Product Definition Through
the Design-by-Use Process

Steven L. Greenspan To promote product quality, a design process should represent the needs

of all who will use, develop, or modify the product. The service creation
environment (SCE) for the A-I-Net™ adjuncts, a family of products that allow
service providers to control the definition, development, and evolution of
advanced intelligent network services, was developed with a design-by-use
process. This process is an iterative cycle of analysis, prototype construc-
tion, and user evaluation. It uses human factors and system prototyping
techniques to involve potential users of the product early in the product
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definition and design stages.

Introduction
To promote product quality, the
design and evaluation of products and ser-
vices should be shaped by the demands and
organization of the work environment in
which they will be used. This is a central
tenet of the participatory design practices suc-
cessfully applied by AT&T, Digital Equipment
Corporation (DEC), International Business
Machines (IBM), XEROX PARC, and the
ESPRIT/HUFIT European project.! -4
To encourage the acceptance and
integration of a product into the work environ-
ment, participatory design practices maintain
the following guidelines:3-°
= The goal of participatory design practices
is to improve the quality of work life.

= The design decision process should
include representatives of those who will
use the product or will be affected by the
design process. Collectively, these partici-
pants should represent diverse sources of
expertise.

= The process should be iterative, with
repeated evaluations by the user commu-
nity as the product is being defined and
designed.

Participatory design practices gener-
ate timely, usable information that is directly
applicable to critical design decisions.! DEC
encouraged their employees to participate as
a user community throughout the design and
development of their EVE text editor. Simi-
larly, when XEROX PARC was designing

Trillium, a computer-based software tool
for designing user interfaces for copiers, its
employees were designated as the user
community.

When participatory design practices
are used extensively to design new products,
there is typically an existing community of
users experienced in the task to which the
new product will be applied (e.g., editing text
or designing user interfaces for copiers). In
contrast, the design-by-use practices
described in this paper were used in the
design of a new product for which no experi-
enced user community existed.

The Product Domain

To meet rapidly evolving market
demands and requests for customized ser-
vice, service providers (e.g., the local tele-
phone companies in the United States and
throughout the world) want an advanced
intelligent network, a network of switching
offices and adjuncts that enables them to
define, design, develop, test, manage, and
maintain new services. The logic for these
advanced intelligent network services will
reside on network adjuncts, such as the ser-
vice control point (SCP). (See Panel 1 for
definitions of abbreviations and acronyms.)
Traditionally, equipment vendors, including
AT&T, were responsible for service design
and development. With the advent of the
advanced intelligent network, service provid-
ers will assume these responsibilities.
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Panel 1. Abbreviations and Acronyms

OAM&P—operations, administration, maintenance,
and provisioning

SCE—service creation environment

SCN—service circuit node

SCP—service control point

SLL—service logic language

SMS— service management system

The speed and reliability with which advanced
intelligent network services can be developed by a ser-
vice provider is a key factor in determining whether a
service provider will accept an equipment vendor’s
advanced intelligent network products.5” To help man-
age and simplify service creation in the advanced intelli-
gent network, AT&T has developed the A-I-Net service
creation environment for its A-I-Net family of advanced
intelligent network products. The service creation
environment enables service providers to create the ser-
vice logic and data used on the A-I-Net service circuit
node (SCN) and service control point, and managed by
the service management system (SMS).

The service control point contains a real-time
database system that executes subscriber-specific logic
(e.g., a business customer’s call-routing plan for an 800
number). The switching office queries the service con-
trol point, which returns instructions to the switching
office on how to continue processing the call. The ser-
vice control point can screen area code 900 and 976 calls,
selectively blocking some calls and allowing override
permission with an authorization code. It can also screen
incoming calls and route them based on time and day,
and the number and location of the caller.

The service circuit node supports services that
use service circuits such as facsimile, voice, text-to-
speech, speech recognition, conferencing, and tone and
call progress detection/generation devices to calling
and/or called parties. The service circuit node can also
initiate scheduled “wake up,” “remind me,” and message
broadcast calls. The service management system allows
service administrators and their service subscribers to
create and maintain subscriber data (e.g., customized
routing plans that are used by service control point and
service circuit node services). Figure 1 shows the logical
relationship among these products.
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To define and design the service creation
environment, the service creation environment design
and development team used a version of participatory
design practices that we call design-by-use, which is
described briefly in Reference 8.

The Design-By-Use Process
The design-by-use process is an iterative cycle

(see Figure 2) in which the user community, designers,

and developers:

= Clarify the design and capture expert knowledge—For
A-I-Net service creation environment design and
development, the design and development team talks
with service creation environment designers and
developers and subject-matter experts from related
fields (service design, switching software and hard-
ware design, call processing, user-interface design,
and Operations, Administration, Maintenance, and
Provisioning [0AM&P]). The design and develop-
ment team clarifies product goals, formulates design
principles, and revises the service creation environ-
ment design.

= Design and develop the prototype—The design and
development team designs low-fidelity (sometimes
paper) and high-fidelity (working software and hard-
ware) prototypes.

= Observe potential users working with the prototype to
accomplish realistic tasks—Service creation environ-
ment users design, code, and test selected subsets of
probable A-I-Net services during a period of concen-
trated work lasting from several days to several
weeks. The design and development team then ana-
lyzes and discusses the observations with users, and
the results are incorporated in later iterations of the
cycle. This leads to the definition and design of more
fully capable prototypes. Moreover, because the pro-
cess requires training users, each cycle of the process
produces more complete training materials and a
more sophisticated user community.

Before we describe what we did and learned at each

stage of the design-by-use process, we discuss one alter-

native process. Traditionally, many products are defined

through a series of conversations with systems engi-

neers, product management, the development commu-

nity, and customers. These conversations are distilled

into product requirements, which are then given to a

team of developers. Although such conversations are



Telecommunications

network

Switching ‘
office ‘
A--Net” l Signal
advanced transfer
services nm.m
platform 3
Figure 1. The family of A-l-Net products is
shown in color. The advanced services plat-
form, signal transfer point, and service control
- point all rely on $S§7 TCAP protocol, which is an
oA AT ] applications-layer signaling protocol used
: :TE]TO between network elements. The service circuit
Switch fabric node receives calls from trunks and lines,
and service Control computer
circuits with elsbass while the service management system and the
service creation environment communicate
with the service circuit node and service con-
Control computer trol point through data connections.
with database
Service AN
ircuits A-I-Net
(o service circuit A-I-Net
node service control point
g A-I-Net A-l-Net
service creation service management
environment system
| =]
= Subscriber line
Data line (SS7 TCAP protocol
Data and voice

Data line (e.g., X.25 signaling protocol)
Data line (e.g..Ethernet protocol)

very important (and comprise the first phase of the
design-by-use process), this analytic, nonempirical
approach works best with products that are already in
use and undergoing modification.

The A-I-Net service creation environment had
no existing community of advanced intelligent network
service developers or any extant product that could be
used to create advanced intelligent network services. The
design-by-use process created a small user community in
which the design and development team could iteratively
observe and evaluate our service creation concepts in
action. It provided user feedback early in the product
definition and design process. By prototyping and eval-
uating the service creation environment, the design and
development team gained valuable insights into user
needs and changing product requirements.

The importance of protyping and user evalua-
tion is evidenced by the following quotations from one
research and development community2: “We didn’t

anticipate this,” “Why is user testing so late?” and “It’s
not broken; that’s how it’s supposed to work.” Involving
users early in the design process and testing prototypes
with realistic work assignments enables designers and
potential users to understand user needs and product
behavior long before the product is released.

Preliminary Design Clarification

Before 1988, there was no existing user commu-
nity or commercially available product on which to base
our designs. Therefore, we began by scrutinizing avail-
able documentation on customer needs and service cre-
ation concepts,®1? and we interviewed expert software
developers who had contributed to AT&T switching
products. Typically, these experts had 10 to 20 years of
experience developing or maintaining services, had
worked on various phases of the software life cycle (e.g.,
design, coding, testing, or field support), and had been
involved in more than one area of telecommunications
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Figure 2. The design-
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A useable and useful A-l-Net service 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 learn, use, and expand

« Resulting service logic that can be readily understood and maintained.

for more than one type of switching system. Others were
experts in language design or human factors. Collectively,
these experts helped the design and development team
define a conceptual foundation for service creation envi-
ronment design and, later, helped interpret the results of
user evaluations of our service creation environment pro-
totypes. To ensure that our changing view of service cre-
ation was consistent with that of the larger technical
community, we participated in standards forums about
the intelligent network.

As a result of our preliminary discussions on
product definition, we decided to develop application-
oriented languages for service creation. Application-
oriented languages are specialized computer program-
ming languages designed to handle well-specified tasks
using a particular conceptualization of the task. For
example, Lotus-1-2-3® software uses the concept of a
spreadsheet to handle many types of data management
problems. (Lotus 1-2-3 is a registered trademark of the
Lotus Development Corporation.)

Service creation and management tasks can be
conceptualized in a variety of ways. For example, some
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programming problems can be considered parameteriza-
tion tasks (as in a data entry form). Other service logic
programming tasks are well represented by spread-
sheets or decision flows. For instance, call-routing logic
can be represented as a branching set of sequential deci-
sions terminating in a directory number.® These concep-
tual models have been used extensively in telecommuni-
cations service management.

However, many advanced intelligent network
service descriptions require fine control over asynchro-
nous, multiple-network resources. During a single call,
these services may have to control parallel requests for
network resources (e.g., concurrently querying a data-
base and interacting with a calling and/or called party).
After discussing these needs with our subject-matter
experts, we concluded that the logic for these services
could be well represented as a finite-state machine.
Finite-state machines traditionally have been used to
diagram telecommunication processes and service
flows.1! Within this model, A-I-Net service programmers
write software as a set of event handlers, where each
event handler describes responses to an end user,



Table I. Design-by-Use Studies

Type of study Process
AT&T internal studies
Pilot study SLL programming of service circuit node services (using paper and
pencil)
Study 1 SLL programming of service circuit node services (using paper and
pencil)
Ad hoc studies siL and decision-graph programming of service circuit node and service
control point services (using the network model)
BellSouth studies
Study 1 Decision-graph programming for service control point services (using
the network model)
Study 2 SLL and decision-graph programming of service circuit node services
(using the network model)
Study 3 Modifying existing SLL programs, scheduling service invocations, and
creating new decision-graph nodes, measurements, and recent change
interface (all using the network model)

network, or A-I-Net adjunct-initiated event, e.g., “col-
lected digits,” “call answered,” or “timeout” events. The
state-machine structure allows the same type of event to

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 “start a timer,” which in
turn may lead to other events. The application-oriented
language that we constructed for service creation based
on the finite-state machine concept is called the service
logic language (SLL).

In addition to representing call logic, SLL pro-
vides service-specific control over OAM&P. SLL supports
the formatting of billing records and can define data
entry forms and decision-graph structures that can be
downloaded to a service management system and popu-
lated by service-order clerks or sophisticated end users
of a service (e.g., an airline company). Decision graphs
consist of a sequence of one or more nodes. Each node
either provides a branch to another node or terminates a
node. The A-I-Net service creation environment provides
a library of nodes that are applicable to many services
(e.g., a node that branches the graph traversal according
to the time of day). In addition, new service-specific
nodes can be defined through SLL service programs. For
instance, Panel 2 illustrates a schedule node that might be

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

We also designed a graphic decision-graph user
interface for service management. The service manage-
ment user interfaces enable customers to tailor service-
specific parameters (e.g., a user’s personal identification
number) and logic (e.g., a call-routing plan that routes
calls to different business employees as a function of
time of day, day of week, and originating area of the call),
respectively.?

Design-by-Use Studies and Customer Participation
After conducting preliminary discussions with
subject-matter experts, we began evaluating our first
definition of the SLL. To do this, we:
= Asked service providers to participate in a set of
design-by-use studies
= Conducted design-by-use studies with users who
had work experience identical to what we expected
of SLL users
= Developed an execution environment—a network
model—to execute SLL programs and decision graphs
and to test services on a physical network. (Figure 3
shows a schematic of the network model.)
Table I outlines design-by-use studies on SLL
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and decision-graph programming. Before completing the
physical model, we used paper and pencil to conduct a
series of SLL programming studies with non-customers
(AT&T employees and consultants) who had varying lev-
els of programming experience. After the network model
was complete, we conducted ad hoc studies with internal
and external customers. In addition, and perhaps of
greater importance, we used the network model to con-
duct a set of studies with the technical staff of BellSouth-
Science and Technology.

BellSouth wanted “hands-on” experience with
advanced intelligent network concepts by prototyping
services of interest to them in a “real” network environ-
ment, i.e., the network model. They also wanted to evalu-
ate and understand how the requirements of the service
creation environment might affect their work environ-
ment. Finally, they wanted more insight into design and
implementation trade-offs between services based on the
service control point and the service circuit node.

Tutorials. In the common procedure used for
our user-evaluation studies, we gave the participants one-
to three-day tutorials in a test version of the service cre-
ation environment. Following the tutorial, participants
received questionnaires and program modification and
creation exercises. In the paper-and-pencil studies, we
gave participants specifications for services that they
were to program. In the ad hoc studies, participants
explored the service creation environment using service
concepts that interested them. BellSouth participants
wrote their own service specifications before the study
began. Following some short modification and creation
exercises, the BellSouth participants programmed their
services for execution on the network model.

Data Collection. The types of data collected were
analyses of program designs and code, programming
errors, answers to questionnaires, notes taken by partici-
pants, and group and individual interviews. The ad hoc
studies lasted anywhere from several days to several
weeks. The paper-and-pencil studies and the BellSouth
studies each required from three to five weeks.

In retrospect, the most successful data collection
technique was the group interview held at the end of
each week of programming. These discussions included
the study participant and members of the design and
development team who, together, identified and analyzed
problems and proposed solutions. The design and devel-
opment team then held individual or group discussions
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Figure 3. A schematic representation of the network model.
Its switch fabrics perform the central office and service cir-
cuit node switching function. Together with the network
model console, the network model emulates two local
switching offices, a service circuit node, a service control
point, and a signal transfer point. The network model also
emulates integrated services digital network signaling con-
nections between one local office and the service circuit
node, and ss7 communication between one local office and
the service control point and the signal transfer point. While
the network modpl provides an execution environment for
service logic and data generated by the service creation
environment, it also allows users to invoke services by dial-
ing from analog phones and enables service logic to ring and
answer phones, collect Touch-Tone digits, play voice or
text-to-speech announcements, and record, store, and
transmit facsimlile data.

with the subject-matter experts and the service creation
environment/network model development team. When-
ever it was possible, proposed solutions were imple-
mented during the study so participants could “experi-
ence” them while the problem that inspired the solution
was still fresh in their minds.

Design-by-Use Resuits

In our user-evaluation studies, we gained infor-
mation about the usability of the language constructs and
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the user interface. We discussed changes to the user
interface and problematic constructs, implemented new
versions of these, and re-evaluated their usability. The
studies led to changes in command names, syntax, and
semantics, and to the introduction of new language com-
mands and actions. Finally, we uncovered design and
implementation errors in the SLL compiler, decision
graph, library of action routines, and service creation
environment user interface.

As new actions were needed, we consulted the
existing documentation and our subject-matter experts.
As we redesigned the language syntax and semantics
(e.g., new data types and commands), we also consulted
published research on programming practice and the
psychology of software comprehension.

We incorporated published findings that were
well replicated with programmers of differing abilities
and experience. In many of these published studies, vari-
ous programming construction, comprehension, and
debugging tasks were given to novice or professional
programmers. The programmers were asked to use one
language or another, where the languages (often created
expressly for experimental purposes) differed by only a
few dimensions. Published research has shown, for
example, that program reliability, comprehension, and
maintainability can be increased by requiring logically
redundant scope delimiters on conditionals!?13 (e.g., “if
... endif”) and by using assignment statements instead of
assignment operators. !4

These research findings influenced the construc-
tion of SLL syntax. No obvious contradictions were
uncovered between the research findings used in con-
structing SLL and the observations gained through the
design-by-use process.

In our user-evaluation studies, we found that
users of SLL often needed, or wanted, to create nontradi-
tional call states as they constructed service circuit node
services. For example, typical telephony call states are
idle, offhook, digit collection and analysts, routing, ringing,
talking, and disconnect. These call states reasonably
reflect the major states of a standard, plain telephone call
without advanced telephone features. However, in
“Who’s Calling” service, in which the name of a calling
party is announced to the “Who’s Calling” service sub-
scriber before the calling party and subscriber are con-
nected (at the discretion of the subscriber), additional
call states (e.g., “caller announced”) are appropriate.
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This important result argues against the industry-wide
tendency to standardize and restrict advanced intelligent
network call states to a fixed call model. Based on our
experience, we believe that new call states will be needed
as interface and service circuit capabilities evolve. There-
fore, SLL does not restrict the states that can be used in a
service program.

We also learned the usefulness of supporting
what we came to call flexible logic and its form of expres-
sion, a decision graph. Because decision graphs can be
created after an SLL program has been compiled and
placed in service, they can allow service administrators
and even service subscribers to customize their service
to a significant degree.

Our work with decision graphs also helped us
determine that SLL users needed the ability to define new
application nodes. Using SLL, service programmers can
create new decision graph nodes, on a per-service basis.
They can decide what actions are to be carried out when a
node is traversed and what its user-interface characteris-
tics will be when displayed in the decision graph editor.

As a result of the design-by-use studies, we began
to appreciate some of the characteristics that made a
graphical decision graph editor more usable.

In the decision-graph studies, programmers
sequenced decision-graph nodes to specify some aspect
of service logic (e.g., a call-routing plan that varies accord-
ing to time of day and day of week). Except for the nodes
that terminate the graph, most decision-graph nodes parti-
tion the graph into two or more branches. For example, a
time-of-day node might be defined by the decision-graph
user as having “morning,” “afternoon,” “busy hour,” and
“nighttime” branches. In the early decision-graph studies,
the graphic editor did not show incomplete branches (i.e.,
branches for which no later node was defined). Instead,
programmers had to call up a node-specific menu of possi-
ble branches. Verifying the decision graph (similar to
compiling a program) was valuable for identifying incom-
plete branches that had not been detected by the pro-
grammers. After discussions with user-interface experts
and design-by-use participants, we decided to test the
decision-graph “plus” notation shown at the top of
Panel 2. Test results of studies using this notation were
very favorable.

By the end of the studies, we had developed a
version of SLL and the decision-graph user interface that
was easy to learn and use. New decision graph nodes



could be created quickly and reliably. After one week of
tutorial and programming exercises, participants could
write complex service programs that required from
several days to several weeks to code and debug.
Because the services created in these studies ran on the
network model and did not consider all the 0AM&P logic
necessary for a deployable service, we must regard this
result with caution.

We found that SLL programs could be changed
quickly if the person writing the change understood the
service flow of the particular telecommunication service.
Even people who had no training in SLL could read the
program code, and study participants with minor pro-
gramming experience could learn SLL quickly. Study parti-
cipants with limited experience in telephony believed that
using SLL improved their understanding of telephony.

Combining an easy-to-use service creation
language with a network model proved powerful for
exploring new service concepts and testing variations in
user interfaces to telephone services. The service cre-
ation capabilities developed through these studies (i.e.,
the SLL and the graphic decision-graph interface) provide
a core contribution to the A-I-Net product line.

Conclusions
Conducting design-by-use studies has taught us
much about the benefits of participatory design practices:
= We confirmed or rejected design assumptions by
evaluating usability results.

= We created prototype tools, user documentation, and
training materials early in the design/development
cycle. However, we caution others that a discrepancy
exists between what is easy to prototype and what can
be reasonably developed for network-grade deploy-
ment. This discrepancy can mislead design evolution
and customer expectations. Our subject-matter
experts helped us to avoid solutions that appeared
wonderful but would be difficult to achieve in a “live”
switching office.

= Early in the design/development cycle, we gained
valuable insights and sensitivity into user needs and
expectations.

Although the process can be time-consuming, we
believe that the more effort invested in early participatory
design studies, the better the fit between product design
and customer needs and expectations. The result can be
an effective integration of multiple sources of information

and (in keeping with the goals of participatory design?)
user-interface decisions that are carefully examined and
“experienced” by potential service providers (the antici-
pated users of the service creation environment).

Product quality can be defined as the degree to
which a product meets customer expectations, enables
customers to meet their work obligations, and improves
the quality of their work life. In design-by-use practices
and, more generally, participatory design methods, both
developers and potential users are involved in the prod-
uct design process. This helps to integrate the product
into current work practices of potential users and to anti-
cipate problems. The definition of potential users should
be taken broadly to include the end users that will
directly operate the product; their management, who
will expect particular results from product use; and the
developers and field support teams that will help main-
tain and evolve the product. Such collaboration with
internal and external users of the product (i.e., develop-
ment and field-support staff and customers, respectively)
helps ensure that the product will meet the needs and
expectations of its users.
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