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Transmission Systems Business Unit

Continuous improvement implies both process control (i.e., standardization
to reduce variation) and process improvement, accompanied byall ofthe
process changes theseimply. This paper describes why and how AT&T's
Transmission Systems Business Unit (TSBU) standardized itsprocesses
using International Organization for Standardization uso) 9000, and
improved itsprocesses with theAPEX (Achieving Process EXcellence) pro­
cessmanagement structure.
Introduction

AT&TsTransmission Systems Busi­
ness Unithas standardized its processes
usingISO 9001,and improved its processes
witha process management structure known
as APEX. The first part ofthis paper describes
the ISO 9000standards and howthey help
companies improve their processcontrol. But
more significantly, it alsodescribeshowthe
7000 TSBU employees associated with the
Merrimack Valley Works (MVW) in North
Andover, Massachusetts, achieved ISO 9001
certification in a record-setting ten months.
(SeePanel1for definitions ofabbreviations,
acronyms, and terms.)

The secondpart of this paperdes­
cribes APEX, a dynamic process management
structure used to identify and deploy leading­
edge practices in the area ofNew Product
Introduction (NPI). Between 1989 and 1992,
the TSBU used APEX to reduce its NPI intervals
by 50percent.The APEX structure uses full­
timeconsulting, development, and deploy­
ment facilitators from the QUEST organization,
a division ofAT&T Bell Laboratories devoted
to supporting quality, engineering, and soft­
waretechnologies.

ISO 9000
ISO 9000consistsofa set ofguidelines

and contractual standards that define a basic
quality-assurance system. It contains 20ele­
ments,which coverpart ofaTotalQuality
Management (TQM) system. Whydid the
Merrimack Valley Worksdecideto qualify for
ISO 9001certification? They werealready

engaged in both the Malcolm Baldrige
National Quality Award (MBNQA) and the
Chairman's Quality Award (CQA) processes,
each ofwhich wasa major challenge. Why did
they add ISO 9001 certification to an already
daunting workload?

Why Was ISO 9001 Certification Needed?

There are only two reasons to strive for ISO
9001 certification:
1. The customerrequires it.
2. It improves the business.
It wasbecoming clearthat beingregistered to
the ISO 9000Standards could be a competitive
differentiator. Customers wereclearly looking
for a standardset ofcriteriato evaluate suppli­
ers, and ISO 9000wasbecoming the "defacto"
standardforjust that purpose. This wasespe­
cially true in the European Community (EC),
where it wasrecommended that allsuppliers
be registeredbyJanuary1,1993. Mostsuppli­
ers are driven by the first reason, but during
the certification process,the Merrimack Val­
leyWorksrealized that the greatest benefit is
an improved business. It is notjust an
improved quality-assurance system. Because
youget much more than that.You get disci­
pline and consistency in your processes,
which, together, equalan improved business.
This leads to a reduction in processand prod­
uctvariation, which provides customerswith
a consistentlevel ofquality.

ISO 9000 Quality System Standards. The
ISO 9000Quality System Standards contain
five separatedocuments, numbered ISO 9000
through ISO 9004.The relationship among the
five standards is as follows:
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Panel 1. Abbreviations, Acronyms, and Terms

APEX - Achieving ProcessEXcellence
CQA - Chairman's Quality Award
EC- European Community
IC- integrated circuit
IQA - Internal Quality Audit Program
ISO - International Organization forStandardization
MBNQA - Malcolm Baldrige National Quality Award
MVW - Merrimack Valley Works
NPI - newproductintroduction
TQM - totalquality management
TSBU - Transmission Systems Business Unit

- ISO 9000- Guidelines forselecting andusingISO 9001
through ISO 9004

- ISO 9001 through9003- Contractual standardsthat
outline:
- Design/development, production, installation, and

servicing usc 9001)
- Production and installation (ISO 9002)
- Final inspection and test (Iso 9003)

- ISO 9004- Noncontractual guidelines on howto
develop a quality management system.

The contractual standards are whatcustomers
may requirein a contract, and the company supplying
the service/product is then requiredto comply. Noncon­
tractual standards (rso 9004) are not specified in a con­
tract, but are used as a guideforcomplying with the con­
tractual standards.

ISO 9001, the mostcomprehensive ofthe con­
tractual standards, requirescompliance to 20elements,
listed in Panel 2. (rso 9002 and ISO 9003 are subsets of ISO
9001.) These 20elements consistof114 "shalls," which
are equivalent to commandments. To become ISO certi­
fied, youmust comply with allthese commandments.

ISO 9000 canbe captured in three basicconcepts:
1. Say whatyoudo - Document yourprocesses.
2. Dowhatyousay- Effectively implement the docu­

mented processes.
3. Have the recordsto prove it - Maintain recordsthat

demonstrate compliance.
ISO 9001 certification requiresbeingaudited not

only against the ISO standard, but also against yourown
documented processes. Independent auditcompanies,
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Panel 2. ISO 9001 Elements

4.1 Management responsibility
4.2 Quality system
4.3 Contract review
4.4 Design control
4.5 Document control
4.6Purchasing
4.7 Purchaser-supplied product
4.8Productidentification and traceability
4.9Processcontrol

4.10 Inspection and testing
4.11 Inspection, measurement, and test equipment
4.12 Inspection and test status
4.13 Control ofnonconforming product
4.14 Corrective action
4.15 Handling, storage, packaging, anddelivery
4.16 Quality records
4.17 Internal quality audits
4.18 Training
4.19 Servicing
4.20 Statistical techniques.

called third-party auditors, look for "objective evidence"
thatyouare following the processes thatyouhave docu­
mented. The goalof ISO 9000 is to reduceproduct varia­
tion byassuring thatyouconsistently andaccurately per­
form allprocesses that affect product quality.

ISO 9000 versus MBNQA. Whatis the relationship
between ISO 9000 and MBNQA? Qualitatively, Figure 1
captures this relationship. While MBNQA focuses on
resultsandcustomers, ISO 9000 emphasizes control of
processes, products, and services that affect quality. ISO
9000 doesnotmeasure the financial or administrative
functions ofa business, such as accounting or human
resources. Onthe other hand,the MBNQA doesnotcon­
ductan in-depth analysis ofprocess control. In the
future, eachofthese two important quality doctrines will
embrace andencompass eachother. In their present
state,theycomplement eachother well.

How w•• CertiflC8tion Achieved? The initial plan­
ningmeeting tookplace in October 1991, at which the
January 1,1993, deadline set bythe EC was discussed.
Although this deadline waspresented as a business
necessity, nota legal requirement, it mostcertainly
would be viewed bycustomers as a marketdifferentiator.
Based on this deadline, the five milestones shown in



Table I. ISO 9001 Milestones for the Merrimack Valley Works

Table II. Listing of ISO 9001 Early Activities for the Merri­
mack Valley Works

certification process. The core teamselected DNV to per­
form the certification audit. Early in the process, the core
teamdetermined that one area inparticular, our Internal
Quality Audit (IQA) Program, neededto be strengthened.
Therefore, an internal audittask teamwasestablished to
develop a comprehensive, ongoing IQA program. This
extremely crucial elementof ISO 9001 enables partici­
pantsto measure themselves (conduct a self-audit)
against the requirements of ISO 9001. It also ensuresthat
the quality-assurance system put in place andcertified is
continuously maintained, anddoesnotdeteriorate
between periodic auditsby the registrar (DNV).

The Plo. The following project plan highlights
three areas that led to successful completion ofISO
certification - the teamstructures, training, andcross-

Baldrige criteria

Processes Products Services Administration

Figure 1. The relationship between ISO 9000 and the MBNQA.
While the MBNQA focuses on results and customers, ISO
9001 stresses control of processes, products, and services
that affect quality.

Table I for thersmrs Merrimack Valley Works wereset.
These milestones werenevermodified, and rec­

ommendation forcertification wasachieved inAugust
1992. The Merrimack Valley Works knew that theyhad
set an ambitious schedule; the quality expertshad told
themthat it would takeat least two years to prepare for
the audit. To makemattersworse, halfthe design organi­
zation wasin Holmdel, New Jersey,and the other halfin
North Andover, Massachusetts. Because ofthis, they
anticipated the needfora follow-up auditin December if
theydidnotqualify forcertification inAugust.

lerly Adlvltl... If this project was to be successful,
itwould requirethe involvement ofall7000 TSBU employ­
ees at Merrimack Valley and Holmdel, notjust a small
group. Everyone had to understand the project com­
pletely, communicate clearly, and lendwholehearted sup­
port. Many avenues ofcommunication wereestablished to
get the message to allemployees. There werecommunica­
tion meetings, company publications, lettersfrom execu­
tives, posters, and,mostimportantly, training. TableII lists
the earlyactivities that propelled such a largeendeavor.

The ISO 9000 core team, established to guidethe
beginning ofthis project, evolved intothe ISO planning
team. First,the teamevaluated several third-party audi­
tors,andchose two - Uoydsand DetNorske Veritas
(DNV) - to give presentations abouttheir company and

Milestone

Quality documentation review
Preliminary assessment
Accredited certification audit
Follow-up audit
ISO 9001 certification

Activity

ISO 9000 core teamestablished
DNV Registrar presentation
Socialization ofwhatandwhy

ofISO 9000
Corporate Quality Office

ISO 9000 overview
Lloyds Registrar presentation
Internal audittask teamestablished
ISO 9000 MV organization representatives

identified
MVW Quality Manual, Issue7
Signed contractwith DNV
MVW ISO project teamsestablished
TSBU R&D ISO teamsestablished
ISO 9000 training developed

Completion
Date

January 1992
March 1992
August 1992
December 1992
December 1992

Completion
Date

October 1991
October 1991
October 1991-

January 1992
November 1991

November 1991
November 1991
December 1991

January 1992
January 1992
January 1992
February 1992
January-April 1992
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Panel 3. Action Register Guidelines

- Set upaction registersearly.
- Make each action register simple, not toocoarse,

andnot toofine.
- Assemble the following information foreach action

register:
- Personresponsible,
- Action itemnumber,
- Action itemdescription/status,
- Planned start andend dates,
- Actual start and end dates,
- Projected end date,and
- Percentcomplete.

- Review andrevise the action registerat bi-weekly
meetings.

functional, cross-organizational communications. The ISO
core teamplan called for:
- Establishing the planning team
- Establishing the ISO 9000 teamstructuresto identify:

- Coordinators for R&D andmanufacturing
- Project, element, and organizational teamleaders
- All teammembers

- Training, training, andmoretraining
- Apreliminary assessmentauditby DNV
- Action registersforallteams
- Bi-weekly implementation teammeetings (all ISO

teamleaders).
The ISO teamwasstructured (seeFigure 2) to be

small andefficient, with a planning teamthat coordinated
the overall project management. Product, organization,
andelementteamsdeveloped action registers, which
identified the gapsbetween their current processesand
the ISO requirements. Guidelines for developing action
registersare listed in Panel 3.Teamswerecautioned,
"Don't make the project plan the project." In addition,
whatever long-term or "world class" goalsa project team
mighthave, theyneededto achieve full ISO compliance
byAugust 1992. Having madeexcellent progresson an
ambitious plan would not result incertification. AnISO
auditor's only concern is,"Doesthe quality system, as it
existsnow, comply with the ISO 9001 criteria?"

Accomplishments and problem areaswere
reviewed weekly or bi-weekly by the teams. Coordinators
metwith the teamsto addresscross-functional, cross-
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ISO 9000 Planning Team
Team members

Design/development Manufacturing
coordinators coordinators

! !
MVW coordinator Organization teams

(by manager level)
Product teams

HO coordinator
!

Element teams
Product teams and

element coordinators

t
Element teams

Figure 2. The ISO team Is small and efficient, with a planning
team that coordinates overall project management. The
prodUct, organization, and element teams develop action
registers to Identify the gaps between their current
processes and the ISO requirements.

organizational issuesand to trackprogress. The planning
teamandthe coordinators metbi-weekly to measure
overall progressagainst the action registers, highlight
anyglobal issues, anddetermine corrective actions. The
planning teamandallteamleadersalso heldbi-weekly
implementation teammeetings to review corefunctions
andareasofconcern with allorganizations. Thiswas also
an opportunity forteamsto discuss common problems
and share successes that might be usedbyother teams.
Training often goes unnoticed and unsung. But, it was a
major contributor to the successofthe plan. Aconscious
decision wasmadeto traineveryone as early as possible.
Clearly, everyone needed to know whatISO 9001 was,
why it was needed, andhowthe Merrimack Valley
Works wasorganized to get it.
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Preliminary A.........nt Audit. Early in the project,
duringthe firstweekofMarch 1992, DNV performed a
pre-assessment audit. The Merrimack Valley Works
choseto do this earlybecause they wanted an indepen­
dentview ofwhere theywerewith respect to ISO 9001
compliance. The pre-assessment had the samenumber
ofauditdaysas the certification audit (scheduled for
August 1992), and highlighted the needformajor effort
inalmost every element andorganization. This wasan
early, loud, andclearmessage to get to work. However,
the pre-assessment contained only a listing of"observa­
tions," and nota good, quantified assessment that could
be communicated easily throughout the TSBU. Based on
DNV'S observations, the planning teamassessed, or rated,
the ISO elements as acceptable, conditional, or unaccept­
able. Theyalso determined an "effort" rating forbringing
elements intocompliance, or maintaining compliance.
Their "assessment" ofthe pre-assessment gavethem the
ease ofcommunications and level ofunderstanding that
became the springboard for ISO teamsto take action.
People knew what to workon.

What Mad. It Work? Some keyingredients made
ISO 9001certification obtainable injust ten months.
Management's understanding of, andcommitment to,
the ISO 9001 requirements empowered and energized the

teamsto achieve the required performance. The impor­
tanceofISO 9001to enlarging our international customer
base became so well understood at alllevels ofthe TSBU
that no one "...wanted to be the personresponsible for
failing this audit." The keyingredients forobtaining
certification included:
- Apre-assessment audit,
- Apre-assessment assessment,
- The teamstructure,
- Weekly and bi-weekly meetings,
- Internal quality audits,
- Management commitment, and
- Total involvement byallemployees.
The multiple-team structure, along with regularly sched­
uledreview meetings, proved invaluable foraddressing
global compliance issuesandmaintaining close commu­
nications with allthe teams. Finally, just before the
August certification audit, a "mock audit" was conducted
to identify anyresidual compliance issues.

The M.ssag.. The value of ISO 9000liesin the dis­
cipline and control it bringsto processes, qualities that
enable these processes to be as effective as possible. In
that regard, ISO is essential to managing a business. ISO
elements covertoowide a rangeofprocesses to make
compliance the responsibility ofthe Quality Organ-
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ization. It wasonly throughthe full involvement ofall
employees from many organizations that ISO 9001
certification wasachieved injust 10months.

APEX Proce.. Management
APEX is the structureused by the TSBU to identify

anddeploy leading-edge practices that reduceits NPI
intervals. APEX is based on a series ofmulti-location,
cross-functional, cross-product teamsthat focus on
improving NPI subprocesses.

Between 1989 and 1992, the TSBU reducedthe
interval neededto introduce a full newsystemby 50per­
cent: from 39monthsin 1989, to 20monthsby the end of
1992. Comparable reductions wereachieved for incre­
mental systems (seeFigure3).Although marketcondi­
tionswerethe primary influence on these reductions, the
APEX project played a keyrole inenabling theTSBU to
respond to marketconditions.

Structure. APEX is a processmanagement struc­
ture foranalyzing processes, generating and deploying
recommendations, andestablishing policies acrossa
businessunit. Acentralelementofthe APEX structureis
the breakdown ofNPI intokeysubprocesses. Eachsub­
process has an APEX team. The processes, shown in Fig­
ure 4,are:
- Front-end process,
- Requirements and architecture,
- Integrated circuits,
- Circuit packs,
- Wired equipment,
- Software,
- System verification,
- Product delivery, and
- Project management.
In the U.S., the structureconsistsofa separateAPEX
teamforeach NPI subprocess. APEX teamsin Europe
addresssoftware, systemverification, hardware, and
integrated circuits.

Separate APEX teamswereformed in the U.S.
and in Europe to simplify meeting logistics. Related
teamsin the U.S. andEurope coordinate closely, both
throughcross-membership on teamsand subteams, and
through"superteam" steeringcommittees, consisting of
allAPEX teamleaders, facilitators, andexecutive champi­
ons.These steeringcommittees worktogetheron global
issues, suchas common processdevelopment. In addi­
tion, representatives from the teamsin the U.S. and
Europe meetoncea yearat a development conference to
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share efforts and identify synergies.
To addressoverall NPI processimprovement, the

"glueteam," in the U.S., and the "development process
team," in Europe, act as chiefarchitects. These teams
lookfor improvement opportunities that spanmultiple
subprocesses or that involve allAPEX teams, such as
improving the deployment ofrecommendations. They
alsoaddress issuesthat cross NPI subprocesses, such as
developing an NPI processframework, analyzing process
effectiveness, and systematically reusingproducts and
product components (multi-use).

Grass Roots Experts. The membership ofAPEX
teamsis the keyfactor in bothgenerating valuable rec­
ommendations and deploying them effectively acrossa
businessunit. APEX teamsinclude processexperts from
allproduct linesandallmajor functional areasin R&D,
manufacturing, andproduct management. Forexample,
the U.S. circuit packAPEX teamincludes members from
11 R&D product areas, printed-wiring-board manufactur­
ing, circuit-pack assembly, andengineering research.
Some teamsalsoinclude members from supplier organi­
zations, suchas service organizations, AT&T Microelec­
tronics, and external component suppliers.

This cross-organizational, cross-functional mem­
bershipis extremely valuable forgenerating recommen­
dations on howto improve processes. It identifies tech­
niques used successfully in onepartofthe business that
canbe reusedelsewhere. In addition, eachteammember
provides a different perspective, which, collectively,
allows formorethorough analysis. Teamrecommenda­
tionsare developed throughextensive benchmarking
and the combined insights ofteammembers, whose per­
sonal experience with the processes lendscredibility to
their recommendations.

Deploying Ludlng-Edg. Practices. Teammember­
shipis instrumental indeploying APEX recommendations.
The primary lineorganization assignment forteammem­
bers is implementing the specific NPI process. Forexam­
ple, the circuit packAPEX teamincludes circuit designers
andmanagers in the product andfunctional organiza­
tionsresponsible fordesigning and introducing newcir­
cuitpacks. Bydeveloping recommendations, teammem­
bers achieve a sense ofownership and anautomatic
investment. APEX teamsrelyon their members to take
the recommendations backto their homeprojects and
champion themwith their peers.

APEX project reviews, anothercentral element in
the deployment ofrecommendations, are the primary
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Figure 4. NPI sub-
processes. A key ele­
ment of the APEX
structure Is the
breakdown of NPI Into
key subprocesses.
Each subprocess has
an APEX team.

vehicle for conveying leading-edge practicesto projects
(Figure 5).When the TSBU begins an NPIproject, project
members are encouragedto schedule reviews witheach
APEX team as earlyas possible. In a review, APEX mem­
bers workwiththe projectto:
- Understandthe projectconstraintsand risks,
- Review the collective APEX process improvement rec-

ommendations,
- Determine whichAPEX recommendations will benefit

the project, and
- Develop an action planfor implementing the recom-

mendedprocess changes.
In this way, APEX teams provide each projectwitha port­
folio ofprocess improvement techniques, fromwhich
members ofthe projectcan select the mostbeneficial.
Asdistinguished fromexternalauditsand assessments,
APEX projectreviews are jointworking sessions that
result in commitments to action. This format alsoencour­
ages each projectto share innovative proposals and prac­
tices withthe APEX team, ensuring a constant influx of
newideas.The APEX team structure allows the project
review subjectmatter to reflectthe newestthinkingon
leading-edge practices, makingthe APEX recommenda­
tions dynamic and responsive to changingconditions.

NPI Subprocesses

Whenthe track record for an APEX recommen­
dation becomeswell established, the businessunit can
standardize the recommendation by issuinga policy.
Oncean APEX team issues a policy, the team monitors
compliance in the entire business unit. Because the rec­
ommendation has been widely socialized bythen, there
is usually littleresistance.

Executive Champions. TSBU executives playa key
role in supporting APEX. They do not dictate subjectmat­
ter and recommendations; they leave that to the subject­
matter experts in the APEX teams. Instead, the executives
are instrumental in maintaining the vision through
changingbusiness conditions, coachingthe teams, cele­
bratingsuccesses,clearingroadblocks, and supporting
the deployment ofpolicies developed by APEX teams.

Help from QUEST. The challenge to making this
grass-roots effort workis to use the valuable insightsof
process experts without hinderingtheir ability to work
full-time on their home projects. The APEX structure
makes this processworkby using full-time facilitators
fromthe QUEST organization ofAT&T Bell Laboratories.

These professionals are versed in quality tech­
niques,such as quality improvement stories,which lend
structure to team activities. They are alsoexperts in team
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Figure 5. APEX project
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mendations, are the
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with each APEX team
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AT&T Best Practices
Competitors' Best Practices
Industry's Best Practices

Target
processes

Demonstrated process capabilities
Local process innovations

dynamics; they manage teammeetings andhelpthe
teamestablish and maintain a direction. APEX relies on
the facilitators to synthesize disjointed, and sometimes
opposing, views from teammembers, and to develop
mutually satisfying solutions. The facilitators handle
muchofthe analytical work, and are themselves a source
ofprocessexpertise, particularly regarding insights from
elsewhere inAT&T and industry. Working closely with
each other, the facilitators helpcoordinate deployment
and resolve other issuesthat cross teamboundaries.

Succ:e.. Factors. In summary, APEX is a dynamic
processfor identifying anddeploying leading-edge prac­
tices in the TSBU. APEX has achieved successwithin the
TSBU because:
- All projects and organizations are involved.
- Natural deployment occursbecause teammembers

are both processowners andusers ofrecommenda­
tions.

- Ideascome from grass rootsprocessexperts.
- Benchmarking provides the teamswith valuable

insights intoindustry practices.
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- Executives visibly champion the effort.
- Project reviews are used to deploy recommendations

throughmutual sharingandcommitment to action.
- Ongoing updates to recommendations allow the pro­

cess to be dynamic.
- Quality consultants helpdevelop and maintain the

structure.

(Manuscript approved November 1993)
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