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ABSTRACT

btaining valid data on custonmer needs and translating it into
opti mum product functionality is always a challenge, but
especially so when the custoners are geographically, culturally,
and functionally diverse. Digital's Corporate Tel ecommuni cations
Sof t ware Engi neering (CTSE) used groupware techni ques supported
by the distributed use of Quality Function Deploynent (QFD) to

i dentify product features that meet custonmer needs. By |inking
engi neers, custoners, and product personnel from across the

gl obe, CTSE redesigned the QFD nodel to optim ze the use of |oca
and gl obal groups in defining product requirenents. During one
year, three software products, including Automatic Call back
version 2.1, were defined using the Distributed Quality Function
Depl oynment (DQFD) techni que. Lessons |earned from each
interactive session were applied to continuously refine the
approach to inproving process. The critical follow up steps after
the DQFD ultimately determ ne the success or failure of the
effort.

THE CHALLENGE OF GLOBAL REQUI REMENTS

Corporate Tel ecomruni cations is responsible for managi ng
Digital's worldw de tel ecomruni cati ons resources including voice,
vi deo, and data networks. The engi neering organization within
Cor porate Tel ecomruni cati ons devel ops tools, applications, and
solutions to optim ze the use of teleconmunications services.
Devel opi ng the right product for a custoner depends |argely on
the accuracy of the requirenments defined, which in turn depends
on the approach used to gather information about the custoner's
needs. Traditionally in Digital's Corporate Tel econmuni cati ons
Sof t ware Engi neering (CTSE), product managers have obt ai ned
custoner requirenents from various geographi es by using

el ectronic mail or electronic conferencing. This nethod was
deficient in the delivery of a customer-focused product in
several ways.

o] Input did not come fromall the corporate geographies
that used the product.

0] CTSE had no direct contact with the custoner.

o] No data was avail able on the inportance of custoner



requi renents.

o] There was no clear correlation between product features
and customer needs.

Thi s paper discusses the approach taken by CTSE to inprove the
process used to define custoner needs and product features
wor | dwi de.

COWM TMENT TO | MPROVI NG THE PROCESS OF DEFI NI NG REQUI REMENTS

In January 1992, CTSE nmade a conmitnent to utilize Total Quality
Management (TQW as the foundation for the devel opment and

mai nt enance of their products. As part of this commtnent, CTSE
began a set of initiatives to increase custoner and user
satisfaction with Digital's worldw de tel ecomruni cati ons products
and services.

CTSE custoners are fromthree internal geographies: the United
States, Europe, and the Asial/Pacific and Americas (APA) (fornerly
General International Area [GA]). Each area has its own business
needs and practices. Product devel opnent nust ensure that

techni cal solutions neet the common needs of each group. CTSE
recogni zed that the creation of successful products is based on
the quality of the requirements agai nst which these products are
created. Consequently, CTSE nandated the use of the Quality
Functi on Depl oynent process for all schedul ed projects.

QUALI TY FUNCTI ON DEPLOYMENT

Qual ity Function Deploynment (QFD) is a structured approach for
proactive planning. QFD provides product planners with a process
that translates custonmer needs into prioritized product features.
Thi s nmethod enphasi zes the use of quantitative techniques to

eval uate various product features based on the inpact each has on
provi di ng benefits to the custoner.

QFD has been used extensively as a product planning tool for
conpanies both in the U S. and in Japan. Digital

Hew ett - Packard, AT&T, Ford, and Toyota are but a few of the
conpani es that have successfully applied the QFD process to
ensure that they are building products that neet custonmer needs.

As practiced at Digital, the QFD process begins by assenbling a
cross-functional teamthat includes custoners, customer experts
who have tinmely data on custoner needs, and technol ogy experts
who know the product capabilities and the conpetition. The team
gathers for a concentrated and focused neeting, usually two or
nore days in duration.

Team activities during the QFD incl ude



o] Brai nstorm ng. Attendees state as mmny customer needs
and product features as they can and docunent each need
or feature without regard to nerit.

o] Affinitizing. The team associates and categorizes the
cust oner needs and product features into appropriate
gr oupi ngs.

o] Val ue setting through consensus. The team eval uates
custoner needs according to various attributes, such as
custoner value, goals, and inprovenent targets, and
assigns a weight to each need.

o] Correlation analysis. The teamcorrelates the needs with
the features to determ ne which features inpact which
needs and to what extent.

Throughout the QFD, a chart called the "House of Quality" (see
Figure 1) graphically displays the work of the team The custoner
needs beconme the rows of the House of Quality, and the features
become the columms. The House of Quality allows you to view
directly the relationship between any custoner need and product
feature.

The final result of the QFD is a prioritized list of features,
each with an associ ated nuneric sum of weights. This list is
often displayed as a Pareto chart, which is a bar graph of the
total weights in left-to-right descending order. Figure 2 is an
exanpl e of such a chart.

THE DI STRI BUTED QFD CONCEPT

Traditionally, the QFD process is conducted with al

partici pants in one physical |ocation, thus allow ng constant
personal interaction. This scheme works well when participants
are not widely scattered; however, Digital devel ops nost of its
products for the global marketplace. Busy schedul es and the high
cost of travel prevent all QFD participants fromgathering in one
| ocation at the sanme tinme. The challenge was to overcone the
one-location issue and utilize the QFD process in a nodified
manner to get people in various |ocations working together. CTSE
calls the practice of running a QFD with invol venent from
nmul ti pl e physical locations a Distributed Q-D ( DQFD)

I nstead of conducting a regular QFD session at one site, the DQFD
session is conducted sinmultaneously at the two or nore sites
where the participants are |ocated. Every site has a facilitator.
At each site, the DQFD participants are organi zed into teans
connected by neans of tel econferencing or videoconferencing

equi pnent. These teans work together through the regular QFD
process admini stered under the control of the designated "prinmary
facilitator."



In the DQFD process, distributed team nenbers di scuss product
requi renents during interactive sessions noderated by
facilitators. The result of these discussions is the QFD data
(i.e., features, ranks, and needs) and docunents (e.g., the House
of Quality and the data spreadsheet). The primary facilitator and
the organi zer collect and process the information from al
participating sites and prepare the final QFD docunents, such as
t he product business requirenents.

Before starting the session, the organizer and the prinmary
facilitator devel op the schedul e and the agenda. They sel ect the
list of participants, which should include all geographies and
span the involved functions such as engineering, sales, support,
service, and custoners. Oten, a questionnaire is distributed to
the participants. This questionnaire describes the custoner
information that is inportant, such as the tools they use and
what unful filled needs they have, and should therefore be

gat hered and brought to the DQFD session. If solid custoner data
is mssing in certain areas described, participants then have the
opportunity to collect additional information during the weeks

| eading up to the DQFD. The best data cones directly fromthe
custoner while the custoner is actively involved in the activity
that the product or service will support. Digital has fostered a
techni que called Contextual Inquiry, in which the product

devel opers visit the custoner's workplace and observe and

i nterview various users while they are engaged in their nornal
work activities. This technique yields tinmely and detail ed data
that often is not forthcomi ng in surveys, problemreports, and
ot her passive approaches to data gathering.

In addition to the inportant issues of cultural differences,

busi ness rel ati onshi ps, and working environnments, the tinme zones
of participating sites are a major consideration when devel opi ng
the schedul e logistics for the DQFD. The DQFD process usually
takes two or three sessions (working days). Therefore, while
devel opi ng the DQFD wor kfl ow and schedul e, the DQFD organi zer and
the primary facilitator must review the QFD process with respect
to site requirenments/tinme zones and deternine the activities that
best suit the participating sites.

THE DQFD MODEL

Figure 3 portrays the basic steps of the DQFD nodel. Though
simlar in appearance to a typical QFD, the DQFD differs in the
areas of logistics and training of participants, and in the order
and manner in which the actual QFD sessions are conducted. The
DQFD nodel uses vi deoconferencing and tel econferencing for the
overvi ew neeting and throughout the three-day DQFD itself.

Preparati on

Preparation is a key elenment of a successful DQFD. Sone inportant



parts of the preparation are

(0]

Pl anning. The primary facilitator and the organizer
deternmine the goals and feasibility of the DQFD, the npst
appropriate participants, and the logistics that wll
wor k best .

Training the team A short (one-half day) tutorial in
the basics gives the participants sufficient background
in the process to contribute effectively.

Gat hering customer data. The need for accurate,
conplete, and current custonmer data as input for the
DQFD cannot be overstated. Many techni ques are useful for
col l ecting data, including surveys, interviews, problem
reports, suggestions, and free-forminterview

Overvi ew Meeti ng

The overvi ew neeting serves several mmin purposes. This neeting

(0]

Hel ps the participants fromthe various sites to get to
know one anot her.

Provi des participants with an understandi ng of the DQFD
process and their roles in the process.

G ves the planners an opportunity to sumrarize the
project at hand and the issues that the DQFD i s intended
to address.

Allows the teamto decide who the custonmers are for the
product or service and, furthernmore, which custonmer is to
be considered "primary" for the purposes of the DQFD

Di stingui shing the primary custoner can hel p avoid
conflicts in the devel opnent of the House of Quality.

Infornms the participants about the preparation required.

Answers questions about the |ogistics and nechanics of
the forthcom ng DQFD neeti ng.

The two options for handling the overview neeting in Distributed
QFDs are videoconferencing and tel econferencing. CTSE prefers
vi deoconferencing for several reasons.

(0]

Partici pants fromthe various sites who will be working
t oget her can see one another, possibly for the first
time. The visual inmage thus created will enhance

comuni cation during the DQFD neeti ng.

Parti ci pants gai n an understandi ng of the working styles
of the facilitators at each site, which helps to nove the



process al ong.

o] The visual aspects of the meeting help pronote the
feeling of "teamess," which fosters cooperation in the
subsequent activities.

QFD Meeting

In the western Europe-eastern U.S. DQFD nodel, the QFD neeting
spans three days. The major sites involved in the CTSE neeting
described in this section were Val bonne, France, and Littleton
Massachusetts. A six-hour time difference exists between the two
| ocations, so we schedul ed the mutual neetings for nornings in
the US., i.e., 800 AM to 12:00 M (noon) eastern standard
time (EST), and afternoons in Europe, i.e., 1400 to 1800

coordi nated universal tinme (UTC) (known as Greenwi ch nean tine).

Al t hough undoubt edly inconvenient for sone participants, DQFDs
are possible in locations where the tinme difference is greater
than six hours. During an earlier DQFD, one team nenber resided
in Australia and worked with the rest of the team from 10: 00 P. M
to 2:.00 AM his time. A better approach is to schedul e the DQFD
over six days with overlapping sessions of two hours, as
described in the section Observations about the DQFD Mdel

Figure 4 shows a design of the western Europe-eastern U.S.

DQFD nodel , as nanaged by the U S. Note that the two sites work
together for four hours each day. Working in overlap for just one
hal f of each workday provided the follow ng advant ages:

o] Since interactive QFDs are concentrated efforts, neeting
for only four hours per day allows the teamto devote
their peak energy to this part of the QFD

o] The schedul e al l owed part of each day for those sections
of the QFD that could not be perfornmed through
tel econferencing, such as affinitization, admnistration,
and conputer | ogging of the results. The teamthat is
managi ng the particul ar DQFD perfornms nost of these
activities.

o] Each team had tinme between the | arger group sessions to
review the work of the previous day and to make a |ist of
i ssues for discussion and resol ution.

o] At the start of each group session, participants have a
hard copy of the House of Quality with data derived from
the previous day's session.

A description of each of the three days of the DQFD foll ows.

DQFD --- Day 1



The first day of the DQFD starts in the norning for the eastern
U.S. and in the afternoon for western Europe. As is typical for
all Digital QFDs, the team begins by brainstormng to identify
custoner needs. Participants contribute ideas alternately, one
from Europe and one fromthe U S. Both sites record each idea and
the contributor's initials on a Post-it note. Later in the QFD
the contri butor nay be asked to clarify the content of the
Post-it note. The team al so marks each note sequentially with a
nunber for easy reference. The odd nunbers represent the ideas
that came from Europe, and the even nunbers represent those from
the U S. Once the brainstorm ng session is conplete, a so-called
scrubbi ng process takes place to ensure a comon under st andi ng of
the content of each Post-it note. The team exam nes each idea
statement and rewrites it if the idea is not clearly understood
by all participants. No evaluation of the idea takes place during
scrubbi ng.

At this point, the DQFD diverges fromthe standard QFD, which
woul d now nove to the Planning Matrix. Extending the DQFD to four
days woul d preserve the normal sequence of QFD. To conplete our
work in three days, however, we elected to follow the custoner
needs brainstorning session with a simlar brainstorm ng exercise
for product features, which are the colums of the House of
Quality. Again, we scrub the ideas after conpleting the
brainstorm ng. The initial mutual session between Europe and the
U.S. is nowover. W did not find that the change in sequence had
an i npact on the process.

Wil e the European team goes hone for dinner and to sleep, the
U.S. team neets during the afternoon to affinitize the customner
needs specified in the norning. Affinitizing is a free-form

nmet hod of grouping |ike ideas together into categories that wll
become the rows of the House of Quality. Affinitizing is a highly
interactive activity involving constant physical nmovenent of the
Post-it notes. Affinitizing would have been difficult across
continents w thout supporting hardware, so we elected to confine
this work to a single site.

After conpleting its afternoon session, the U S. team sends the
results of the affinitization to Europe in an el ectronic nessage.
When conputers are not available, information can be transferred
usi ng facsim | e machines.

DQFD --- Day 2

On Day 2, while the U S. team sl eeps, the European teamrevi ews
the affinitization of the custoner needs and conpiles a |ist of
guestions and i ssues. Wen the two teanms neet during the European
afternoon and the U S. norning, they raise issues about the
custoner needs and negotiate to resolve the issues.

The conbi ned group now assi gns custonmer values to each need and



enters these values in the first colum of the Planning Matrix,
which is on the right side of the House of Quality. Next, the
group fills in each row of the Planning Matrix with correspondi ng
val ues for how the custonmer rates our current product, how the
custoner rates our competition, our goal for the next product

rel ease, and a sales point that indicates the natura
attractiveness of the custonmer need. The group can now cal cul ate
wei ghts for each need as input to the Correlation Matrix. Once
the Planning Matrix is conplete, the team can add ideas to the
product features and scrub them

After the European team departs at approxi mtely 1800 UTC, the
U.S. group goes through an affinitization exercise for the
product features and again sends the results to Europe.

DQFD --- Day 3

During their norning of Day 3, the European team nenbers review
the product features' affinitization and conpile a list of
guestions and issues, which are addressed with the U S. team

| ater that day. The major joint activity for the third day is
conpleting the Correlation Matrix, which is at the center or
"heart" of the House of Quality. For each (feature, need) pair
the teanms deci de how rmuch the feature, if inplenmented, will
contribute to satisfying the need. Each correlation is then
multiplied by the weight for that need. The sum of the weights is
entered at the bottom of each col um.

Now, all the information is available to build a Pareto chart of
prioritized features. This chart, which is the desired end
product of the DQFD, provides an inforned basis for future
product direction. The teams do a sanity check of the chart
results. If the results appear rather different than expected,
the teanms may review the steps that led to the results to ensure
that those steps were conpleted accurately, and to understand
what data led to the results. In some cases, accurate results
lead to counterintuitive but valid conclusions.

At the conclusion of the DQFD, the teans review the issues |ist,
assign action itens as appropriate, and then enunerate the next
steps. These steps may include determ ning the resources needed
to i nplenent various features and perhaps doing followon QFDs to
determ ne nore detailed information about the various features.

Cbservati ons about the DQFD Mode

o] In the nodel design just described, the U S. teamdid al
the affinitizing. This scenario best suited the
particul ar circunstances, i.e., the scheduling

constraints and the fact that the npst experienced
facilitator was located in the U S.



o] The DQFD coul d have been managed from Europe with all the
affinitization perfornmed there, as illustrated in Figure
5. If the European team nenbers were to do both
affinitizations, these activities would take place during
their norning hours of the second and third day. Note
that using this approach, the U S. participants nust
begin no later than 7:00 AAM EST in order to be ready to
neet with the European teamat 8:00 A M EST.

o] A third approach woul d have been to have one
affinitization take place in Europe and the other in the
U.S., as shown in Figure 6.

o] The nodel described in detail earlier in this section is
appropriate for DQFDs between the eastern U. S. and
western Europe and can be used in other instances where
the time difference is six hours or |ess. DQFDs across
| ocations with a tine difference greater than six hours
are possible but require that the sessions be conducted
over nore days and the daily overlap in work be confined
to a shorter tinme period of two hours. Even with the
expanded schedule, the teans nust be willing to work
during the early norning and the evening hours to
accomodate the tine difference. Figure 7 displays the
possi bl e organi zation of activities for |ong-distance
DQFDs. The DQFD i s spread out over six days. Note that
the teamthat neets in the early norning hours does the
affinitization work. In order for the team at the other
| ocation to performthe affinitization, participants at
that site would have to work earlier norning hours or the
DQFD woul d take | onger than six days to conplete.

CASE STUDY: AUTOVATI C CALLBACK VERSION 2.1

The Automatic Call back (ACB) software product provides custoners,
both internal and external, with renote host access and user

aut hentication from personal conputer platforns. A goal of the

pl anned update rel ease, ACB version 2.1, was to support the

i ncreasi ng nunber of custonmers who use nobile conputing sol utions
while traveling or while otherwise renote fromtheir hone

of fices. A cross-functional team of product devel opers, planners,
techni cal experts, and user representatives from Val bonne,
France; Geneva, Switzerland; and Littleton, Massachusetts, was
given the responsibility of devel oping the product priorities

t hrough the DQFD techni que.

Pl anni ng

Several weeks before the DQFD, while in the U S., the technica
project |eader and facilitator for the seven-person Val bonne
contingent nmet with the primary facilitator of the five-person
Littleton team They planned all sessions and created ready-to-go



materials, such as flip charts with the House of Quality and
appropriate matrices predrawn. This preparati on hel ped ensure
that the sets of visual materials used at both sites were exactly
t he sane.

An overview neeting took place one week prior to the DQD using
vi deoconf erenci ng nmedia. After a discussion of the process, the
t eam di scussed the custoner base for the product and deci ded on
"security managers" as the mmjor custoner.

Logi stics

The DQFD took place over three days, with conbi ned

Val bonne-Littl eton sessions |asting four hours, as described in
the section The DQFD Mbdel . Using tel econferencing, the two teans
al ternated between site-based activities, such as brainstornng,
and interactive activities, such as attaching custoner val ues,
goal s, and correl ati ons. Throughout the DQFD, the project manager
kept track of issues inportant to the project but not those that
woul d be resolved at the DQFD neeting itself. At the end of the
three days, the team associated action items with these recorded
i ssues. The teamthen conducted a sanity check on the House of
Quality results shown in Figure 8. The figure does not contain
the detail ed subcategories of features and needs that the

brai nstorm ng produced. The project team used this additiona
information after the DQFD to nake specific detail ed product

deci sions. The project |eader assigned further work to figure in
cost-benefit data and to subdivide the prioritized product
features.

Post - QFD

The cross-functional alliances forged at the DQFD continued into
t he desi gn and devel opnent phases of the project. Concurrent

engi neering was applied to deliver ACB version 2.1 on schedul e
within a nine-nmonth time frane.

Lessons Lear ned

ACB was the first successful DQFD conducted by CTSE, in ternms of
the participants getting what they sought out of the process. To
repeat that success, CTSE exami ned the factors that hel ped the
process. At the conclusion of the Automatic Call back DQFD, CTSE
conducted a short postproject review, asking what went right,
what went wrong, and what m ght be inproved. The followi ng are
some | essons | earned:

1. Planning. The detailed planning done prior to the
overview neeting and the DQFD elim nated potentia
probl enms and hel ped the process run smoothly. It is
essential that the facilitators at each site understand



the process as it has been nodified to function in the
DQFD setting. Though not an expert at QFD, the technica
project |eader's experience working in team situations
bal anced the primary facilitator's QFD expertise.

Automated tools. This DQFD was the first in CTSE to use
the QFD/ Capture tool in real tine during the QFD
sessions.[1l] After each day's activities, the Littleton
site sent a PostScript file or a facsimle of the results
of that day's work to the other site. Each site entered
the results on the flip charts used to display the

i nformati on. The autonated tool perforned all the

cal cul ations and di splayed the results in an easy-to-read
graphical format. CTSE now sees the QFD/ Capture tool or a
simlar tool as a necessity for a snooth-runni ng DQFD

Issues list. Maintaining an issues |list accessible to
all sites allowed the teans to remain focused. Topics
that mi ght sidetrack the discussion were duly noted by
the project manager, and the DQFD noved ahead.

Vi deoconf erencing. Most participants were inpressed with
the use of videoconferencing and would have preferred
that the entire DQFD, not just the overview neeting, take
pl ace vi a videoconferencing. Something is |ost when you
do not see the person with whom you are talking.

Conpetitive data. Although the teanms had good custoner
data, they did not have nuch information about
conpetitive offerings. Such conpetitive data would have
hel ped the teans establish nore accurate weightings to
t he custoner needs.

RECOMVENDATI ONS

Wth each Distributed QFD conducted, CTSE | earns nore about how
to inprove the process and applies this know edge to future
DQFDs. The followi ng are some CTSE recomendati ons for conducting
successful DQFDs:

1

All participants should be educated in the QFD process,
i.e., know their roles and the kinds of results to
expect. Unknow edgeabl e participants only add to the
confusion of the DQFD. CTSE has devel oped two hal f - day

| earni ng nodul es, "Introduction to QFD' and "I nproving
the Effectiveness of QFDs." Participants who conplete the
first nodul e consistently contribute effectively at our
DQFDs. Those that conplete both nodul es hel p organi ze and
|l ead the DQFD and foll owon activities.

Designate a primary facilitator. Although it is
i mportant to have facilitators at each site, specifying
one primary facilitator, with the responsibility of



desi gni ng and managi ng the organi zati on of the neeting,
wor ks best. Having two "expert" facilitators who

i ndependently "know what is best" and who inplenent their
separate i deas can have a di sastrous effect because
informati on may not be in a conpatible formfor the
concurrent sessions.

3. Use a conputerized QFD package. Having a support package
is nearly essential in DQFD to provide an accurate and
qui ck way to ensure that each teamis view ng the sane
i nformati on. W have used QFD/ Capture and take advant age
of both facsinmle and el ectronic comunication to mail
updat ed versions of the House of Quality each day.

4. Be clear about the target custoner before the DQFD
sessions begin. If the product or service has an array of
custoners, be sure to specify a primary custoner at your
overview neeting. Doing so will help you deci de which
customer or set of custonmers to differentiate between
shoul d there be a conflict during the DQFD

5. Encourage attendance throughout all sessions. The work
of the DQFD is nost effective if all who participate in
the overview neeting attend each day of the DQFD. People
who arrive for |ater sessions but have not participated
in earlier ones usually have difficulty contributing
effectively without extensive updating and rehashi ng of
the work of previous sessions. In addition, |ateconers
may have trouble adjusting to the different format of the

DQFD.

6. The preparation is as inportant as the DQFD itself. In
order for the DQFD to be fruitful, the custoner
i nformati on nmust be current and accurate. Such data hel ps
establish goals that are conpetitive in the key areas
about which the customer is concerned. Wen the |ist of
partici pants is being selected, special care should be
taken to ensure a diverse and conprehensive
representation of custoner interests and corporate
functions.

SUMVARY

The Distributed Quality Function Depl oynent techni que provides an
efficient and effective nechanismto bring together customers and
mul ti function representatives fromacross the globe into an
interactive setting to exchange information and prioritize
product actions in real tine. The success of the DQFD rests on a
sound i npl enmentation nodel, trained facilitators and

partici pants, preparation and planning, and a teamwilling to
wor k toward sol utions through brainstormnm ng and consensus
building. Flexibility is inportant because adjustnents nust be
made throughout the process to accommopdate the rmultiple physica



sites invol ved.

Cor porat e Tel ecomruni cati ons Software Engi neering has defined and
refined a set of DQFD techni ques that has successfully net the
goal of establishing consistent and valid product features to
neet the business needs of its custoners. DQFD has been adopted
as a standard part of Digital's software devel opnment process.
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