
Managing Quality and Quality 
Improvement 

David C- Elmewrf In 1986, the managers for AT&T's packet-switching services determined 
that development costs, development schedules, and number of defects 
needed to be improved to increase the competitiveness of these services. 
In response to the demands of the service managers for improvements, the 
Packet Switching Development Department began to work aggressively 
on all aspects of product quality. Over the ensuing five years, the packet- 
switching development team (i.e., service planning, systems engineering, 
and development) applied the principles of project quality management and 
improvement (PQMI) to all aspects of the development program. The results 
have been impressive. Product defects discovered after delivery of the prod- 
uct have decreased 80 percent. The cost structure has decreased more than 
40 percent, and cycle time for the development of AT&T AccuneP packet 
services has decreased more than 50 percent. This paper presents high- 
lights of the application of the PQMI principles to a real-life quality crisis. It 
emphasizes the role of management and customer focus in developing the 
quality-improvement program. 
Introduction 

described here for AT&Ts packet-switching 
development project began in response to the 
needs of an internal customer, i.e., the organi- 
zation that provides AT&T Accunet packet- 
switching services. This customer-Data 
Communications Services-is part of the 
AT&T Communications Services Group, and 
its mission is to provide data communications 
services to external customers, i.e., to users 
of AT&T Accunet services. ("he term inter- 
nal customers refers to our colleagues and 
other internal organizations that depend on 
the output or results of our work. The term 
external customers refers to the people or busi- 
nesses who purchase the company's products 
and services.) 

Before this quality-improvement pro- 
gram was implemented, the project's custo- 
mer was unable to accomplish its business 
mission because of the quality and cost of the 
products it received. The managers for 
AT&Ts packet-switching services felt that the 

The quality-management program 
number of product defects was too high, 
development costs were too high, and devel- 
opment schedules were too long. They 
demanded improvements. 

At the customer's urging, the project 
team (which consisted of service planning, 
system engineering, and development) devel- 
oped and put into place a customer-focused set 
of changes to the project's approach to quality. 
(Panel 1 defines acronyms and terms.) 

quality improvement has three key premises: 
= Quality is measured by customer delight. It 

is impossible to talk customers into being 
delighted. We cannot explain to them why 
they really should be delighted. Delight is 
the customer's sense that all its business 
requirements and expectations are being 
met or exceeded. Thus, customer delight 
became the goal of the quality program. - Quality includes product performance ( ie . ,  
the lack ofproduct defects), product and sup- 
port costs, and productdelivery interval. All 
three are necessary if we are to meet the 

me Key Premises. Our program for 
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Panel 1. Abbreviations, Acronyms, andTenns

customer-supplier model- a work processthat
emphasizes relationships between the customer
and supplier, processinputandoutput, and
requirements andfeedback

customerdelight- customer's sense that all its busi­
ness requirements andexpectations ofa product
or service are beingmetor exceeded

external customer- a personor businessthat pur­
chasesthe company's products andservices

internal customer- a colleague or organization that
dependson the outputor resultsofour work

management process- an activity that establishes
responsibilities, defines the process, manages rela­
tionships between the customer andsuppliers,
evaluates processperformance, and identifies
opportunities for improvement

methodology - the processes, metrics, and documen­
tation developed fora particular task or technique

metrics - standard measurements that are used to
compare the resultsto the requirements

PQMI - processquality management improvement; a
seven-step methodology forprocessmanagement
andcontinuous improvement

processimprovement - activities that introduce
beneficial changeto a process

product realization process- a design, development,
and manufacturing stagerequired to takea pro­
ductor service from its initial concept to its
delivery to customers

TIerIVsupport- final escalation level forresolving
customerproblems

businessrequirements ofthe customer. Hence, per­
formance, costs, and delivery interval define the scope
ofthe quality program. Delighting the customer with
all three concurrently requiresthat significant effort
be placed on management ofthe project and its
deliverables.

- Managers are the key tothe customer's perception of
quality. The manager guidesthe organization and
sets itsgoals. Thus,he or she mustbe the quality
program's key enabler. If the manager's guidance does
not include the insightandleadership required to
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understand anddelight the customer, noverification
or rework stepscan make upforit.

The R.su".. Asa resultofthe program webuilt
that is basedon these premises, our internal customer
became delighted with the project's performance. Costs
werebeingcontrolled, commitments werebeing met,
andthe product wasmeeting the needsofinternal and
external customers the firsttime.

On many occasions, the project teamhas hadto
returnto these basic principles as problems developed.
Wehave always found that new quality problems were
rooted inour losing sightofthe goal, the scope, or the
keyenabler.

DrIvingForce. Behindthe Program
Starting a quality program requiresconsider­

ableenergy. Quality improvement implies change, and
change-for whatever reason-is not readily accepted.
The project's customer (i.e., Data Communications Ser­
vices) andthe project's management werethe driving
forces behind this quality program.

Ourcustomer had itsbusiness goals toachieve.
Butwithout predictable quality, thatwasnotpossible.
Various upper-management directives wereholding
the project's managers andour customer's managers
accountable forleading theirorganizations ina way that
would ensuretheyproduced quality products.

This combination offorces wasrequired to pro­
vide the impetus to overcome organizational inertia.

The Customer as a Driving Force. If wewere to use
the customer's inputas a driving force, then the project's
management had to learnto listen. Weneeded to treat
the customer's inputas a treasure.

Wefound that it was difficult to receive the qual­
itymessage from our customer. Wewanted to believe we
werecreating a quality product, andwebecame defen­
sive. Ourcustomer only knew that its needswerenot
beingmetandbecame demanding.

To leadthe way to resolving this impasse, the
project managers insisted that all project members set
aside their defensiveness and listen to the customer's
view. It wascritical that the individuals who managed the
project provided leadership by insisting thatweputthe
customer's view ofquality first.

The Ma.....ment as a DrIving Force. Two
realities-that wewerenotmanaging forquality, and
that management was partofthe problem-were also



difficult to accept. There wereperceptions among the
technical staffthat quality wasnot important andwasnot
rewarded by the organization.

To alter this perception drastically required
management's personal daily involvement and the right
emphasis in the performance-review process. Wehad to
learnhowto reward people forparticipating in the pro­
cess ofquality improvement. Wealsohad to learnto
avoid the trap ofusingquality metrics as the basisfor
rewarding people forquality.

Start-up process

Identify

Define

Measure

Assess -----'------1

Investigate

Select

Basic Principles of Quality Management
With the driving forces in place, the change

processcould beginto work. All approaches to quality
improvement havetheir roots in the Shewhardt cycle. 1
This cycle is a model forcontinuous quality improvement
that wasdeveloped in 1939 byW. A Shewhardt andwas
madefamous byW. E. Deming through its use in his
workinJapanin the 1950s.

Figure1showsthe version ofthe cycle that we
applied to the project to enable us to structureour qual­
ityprogram. It graphically depicts AT&T's formalized
methodology for dealing with processquality manage­
mentand improvement.2 This seven-step method, which
is known as PQMI, givesAT&T managers the meansto
establish processmanagement responsibilities by organiz­
inga teamofaccountable individuals to define process
tasks. Often, PQMI is coupled with techniques forproject
management andcontinuous quality improvement.

The PQMI approach wassimple to understand,
but its application to a complex development process
requiredconsiderable planning andmangement. Without
careful planning andmanagement, changesthat were
intended to improve quality decreased quality instead.
The methodswedeveloped forapplying the cycle to the
project are described in this section. Wealsoexplain
specific methodsand important lessonsassociated with
the application ofeach cycle stepofthe PQMI approach.

Step 1-1dentlfy Proce.. Owner. Before changewill
take place, responsibility forthe quality ofa function or
processhas to be established. The firststep in identify­
ingownership ofa processis to decide whatthe project's
processesare.

Wedetermined that there are two kindsofpro­
cesses in an organization: product realization and man­
agement. Product realization processes are those activities
that create the organization's deliverables to its

Trial

Figure 1. The process quality management Improvement
(PQMI) model used by the packet-swltchlng development
project. This version of the Shewhardt cycle emphasizes the
start-up process steps (I.e., Identify, define, measure, and
assess), which must be completed before the rest of the
cycle can begin.

customer. These processesrepresentthe design, devel­
opment, andmanufacturing stagesrequired to takea
product or service from its initial concept to its delivery
to customers. Management processes are thoseactivities
that allocate andcontrol the use ofresources. These
activities establish responsibilities, define the process,
manage relationships between the customer andsuppli­
ers, evaluate processperformance, and identify opportu­
nities for improvement.

TableI identifies the project's processes and
goalsineachcategory. If each participant in the project
is to dohis or her jobwith quality, then the technical
staff, management, andcustomers needclear, agreed-on
statements ofthe processesand associated goals.

Abreakthrough forthe project's management
wasto treat the management processes as distinct and
independent from the product realization process. By
keeping the processes separate, management was able
to focus on howwell it wasdoing itsjobrather thanon
attributing allquality problems to the technical staff.

Processownership clarifies the ownership of
execution quality. Staff memberscanonly be responsi­
ble forthe quality ofthose processesforwhich they
have adequate managerial support. If staffmembers
fail to deliver a quality product eventhoughmanagers
have provided adequate support, then the problem
becomes one ofstaffexecution. That is, the staff
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Table I. Product Realization and Management Processes

Process Goal

Product realization processes:
Technical planning Design architecture forproductor service
Development Design, implement, and test a fit-for-use product
Verification Verify that the productmeetscustomerexpectations
Deployment Distribute technology intoservice context
TIerIVsupport Resolve escalated customerproblems

Management processes:
Planworkprogram Define performance, cost,and interval commitments that meet

the customer'sbusinessrequirements
Organize resources Structureand assignprojects within the organization to meet

eachcommitment
Manage process Monitor andadjustproject execution to achieve quality com-

mitment
Evaluate quality and improve process Determine gaps inprocesses'ability to delightthe customer;

propose improvement

members ownthe executionproblem.
Managementis responsible for providing the

support that staffmembers require. However, that sup­
port includesresource allocation, process definition, and
cross-organizational escalation (i.e., allowing a person to
go outsidehis or her organization to find the solution to
a problem). Ifmanagers fail to recognize and execute
these activities as required, then the problembecomes
one ofmanagementexecution.

Using process ownership. When webegan to distin­
guish betweenstaffand managementexecution, complex
quality issues became relatively simpleto address once
weresolved ownership of the problem.

For example, twoquality problemsour customer
feltwere importantwere defects notcorrected and defects
introduced during the generationofsoftware repair pack­
ages. Byviewing these problemsas potentially either
managementexecution problemsor staffexecution prob­
lems,wewere able to broaden our search for the source
ofthe problem. ..

We found that a process the managementhad
establishedhad inadequatemechanisms for:
- Monitoring problemswith the repair packages
- Stopping delivery ofdefective repair packages
- Requesting rework.
Asa result, the staffmembers couldnot producegood
quality without goingoutside the definedprocess by
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requesting reworkthemselvesfromtheir friends. As
longas an experiencedstaffmemberexecutedthe pro­
cess, problemsdid not occur because he or she always
bypassedthe existingprocess. Butwhen a newstaff
memberexecuted the process, failures occurredbecause
he or she used the defective process-which did not pro­
videfor rework.

Thus, managementhad created a defective pro­
cess that couldnot producegood quality. Ownership of
the problembelongedto the managerswhoowned the
process. Byrecognizing that fact, wewere able to fix
both the managementprocess that allowed a faulty pro­
cess to exist and the specific process ofrepair-package
generation. This change improved not onlythe process
where the faults were beingfound, but alsothe quality
producedby manyprocesses.

Management process as the problem. Poor man­
agementprocesses aloneaccounted for an important
problemwithproductdelivery in 1989. In our internal
customer'sview, a particulardelivery wasfour months
late.There were tworeasons for the problem:
- Duringthe planning phase ofthe project, an informal

agreement had been reached to provide a "friendly
user" interimdelivery to the customer.However, man­
agement had not formalized this agreement. Later, the
customer translatedthe agreement intodelivery ofa
fit-for-use product.



Process: Quality Management System

Process owner: Project manager

Process ,oal: Provide leadership to develop products that meet or exceed customer expectation.

PrImary customers: Project staff; funder

SUpplier

Funder

Function
owner

Project and
quality lII8ft8Iers Customer

Staff

\

Funder

- Duringthe monitoring phase ofthe project, supervi­
sionhad not responded to alertsfrom the technical
staffthat the quality ofcertain products from external
vendorswasnotadequate.

Together,these problems with the management
processcreateda seriousquality failure from the custo­
mer's point ofview. The solutions resided100 percentin
the management processes.

Step 2--Def1ne Proce... To design a process, we
used a structural decomposition procedure that is similar
to the top-down design ofsoftware or hardware. First,we
established boundaries foreach processbydefining its
deliverables. Wethen decomposed the processintothe
functions and relationships required to create those
deliverables.

This seemingly simple activity ofnaming and
providing boundaries for our project's processestook
several monthsfor two reasons:
- Management's limited understanding ofhowthe pro­

cesses really worked
- Substantive disagreements aboutthe objectives of

certain functions.
The designofeach processrequired the active

participation ofthree levels ofstaff. Eachlevel provided
a different perspective and responsibility to process

Figure 2. A graphical presentation of a process that clearly
states the owner, goal, customer, suppliers, and Internal
dellverables Is a critical communications and teaching ald.
Feedback paths are all assumed, as reqUired by the
customer-suppller model.

design. The project manager provided leadership for
the cultural changeandenforcement ofcommitment to
reachclosure. That is, he or she had toget allpartici­
pantsto agree to the decisions andcommit to changes.
The supervisors provided commitment to the customer
and supplier agreements aboutdeliverables. The execu­
tion level provided understanding aboutthe deliverables
andwhatit takes toget the jobdone. Ifweremove anyof
the three levels from the design process, then the inputs
required forcomplete agreementwill be missed.

Amechanism wefound useful to achieve closure
wasthe design-review processat the management level.
The review wasnecessary to identify andclarify agree­
mentsand to achieve project buy-in (i.e., commitment
andownership). This review followed the samerules
as a codeinspection-with a moderator, defect list, and
problem-resolution process. The stakeholders in the
processesunder review served as the inspectors.

ProceslHleflnltlon communication tool. Aprocess
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fully documented the decisions the teamwanted to com­
municate.

Process-deflnltlon example. When an agreement was
finally reached, management involvement wasneeded to
clarify someofthe issues.

Oneissuethat required this type ofsupport was
the team'sview ofthe system-test function. Was it the
function's roletoverify product performance that already
wassupposed to be present, or wasit to discover prob­
lemsin product performance? Before wecould complete
the design ofthe integration functions that preceded the
system test, the objectives ofthe system test had tobe
clarified.

Whenthe department headsbecame involved,
theywereableto explain that theyexpected the product
to be fitforuse before it enteredthe system test.Once we
understood this, it became clearthat integration wasto
produce a product that had all known problems resolved
before the system test began.

Step 3--Deftne Metrics. Wefound thatwecould
define an endlessnumberofmetrics forcollecting data
ona process, because weconfused descriptive anddiag­
nostic quality measurements. Descriptive measurements
tellus whethera process is working, while diagnostic
measurements tellus whatis wrong with the way a pro­
cess is working.

Although diagnostic measurements were impor­
tantto have, theydidnot necessarily tellus if a customer
would be delighted with the resultsofthe process. Our
shiftto descriptive measurements gavenumeric evi­
dencethat the customer would be delighted.

selection of metrlcs. Earlier in the history ofthe
project, wehad spenta lotoftimelooking at the faults
found per thousand linesofsoftware afterdelivery to
system test.Wewereableto bringdown the fault count
consistently, but didit without delighting our customer.
The measure ofquality wehadfocused on wasimportant
to us, butwasnotimportant to our customer.

Therefore, the project teamselected customer­
focused metrics foreachdeliverable from eachprocess.
The metrics werein the categories ofdefects delivered,
cost, andthe development timeneeded (i.e., successful
prediction ofthe delivery date). These categories ulti­
mately represented the customer's concerns.

A useful metric. Figure 3 shows onecustomer­
focused metric that wechoseto measure ourselves the
way our customer sees us.That is, it shows how many
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Figure 3. Commitment tracking for the packet-switching pro­
Ject. Commitments met Is a simple measure of a process
quality that Is Important to customers. This histogram
shows how many of the dellvery-date commitments had
been met In 1990.

design has the following elements: the owner, deliver­
able, customer, supplier, and relationships between activ­
ities. Figure 2gives an example ofa processdefinition as
expressed in a style the project's management developed.

Thisgraphical, one-page format became an
important meansofcommunication. Byusingthis for­
mat, wefound wecould quickly identify areasofdis­
agreement and focus our discussion on them. The devel­
opment ofthe diagram fora particular process required
the participation ofall customers, suppliers, andstep
executers-along with the process owner. When com­
pleted, the diagram alsobecame a useful teaching tool
forcommunicating process-design decisions to newpro­
jectmembers.

Wedeveloped this toolin response to the frus­
tration ofproject members overour collective inability
to reachagreements on processdesigns even afterend­
less meetings. The graphical depiction wasselected
and modeled aftertechniques usedin software design
methodologies. The specific depiction template weused

o .....................-...............-..~U-.I .....-.~...-....-..L.II...._I
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delivery-date commitments we metcompared to the
commitments we made. Bylooking at this metric, we
could predictimmediately whetherour customerwould
be satisfied.

Step 4-Asse.. Conformance. Assessing confor­
mance involves determining whereandwhatgapsexist
in delighting the customer. Although the metrics used in
Step3 gaveus someconformance data, we neededto
couple that datawith other, potentially moresubjective
measurements. Although the numbersgaveus a model
ofhowa processwasworking, no model could give us
the whole picture.

In addition to our metrics, weused three other
sourcesto helpassess the quality.
- The customerwasaskedto provide a reportcard.
- Outside organizations wereinvited to auditthe project.
- The project staffmembersprovided suggestions for

improvements to the processestheyexecuted.
Eachsourceprovided additional insightandvalidation
ofwhatthe metricssuggested.

Disciplined use of assessment data. End-of-eycle
assessmenthad to become a regularpartofour develop­
mentprocess. However, this assessmentwasan activity
that few people weremotivated to do. If the development
succeeded, they wanted to get on with the nextdevelop­
ment. If it wasnot so successful, theyweresensitive to
calling attention to their lackofsuccess. Thus, it became
the roleofmanagement to ensure that the assessment
wasdoneand lessonswerelearned foreachcycle.

The assessment's resultwasa statementofthe
gaps in our processes that kept the project from delight­
ingthe customer. The management teamanalyzed the
gaps and then selected processesfor improvement,
basedon the resultexpected.

Ste,. 5 through 7-1mprove Process. Upto this
point, the steps had merely laidthe groundwork for
quality improvement to begin.

Before the groundwork just described wasin
place, the improvements wetriedhad merely moved
problems from one part ofthe processto another. We
found that three morekeyswereneededto be successful
whenmaking improvements:
- Stable products
- Properly sized tasks
- Capable and empowered people.

The Shewhardt cycle (and, therefore, the PQMI
cycle) is basedon the underlying assumption that the

process beingimproved canbe modified with a predict­
ableresult. The three keysprovided the predictability
required forthe Shewhardt (and PQMI) cycle to work.

Thus,before wecould use the assessments to
chooseimprovement, wehad to take careofthe prob­
lemsthat weremaking our processes unpredictable.

Stable products. Ourbase ofreleased products
had several residual problems that demanded attention
at inopportune timesand disrupted our ability to plan
newworkaccurately.

Therefore, at the beginning ofour quality­
improvement program, we issueda software release for
eachofour major products to clean up residual problems
andachieve the desiredquality levels. These releases
allowed us to proceed with commitments to new work
andassured that problems with the released basewould
notaffect our commitments to newwork items.

Properly sized tasks. The processes wehad in place
could nothandle the typesoftasks that our customer
wasrequesting. The customerwanted fasterdelivery of
individual features. Wefound it necessary to changeour
processes and tune the processesto the natureofthe
customer's request.

This solution meantwehad to establish a pro­
cess that would handle several small commitments,
rather than a few largeones. The project moved from
handling 2 to 4 largetasks ina year to handling 30to 40
verysmall ones.

Capable and empowered people. The existing organi­
zational structuredidnotgive people the incentive for
change. Wehad a centralized, quality-management struc­
ture,which meantthat a quality-assurance teamwas
responsible forplanning and implementing allquality
improvements. Thus, the processowners didnothave
anyincentive to maketheir processeswork better.
Instead, the organizational structureprovided needless
opportunities forconflict between the process owners
andthe quality manager.

Empowerment cameaboutwhen wemade the
processowners responsible for developing their own
improvement program.

First, the quality manager developed the process
for improvement and suggestedareas forimprovement,
basedon the project-wide deficiencies that the project
audits had identified. Then, the process owners were
responsible fordesigning and implementing the pro­
posedimprovements. This madeit possible forthe
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Table II. Improvements to Plan-Work-Program Process

project to handle morechangesandgavethe prideof
accomplishment backto the processowners.

Example of Quality Improvement
The processplan work program (defined in

TableI) wasa problem area because, inour customer's
assessment, the project planners were requesting unac­
ceptably largedevelopment intervals and budgetsto do
the jobsthe customerneededdone. Our investigations
determined that the project planners had been usinghis­
torical intervals and budgetassumptions to layout the
work program. These intervals were traditional two-year
cycles, and the costswerebasedon building and main­
taining a "luxury" version ofthe system. Our customer
wasalsodissatisfied becauseofthe low correlation
between the planned costand schedule and the actual
costand delivery date.

Asa resultofthese quality problems, our custo­
mer wasunable to makethe effective predictions neces­
sary to run its business.

Predictable Within Specification. The goalofthe
plan-work-program processis to predictfor a project
deliverable the performance, cost, anddelivery date that
meetthe customer'sbusinessneeds. With few excep­
tions, the packet-switching development project didnot
have the ability before 198Q to predict these elements
accurately.

Continuous improvement that is basedon
customer-focused metrics is required to delightthe cus­
tomer. TableIIgivesthe specific processimprovements
that wereselected and tested. It tooka few years to effect
allthe changes, which culminated in the resultsstated in
the table. The net resultofthese improvements overthe

Improvement

Smaller deliverables planned
independently
Customerexpectations docu­
mentedat timeofproject com­
mitment
Project processesand internal
deliverables used to estimate
projects
Project estimatesused to allo­
cateand track resourceusage

Effect on
customer-focused metrics

Development interval decreased
more than 50percent
Seriousdefectsfound afterpro­
duct introduction decreasedby
more than80percent
Budgetrequestedfor nondesign
work (i.e.. loading) decreased
morethan 40percent
Costagreementsconsistently
achieved

last five years is an approach to planning that enables
us to project and trackeach deliverable.

With minorexceptions, eachofthe 35-plus
commitments we made to the customer forproduct
development in 1990 weremetwithin the interval that
the customerrequested. In addition, each development
wascompleted within the budgetour customer waswill­
ingto allocate to it.

Hold Gains, Continue Improvement. In 1991, internal
customers who wereoutside the project team'sbaseof
process experience placed significant newrequirements
on the project. Specifically, wewereaskedto decrease
the time required to integrate other manufacturers' prod­
ucts intoa newservice.

Atfirst, wewereunable to maintain a highlevel
ofaccuracy inour initial predictions ofcosts, develop­
ment intervals, etc. forthese newrequirements. We
found that variability in the products from other manufac­
turers madeour planning algorithms inaccurate. By
usingfeedback from the customer and root-cause analy­
sis,wewereableto adjust our planning process quickly,
so that the plans for the remaining 1991 work items
returnedto the previous standard foraccuracy. (Root­
cause analysis is a method fordetermining the underly­
ingreasonthat a product, process, or service doesnot
conform to requirements.)

Changes ofthis sort are a way oflife inour new
businessenvironment. Ourchallenge is to develop a
planning processthat allows us to plan accurately for
process changesthat are outside our experience base.

Conclusion
The AT&T quality approach, which uses PQMI,

provided an effective methodology forcreating a quality
program. It allowed the packet-switching project teamto
improve the products significantly and reducethe cost
structureand cycle time. However, this approach must
be driven bya commitment to delighting the customers
and mustbe ledby the project's mangement.

Asweattempt to replicate these resultsyear
afteryear,wefind that continuous quality improvement
is difficult to maintain. Although the approach andprac­
ticesmay staythe same, theylosetheir effectiveness
without the focus on customerdelight and management
leadership. Therefore, other projects that try to emulate
these resultsshould payparticular attention to ensuring
that the approach, practices, andfocus are in place.
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