
QFD: ECHOING THE VOICE
OF THE CUSTOMER

_____-- PatrlckG. Brown _

18

Patrick G. Brown is a
member of technical
staff in the Indian Hill
Computing Technology
Department at AT&T
Bell Laboratories in
Naperville (Indian Hill),
Illinois. He joined AT&T
in 1969 and is respon­
sible for assessing
customer needs and
assuring customer
satisfaction at the
Indian Hill Computer
Center.

AT&TTECHNICAL JOURNAL.MARCH/APRIL 1991

One ofthe most promising techniques incontemporary,
customer-driven engineering is quality-function deploy­
ment (QFD). Thisproduct-realization approach helps
ensure thatcustomer needs and expectations directly
influence the definition, design, implementation, and
deployment ofproducts and services. QFD comprises a
system ofhighly traceable engineering procedures ina
cross-functional team framework thatusegraphical dis­
plays to drive all phases ofproduct deployment without
stifling thevoice ofthe customer. QFD-based product
realization yields clear competitive advantages over more
traditional processes bypromoting greater customer
satisfaction, shorter time to market, and improved pro­
duct performance. Within AT&T, QFD hasbeen used
insuch diverse applications as planning software­
development environments, specifying thecharacteris­
tics oftransmission systems, and guiding the definition
ofmore tangible products like batteries. This paper high­
lights the QFD process, drawing examples from recent
projects thatused QFD inrefining a software-development
environment and inrealizing computing services.
Introduction

Quality-function deployment (QFD) is a quality-assurance sys­
tem that helpsensurethat the voice ofthe customer-the specific needs
anddesiresofa given customer segment-is clearly heardandfol­
lowed inthe development anddeployment ofa product or service.
(Panel! defines acronyms andtermsused in this paper.)

Besides responding moreprecisely to customer needs, pro­
ducerscanrespond morequickly using QFD thantheycanwith tradi­
tional product-realization strategies, thus gaining faster marketpene­
tration andlargermarketshare.1.2 The overall results? Greater



Panel 1. Abbreviations and Terms In This Paper

affinity grouping- a team-based consensus technique
fororganizing information (e.g., WHATs) intohier­
archical clumps.

HOQ - house ofquality, the highest-level QFD matrix; it
displays customerwantsversus the design require­
ments necessary to meet them. Related product­
definition information (e.g., customer importance,
competitive position, etc.) is also displayed.

HOW - a QFD term for a mechanismthat fulfills a WHAT.
In the first phase of QFD, these are the first-level
technical attributes ofa product or servicethat
explicitly address customer needs or wants.

HOW MUCH - a QFD term for the target valueofa HOW.
KETC - AT&T BellLaboratories' Kelly Education and

TrainingCenter.
MR - modification request.
product- the outputofa process.Aproductmaybe a

tangible item such as a telephoneset, or an ongoing
process such as computing-environment support.
Also, products maybe internal (i.e., intendedfor
use by subsequent processes within the organiza­
tion) or external (i.e., intendedfor transfer to a

customer satisfaction, improved productperformance,
and enhancedprofitability.

The key to QFD'S competitive advantage is its
structured application offour strategicconcepts:
- Preservation ofthe voice ofthe customer ensures that

customerneeds won'tbe translated or distorted in the
development process.

- Acrossfunctiona! team provides inputto productreal­
ization fromallareas ofthe business.Thus, the con­
cerns ofmarketing, design, deployment, and support
organizations are brought to the surfaceand dealtwith
earlyin the process.

- Concurrent engineering allows those parties,such as
manufacturing, whohavetraditionally participated

customeroutsidethe organization).
product-realization cycle- product-development life

cycle; the process ofbringinga productinto
existence, frominception through deployment to
customers.

QFD - quality-function deployment; a team-based,
graphically orientedsystemfor stepwise product
realization explicitly drivenby the voice ofthe
customer.

QPC - Quality Process Center.
VOC - voice ofthe customer; a customerneed,want,

expectation, or concern. Asinputto QFD, VOC data
consistsofuntranslatedstatementsofcustomer
values; these can be verbatim statementsfromcus­
tomers, or unfiltered observations aboutcustomer
behavior.

WHAT - a QFD term for a statementofneed or want. In
the first phase of QFD, WHATs are the result ofgath­
eringvoc data. In subsequentphases of QFD, the
needs ofa product, process,or production facility
are alsothought ofas WHATs. AWHAT is fulfilled by
a HOW.

later in the product-realization cycle to beginplanning
earlier,using more accurate information. This shor­
tens time-to-market.

- Aconcisegraphical display presents a pictureofthe
productthat clearly linksexplicit customerneeds to
product-realization decisions.

Throughout this paper,product is used to denote
anyprocess output intendedfor consumption by a custo­
mer.Thus, it includes services, as well as goods.

Dev.lopm.nt Proc....., Old and N.w
In the United States,businesses havefollowed a

traditional approach to productrealization. But they have
recentlybegun to use QFD, the approach that is a key
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factor behindJapan'sproduct-realization preeminence
duringthe 1970s and 1980s.

Traditional Product Realization. In the United
States, productrealization has traditionally been charac­
terized by these attributes:
- Eachworkgrouphas its own ideasand methods.
- Product realization is highly sequential.
- Many development iterations are necessary.
- Design characteristics stray from customerintent.
- Everything is important.
- Designs meet tolerances, not targets.

Although they maybe working toward realization
ofthe same product, in the traditional approach, the dif­
ferentworkgroups use different terms and isolated pro­
cedures foraddingtheir value to the product. Thus, there
may be little common understanding among the groups.

Eachpartyto the product-realization process
addsvalue, in turn. Marketeersgather needs; systems
engineersanalyze these needs. Designers implement the
solution concepts; testers verify the design. Builders
manufacture the product; deployers put it in the field and
supportit.Asa result, parallelism isverylimited.

Ateach stage ofthe sequential process,
instances ofinadequate communication showup as pro­
duct inadequacies, either from an internal- or external­
customerperspective. The rework costs to correct these
problems are high.

Skilled engineers, eager to apply their knowl­
edge and abilities, are quickto translate customers' busi­
ness needs intodetailed technical solutions. Thus, the
design characteristics strayfrom customerintent, and
we quickly lose the customer'soriginal perspective.

To us, allaspectsofthe product's designmay
seemequally important. Thus, wemaytry to address
each ofthem in the best possible way, regardlessofany
aspect'simportance to our customer. Asa result,we
dilute our resources. Wemayfail to meetkeycustomer
needs,while weattendto attributesthat are oflittle
significance to our customer.

Agiven productwill be designed to function
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within a tolerance range,i.e., between theoretical mini­
mumand maximum specification limits. Asa result,
designs meet tolerances, notexplicit, customer-preferred
operating targets. The additive effect ofcomponent toler­
ancesthat are closeto limits may leadto failure, or the
productas a whole may function poorly.

Figure la is a high-level view ofthe functions,
owners, and flow ofa product-realization processthat is
shapedby these characteristics. Obviously, in this pro­
cess, eachfunction adds itsvalue in sequence, without
explicit early knowledge ofcustomerneeds. The result is
lossofcustomerperspective, suboptimization, serialcom­
munication, rework at each stage to correctmisunder­
standings, and delay in productavailability.

The QFD Approach. In contrast, a product­
development approach basedon QFD has these charac­
teristics:
- Cross-functional teamsbuild a common understanding

ofthe product.
- Productrealization is moreconcurrent.
- Little, ifany, rework is necessary.
- The voice ofthe customeris preserved in the design

characteristics.
- Only those attributesthat are keyto customersatisfac­

tionare important.
- Designs meet explicit operating targets,not theoreti­

cal specification tolerances.
Because the teamencompasses the many func­

tional areas involved in the development process, allthe
areasgaina common understanding ofthe product. The
teammembersform a unifying productview through
earlyinteraction and consensus-based decision-making.
(We will discussthe teamconcept in moredetail later.)

With QFD, productrealization is a concurrent
process. Eachofthe partiesgets a clear, early lookat the
productdesign. Familiarization occurssimultaneously,
and communication is crispand accurate throughout the
cycle. Asa result, little rework, ifany, is necessary.

The deliverables (e.g., engineering drawings,
computer programs, specification documents) that are
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handed off from function to function are the samein a
QFD-based approach as they are ina moretraditional
approach. However, they're morelikely to be complete
and correct. This is the result ofa cross-functional team
thatworks with clearcustomerneeds anda crispdata­
organization structure (inthe form ofa graphical dis­
play). Because intentand details are well understood,
surprises are rare.This obviates the needfor rework of
specifications and designs, reducing development time
and increasing the probability that customers will get the
product theywantand need.

The QFDprocessemphasizes preservation ofthe
customer's view at each step.The teamuses special tech­
niques to maintain this integrity duringthe processing of
customer needs and the development ofproduct specifi-

Figure 1. The product-realization process. (a) In the tradi­
tional approach, each function adds Its value In sequence,
without explicit early knowledge of customer needs.
(b) In a development process based on QFD, each function
Is Involved concurrently as part of the team In defining the
product and adds value In parallel, with clear knowledge of
customer needs. Handoffs are crisp; rework Is minimal. The
process Is optimized for the overall scope of product realiza­
tion. Products reach market without undue delay, and with
greater probability of customer satisfaction.

cations. In addition, QFDuses a graphical display whose
structureensures that the customer's voice canbe traced
throughout the development process.

QFD recognizes that not everything can, nor
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should, be done. Instead, thefocus is onthosecharacteris­
tics that are most strongly linked to customersatisfaction,
with special emphasis on keyneeds that are novel or
difficult to realize. (Those needs are the onesmostlikely
to causeproblems in development and deployment.) We
deploy resourceswherethe payoff will be greatest,with
an eyeto addressing snagsbefore they cropup.

QFD encourages us to specify targetvalues for
the mechanisms that wehavedefined to addresscusto­
mer needs. These targetvalues are statements ofthe
explicit operating targets that the customerdesires. This
focuses the design in a direction that is mostlikely to
satisfy the customer rather than in a direction that just
meetsinternal tolerance specifications.

Figure Ib is a high-level view ofthe functions,
owners, andflow ofa development processthat uses QFD
as an organizing framework. Eachfunction is involved
concurrently (aspart ofthe QFD team) in defining the
product. Also, eachfunction addsvalue in parallel, with
clearknowledge ofcustomerneeds.

In high-technology systems-design organiza­
tions, coordination ofthe QFD teamis typically doneby a
systems-engineering workgroup. Other likely coordina­
tors could be marketing or productmanagement.

With QFD, handoffs are crisp, rework is minimal,
andthe process is optimized forthe overall scope ofpro­
duct realization. Products will reach marketwithout
unduedelay, andthe probability ofcustomersatisfaction
will be great.

QFD versu. Traditional Approache.. The advantages
ofQFD overtraditional product-realization processes
include:
- Products meet realcustomerneeds.
- QFD builds credibility with customers.
- Products reach marketmorequickly.
- QFD provides traceability ofdesign intent.
- QFD provides a rich,accessible product-definition

display (which will be discussed in detail later) .
- Collective understanding ofcustomerneeds
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strengthensthe organization.
- Teambuilding strengthensthe organization.

The QFD approach preserves the customer's
voice moreexplicitly than the moretraditional product­
definition methods. Products are developed andenhanced
from a customer perspective, not from a supplier perspec­
tive. This greatly increases a product's chancesofsuccess.
Also, whenproducts clearly fulfill customer needs, custo­
mersgainnewrespectfor the supplier.

Because allthe keypartiesto product realization
are represented on the QFD team, potential show-stopping
wrinkles canbe ironed outearly in the development, elim­
inating the chum andrework that canplague the more
traditional approaches.

QFD stringently preserves the customer's voice
throughout allthe stagesofdevelopment. Because design
decisions basedonthatvoice are recorded, wecaneasily
trace specific product features backto the customer's ori­
ginal needs. This is useful inkeeping development on
track, as well as in analyzing product-evolution strategy.

The graphical representation used in QFD is the
house ofquality or HOQ-arich,easily accessed data
store.This crispcommunication mechanism allows more
timely, accurate retrieval ofkeyfacts and relationships
than traditional development documentation (which is
often voluminous anddispersed). The HOQ is also a
comprehensive, efficient, training reference foremploy­
ees whoare newto the organization.

CoreQFD teammembers, as well as others
called in to helpthe team, gainprofound knowledge of
customer wants and ofthe functional perspectives of
other teammembers. This spreadsteam-building aware­
ness throughthe organization. After people have served
on a QFD team, theytypically feel strongly that theywill
be moreeffective infuture product developments. They
now know why andhowcustomers use our products and
whatcustomers will value in the future.

Asa resultoftheir interactions, QFD teammem­
bers build trust andunderstanding with othergroupsin



Panel 2. Getting Started with QFD

Because QFD is newto U.S. businesses andhas
aspects that are somewhat foreign to our business
culture, it's important to get helpwhenintroducing
QFD to an organization.

Even thoughthe firstapplication ofthe pro­
cesswill likely be a small-scale trial, training andcon­
sultation are necessary. It's appropriate to provide
managers andparticipants with a high-level view of
QFD'S rationale andtechnology; teammembers will
benefit from more-detailed training in techniques.

External consultants canguideandfacilitate
early, small-scale projects. Butanyorganization that
decides to get moreheavily involved will benefit by
training several staffmembers as QFD facilitators, so
there'll always be internal consultants available with
a ready knowledge ofits culture andproducts. QFD
training andconsultation are now available from
several independent U.S. suppliers.

theenterprise. The teammembers carrythis trust and
understanding backto theirwork groups.

Elements of QFD
QFD has three keyfacets: a cross-functional team

thatoperates in a structured process that is guided by a
graphical display. Eachfacet canbe scaled to meetthe
scope ofa given project-adaptability is a hallmark of
successful QFD application.

The Team. The QFD teamcomprises representa­
tives from eachofthe major workgroupsinvolved in a
product-realization process. Because this is a cross­
functional team, each member bringsspecial knowledge
about the capabilities andrequirements ofhis or her
processes. Eachmember will gaina clear, intimate sense
ofcustomer values. This newly found collective under­
standing will enable members to identify potential

In recentyears, many corporations have devel­
oped sophisticated, internal, quality-management consul­
tation services andtraining programs. AtAT&T Bell
Laboratories, forexample, the Quality Process Center
(QPc) provides expertguidance intailoring QFD to a
variety oftechnical areas. The QPC also evaluates soft­
ware packages-a requisite forallbut the smallest QFD
projects-and counsels organizations aboutwhich soft­
warewould best suit theirneeds. In the areaoftraining,
AT&T Bell Laboratories Kelly Education andTraining
Center (KETC) has recently introduced a comprehensive
courseto prepare product-definition teamsto use QFD.

As a nextstep,readerswho wantto become
morefamiliar with the mechanics ofQFD will enjoy the
article, 'The House ofQuality," byJohn Hauser andDon
Clausing in the May-June 1988 issueofHarvard Business
Reoiew,' It provides a concise walk-through ofQFD pro­
ceduresapplied toan automotive product.

product-realization snagsassociated with their own func­
tional areas.

Foras complex a product as a private-branch
exchange, the teammightinclude a marketing represen­
tative, systems engineer, project manager, circuit
designer, software designer, system-assurance specialist,
physical designer, manufacturing engineer, andproduct­
support specialist. The teamfora smaller product-such
as a computer center'sprinting service-might have a
systems engineer, software designer, system administra­
tor,operations specialist, andcustomer-service represen­
tative. Additional consultants may be broughtinas ad
hoc teammembers.

Teammembers musthave profound knowledge
oftheir respective areas, andmustbe willing and able to
serveon the team. Theymustalso be empowered to
make decisions that affect the product's eventual success
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or failure in the marketplace. Teamsmeetoften,
typically from two to five timesper week, depending on
the type ofproject. With rare exception, eachmember
mustattend each meeting.

Teamsoperatebyconsensus. Thus, issuesare
discussed until a decision is reached that is supportable
(though not necessarily favored) by each teammember.
There is usually a designated teamleader, andoften a
QFD facilitator, to helpkeep the processmoving.

HOQ-The Graphical Display. The QFD graphical
display, which is called the house ofquality because ofits
shape, provides a framework that guidesthe teamthrough
the QFD process. The HOQ is a matrix that contains infor­
mation aboutcustomervalues, mechanisms to address
these values in the product, and criteria fordeciding
which ofthe mechanisms will provide the greatest custo­
mer satisfaction. Given the amount andvariety ofdata,
mostQFD teamsfind it desirable to use a software pack­
age to assist in maintaining the HOQ. (Panel 2 offers
suggestions for implementing the QFD process.)

Figure 2 depicts the structureofthe HOQ; labels
identify the different functional areas. The numbersin
someareasofthe matrix are indexnumbersthat arbi­
trarily identify the rows and columns. The areasofthis
basic HOQ are:
- WHAT-identifies customer needs, which are grouped

by topic areas.
- Customer importance-contains the customer-priority

rating for eachofthe WHATs.
- How-identifies the mechanisms to fulfill the WHATs.

These mechanisms are best statedas design require­
mentsor as the technical characteristics ofsolutions,
rather than as specific solutions.

- Relationship matrix-shows the relationships between
the WHATs and the nows,

- HOW MUCH-eontains targetvalues for the nows.
- Technical importance-shows the customer-

satisfaction effect ofeach HOW. Typically, the strength
ofeach relationship is multiplied by the customer­
importance rating. Then, eachofthe cellvalues in a
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given column is summed.
- Correlation matrix-shows the interactions among

the sows.
Later, whenwediscuss the QFD process, wewill provide
details abouthowto fill in these areas.

Figure 3 shows selected WHATs andnows ofa
HOQ from an enterprise-planning project that was carried
out bya software-technology provider. For this example,
the nows have beenarrangedin decreasing order (using
a QFD-support software package), according to their
technical-importance ratings. This HOQ shows that
nows #1 and#2are particularly likely to contribute to ful­
filling the WHATs shown, while HOW #16 would contribute
hardly at all. Therefore, the QFD teamrecommended that
#1and#2be put in place. Butnows #4and#5werealso
selected becausethey earnedveryhigh ratings forother
WHATs (which are not shown in this figure), inaddition
to scoring solidly here.

The teamfound no negative correlations among
HaWS. However, there weresome weak positive correla­
tions, andone strongpositive (i.e., providing HOW #11
mighthelpthem provide HOW #14, andvice versa).

Figure 3,as an example from an early QFD pro­
ject,illustrates an area inwhich QFD practice has changed
recently. In early projects in the United States, the HaWS
in the highest-level matrix, the HOQ, wereoften statedas
product features, i.e., specific technical solutions. While
this canbe valid, recent QFD experience has shown that
it's moreeffective to state HaWS as less-constraining design
requirements or technical characteristics. This maintains
the HOQ as a planning matrix, which frees designers to
choosefrom a broaderrangeofexplicit solutions in the
phasesthat follow.

The HOQ for a given project maydiffer from those
for other projects, depending onthe product's complexity
andthe degreeofanalysis that the teamchooses to under­
take.In particular, many projects now include competitive­
assessment information that is associated with the
customer-importance data (e.g., howcustomers regard
our product against specific competitors' offerings),
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and withthe HOW MUCH data (e.g., howwell competitors
do at achieving specific technical requirements, com­
pared to us).

The Proc.... The QFD process is an orderly
sequenceofactivities for processing customervalues
so that these valuescan directly shape the designand
deployment ofthe product. The fundamental steps in
the QFD process are:
1. Organize the project.
2. Gatherand organize customerwants (i.e., the

WHATs).
3. Establish mechanisms (i.e., the nows) and target

values.
4. Establish relationships.
5. Evaluate the nows,
6. Analyze the house-of-quality matrixand finalize target

values.
To organize the project, management establishes

the project's scopeand aimsand, then, recruits represen­
tatives fromallproduct-realization areas affected. The
QFD facilitator or trainer familiarizes team memberswith
the rationale, vocabulary, and techniquesofQFD.

The team in nowready togather andorganize the
customer's wants (the WHATs). First, the team collects
statementsthat represent customervalues, takingspe­
cialcare to avoid translating fromcustomerterms into
technical terms or jargon.The WHATs are gathered from
customer-interview data,focus-group data,observations
ofcustomer-process satisfiersand dissatisfiers,
customer-contact information, and other similar sources.

Atthis stage, some projectsalsogather internal
WHATs (e.g., corporatetechnology aimsor quality goals,
and mandated safety or regulatory requirements). Inter­
nal needs would be shownin the WHATs sectionofthe
HOQ, but would be kept clearly separate from (andsecon­
daryto) the customer'sWHATs.

Next, the team carefully consolidates the WHATs
to combine duplicate items,pares their wording as far as
possible without translating their meaning, and uses
affinity groupingto order them. (Affinity grouping is a

procedurein which related itemsare organized into
categories by team consensus.) The WHATs are then
entered on the HOQ.

After the team has consolidated the WHATs, it
workswiththe customersto establish priorities for items
in the list. At this time, teams mayalsoevaluate other
factors such as product-service data,customer-eomplaint
data,and customer-based competitive assessmentof
similar products. These factors are indicators ofcusto­
mer priority (inaddition to the explicit customer-priority
ratings),and are often shown as supplementary columns
ofthe HOQ.

The next step is to establish the mechanisms (the
HaWS) and their target values. For this, the teamgen­
erates a listofmechanisms that would satisfy the WHATs.
These mechanisms are best expressedas technical
characteristics or designrequirements, insteadofexpli­
cit solutions. The nows mustbe measurable in terms
that havemeaning to the customer. The teamconsoli­
dates the nows usingaffinity grouping, similar to the
consolidation ofthe WHATs.

The team next decideson a target value for each
HOW, i.e., the HOW MUCH value forwhich the HOW should
aim. The measurementmustbe quantifiable, and must
be expressed in terms that are relevant to the customer.
(Forexample, if the HOW wasa report, the target value
mightbe to issue it quarterly.)

Now, the team is readyto establish relationships.
It discussesand determines the relationship ofeach
WHAT to each HOW and assignsa strength value to each
relationship. The strength values are typically none,
weak, medium, and strong (which are often assigned
numeric values of0, 1,3, and 9, respectively, to help
highlightimportant relationships). These notations are
entered symbolically on the house-of-quality matrix.

The team next evaluates the HOWs. First, it deter­
mineshowdifficult each HOW would be to implement. This
assessment identifies the nows that will warrantspecial
attention, if selected. The technical-difficulty ratingis
recordedas an additional rowbelow the HOW MUCH area
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Figure 4. A phased
application of QFD
matrices. Each level
of matrix uses HOWs
selected from the pre­
vious level as Its
WHATs.

Phase 1
Product
planning

Phase 2
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deployment

Phase 3
Process
planning

Phase 4
Production
planning
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ofthe HOQ. (Forthe example in Figure3, the teamchose
not to include this ratingon their HOQ.)

Next, the teamexamines and assesses each HOW
with respect to its interaction with other nows. The team
assignsa positive correlation to the HOW if its implemen­
tation supports another HOW. A negative correlation
meansthe HOW's implementation hinders another HOW.
Each HOW'S positive and negative correlations are now
recorded in the "roof' ofthe house ofquality. These
correlations maybe evaluated by inspection. Or, the QFD
teammaychooseto assignnumeric weights for the vari­
ous correlation levels and then evaluate the correlations
arithmetically.

This would alsobe an appropriate timeto assess
our competitors' abilities to achieve similar nows. If our
company doesn't do as well at meetinga given design
requirement, we'll need to paycloserattention to that
requirement.

Notallthe nows are selectedfor implementa­
tion. Aspart ofthis evaluation step, the team decides
which ones will get donefirst. It calculates a technical­
importance ratingforeach HOW (typically viaQFD sup­
port software) based on the numberofWHATs to which
the HOW contributes, the strength of those contributions,
and the customer-priority ratingofthose WHATs. This is
the primary determinant ofwhich nows are selected.

In keeping with QFD'S focus on important ornew
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ordifficult, the team noteswhich ofthese nows deserve
closeattention becauseoftheir novelty or expected
difficulty ofrealization.

The teamis now readyto analyze the HOQ and
finalize the target values. Standard criteria are available
fordiagnosing the sanityofthe QFD matrix. Examples
include:
- Empty rows (i.e., unfulfilled needs)
- Empty columns (i.e., unneeded mechanisms)
- HOW x HOW correlation (i.e., interaction ofthe

mechanisms)
- Percentage ofcellsfilled in the relationship matrix.
The teamapplies these criteria to decide if it should
proceed (i.e., the matrix is sane) or should revisit prior
steps (toclearup a sanity problem).

Finally, the teamreaches a consensus that the
targetvalues ofthe selectednows are appropriate and
are correctly scaled.

The sixsteps just described form the procedural
flow for the highest level ofQFD, which generatesthe
house ofquality. For organizations that are trying QFD
for the first time, it's prudentto start with this basic pro­
cess.Asan organization gainsexperience with QFD, it
can expand the scopeofsubsequentiterations on the
same productor apply the processto other products.

What'smost important is to integrate QFD into
day-to-day businessconcerns; that is,



- Keep gathering the voice ofthe customer.
- Refer continually to the house-of-quality matrix as a

guide for the enterprise.
- Link the target valueswithinternal process­

management metrics.
- Revisit the QFD processeach time strategicdecisions

are considered.
Oncethe initial investment has been made, the ongoing
use ofQFD pays bountiful dividends.

Refinements
The QFD process is often depicted as being

driven by a sequence ofmatrices. One popular strategy
(which is favored by the American Supplier Institute, a
leadingQFD-consulting firm in the United States) is pic­
tured in Figure4.

In this strategy, each level ofmatrix uses the
Haws selectedfrom the previous level as its WHATs in a
phasedapproach. The four phases and their respective
matrix constituents are:
1. Product planning, the phase discussedso far in this

paper. In this phase,weare concernedwithidentifying
technical requirements (as Haws) that satisfy custo­
mer wants (as WHATS).

2. Component deployment. This phase identifies the com­
ponentcharacteristics (as trows) needed to satisfy the
technical requirementsidentified in Phase 1 (which
are now treated as WHATs).

3. Process planning. This phase identifies the process
characteristics (as Haws) that lead to the component
characteristics identified in Phase 2 (which are now
treated as WHATs).

4. Production planning. Defines the production require­
ments (as Haws) to achieve the processcharacteris­
tics identified in Phase 3 (which are now treated as
WHATS).

Anotherleading American QFD-consulting firm,
GOAL/QPC, favors an approach that uses a matrix of
matrices. The QFD team selects appropriate matrices
from an arsenalof30different displays, as needed." This

allows the QFD team to consideranalyses ofcustomer
wants versus productfunctions, functions versus cost,
customerwantsversus cost, technical characteristics
versus functions, and manymore.

These complex QFD approaches can interface
tightly withthe sophisticated quality-management sys­
tems seen in manyJapanesecorporations and a few
American firms. 4

Applications of QFD
QFD is a powerful, flexible approach that can be

adapted to a wide variety ofproduct-realization scenarios.
Organizations that are interestedin exploring the use of
QFD will benefitfrom expertconsultation, especially for
initial applications (see Panel2).The sample applications
described in this section are typical.

The QFD approach is used as a toolfor defining
newproducts, as well as fordiagnosing existing pro­
ducts. For a newproduct, the team starts with a nearly
cleanslateand can makesure that customervalues drive
alldecisions aboutproductcharacteristics, development
methods, production processes, and supportstrategies
for the product. When QFD is used to upgrade existing
products, the team is more constrained by the processes
already in place, but the same notions apply.

QFD for a New Product. Anewsoftware package is
an example ofa tangible newproductthat could be
defined using QFD.

Here, the WHATs would be the criteria the custo­
mercares about relative to the purpose the software would
fulfill. These criteriamightinclude tasks that need to be
done, response time, availability, and so on.The Haws
would be mechanisms that fulfill these WHATs: attributes
ofarchitectural elements (e.g., modules) for a complex
software system, or high-level designrequirements (e.g.,
algorithms or data structures) for a more contained pack­
age.Targetvalueswould define associated parameters
(e.g., coupling, response time, storagecapacity).

For the more-eomplex newsystem, itwould be
appropriate to use the key Haws as the WHATs in a
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subsequent-phase HOQ to define their design attributes.
The phasedapproach could alsobe followed to

ensure that appropriate development processesand
resourceswould be in place, and that software produc­
tion and supportwereadequate. For example, the design
attributes mightfavor an implementation inan object­
oriented programming language. The subsequentphases
would then clearly specify language choice, program­
mingenvironment, anddeveloper training.

QFD for a New Service. Because the first trialsof
QFD werein the automobile industry, many ofthe case
studiesin QFD are drawn from automotive applications.
This fact inhibits somepeople from considering QFD'S
use in service areas.Whenconsidering QFD, it's impor­
tant to get beyond images ofcar doorsand bolttorque
and think ingeneralterms ofWHATs and HOWs.

Let'sconsider the caseofa newservice to be
offered bya computer center-say, automatic data
archiving.

Customer needs are still the WHATs andmight
include needs that concern data integrity, sizeofarchiv­
ables, time to accessdata, etc.The HOWs would specify
the characteristics ofa service that would fulfill these
customer needs; e.g., reliability and availability require­
ments, characteristics ofdocumentation and training,
andstoragerequirements.

Targetvalues would establish measurable design
goalsthat would satisfy customerexpectations; e.g.,
meantime to failure, storage-error rate, readability of
documents, andtraining time.

Subsequent HOQs for eachofthe HOW areas
could define the mechanisms and processesneededto
make them happen in a customer-satisfactory manner.

QFD for an Existing Product. In QFD projects that
diagnose existing products, the WHATs are collected and
processed just as thoughthe product werenew. How­
ever, the HOWs here are the existing realization mechan­
isms. Any targetvalues extantare also entered on the
houseofquality.
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The relationship matrix is filled in,and the HOQ
is analyzed. Empty rows in the relationship matrix iden­
tify unmetcustomerexpectations, while empty columns
identify mechanisms that meetnocustomer need. Con­
flicts in the correlation matrix showthat two mechan­
ismsare acting in opposition.

The teamthen defines newmechanisms, as
appropriate, and deletes mechanisms that are not related
to customer satisfaction. Inappropriate targetvalues are
revised. Asneeded, the teamreevaluates and respecifies
the HOWs that only weakly fulfill important customer
values or that interfere with other key HOWs.

Subsequent-phase HOQs canbegenerated tocon­
tinuethis realignment throughalldeployment phases.

QFD for an Existing Service. QFD is effective in
diagnosing existing services as well as tangibles. Asan
example, consider a computer center'sexisting data­
archiving service.

Once the HOQ has beenpopulated, analysis might
showthat no mechanisms specifically addressa needfor
dataretrieval within five minutes. Or,it mightshow that
the training ofmaintenance personnel wasn'ttaking place
as soonas people wereassigned to workwith the archive­
storagedevice. Or,it mightshowthat the targetvalue for
maximum file sizedidn'tjibewith the customer's needs
(i.e., the voice ofthe customer). The teamwould redefine
the HOWs (and their targetvalues) to bringthese mechan­
ismsintoalignment with customer expectations.

The QFD studycould progressthroughfurther
phases. For example, it could makesure that the training
process is modified appropriately, that the specifications
for the hardware and software elements are revised to
dealwith a 5-minute accesstime, andso on.

QFD for Enterpri.. Planning. Besides helping to
define and plan products, QFD is superbfordefining and
planning the future ofbusinesses. This application, called
enterprise planning, follows the basicQFD paradigm in
the samegeneralway-that is,as thoughthe business
werea product.



Customer values are entered as WHATs, and the
mechanisms that the businessunitcould use to imple­
mentthese values are entered as Haws. Ofcourse, the
process is working at a higher level, so the degreeof
detail will necessarily be coarser. That is, the Haws and
their respective targetvalues can dealwith such entities
as businesspractices, development strategies, technol­
ogydirection, or policy. However, the intentandexecu­
tionare the same.

This application canbe used for newor existing
enterprises, forworkgroupsor corporations, fora 2-year
view or a lo-year term-it's alljust a matterofscale.

QFD for Process Management. Arelateduse ofQFD
is in defining and planning process-management activities.

Here, the WHATs could be interna1-customer
requirements from other processes, applicable expecta­
tions from external customers, and itemscarrieddown
from a higher level, phased-QFD project. The familiar
notions ofHaws and targetvalues remain the same.

QFD for Technology-Driven Engineering. Afinal appli­
cation ofQFD is in the area oftechnology-driven engi­
neering (ascontrasted with the customer-driven engi­
neering discussed so far).

In this type ofwork, the Haws existas attributes
ofa technology (say, a newoptical-transmission
medium). The challenge is to map these attributes to a
set ofWHATs in a way that will satisfy enoughofa custo­
mersegmentto be profitable for the enterprise.

Asin mosttechnology-driven exercises, this
reverse processing is not likely to be efficient. If the
WHATs collected for a known customer segmentaren't
fulfilled, anothersegmentmustbe identified and its
WHATs gathered. (Or, a newsegmentmustbe postu­
lated, possibly a composite ofexisting subsegments.)

This reverse sequence is contrary to the spiritof
QFD (and contemporary quality-management theory, in
general). It's likely to be mosteffective with break­
through technologies that promise to excite customers
bysolving heretofore unsolved problems.

Looking Ahead
QFD has been applied at AT&T in a variety ofpro­

jects,including the definition ofa lead-acid battery, a
digital telephone-transmission system, anda telephone­
network performance-analysis system. Also, QFD has
been usedfor enterprise planning in software-technology
deployment, for defining software tools, andfor diagnos­
ingdevelopment processes.

Typically, organizations that have used QFD once
incorporate it as a keyproduct-realization system. They
citesuch benefits as:
- Their understanding ofcustomer needshas improved.
- Moreofthe customer's critical needsweremet.
- Their credibility with customers was enhanced.
- Unmet customer needswerediscovered.
- Development start up is quicker because ofimproved

communication.
Workthat builds on this recentexperience is

currently underway atAT&T, including:
- AT&Ts submarine systemstrategic-business unit

is usingQFD on several projects including new­
technology planning, product definition, and internal­
service definition.

- AT&T Network Systems has endorsed QFD as a pre­
ferredapproach fornew-product introduction, and is
currently establishing pilotprojects.

- AtAT&T Bell Laboratories, the Computing Technol­
ogyandDesign Engineering Division is usingQFD in
its systems-engineering efforts to define computing­
service offerings andenhancements.

- AT&Ts Documentation Board is usingQFD to develop
a seriesofdocumentation-realization processes and
customer-based documentation metrics.

- AT&T Network Systems is usingQFD to reengineer its
order-fulfillment process.

- AtAT&T Bell Laboratories, the development organiza­
tion forthe R&D UNIX® operating system is applying
elements ofQFD to align its workplan with customer
values. (UNIX is a registered trademark ofUNIX
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System Laboratories, Inc.)
Ascustomersatisfaction, timeliness, andcorrect­

ness become moreand morecrucial to successin the
international marketplace, QFD will be moreandmore
widely applied as the product-realization systemof
choice throughout AT&T.
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