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Abstract

Recently, Quality Function Deployment (QFD) has
been augmented with new methods to enhance its front
end power. Many recent extensions to QFD focus on
better prioritization of customer requirements, but not
as much attention has been paid to more systematic
ways to define those requirements in the first place.
This can be especially problematic for service organi-
zations whose product is highly tramsitory and people
dependent. Since service consists primarily of proc-
esses, the author has been exploring other process in-
tensive fields such as software engincering for more
systematic techniques. This paper looks at use of the
State-Transition Diagram, Data Flow Diagram, Event
Table, and Event Tree to better define service cus-
tomer needs. Keep in mind, the goal is not to
depersonalize or mechanize service providers, but
rather to use the process analysis power of these tools
to enhance understanding of how customers interact
with providers and how they make buying decisions,
Examples are included.

Key words: QFD, Service Quality, Sofiware Engineer-
ing, State Transition Diagram, Data Flow Diagram,
Event Table, Event Tree.
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Introduction

Quality Function Deployment began more than twenty
years ago in Japan as a quality system focused on de-
livering products and services that satisfy customers.
To efficiently deliver value to customers, it is neces-
sary to listen to the “voice” of the customer throughout
the product or service development process. The late
Dr, Shigeru Mizuno, Dr. Yoji Akao, and other quality
experts in Japan developed the tools and techniques of
QFD and organized them into a comprehensive system
to assure quality and customer satisfaction in new
products and services [Mizuno and Akao 1994, Akao
1990].

In 1983, a number of leading North American firms
discovered this powerful approach and have been using
it with cross-functional teams and concurrent enginecr-
ing to improve their products, as well as the design and
development process itself [Akao 1983, Sullivan 1986,
King, 1987]. Service organizations have also found
QFD helpful. The author used QFD in 1985 to develop
his Japanese translation business, Japan Business
Consuitants, and saw revenues increase 285% the first
year, 150% the second year, and 215% the third year
[Mazur 1993c). QFD was an important part of Florida
Power & Light’s successful bid to become the first
non-Japanese Deming Prize recipient in 1990 ["Quality
System [mplementation...” 1988, Wcbb 1990, Boduzi-
ony 1995] and in the 1994 Deming Prize awarded to
AT&T Power Systems. It has been successfully ap-
plied in the U.S. healthcare industry since 1991 at The
University of Michigan Medical Center [Gaucher
1991, Ehrlich et al 1993, Ehrlich 1994], Baptist
Health System [Gibson 1994, 1995], and other teading
institutions. Inleresting service applications also in-
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clude the author’s development of an engineering
TQM curriculum at The University of Michigan Col-
lege of Engineering and the application to employee
satisfaction and quality of work life at AGT Telus
[Harries et al 1995]. Each year new applications are
being reported in small businesses as well [Mazor
1993¢, 1994a). Since 1990, the author has consulted
with other service organizations in distribution, educa-
tion, food service, personnel, finance, healthcare, re-
pair, and retail businesses.

Early applications of QFD) in service organizations in
Japan by Ohfuji, Noda, and Ogino in 1981 were for a
shopping mall, a sports compiex, and a variety retail
store [Akao, 1990). More recently, Kaneko has been
integrating QFD, reliability, and quality circle activi-
ties in hotels, shopping centers, and hospitals [Kaneko
1990a, 1990b, 1991, 1992}, o

QFD has been heralded for such benefits as promoting
cross-functional teams, improving internal communi-
cations between departments, and ranslating the cus-
tomer's needs into the language of the organization.
Are there other tools and techniques that can enhance
QFD’s power? Absolutely! This paper looks to soft-
ware engineering for some new approaches. First,
some QFD basics.

ai is QFD?

Basically, QFD is designed to improve customer satis-
faction with the quality of our products and services.
What can QFD do that is not already being done by
traditional quality systems? To understand QFD, it is
helpfol to contrast the differences between modern and
traditional quality systems,

Traditional Quality Systems

Traditional approaches to assuring qualitly often focus
on work standards {Love 1986}, automation to elimi-
nate people, or in more enlighlened organizations,
Quality lmprovement Teams to empower cmployees 1o
resolve problems,

As organizations are finding out, however, consistency
and absence of problems are not enough of a competi-
tive advantage when the market shakes out suboptimal
players. For example, in the automobile industry, de-
spite the celebrated narrowing of the “quality” (read
that fit and finish) gap between U.S. and Japanese
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makers, Japanese cars still win the top honors in the
1.D. Powers Survey of New Car Quality.

“wothing Wroneg

| I
| Everything Right |

Modern Quality Systems

QFD is quite different from traditional quality systems
which aim at minimizing negative quality (such as
poor service, broken product). With those systems, the
best you can get is nothing wrong - which is not
enough when all the players are capable. In addition to
eliminating poor service, we must also maximize posi-
tive quality (such as convenience, enjoyment). This
creates value.

Quality Function Deployment (QFD) is the only
comprehensive quality system aimed specifically at
satisfying the customer. It concentrates on maximizing
customer satisfaction (posittive quality) - measured by
metrics such as repeat business. QFD focuses on deliv-
¢ring value by secking out both spoken and unspoken
needs, translating these into actions and designs, and
communicating this throughout the organizalion. Fur-
ther, QFD atlows customers (o prioritize their require-
ments, benchmark us against our competitors, and then
direct us to optinize those aspects of our organization
that will bring the greatest competitive advantage.
What business can afford to waste Himited financial,
time and human resources on things customers don’t
want or where we are already the clear leader?

Types of Requirements

To satisfy customers, we must understand how meeting
their requirements cftects satisfaction, There arc three
types of customer requirements to consider (see Figure
1) [Kano, et. al., 1984},

Revealed Requirements are typically what we get by
just asking customers what they want. These require-
ments satisfy (or dissatisfy) in proportion (o their pres-
ence {or absence) in the product or service. Fast
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delivery would be a good example. The faster {or
slower) the delivery, the more they like (or dislike) it.

Expected Requirements are often so basic the cus-
tomer may fail to mention them - until we fail to per-
form them. They are basic expectations without which
the product or service may cease 10 be of value; their
absence is very dissatisfying. Further, meeting these
requirements often goes unnoticed by most customers.,
For example, if coffee is served hot, customers barely
notice it. If it’s cold or too hot, dissatisfaction occurs.
Expected requirements muest be fulfilied.

Exciting Requirements are difficult to discover. They
are beyond the customer’s expectations. Their absence
doesn't dissatisfy, their presence excites. For example,
if caviar and champagne were served on a flight from
Detroit to Chicago, that would be exciting. If not, cus-
tomers would hardly complain. These are the things
that wow the customers and bring them back. Since
customers are not apt to voice these requirements, it is
the responsibility of the organization to explore cus-
tomer problems and opportuniiies Lo uncover such un-
spoken items.

Kano’s model is also dynamic in that what excites us
today is expected tomorrow. That is, once introduced,
the exciting feature will soon be imitated by the com-
petition and customers will come to expect it from eve-
rybody. An exampie would be the ability to have pizza
delivered in thirty minutes. On the other hand, ex-
pected requirements can become exciting afier a real
or potential failure. An example might be when the

Satisfaction
Exciting Revealed
(unspok en)
Requirement Requirement
Unfutfilled Fulfilled

Expected
{unspoken)

//"’

Dissatisfaction

Figure 1. The Kano Model (adapted).
Service businesses must meet alf three types of re-
quirements - not just what the customer says.

3
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passengers applaud after a pilot safely lands the air-
plane in rough and stormy weather,

The Kano Model has an additional dimension regard-
ing which customer segments the target market in-
cludes. For example, the caviar and champagne that’s
exciting on the domestic flight might be expected on
the Concorde from New York to London. Knowing
which customer segments you serve is critical (o0 un-
derstanding their requirements.

Thus, eliminating problems handles expected require-
ments. There is little satisfaction or competitive advan-
tage when nothing goes wrong. Conversely, great
value can be gained by discovering and delivering on
exciting requirements ahead of the competition. QFD
helps assure that expected requirements don’t fall
through the cracks and points out opportunities to build
in excitement.

In summary, Kano found that the exciting needs,
which are most tied to adding value, are invisible to

both the customer and the provider. Further, they

change over time, technology, market segment, elc.

The Japanese creators of QFD developed (ools such as

the Voice of Customer Tables [Akao 1990b, Ohfuji et

al 1990, Nakut 1991, Marsh et al 1991, Mazur 1991a, -
1991e, 1992¢, 1993a, 1993c) and coupled them to af-

finity diagrams and hicrarchy diagrams to break

through this dilemna.

H,

This process works best when the QFD team goes o
gemba {where the customer interfaces with the service)
10 observe, listen, and record
rience and the opportunitics iEi
they wish to seize. The voice ]w_‘
tables provided a structure for

recording the data. Going to

seeing things from an internal point of view. They tend
10 see more process problems and solutions than cus-
tomer needs. Are there more systematic lools that
could help the QFD team understand the customer bet-

the problems customers expe-
the gemba can be difficuit for those who are used to
ter? See things from their point of view?

Software engineering tools
for service?

Software engincering and its {ools grew out of a need
for computer system analysts and developers 1o better
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understand the often poorly articulated needs of users
by looking at things through their eyes. They address
the complexities of a process better than the standard
flow charts used in service blueprinting. Service proc-
esses are complex because both the provider and the
customer are people interacting and reacting to each
other, and thus cach transaction is in itself a new
“product.”  Also, services contain both usability and
emotional components [Takasu]. A cognitive under-
standing of the customer can help us address some of
the emotional aspects.

This paper covers a few of the tools and presents a
simple example of how they could be used and the
benefits that could be gained.

State-Transition Diagrams (STD)

A service can be viewed as a series of sequential and
parailel tasks that achieve a certain purpose or function
[Mazur 1993¢c]. (See Figure 2) From this viewpoint,
we look at what the provider must do to satisfy the
needs of the customer. The logic, thus, is provider ori-
ented. When we go to the gemba, is there a way we
can capture the customer’s logic? Can we view the
service transaction as different states a customer passes
through on his way to a satisfying conclusion of the
service?

Functions Tree

r—] Gree! Customer,

] Select Table.

— Greet and Seal

Finaliza Set-up.

_‘{ Seat Customer, '

Take Drink O:der.

Describa Specials.

—-—‘ Take Order i——

Take Food Order.

.

Figure 2. Functlon Tree for a restaurant. {Baluja
et al)
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If we can describe the decision making process and ex-
periences of the customers as a transition through a se-
riecs of states, we can. The STD, a specialized
technique valuable for certain types of complex logic
where multiple transitions among states can occur
[Martin] can help.

To understand the STD, let’s describe a simple exam-
ple, that of tumming on & light. An STD would look like
Figure 3 and contain these items. The cumrent state
(light off} and the desired state (light on) in 2 box, an
arrow showing the transition from off to on, the event
triggering the change of state {(switch on) written above
the line and the process that then lakes place when the
event occurs (flow electrons) written below the line.
Put differently, an event (switch on) causes a process
(flow electrons) which changes the state from one
(light off) to another (light on).

Fiow Electrons

light off » lighton

Figure 3, STD for turning on a light,

Let's look at a service example, such as a restaurant.
{See Figure 4) We might diagram paying for the meal
as a transition from the state of being unpaid to being
paid that occurs at the event of the diners are being fin-
ished, which causes the payment procedure to be en-
gaged.

Payment procedure
unpaid I

paid

Figure 4, STD for paying a restaurant bill.

This would address the time consuming problem of
signaling the waitperson, waiting for the check, and
then waiting for the credit card to be brought back. The
event of the diners finishing should trigger the pay-
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Payment procedure
unpaid > paid
P stolen
Diners leave
f.eave without paying

Figure 5. STD with taliure mode of payment pro-
cedure identified.

ment procedure and the waitperson’s responsibility
would row be to assist the transition from unpaid to
the paid state. A creativity process could then be ap-
plied to solving this problem. For example, just like
with hotels, a credit card imprint could be taken at the
time of ordering and unless there are further charges, a
15% tip could be added and the charge processed auto-
matically. Fatlure to pay could also be indicated and
appropriate countermeasures taken. (See Figure 5)

A series of states could represent the entire service ex-
perience. At each transition, we can examine the deci-
sion or event that triggers the transition to look for
customer needs. We can identify failures of the transi-
tion to be made and Iook for opportunities to save a
transaction. (See Figure 6)

All rights reserved.

Medin

Advenising
Raviews

Expenance

Pearsonal imoge
Haarh/medicat conditions

Dining
COMPAnIONS

Rastaurnnts

What am | trying to
sccomplish?
Who ia paying?

1 —
P What 53 the woaths
oore ‘7 Shuation j
——— /
Recommendstiona
tace to &o seen ot
%thinkwellgoto ..."

Courtesy of Mark McDonakl. Andemen Consulting

Figure 7. DFD for selecting a restaurant.

in a comprehensive QFD case where the upfront focus
in on the customer’s point of view, the STD can be
used to identify all the deciding factors that go into a
successful and satisfying service wansaction. If the
purpose of the study is an improvement process, varia-
tions to the STD could identify the service provider
events, such as those found in the function tree above,
and look for service provider processes or lasks that
would help move the customer through the transition
of the states.

DPeclde where 1o gat Declde what 10 eat
Select restaurant loct I
not Rinner timo where to what to
hun | fecooniro hunger o hungry | peowessioro parress eat CHANGES M eat
i LEAVES CaFETERY declded PYTS TEWS ALK decided
LEXYES tood
LEAVES WITHOLT Fm-.'s' stolen
Purchago food
Make paymaent
Eeatfull Elnish manst Decide whora to it
no longer le Hadenovphtoont | meal e Eat ] food at « Solpeffable | faod pald
hurgry complete table fer

Flgure 6. STD for cafeteria. Note some failure modes have been identified.
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Data Flow Diagram (DFD)

The data flow diagram allows a process to be displayed
at a logical level (everything the customer sees) with-
out committing to a constraining physical implementa-
tion {Gane and Sarson]. Since customers will make
decisions regarding our service based on some knowl-
edge (data), the DFD can help us understand what
these influencing factors are, so that the organization
can help supply the customer with favorable data. (See
Figure 7)

The DED is constructed with a circle showing double
squares which indicate the source or destination of the
data, arrows which show the flow of data, a circle
which shows the process {which could come from the
STD) which uses the data, and an open-ended rectan-
gle which shows a store of data. From this we can be-
gin to capture the complexities of a person making a
decision and begin to explore ways to influence that
decision in our favor.

Event Table (ET)

Events are defined as time, external signals, internal
failures, decisions, etc. An event table can be built
from the events in the STD and the decision factors in
the DFD. (See Table 1)

Decision Factors

Ref.# . . Events’ ' -
1 |Customerdster- |Hunger

mines need to eat | Time to eat (habit)

Prearranged time (appoint-

ment)

Most convenient time

Advertising
Recommendation

Coupon

Companion's preference
Menu {Let's do Chinese)
Medical (aflergies)
Personal image (power
lunch)

Who's paying {business of
personal)

3 ete. ale.

Table 1. ET for a restaurant.
Courtesy of Mark McDonald, Andersen Consulting

2 [Customer decides
where to eat

June 11-13, 1995

The ET gives a tabular format to the e¢vents that move
the customer from each state to the next and adds the
factors from the DFD that influence the decision. In
some QFD cases, we could apply creativity techniques
to address these decision factors. Adding another col-
umn to the table above would provide some struciure.
Creative solutions can also be bound by a certain meta-
phors. Kansei Engineering {Nagamachi 1993, 1992,
1989 &b, Mazur 1991b] techniques can help identify
sensorial opportunities to satisfy customers. For exam-
ple, if the restaurant catered to opera patrons, wail staff
could dress in favorite costumes, sing orders, etc.

Event Tree

In one project still under development, the author has
successfully used an event tree o develop customer
needs for a personal safety product/service combina-
tion. Since most customers have never experienced the
use of this type of product {and hopefully never will),
traditional focus groups and other market research:
techniques did not give complete enough information -
for QFD. The Event Tree was vsed o identify all pos-
sible situations and to walk through the sequence of
events needed to take place for the product to be suc-
cessful. As each event was identified, the relevant
needs were then extracted. :

— FXnow system e

is warking Whatever | go
— Whenever | go
™™ Howaver | go
—— Somsthing I know if danger
panles me Is near
t nead to know if
danger Is real

Flgure 8. Event Tree for a personal safety prod-
uct.
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Other SWE Tools

The author is stilf exploring the use of other software
engineering tools for their applicability to services.
Suggestions and contributions are welcome.
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