Duncanson ofAT&T Bell
Laboratories, showsseveraldecision pointsand at least
10subtasks that maybe performed by an attendant. For
example, an attendantat an auto dealership would first
answera callwitha personalized greeting. If the callis
for someonein the serviceand parts department, the
attendantwould follow the subtask procedureofpaging
an employee in that department. On the other hand, if
the callis for the business owner, and the owneris not
available or not takingcalls, the attendantwould have to
decidewhere to direct the call. The attendantmightfirst
determine if the store manageris available by looking at
the stationstatus field on the attendantconsoleto see
whether the manager's line is idle. If so, the attendant
must decidewhether to screen or announce the call and
then follow one ofseveralcallpassingprocedures. If the
callis not successfully passed (e.g., if the store manager
chooses not to answer), it returns to the attendant, who
can try to pass the callto someoneelse or take a message.

These callpassingroutinesmayvaryaccording
to the typeofbusiness and the destination ofthe call. For
example, retailestablishments are more likely to use call
pagingor callparkingproceduresto pass calls, sincetheir
employees move aroundfrequently within the store,while
professional offices are more likely to screen or announce
callsroutinely. Personallinesmaybe answered witha
person's name,whilean incoming wide-area telephone
service (WATS) line maybe answered witha company or
departmentname. And, finally, the boss' linemaybe
answeredand passed in a special manner.

Oncecallactivities and tasks havebeen ana­
lyzed, humanfactorsengineersbegin to lookforways to
simplify and enhancefeaturesand to solve user prob­
lems. In Figure2,highlighted subprocessesand decision
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boxes showareas where bottlenecks and errors have
been reportedfromthe field. While designing the user
interface ofa newattendantconsole and attendantfea­
tures, humanfactorsengineers in AT&T's Small Busi­
ness Systems Laboratory concentrated on improving the
operation ofthese high-frequency tasks.They made
physical designchanges in the attendantconsole, enlarg­
ing and repositioning high-usage function buttons (Hold
and Disconnect). These changeswere intendedto help
attendantscopewitha high volume ofcalls-to termi­
nate, accept, and holdcallseasily.

In addition, the station information field was
increasedto contain information for40stations, and the
number of station "pages"needed to represent the entire
systemwasreduced fromthree to two. These additional
changeswere intendedto provide easier access to infor­
mation about individual station status and to stationbut­
tons used in the direct station selection transferpro­
cedure. Call information wasalsoenhancedon the LCD
to include return-from-transfer information, which is
used to manageunanswered callsmore expeditiously.

Duringthe evaluation ofthe Merlin II commu­
nications system, human factors engineer RichardL.
Pastorevideotaped and surveyed attendantoperatorsto
assess their satisfaction withthe operation ofthe new
attendantconsole and attendantfeatures. The attendant
operators' responses confirmed that the physical and
operational changes simplified callhandlingoperations
at the attendantposition. Moreover, ratings ofoverall
satisfaction and ease ofuse fromboth newandformer
users wereunanimously favorable.

Engineering the User Interface
In some projects, extensive experimentation

must follow the earlystages ofuser interface design.
Recent development ofthe telephone-number-list mana­
ger foruse on the 5ESS® switch illustrates methods
employed in such projects. The crucialdesignproblem
for the list managerwas to reduce the complexity ofan
existing user interface that required manysteps and acts
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ofmemory retrieval while providing only limited feed­
backto users.

Customers can subscribeto one or morefea­
tures that require phone-number-list management. In
each ofthese features, the number ofanycalling partyis
compared withnumbers on the list. If there is a match,
then the callreceives special treatment. For example, the
selective distinctive alerting featureprovides a distinctive
ringingto the subscriber'sphonewhenthere is a match
betweencalling number and a listednumber. Another
feature, selective callrejection, routes matchedcallers to
a recordedannouncement telling them that the called
partyis refusing their calls. Other features requiring the
listmanagerare selective callacceptance and selective
callforwarding (which wasused in the scenario at the
beginning of.this paper).

The listmanager offers users sixbasic operations:
1. Addphone numbers to the list
2. Remove singlenumbersfromthe list
3. Remove allnumbersfromthe list
4. Requestthat the numbers on the listbe read
5. Turn a feature on or off
6. Requestinstructions.
In an earlyversion ofthe manager, the user dialed one
oftwo access codes to begina list-management session.
This version oflist management, which runs on the lA
ESS™ switch, is represented schematically in Figure3.
The figure shows the basic structure of the interface.
Whenusers dialan accesscode, they are given access to
a subset ofthe list-management options. Users also dial
accesscodes to activate or deactivate list-management
features.

The list-management sessionsare highlyinterac­
tive: users are prompted continually for inputand are
given feedback regardingsuccessful and unsuccessful
actions. For users withanalog phones, prompts and feed­
backare provided entirely through auditory announce­
ments.These announcements are critical; theyprovide
both instruction for novice users ofthe feature and the
feedback and prompting neededby allusers. Users



Figure 3. Schematic illustration of the 1A ESS switch Iist­
management user-interface operation.

having a digital phoneset with feature buttonsand a
display, such as the engineerin the initial scenario, may
receive additional promptsandfeedback through button
lightsand display messages.

Research conducted at AT&T Bell Laboratories
has explored the designofsimilar programming pro­
cedureswithwhich users can customize their telephone
systems. For example, Petrickreportedsuccess in
designing a programming procedurefora smallcommu­
nications system.' This systemrequiredthe user to con­
sultwritten instructions and used onlyaudible tonesand
LEDs for prompting and feedback, yet it proved effective
in laboratory and field trials. However, Petrickfound that
additional sources offeedback (LCDs) were requiredfor
programming larger and morecomplex systems.

Withits extensive systemofannouncement

prompts and instructions, the 1Aversion oflistmanage­
mentprovides an environment inwhich written instruc­
tionsare largely superfluous. Yetthere wasconcern that
someoperations werecausing users difficulty. For exam­
ple, feature activation and deactivation are sideeffects of
initiating different typesofsessions; there are no instruc­
tionsaboutdirectly activating or deactivating features
(see Figure3). Moreover, instructions are distributed
between different branchesofthe menustructure. To
move from one branchto the other, the user ends one
sessionand starts anotherwith no instructions or
prompting between. Before undertaking costly develop­
mentofthe list-management services for the 5ESS
switch, we neededto know howseriously these complex­
itiescompromised user performance and satisfaction
with the services.

Oneapproach to reducing complexity is to con­
solidate the instructions in a single branchofthe inter­
face. Atthe sametime, the resulting increase in lengthof
instructions could overburden the attentional resources
ofusers, leading to increased error rates and dissatisfac­
tionwith features.

Thus, if instructions and prompting are consol­
idated in the list-management interface, there is a poten­
tialfor realizing both benefits and losses. Two new
designs ofthe list-management interface weretherefore
proposed. These designsaddednewannouncements and
consolidated the 1Asystemannouncements. The new
designs differ in the extentto which they place demands
on either humanrecall or humaninstructional process­
ingand decision making.

In one design, users are given consolidated
instructions covering every aspectoflistmanagement
operation (except instructions aboutdialing the codeto
accessthe list-management session). This design is
termed the completely consolidated (C-Con) design, since
it provides allinstructions under onebranchofthe inter­
face (i.e., in one menu). Figure4ashows that this arrange­
ment reduces memory demands on users: it requires that
they recall only a single accesscode. Moreover, unlike the
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Figure 4. Redesigned
list-management
interfaces with (a)
expanded and conso­
lidated announce­
ments and one
access code to be
recalled and (b) par­
tially consolidated
announcements and
three access codes
to be recalled.

(a) C-Con

(b) P-Con

users ofthe lA design, users here neednot recall the
association between subsets oflist-management opera­
tionsand accesscodes. The cost ofthese memory reduc­
tionsis a potentially longerauditory searchthroughthe
consolidated instructions to find the appropriate option.

However, if users can interruptannouncements
freely aftergleaning the information theyneed,the
longerconsolidated announcement menuscanbe used
without markedincreases in auditory searchtime.
Many AT&T products [e.g., the AUDIX (audio informa­
tionexchange) voice-mail system] allow users to inter­
rupt audio announcements, so that experienced users
ofa service maycomplete tasks morequickly. All three

AT&TTECHNICAL JOURNAL • SEPTEMBER/OCTOBER 1989

designs evaluated in the studiesreported here allowed
the user to interruptannouncements. For the C-Con

~design, wesuspected that the ability to interrupt
announcements would provide userswith the advantages
ofconsolidated announcements, without imposing on
them the full costsoflongerauditory search.

In the second design, termedthe partially consol­
idated (P-Con) design, allannouncements are again con­
solidated in onebranchofthe interface. However, fea­
ture activation anddeactivation instructions are omitted.
Figure 4bshows that the P-Con user must remember
three accesscodes. Relative to the 1A design, the P-Con
and C-Con designs share this advantage: users neednot



recallthe operations available in each oftwotypesoflist­
management sessions.Thus, though the P-Con design
requires recallofan additional accesscode (compared
with the lA system),the P-Con designeases recallof
list-management procedures. TotalP-Con memory
requirementsare thereforesimilar to those ofthe lA sys­
tem, and greater than those for the C-Con design. Since
there are no activation and deactivation instructions, the
average length ofindividual announcements is less than
in the C-Con designandgreater than in the lA design.

These twovariations ofthe list manageruse the
1A designas a framework, borrowing fromit freely. Asa
result,all the codes for list-management operations are
maintained in both redesigns.The reasonfor this conser­
vative approach is to ensure that knowledge of lA opera­
tionprovides users witha correct analogy for use withan
enhancedlist-management interface to the 5ESS switch.
The intent is to reduce the complexity ofthe interface
while maintaining the 1Atypeofoperation wherever
there are no compelling reasons for alteration.

Chechile et al. report data suggestingthat com­
plexity is proportional to the number ofprocedural steps
that a user must recall.i This view implies that the 1A
designis the mostcomplex ofthe three designs, followed
by the P-Con design. Nonetheless, the longer individual
announcements found in the C-Con designmayrequire
users to engage in more verbalinformation processing
whencompleting a typical task. Likewise, the larger
number ofoptions simultaneously available under the
C-Con design mayrequire users to expendmore effort to
chooseappropriate actions. These empirical uncertain­
ties, amongothers, motivated the next phase ofuser
interface design-evaluation.

The Evaluation Phase
After completion oftask analyses andgeneration

ofdesignalternatives, important areas ofuncertainty fre­
quentlyremainabout user reaction to alternative design
characteristics. In such cases, experimental methodolo­
gies can provide valuable estimatesofuser performance

and satisfaction. For the list-management designs, there
wassignificant uncertainty ofthis type. Furthermore, the
newdesignproposals for the list-management capability
assumedthat a user familiar with lA listmanagement
would be ableto transferskillsto a redesigned interface.
Afirst step in the evaluation phase ofthis project wasto
test this assumption.

Whena systemdrawson well-practiced, routine
skills and familiar analogies, greater amountsofinforma­
tioncan be processed, more attentional resourcescanbe
madeavailable to other tasks, and the systemseems
easier to use.' Butanalogies and practiced skills may
alsoinhibiteffective learningwhenused in the wrong
context. In such cases, the user imposes a simplifying­
albeiterroneous-model on the system, and thereby
complicates initial interactions withit.

Suchan effect characterizes whatCarroll and
Rosson callthe "assimilation paradox."! The paradox is
that novice users ofcomputerequipment mayfail to
interactwitha computersuccessfully either because
they haveno applicable analogies with similar interac­
tions, or because they haveand use analogies, but the
wrongones.Bloom reports findings that supportsuch
an effect whenhe tested the comprehensibility ofterms
used to describeoperations in a text editor.! Usingone
common methodforgeneratingterms, Bloom observed
errors suggestingthat users were unable to interpret
terms withrespect to a familiar analogy. Using another
common method, he found "assimilation" errors (i.e.,
errors suggesting that users employed inappropriate
analogies to interpret terms).

The evaluation phasebeganwithan experiment
to determine the extent to whichthe C-Con and P-Con
designssucceededin minimizing problems dueto the
assimilation paradoxwhile maximizing useful analogies
betweenlA and the redesignedinterfaces. The evalua­
tionwasbased on the hypothesis that little or no adverse
effect on performance and rated ease ofuse would be
observed for the redesigned interface among those users
whowerefamiliar withthe lA interface.
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Experiment 1: Transferring Skills. Eachofthe three
interfaces wassimulated on anAT&T 6300 personal com­
puter equipped with a Natural Microsystems' Watson
telephone management card.The simulations createda
true-to-life imitation ofthe service that users would
experience on the network. The computer received and
interpreted buttonpresses from a standardtelephone set
andplayed announcements overthe sametelephone. In
addition, the computer recordedeach eventin the
interaction between subjects and the simulation. Thus, as
each subjectcompleted the set ofassigned tasks,the
computer recorded allerrors, allannouncements played,
andalluser actions. Eachrecordcontained the timeof
the event, measured to the nearest tenth ofa second.
The computer informed subjects whethera task had
been finished correctly aftereach task completion.

Volunteer subjects weregiven written andoral
instruction in usingselective distinctive alerting, a fea­
ture requiring listmanagement. The instructions
explained the use ofthe 1A interface for listmanage­
ment. Subjects firstpracticed on the 1A user interface.
The set ofpractice tasks wasdesigned to quickly
acquaint users with the complete range oflist-manage­
mentcapabilities. Next, they completed two sets of
experimental tasks usingeither the 1Aor a redesigned
interface. The design ofthis studyis shown in Figure 5.

The design ofthis studygave volunteers doing
tasks on the 1Ainterface a substantial advantage overthe
other two groups: this grouphad practiced with the
interface before startingthe experimental tasks. For the
othergroups, this samepractice with the 1A interface
waspotentially confusing.

Results ofmultivariate analysis ofvariance
(MANOVA) ofperformance variables are shown in Fig­
ure 6.The C-Con groupwasreliably fasterat completing
tasks than the 1A group. The difference wassmall, and
the average difference observed per task (14 seconds in
favor ofthe C-Con compared with the 1A group) was
attributable to the extrasteps required by the 1A opera­
tion. There wasno speedadvantage forthe C-Con com­
paredwith the P-Con design.

A"taskerror"wasrecorded whenever the user's
listfailed to matchthe goallistfor the task. In this exper­
iment, the three designs had similar rates oftaskerrors.

An"interaction error"wasrecorded eachtime a
user action causedan error message to be played during
a session. Ordinarily, announcements following error
messages toldusers to continue with the session. Butfor
subjects who madethree consecutive interaction errors,
the feature would ask them to hang upand a "termina­
tionerror"wasrecorded.

Their marginally lower rates ofinteraction and
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termination errors showthat the well-practiced 1Ausers
were less error-prone withinlist-management sessions.
However, subjectsusing redesigned interfaceswere able
to overcome these errors, so that they were just as likely
to complete tasks correctly, and they did so witha speed
advantage. Moreover, their ease-of-use ratingswere as
favorable as those ofthe 1A group.Thus, in spite of
changingfrom 1A to a newinterface, C-Con and P-Con
users were stillable to performat levelscomparable to
the more practiced lA users. Significantly, when users of
the C-Con interfacewere asked to compareit to the 1A
interface used initially, everyone ofthem preferred the
C-Con design. P-Con users alsovotedfor the P-Con
design in preferenceto the 1A, though this votewas not
unanimous.

This experimentshowedno evidence ofthe
assimilation paradoxamongusers ofthe redesigned
interfaces. Prior practicewith the lA interface produced
slightlyfewerinteraction/termination errors withthat
interface than withthe C-Con design. Yettasks were
completed more rapidly with the C-Con design. Ratings
and user preferencessuggest similaror greater user

satisfaction withthe C-Con interface, leadingto fasterbut
slightly more error-prone performance compared with
the 1A interface. (Experiment 2 showsa smalleraccu­
racyadvantage for the 1A when subjectsare unfamiliar
withanylist-management interface.) The experiment
also suggested that persons familiar withthe 1A inter­
faceshowa moderatedegree ofskill transfer.

Experiment 2: Novice Users. The three interfaces
were comparedfor users whowereunfamiliar withany
versionofthe list-management capability, including the
1Aversion. This experimentevaluated whether applying
the complexity literature (e.g., Reference 2) to the
design ofthe C-Con interface had led to an operation that
was simpler. There wasone principal concernwiththe
C-Con design: because it offered longer announcements
withmore simultaneously available options than the
other twodesigns,C-Con users mightneed to expend
more effortto process information about the options.
This greater effortcouldadversely affect performance
and satisfaction. If they were typically unwilling to inter­
rupt the longer announcements, novice users withno
prior experience ofthe 1A designmightfind the C-Con
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designunsatisfactory, for example.
The designofExperiment 2 is shownin Figure

7.The experiment used the same simulations, surveys,
and tasks givento volunteers in Experiment 1.In Experi­
ment 2, three groups ofvolunteersweregiveninstruc­
tionson the use ofeither the 1Ainterface, the C-Con
interface, or the P-Con interface. In contrast to Experi­
ment 1,subjectswere givenno priorpractice witha list­
managementinterface before startingthe experimental
tasks.This meant that subjectswere less familiar with
the operations oflist management; it alsomeant that no
grouphad the advantage ofpriorpractice, unlike the 1A
group in Experiment 1.The computerrandomly ordered
and presented 17list-management tasks fromone ofthe
two task sets used in Experiment 1.Subjects completed
the tasks using the interface on whichthey had received
instruction.

MANOVA was againperformed on the perfor­
mancedata.The rate at whichsubjectscompleted tasks
incorrectly is plottedas opencirclesin Figure8.Task
errors were least frequent in the C-Con group,though
the differences were statistically negligible. The average
timeto complete tasks showedmuch more pronounced
differences. The C-Con group was,on average, 52sec­
onds per task faster than the 1Agroup. Bayesian statisti­
calanalysis showedthat this difference in favor ofthe
C-Con groupwashighlyreliable, and that the "true differ­
ence"wasbetween27and 77seconds. (Thevalue ofthe
difference is 90percentlikely to fall within this interval.)

The C-Con group was alsoreliably faster than
the P-Con group, and analyses indicated a high degree
ofcertainty that the C-Con interface leads to faster per­
formance than both the 1Aand the P-Con interfaces
(Bayesian confidence exceeds 99percent that C-Con per­
formance is faster). No reliable effects ofinterface type

werefound for either termination or interaction errors.
This experiment suggests that the list­

management interface poses difficulties for the novice
user.The C-Con interface reduced the number ofacts of
recallthat were required to complete tasks,yet subjects
usingthis arrangementwerejust as likely to commit ter­
mination, interaction, and task errors. Close inspection of
errors revealed that subjectswere prone to attempt
invalid sequencesofoperations no matterwhatinterface
wasemployed. For example, whentryingto adda num­
ber to their Iist, they would oftenstart to dialthe number
directly. But anyofthe arrangementsrequiredthat users
first enter an operation code, indicating whether they
intendedto add or remove an entryfromthe list, and
onlythen enter the number to be addedor removed.

Still, the C-Con interface enabledone substantial
performance improvement-speed. This wasnot entirely
surprising sincethe C-Con designreduced the number
ofacts ofrecallby reducingthe numberofsteps needed
to complete list-management tasks. But unlike the
results in Experiment 1, the sizeofthe speed advantage
appearsgreater than anyeffect attributable to the sav­
ings ofa few steps per task.

Other data provide insightintothe causesofthe
speed advantage. First, in everyinterface condition, sub­
jectswere prone to interruptinstructional announce­
ments.Recall that the C-Con interface traded an increase
in the length ofannouncements for a reduction in the
numberofprocedural steps.The data suggest that the
increasein announcement length resultedin a less-than­
proportional increasein information processing require­
ments.Whenthey had heard the instructions they
needed,subjectsproceeded without listening to material
irrelevant to their current task. Underthese circum­
stances,the C-Con interface benefited from reduced
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memorization andfewer steps,without incurring the full
costofadditional announcements andchoices.

The secondclueconcerning the fasterperfor­
mance found in the C-Con interface comes from the post­
experiment ratings. Whenconsidering the interface that
theyhad used in the experiment, subjects usingthe
C-Con interface gaveit reliably higher ratingsforoverall
ease ofuse.Subjects also rated component operations
such as adding or deleting numbers, removing allnum­
bers, having the list read, andturningthe service on or
off. The average acrossthese ease-of-use measures
showed reliably higher ratingsfor the C-Con interface.
Apparently, subjects felt that the C-Con interface was
easierto use eventhoughtheymademistakes at the
samerate as the 1A group.

Webelieve that the C-Con advantages are due to
reduced complexity ofthe design. Conceivably, charac­
teristics ofthe designother than reducedcomplexity
could account for these results. For example, C-Con
users mightfeel compelled to do tasks quickly in order
to adaptto the pacing and positioning ofinstructions. Yet
subjects didnot reportfeeling rushed by the interaction,
nor didthe ratingdatashowanydissatisfaction with
C-Con interaction that mightbe expected from rushed
users.

These effects strongly suggest that the C-Con
interface enables performance improvements and
greater satisfaction amongfirst-time users ofthe list
manager. These experiments andadditional discussions

with customers have led to the standardization ofa
C-Con interface for allfeatures usingthe listmanager on
the telephone network.

Many other design requirements resulted from
experimentation with the list-management interface. For
example, resultsfrom these experiments have been
employed for designing other 5ESS switch features, such
as enhanced listmanagement forthe speedcalling fea­
ture. Many ofthe resultsare applicable to a growing set
ofnewtelephony services. Forexample, wefound that
error announcements mustnotbe interruptible, though
user prompts should be. Usererrors frequently occurred
in patternsthat resulted in three or moreconsecutive
errors. If associated error messages wereinterruptible,
then these patterns could causethe listmanager to enda
session without evergiving the user an indication of
error. Otherrequirements resulting from the study
include specification ofmaximum andminimum
expected holding time forlist-management sessions.
These dataare neededforprovisioning the switch with
list-administration hardware.

Conclusion
Several forces are currently at work to increase

user control overtelecommunication services. Among
these are the expansion ofnewservices andthe increas­
ingly powerful languages forsupporting the interaction
between systemanduser. For example, graphic prompt­
ingandfeedback onvideo terminals will soonbe
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available forthe telephone programming environment,
so that user/system interactions such as those described
in Figure 1will growin complexity and potential control­
lability by the user.

The realization ofthis technological potential in
the form offlexible communication tools will depend
increasingly on humanfactors methodology such as task
analysis and complexity evaluation. Asthe variety of
communication toolsexpands, users will increasingly
expectthat telephony services reflect a detailed under­
standing oftheir communication tasks and provide the
simplest procedures for completing these tasks.Tech­
nically excellent products, based onwell-crafted human
factors research, can satisfy these expectations and
define newstandardsofvoice communication.

The most important evaluation offeature opera­
tionis madebycustomers whoown anduse our pro­
ducts. New features are routinely tested at trialsites in
central offices andbusinesses. Aspartofthe field evalua­
tionteam, the humanfactors engineergathers datafor
evaluating newproductperformance-data that often
resultin minordesignchangesbefore large-scale pro­
ductdeployment or manufacture. Customer survey data
collected duringfield trialsalsoprovide insights intocus­
tomercallactivities and tasks. In these ways, the feature
design processcomesfull circle as the completion ofone
feature operation designprovides the "taskanalysis"
foundation for designing the nextfeature or service.
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