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the Design-by-Use Process

Topromote product quality, a design process should represent the needs
ofall who will use, develop, or modify the product. Theservice creation
environment (seE) for theA-I-Net'IM adjuncts, a family ofproducts thatallow
service providers tocontrol the definition, development, and evolution of
advanced intelligent network services, was developed with a design-by-use
process. This process isaniterative cycle ofanalysis, prototype construc­
tion, and userevaluation. It useshuman factors and system prototyping
techniques to involve potential usersofthe product early inthe product
definition and design stages.
Introduction

To promote product quality, the
design andevaluation ofproducts andser­
vices should be shapedbythe demands and
organization ofthe work environment in
which theywill be used. This is a central
tenetofthe participatory design practices suc­
cessfully applied byAT&T, Digital Equipment
Corporation (DEC), International Business
Machines (IBM), XEROX PARC, andthe
ESPRIT/Hum European project.1-4

To encourage the acceptance and
integration ofa product intothe workenviron­
ment, participatory design practices maintain
the following guidelines:3- s
- The goalofparticipatory design practices

is to improve the quality ofworklife.
- The design decision processshould

include representatives ofthosewho will
use the product or will be affected by the
designprocess. Collectively, these partici­
pantsshould representdiverse sourcesof
expertise.

- The processshould be iterative, with
repeated evaluations by the user commu­
nityas the product is beingdefined and
designed.

Participatory design practices gener­
ate timely, usable information that is directly
applicable to critical design decisions. 1 DEC
encouraged their employees to participate as
a user community throughout the design and
development oftheir EVE texteditor. Simi­
larly, whenXEROX PARC wasdesigning

Trillium, a computer-based software tool
fordesigning user interfaces forcopiers, its
employees weredesignated as the user
community.

When participatory design practices
are used extensively to design newproducts,
there is typically an existing community of
users experienced in the task to which the
newproduct will be applied (e.g., editing text
or designing user interfaces forcopiers). In
contrast, the design-by-use practices
described in thispaperwereusedinthe
design ofa newproduct forwhich noexperi­
enceduser community existed.

The Product Domain
To meet rapidly evolving market

demands and requestsforcustomized ser­
vice, service providers (e.g., the local tele­
phone companies in the United States and
throughout the world) wantan advanced
intelligent network, a network ofswitching
offices andadjuncts that enables themto
define, design, develop, test,manage, and
maintain newservices. The logic forthese
advanced intelligent network services will
resideon network adjuncts, suchas the ser­
vice control point (scP). (See Panell for
definitions ofabbreviations andacronyms.)
Traditionally, equipment vendors, including
AT&T, wereresponsible forservice design
and development. With the advent ofthe
advanced intelligent network, service provid­
ers will assume these responsibilities.
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Panel1. Abbreviations and Acronyms

OAM&P-operations, administration, maintenance,
andprovisioning

scE-service creation environment
SCN-service circuit node
scP-service control point
sIL-service logic language
SMS- service management system

The speedand reliability with which advanced
intelligent network services canbe developed bya ser­
vice provider is a keyfactor in determining whethera
service provider will accept an equipment vendor's
advanced intelligent network products.6.7 To helpman­
age andsimplify service creation in the advanced intelli­
gent network, AT&T has developed the A-I-Net service
creation environment forits A-I-Net family ofadvanced
intelligent network products. The service creation
environment enablesservice providers to createthe ser­
vice logic anddataused on the A-I-Net service circuit
node (SCN) andservice control point, and managed by
the service management system (SMS).

The service control point contains a real-time
database systemthat executessubscriber-specific logic
(e.g., a businesscustomer's call-routing plan foran 800
number). The switching office queriesthe service con­
trolpoint, which returns instructions to the switching
office on howto continue processing the call. The ser­
vice control point can screenareacode900 and976 calls,
selectively blocking somecalls andallowing override
permission with an authorization code. It canalso screen
incoming calls and routethembasedon timeand day,
andthe numberand location ofthe caller.

The service circuit nodesupports services that
use service circuits such as facsimile, voice, text-to­
speech, speechrecognition, conferencing, andtoneand
call progressdetection/generation devices to calling
and/or called parties. The service circuit nodecanalso
initiate scheduled "wake up," "remind me," andmessage
broadcast calls. The service management system allows
service administrators andtheir service subscribers to
createand maintain subscriberdata (e.g., customized
routing plans that are usedby service control point and
service circuit nodeservices). Figure 1shows the logical
relationship among these products.
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To define anddesign the service creation
environment, the service creation environment design
anddevelopment teamuseda version ofparticipatory
design practices that wecall design-by-use, which is
described briefly in Reference 8.

The Deslg.By-U.. Proce..
The design-by-use process is an iterative cycle

(seeFigure 2) in which the user community, designers,
anddevelopers:
- ClarifJ the design and capture expert knowledge-For

A-I-Net service creation environment design and
development, the design anddevelopment teamtalks
with service creation environment designers and
developers andsubject-matter experts from related
fields (service design, switching software andhard­
waredesign, call processing, user-interface design,
andOperations, Administration, Maintenance, and
Provisioning [OAM&P]). The design anddevelop­
mentteamclarifies product goals, formulates design
principles, and revises the service creation environ­
mentdesign.

- Design and develop the prototype-The design and
development teamdesigns low-fidelity (sometimes
paper) andhigh-fidelity (working software andhard­
ware) prototypes.

- Observe potential users working with the prototype to
accomplish realistic tasks-Service creation environ­
mentusers design, code, andtest selected subsetsof
probable A-I-Net services during a period ofconcen­
tratedwork lasting from several days to several
weeks. The design anddevelopment teamthen ana­
lyzes anddiscusses the observations with users,and
the resultsare incorporated in lateriterations ofthe
cycle. This leadsto the definition anddesign ofmore
fully capable prototypes. Moreover, because the pro­
cess requirestraining users,eachcycle ofthe process
produces morecomplete training materials anda
moresophisticated user community.

Before wedescribe whatwedidandlearned at each
stageofthe design-by-use process, wediscuss onealter­
native process. Traditionally, many products are defined
througha seriesofconversations with systems engi­
neers,product management, the development commu­
nity, andcustomers. These conversations are distilled
into product requirements, which are thengiven to a
teamofdevelopers. Although suchconversations are
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Figure 1. The family of A-I-Net products Is
shown In color. The advanced services plat­
form, signal transfer point, and service control
point all rely on 557 lCAP protocol, which Is an
applications-layer signaling protocol used
between network elements. The service circuit
node receives calls from trunks and lines,
while the service management system and the
service creation environment communicate
with the service circuit node and service con­
trol point through data connections.
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very important (andcomprisethe first phase of the
design-by-use process), this analytic, nonempirical
approach worksbest withproducts that are alreadyin
use and undergoingmodification.

The A-I-Net servicecreationenvironment had
no existingcommunity ofadvanced intelligent network
servicedevelopers or any extant product that couldbe
used to create advanced intelligent networkservices. The
design-by-use process created a smalluser community in
whichthe designand development team coulditeratively
observeand evaluate our servicecreationconceptsin
action. It provided user feedbackearly in the product
definition and design process. Byprototyping and eval­
uatingthe servicecreationenvironment, the design and
development team gainedvaluable insights intouser
needs and changingproduct requirements.

The importance ofprotyping and user evalua­
tion is evidenced by the following quotationsfromone
research and development community/: 'We didn't

anticipate this,""Why is user testing so late?" and "It's
not broken; that's howit's supposedto work." Involving
users early in the design process and testing prototypes
withrealistic workassignmentsenablesdesignersand
potential users to understand user needs and product
behaviorlongbefore the product is released.

Preliminary Design Clarification
Before 1988, there was no existinguser commu­

nityor commercially available producton whichto base
our designs.Therefore,webegan by scrutinizing avail­
abledocumentation on customer needs and servicecre­
ationconcepts.v-? and we interviewed expert software
developers whohad contributed to AT&T switching
products. Typically, these experts had 10to 20years of
experiencedeveloping or maintaining services, had
workedon various phases ofthe software life cycle (e.g.,
design,coding, testing,or field support),and had been
involved in more than one area oftelecommunications
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TTTT
by-use process Is
iterative, Integrating

the Judgment of
experts and users

with empirical evalu.
tlons of those Judg­
ments.

Clarify
product design
and definition

Prototype
the product. Start with

low-fidelity (pencil and paper)
prototypes and evolve to

high-fidelity prototype
with user documentation

Test
the prototype with
potential users or

their equivalent, examining
the effects of user characteristics,

e.g., experience

Dialog between experts,
service creation environment
developers, customers, and

service creation environment users

Refine and (re-)develop
service creation environment

concepts, programming
languages, tools, and training

Design and code
services

-

-

A I1888b1e and useful A-I-Netservice creation environment Includes:
• Increased service creation and maintenance efficiency for service creation environment users
• Tools that are easy for the service creation environment owner to leam, use, and expand
• Resulting service logic that can be readily understood and maintained.

formorethan one type ofswitching system. Otherswere
expertsin language design or human factors. Collectively,
these expertshelped the design anddevelopment team
define a conceptual foundation forservice creation envi­
ronment design and,later, helped interpretthe resultsof
user evaluations ofour service creation environment pro­
totypes. To ensure that our changing view ofservice cre­
ation wasconsistent with that ofthe largertechnical
community, weparticipated in standards forums about
the intelligent network.

Asa resultofour preliminary discussions on
product definition, wedecided to develop application­
oriented languages forservice creation. Application­
oriented languages are specialized computer program­
ming languages designed to handle well-specified tasks
usinga particular conceptualization ofthe task.For
example, Lotus-l-z-S" software uses the concept ofa
spreadsheet to handle many types ofdatamanagement
problems. (Lotus 1-2-3 is a registered trademark ofthe
Lotus Development Corporation.)

Service creation andmanagement taskscanbe
conceptualized ina variety ofways. For example, some
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programming problems canbe considered parameteriza­
tiontasks (asin a dataentryform). Otherservice logic
programming tasksare well represented byspread­
sheetsor decision flows. Forinstance, call-routing logic
canbe represented as a branching set ofsequential deci­
sionsterminating in a directory number." Theseconcep­
tualmodels have beenusedextensively intelecommuni­
cations service management.

However, many advanced intelligent network
service descriptions requirefine control overasynchro­
nous, multiple-network resources. During a single call,
these services may have to control parallel requestsfor
network resources (e.g., concurrently querying a data­
baseandinteracting with a calling and/or called party).
After discussing these needswith our subject-matter
experts, weconcluded that the logic for these services
could be well represented as a finite-state machine.
Finite-state machines traditionally have beenusedto
diagram telecommunication processes andservice
flows." Within this model, A-I-Net service programmers
write software as a set ofevent handlers, whereeach
eventhandlerdescribes responses to an end user,



Table I. DeslgrHJy-lJse Studies

Type of study

AT&T internal studies
Pilot study

Study 1

Adhoc studies

BeUSouth studies
Study 1

Study 2

Study 3

Process

su. programming ofservice circuit nodeservices (using paperand
pencil)
su. programming ofservice circuit nodeservices (using paperand
pencil)
su. and decision-graph programming ofservice circuit nodeandservice
control pointservices (using the network model)

Decision-graph programming forservice control point services (using
the network model)
su, and decision-graph programming ofservice circuit nodeservices
(using the network model)
Modifying existing su.programs, scheduling service invocations, and
creating newdecision-graph nodes, measurements, and recentchange
interface (all usingthe network model)

network, or A-I-Net adjunct-initiated event, e.g., "col­
lected digits," "call answered," or "timeout" events. The
state-machine structureallows the sametype ofeventto
be handled differently at different points in a service flow.
Responses to these events typically contain actions, e.g.,
"collect digits," "make a call," or "starta timer," which in
tum may leadto other events. The application-oriented
language that weconstructed forservice creation based
onthe finite-state machine concept is called the service
logiclanguage (SLL).

Inaddition to representing call logic, SLL pro­
vides service-specific control overOAM&P. SLL supports
the formatting ofbilling recordsandcandefine data
entryforms and decision-graph structuresthat canbe
downloaded to a service management system andpopu­
lated byservice-order clerksor sophisticated end users
ofa service (e.g., an airline company). Decision graphs
consist ofa sequence ofoneor morenodes. Each node
eitherprovides a branchto anothernodeor terminates a
node. The A-I-Net service creation environment provides
a library ofnodesthat are applicable to many services
(e.g., a nodethat branchesthe graphtraversal according
to the timeofday). In addition, newservice-specific
nodes canbe defined throughSLL service programs. For
instance, Panel 2 illustrates a schedule nodethat mightbe

usedin a remind-me service to schedule a call with a
specific announcement to a service subscriber.

Wealso designed a graphic decision-graph user
interface forservice management. The service manage­
mentuser interfaces enable customers to tailor service­
specific parameters (e.g., a user's personal identification
number) andlogic (e.g., a call-routing plan that routes
calls to different business employees as a function of
timeofday, dayofweek, andoriginating areaofthe call),
respectively.8

Deslgn.by-U.. Studl.. and Customer Participation
After conducting preliminary discussions with

subject-matter experts, webeganevaluating ourfirst
definition ofthe SLL To do this,we:
- Asked service providers to participate ina set of

design-by-use studies
- Conducted design-by-use studieswith userswho

hadworkexperience identical to whatweexpected
ofSLL users

- Developed an execution environment-a network
model-to execute SLL programs anddecision graphs
andto test services ona physical network. (Figure 3
shows a schematic ofthe network model.)

Table I outlines design-by-use studies on SLL
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Panel 2. Automated Data Flow from SLL to service Management Interfaces
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Toprovide automated dataflow, thesu compiler uses
su, data declarations (e'~l decision-graph node types
andrecentchangeable [rc] variables). Theseproduce
data files thatcanbe readbythe decision-graph editor
andservice provisioning forms editor. The decision­
graph editor uses the datafile to construct graphic
nodes, menus, anddialog windows fornode parame­
terization. The service provisioning form displays

recentchangeables customer datathat is service­
specific. (This form looks different intheA-I-Net ser­
vice management system.) Tosupply a customer with
thisservice, the decision graphusercompletes the
decision graphbyreplacing the "plus" signswith nodes
selected from the "replace with" menu. Theservice
provisioning forms userthencompletes the service pro­
visioning forms.
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Deslgn.by..... R....1ts

In our user-evaluation studies, wegained infor­
mation aboutthe usability ofthe language constructs and

with the subject-matter expertsand the service creation
environment/network model development team. When­
ever it waspossible, proposed solutions wereimple­
mented duringthe studyso participants could "experi­
ence" themwhile the problem that inspired the solution
wasstill fresh in their minds.

Printer

Ethernet protocol

Text-to-speech unit

Two switch fabrics

Eight analog
phones

Programmer workstations­
service creation environment

service

Rgure 3. A schematic representation of the networkmodel.
Its switch fabrics perform the central officeand service clr·
cult node switching function. Together with the network
model console, the network model emulatestwo local
switching offices,a service circuit node, a service control
point, and a signal transferpoint. The networkmodel also
emulates Integrated services digital networksignaling con­
nections betweenone local office and the service circuit
node, and 557 communication betweenone local officeand
the service control pointand the signal transferpoint. While
the network modFl provides an execution environment for
service logicand data generated by the service creation
environment, It also allowsusers to Invoke services bydial­
Ing from analogphones and enables service logicto ringand
answer phones, collect Touch-Tone digits, playvoice or
text-to-speech announcements, and record, store, and
transmit facsimile data.

anddecision-graph programming. Before completing the
physical model, weused paperand pencil to conduct a
seriesofSLLprogramming studieswith non-customers
(AT&T employees and consultants) who hadvarying lev­
elsofprogramming experience. After the network model
was complete, weconducted ad hocstudieswith internal
andexternal customers. In addition, and perhapsof
greater importance, weused the network model to con­
ducta set ofstudieswith the technical staffofBellSouth­
Science andTechnology.

BellSouth wanted "hands-on" experience with
advanced intelligent network concepts by prototyping
services ofinterest to them in a "real" network environ­
ment, i.e., the network model. Theyalsowanted to evalu­
ate and understand howthe requirements ofthe service
creation environment mightaffect their workenviron­
ment. Finally, they wanted moreinsightintodesign and
implementation trade-offs between services basedon the
service control pointand the service circuit node.

Tutorial.. In the common procedure used for
our user-evaluation studies, wegavethe participants one­
to three-day tutorials in a test version ofthe service cre­
ation environment. Following the tutorial, participants
received questionnaires and program modification and
creation exercises. In the paper-and-pencil studies, we
gaveparticipants specifications for services that they
wereto program. In the ad hoc studies, participants
explored the service creation environment usingservice
concepts that interestedthem. BellSouth participants
wrote their own service specifications before the study
began. Following someshort modification and creation
exercises, the BellSouth participants programmed their
services forexecution on the network model.

Data Collection. The typesofdatacollected were
analyses ofprogram designsand code, programming
errors, answers to questionnaires, notes takenby partici­
pants, andgroupand individual interviews. The ad hoc
studieslastedanywhere from several daysto several
weeks. The paper-and-pencil studiesand the BellSouth
studieseach requiredfrom rhree to five weeks.

In retrospect, the mostsuccessful datacollection
technique wasthe group interview heldat the end of
eachweekofprogramming. These discussions included
the studyparticipant and membersofthe design and
development teamwho, together, identified andanalyzed
problems and proposed solutions. The design anddevel­
opmentteamthen held individual or groupdiscussions
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the user interface. Wediscussed changesto the user
interface and problematic constructs, implemented new
versions ofthese,and re-evaluated their usability. The
studiesledto changesincommand names, syntax, and
semantics, andto the introduction ofnewlanguage com­
mands andactions. Finally, weuncovered design and
implementation errors in the SIL compiler, decision
graph, library ofaction routines, andservice creation
environment user interface.

As newactions wereneeded, weconsulted the
existing documentation andour subject-matter experts.
As weredesigned the language syntax andsemantics
(e.g., newdatatypes andcommands), wealso consulted
published researchon programming practice andthe
psychology ofsoftware comprehension.

Weincorporated published findings that were
well replicated with programmers ofdiffering abilities
andexperience. In many ofthese published studies, vari­
ous programming construction, comprehension, and
debugging tasksweregiven to novice or professional
programmers. The programmers wereaskedto use one
language or another, wherethe languages (often created
expressly forexperimental purposes) differed byonly a
few dimensions. Published researchhas shown, for
example, that program reliability, comprehension, and
maintainability canbe increased byrequiring logically
redundant scope delimiters on condltionalsv-P (e.g., "if
...endif') andbyusingassignment statements instead of
assignment operators. 14

These researchfindings influenced the construc­
tionofSIL syntax. Noobvious contradictions were
uncovered between the researchfindings usedin con­
structing SLL andthe observations gained throughthe
design-by-use process.

In our user-evaluation studies, wefound that
users ofSIL often needed, or wanted, to createnontradi­
tional call statesas theyconstructed service circuit node
services. Forexample, typical telephony call statesare
idle, ofJIlOok, digit collection andanalysis, routing, ringing,
talking, anddisconnect. These callstates reasonably
reflect the major statesofa standard, plain telephone call
without advanced telephone features. However, in
"Who's Calling" service, inwhich the nameofa calling
party is announced to the ''Who's Calling" service sub­
scriberbefore the calling party and subscriber are con­
nected (atthe discretion ofthe subscriber), additional
call states (e.g., "caller announced") are appropriate.
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This important resultarguesagainst the industry-wide
tendency to standardize andrestrictadvanced intelligent
network call states to a fixed call model. Based onour
experience, webelieve that newcall stateswill be needed
as interface andservice circuit capabilities evolve. There­
fore, SIL doesnot restrictthe statesthat canbe usedina
service program.

Wealso learned the usefulness ofsupporting
whatwecameto call flexible logic anditsform ofexpres­
sion, a decision graph. Because decision graphscanbe
created afteran SIL program has beencompiled and
placed in service, theycanallow service administrators
andeven service subscribers to customize theirservice
to a significant degree.

Ourwork with decision graphsalso helped us
determine thatSIL users needed the ability to define new
application nodes. Using SIL, service programmers can
createnewdecision graph nodes, ona per-service basis.
Theycandecide whatactions are to be carried outwhena
nodeis traversed andwhatits user-interface characteris­
ticswill be whendisplayed in the decision grapheditor.

Asa resultofthe design-by-use studies, webegan
to appreciate someofthe characteristics that made a
graphical decision grapheditormoreusable.

In the decision-graph studies, programmers
sequenced decision-graph nodesto specify some aspect
ofservice logic (e.g., a call-routing plan thatvaries accord­
ingto timeofdayanddayofweek). Except forthe nodes
that terminate the graph, mostdecision-graph nodesparti­
tionthe graphintotwo or morebranches. For example, a
time-of-day nodemight be defined bythe decision-graph
user as having "morning," "afternoon," "busy hour," and
"nighttime" branches. In the early decision-graph studies,
the graphic editordidnotshow incomplete branches (i.e.,
branchesforwhich nolaternodewasdefined). Instead,
programmers had to call up a node-specific menu ofpossi­
blebranches. Verifying the decision graph (similar to
compiling a program) wasvaluable foridentifying incom­
plete branchesthat hadnot beendetected by the pro­
grammers. After discussions with user-interface experts
and design-by-use participants, wedecided to test the
decision-graph "plus" notation shown at the topof
Panel 2.Test resultsofstudiesusing this notation were
veryfavorable.

Bythe end ofthe studies, wehad developed a
version ofSLL andthe decision-graph user interface that
waseasyto learnanduse. New decision graphnodes



could be created quickly and reliably. After one weekof
tutorial and programming exercises, participants could
write complex service programsthat requiredfrom
several daysto several weeksto codeand debug.
Because the servicescreated in these studies ran on the
network model and did not considerallthe OAM&P logic
necessary fora deployable service, wemust regard this
resultwith caution.

Wefound that SLLprogramscouldbe changed
quickly if the personwriting the changeunderstood the
service flow ofthe particular telecommunication service.
Even people whohad no training in SLLcouldread the
program code,and studyparticipants with minorpro­
gramming experience couldlearn SLL quickly. Studyparti­
cipants withlimited experience in telephony believed that
usingSLL improved their understanding of telephony.

Combining an easy-to-use service creation
language witha network model proved powerful for
exploring newservice concepts and testingvariations in
user interfaces to telephone services. The service cre­
ation capabilities developed through these studies (i.e.,
the SLLand the graphicdecision-graph interface) provide
a corecontribution to the A-I-Net productline.

Conclusions
Conducting design-by-use studieshas taught us

muchaboutthe benefitsofparticipatory designpractices:
- Weconfirmed or rejecteddesignassumptions by

evaluating usability results.
- Wecreatedprototype tools, user documentation, and

trainingmaterials earlyin the design/development
cycle. However, wecaution others that a discrepancy
existsbetween whatis easy to prototype and whatcan
be reasonably developed for network-grade deploy­
ment. This discrepancy can mislead designevolution
and customerexpectations. Our subject-matter
expertshelpedus to avoid solutions that appeared
wonderful but would be difficult to achieve in a "live"
switching office.

- Early in the design/development cycle, wegained
valuable insightsand sensitivity intouser needsand
expectations.

Although the processcan be time-consuming, we
believe that the more effort invested in earlyparticipatory
designstudies, the better the fitbetween productdesign
and customerneeds and expectations. The result can be
an effective integration ofmultiple sourcesofinformation

and (inkeeping with the goalsofparticipatory design4)

user-interface decisions that are carefully examined and
"experienced" by potential service providers (the antici­
patedusers ofthe service creation environment).

Productquality can be defined as the degree to
which a productmeetscustomerexpectations, enables
customersto meet their workobligations, and improves
the quality oftheir worklife. In design-by-use practices
and,moregenerally, participatory designmethods, both
developers and potential users are involved in the prod­
uct designprocess. This helps to integrate the product
intocurrent workpractices ofpotential users and to anti­
cipate problems. The definition ofpotential users should
be takenbroadly to include the end users that will
directly operatethe product; their management, who
will expectparticular resultsfrom productuse;and the
developers and field supportteamsthat will helpmain­
tainand evolve the product. Suchcollaboration with
internal and external users ofthe product (i.e., develop­
mentand field-support staffand customers, respectively)
helpsensure that the productwill meet the needs and
expectations ofits users.
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