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Abstract

This paper presents two models of the economics of total quality management. In the first, the concept of quality
management is viewed as a technological innovation that requires investment. To reduce cost and improve quality, firms
must make investments that are largely sunk. The effect of market competition on quality related technology investments is
studied. Several results follow. With new quality technologies, price falls, quality rises and average cost declines. Firms
must anticipate rivals’ technology choices and the market prices when justifying quality technology investments. When all
firms quickly adopt quality technology, retums of such investments are normal, that is, have a zero net present value.
However, firms that do not invest in quality related technology are forced from the market. A firm that is faced by
competitors that are slow to adopt quality related technology, can earn positive retumns by early adoption. The firm invests
more in quality related technology, and produces higher quality products, charges a higher price and eams higher profits than
competitors. The firm’s quality, price and profit advantages persist over time. In the second mode}, we show that firm value
increases when customer satisfaction is used as an objective by aligning incentives. This explains the common use of

customer satisfaction measures in TQM programs.

1. Introduction

This paper explores two different aspects of the
economics of total quality management. The first
deals with the cost of quality improvement programs
and the second deals with how customer satisfaction
can be used as a performance measure within decen-
tralized firms. These aspects are developed using
economic models of quality, which suggest testable
hypotheses and normative conclusions.

Total Quality Management (TQM) is a term used
to describe programs to improve quality and produc-
tivity. Both Garvin (1988) and Kolesar (1993) docu-
ment the history of quality programs and show that

* Corresponding author. Tel.: 716-275-3368.

TQM developed from three earlier movements in-
volving inspection, statistical quality control and
quality assurance. Inspection focused on confor-
mance of production to specifications so that prod-
ucts could be assembled with standardized parts.
Statistical quality control (SQC), begun by Shewhart
(1931) and others at AT&T, developed methods to
monitor quality and set standards for large lot manu-
facturing. SQC provided a method to decide whether
a production process met specifications and to detect
when it was losing this ability. SQC used statistics to
determine if variation in a system was within, or
beyond expected parameters. In the latter case inter-
vening action was prescribed. Quality assurance was
the next historical stage, focusing on four elements:
quantifying the cost of quality, total quality control,
reliability engineering and zero defects. The cost of
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quality concept developed by Juran (1951) provided
an economic rationale for quality improvement ef-
forts, describing quality costs as avoidable (defect
related costs) and unavoidable (prevention related
costs). Feigenbaum (1956a) coined the term, fotal
quality control. The idea is to expand quality activi-
ties beyond the manufacturing floor to the entire firm
because “‘quality is everybody’s job" (Feigenbaum,
1956b). Reliability engineering used probability the-
ory to predict and extend the time period over which
a product functions according to specifications. The
concept of zero defects, developed at Martin Com-
pany in 1961-1962, emphasized that quality is im-
proved by adopting a standard of no errors, rather
than accepting a defect rate defined by SQC. All of
these quality ideas were fashioned in the United
States. However, the next phase of quality manage-
ment, called TQM was primarily developed in Japan
and first exploited by Japanese companies.

Total quality management is widely perceived as
evolving from the earlier movements, but there is no
standard definition of TQM. In TQM according to
Garvin, quality is defined by the customer, not by
manufacturing specifications. Now, (i} customers and
users ... judge how well a product fulfills needs and
expectations, (ii) satisfaction is related to competing
products, (iii} satisfaction is determined by consump-
tion over the product’s useful lifetime, and (iv)
customers satisfaction is determined by its multiple
attributes (Garvin, 1988, p. 24). Other exponents of
quality such as Schoenberger (1990) emphasize the
customer orientation of TQM from an internal con-
trol perspective. He stresses the organizational inte-
gration effects of a common goal of customer satis-
faction. Every internal group localizes the goal by
recognizing that it has a customer, and the grand
goal is continual rapid improvement in customer
service. Similarly, Wruck and Jensen (1994) identify
TQM as an organizational movement. They state that
TQM has the following elements: (1) the use of the
scientific method in everyday decision-making by all
members of the organization, (2) the effective utiliza-
tion and creation of specific knowledge at all levels,
(3) a decentralized system for allocating decision
rights, and (4) the effective use of performance
measurement and recognition and rewards. Several
of these points are echoed by Kolesar (1993) who
identifies the key characteristics of TQM programs:

‘(1) a company-wide dedication to .... totally satis-
fying customer needs and expectations ..., (2) qual-
ity concerns are fully integrated and {(a) central as-
pect of ... business planning ..., (3) using factual
data to support decision making ..., (4) ...involv-
ing all employees ..., (5} ... prevention of quality
ptoblems, designing them out of products and the
processes that create them and or planning for qual-
ity ..., (and) (6) ... a policy of continuous im-
provement ..."".

We focus on two aspects of TQM programs. First,
the quality management movement is viewed as
technological innovation that requires investments to
implement. Investments include purchase of equip-
ment, costs of restructuring organizations and the
expense of training workers. These investments re-
duce production cost and help to increase product
quality. Second, total quality management has caused
changes in organization. This is reflected in the use
of customer satisfaction as an integrating objective
and performance measure. In the quality paradigm,
workers and managers define their customers, and
are evaluated on how well they satisfy their cus-
tomer. This motivates workers to provide better ser-
vice to internal customers (that lowers their cost) and
products to external customers (that increase their
utility).

Quality improvement programs have costs and
benefits. Major resources are expended to train
workers and reorganize. Most quality proponents
ignore this aspect. Many companies devote consider-
able time to team related meetings and activities. At
the beginning of its quality program Xerox provided
each of its one hundred thousand employees six days
of training, amounting to 1644 man years of worker
time, (Kearns and Nadler, 1992, p. 262). Corning
devotes 5% of worker time to training amounting to
1.5 million worker hours per year and First Chicago
provides every employee at least 40 hours of training
that soon will be raised to 80 hours (Hiam, 1992, p.
248). New bureauctacies arise dealing with the man-
agement of quality teams, approval of objectives and
ratification of solutions. In an infamous case, Florida
Power and Light, winner of the Deming Quality
Award, fired its chairman and scaled back its quality
program because of its bureaucratic growth (Wood,
1991). Thete is only limited evidence of the net
benefits of quality management on productivity and
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financial performance. The Government Accounting
Office (1991) survey study of 22 Baldridge Award
finalists shows favorable results of quality programs:
market share, sales per employee, return on assets
and retarn on sales were positively impacted by
quality programs. On the other hand, the Interna-
tional Quality Study conducted by American Quality
Foundation and Ernst and Young surveyed 586 firms.
The study finds that ““many businesses waste mil-
lions of dollars a year on quality-related improve-
ment strategies ...”’ (Wall Street Journal, 1 October
1992, p. B7). Another study by Jamrell and Easton
(1993) presents favorable, but not statistically signif-
jcant evidence that TQM programs increase firm
value as measured by stock price. Hendricks and
Singhal (1994) study the impact of winning a quality
award on the market value of firms and find evi-
dence of statistically significant positive abnormal
returns. TQM practitioners and consultants contend
that ‘‘quality and productivity are not antithetical,
that higher quality results in lower costs’” (Kolesar,
1993, p. 704). However there is only weak evidence
of this association.

This paper presents two related theoretical models
of quality, that suggest hypotheses that can be tested
against empirical data. In the first, we consider firms’
technology and quality decisions. We view quality
management as a technological innovation that al-
lows lower cost, and reduces the cost of increasing
quality. To implement TQM and thereby reduce cost
and potentially improve quality, firms must make
investments that are largely sunk. The effect of
market competition on the quality investment deci-
sion is studied. The purpose is to study the effect of
the investment decision on firm cost, quality and
profits. Several testable results follow, as well as
normative conclusions. With new quality technolo-
gies, price falls, quality rises and average cost falls.
Firms must anticipate rivals’ technology choices and
market prices when justifying investments. When all
firms quickly adopt quality technology, returns of
such investments are normal, that is, have a zero net
present value. However, a firm that is faced by
competitors that are slow to adopt quality related
technology, can eam positive profits and above nor-
mal returns. A firm that adopts new quality technolo-
gies faster than competitors invests more in their
quality programs and has higher quality products.

Firms that do not adopt quality related technology
are forced from the market. In the second, we show
the economic rationale of using customer satisfaction
as a performance measure in decentralized firms.
Use of this measure increases firm value by aligning
incentives.

1.1. Literature review

A fundamental issue that divides the literature is
the definition of quality. Karmarkar and Pitbladdo
(1992) point out that economics and marketing litera-
tures often take quality to mean performance of the
product in terms of a vector of attributes (perfor-
mance guality), while the traditional quality manage-
ment literature emphasizes conformance quality rela-
tive to manufacturing specifications. Recent market-
ing literature combines these by defining quality as
conformance to customers’ expectations; see for ex-
ample, Zeithaml et al. (1990). Karmarkar (1990)
formalizes the difference between these two types of
conformance quality by defining product quality as
conformance to customers’ expectations and process
quality as conformance to manufacturing specifica-
tions. Quality problems can arise because the product
does not have the bundle of attributes that the cus-
tomer wants (product quality), or there is a problem
of reliable production of the product (process qual-
ity), or both.

Many marketing and economics papers study
quality in terms of performance quality. Mussa and
Rosen (1978) study positioning and pricing of goods
by a monopolist. Devany and Saving (1983) present
a quality model where quality is delay time that is
endogenously defined using queuing models. Moor-
thy (1988) presents a model of competitive product
performance choice. Moorthy and Png (1992) study
sequential quality decisions by a firm offering prod-
ucts with different performance levels. Banker and
Khosla (1992) study how quality choice is influ-
enced by competitive intensity. Economides (1989)
uses a Hotelling model to study positioning in a
quality dimension. Several economics papers focus
on the problem of information asymmetry: customers
may not be fully informed about product quality. A
seminal contribution in this area is (Akerlof, 1970).
Tellis and Wernerfelt (1987) examine information
asymmetry in an empirical study of the correlation
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between product quality and price as a function of
consumer information.

Classics of the traditional quality management
literature are the books of Juran (1951), Feigenbaum
(1956a), Crosby (1979) and Deming (1990). A sur-
vey and assessment of this literature are found in
(Kolesar, 1993).

There have been several management science
models of process improvement that are related to
this paper. Fine (1986), Tapiero (1987), and Fine
(1988) study quality improvement as a learning pro-
cess involving detection and correction. These papers
show that by optimally exploiting learning effects, a
firm’s quality rises and cost falls. As in this paper,
Fine and Porteus (1989) study the firm’s problem of
deciding how much to invest in quality improvement
activities. Their model studies this investment prob-
lem when quality improvement is gradual.

2. A competitive model of quality choice

This section suggests 2 mode! of firm cost and
market demand, and studies the competitive quality
and technology choice consequences. The assump-
tion is that total quality management is a technologi-
cal innovation that allows lower cost, and reduces
the cost of increasing quality, but at some invest-
ment.

First, we consider the customers. Assume that
customers desire to purchase a good. Customers
enjoy higher utility from higher quality goods. Qual-
ity is measured by the scalar variable g, where
1>g>0 and g=0 is a customer’s most desired
quality level. Thus, low values of g correspond to
high quality and improving quality corresponds to
reducing variable g. There are a host of interpreta-
tions that support this model. Variable g can repre-
sent product quality in terms of an attribute whose
ideal point is zero. Process guality can be modeled
by assuming risk averse consumers and interpreting
q as a measure of output variability. One example
that supports the latter is interpreting ¢ as the defect
rate. For simplicity, the customer’s cost of poor
quality is a linear function of g: Aq. It is assumed
that customers know a product’s quality. If a firm
charges p for the good, the customer’s full price is
just P=p+ Aq. Customers purchase from the firm
offering the least full price. Total customer demand

is a linear downward sloping function of its full
price, P, d(P)=a— BP=0a— B(p+ Aq).

Next, we consider the firms, their objectives,
decisions and cost structure. For simplicity we as-
sume that firms are full price takers, where the
market’s full price is P. Firms are considered to be
small, and a firm’s decisions have negligible effect
on the market’s full price. Each firm i chooses its
production level @, and quality level g, to maxi-
mize its profit. Firm i’s price for the good is there-
fore, P — Aq;.

In the model, firms choose quality, quantity and
quality related technology. Technology enables 2
firm to lower production cost and improve quality.
“Technology” is interpreted broadly and inciudes
equipment, organizational changes, and worker train-
ing. Technology requires an investment that may be
wholly or partially sunk. Technology is parameter-
ized by a scalar.

Initially all firms have access to a ‘status-quo”’
technology T, > 0. This technology does not require
any investment. However, due to technological inno-
vation, firms have access to more advanced quality
technology that allows firms to reduce cost and
improve quality at lower cost. An increment to tech-
nology by a firm is parameterized by a scalar AT,
AT > 0. The required investment in technology is a
positive, monotone increasing function of AT that
depends on the scale of production. Firms with larger
output require larger investment, for example for
training more workers. For simplicity, assume that
the investment is a scalar multiple of the increment:
g(AT)=fOAT, with > 0.

In the model, quality is considered to be a perfor-
mance level or conformance level attribute of output,
For any technology selected, products of quality, g,
can be produced. However, variable production cost
rises with quality. Investment in technology reduces
the cost of producing output at a fixed quality level.

Variable production cost is a function of output,
quality and technology selected. Variable production
cost includes all costs associated with actual produc-
tion: labor, materials, power, supplies, supervision,
support, etc. Suppose that variable production cost
demonstrates the following properties: ceteris
paribus,

- better quality levels imply higher total variable
production cost;
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— higher output levels imply higher total variable
production cost;
— larger investment in technology implies lower to-
tal variable production cost; and
~ larger investment in technology implies lower in-
cremental cost of quality improvement.
C(Q, q, AT) is a firm’s variable production cost to
produce output O with quality ¢ with additional
investment in quality technology AT. The firm’s
variable production cost is assumed to be of the form
C(Q, g, AT) = VQ? /(AT + T,)q), with V > 0. This
function obeys the properties hypothesized for vari-
able cost. Although this is a specific cost function, it
captures reasonable properties of variable production
cost when quality matters. Fig. 1 reports total vari-
able cost C as a function of quality for two different
values of technology investment and shows that as
investment increases, variable cost declines at any
fixed quality level.

With fixed technology, the firm can improve qual-
ity but with the penalty of increased variable produc-
tion cost. For example let ¢ be interpreted as the
defect rate. Defects can always be sorted out and
quality can be raised at the cost of increased variable
production cost. However, by upgrading technology,
variable production cost can be reduced, and quality
improved at lower variable cost, that is 3C J(OATY <
0 and 3C?/(3ATdq) >0 (by increasing AT, the

Total Variable Cast ($)

Large Technology Investment

marginal effect of g on C decreases, so that quality
can be improved at a smaller penalty).

The firm bas other fixed cost, F, that is indepen-
dent of production volume and technology such as
sales and administrative expense.

Next, we explain how competition is modeled.
Free entry of firms is allowed and we study competi-
tion by characterizing a competitive equilibrium. A
competitive equilibrium is a full price for the good
along with firms’ decisions about quality, quantity
and quality related technology so that (i) firms make
profit maximizing decisions, (ii) full prices equate
aggregate supply to customer demand, and (iii} no
firm can profitably enter the market. This competi-
tive model is a variation of that first proposed by
Devany and Saving (1983). The following sections
analyze properties of the equilibrium.

In the following sections, analytic results that lead
to testable hypotheses are proposed. These results are
stated in statements called *‘Propositions’’.

2.1. One-period problem of competitive price, pro-
duction, quality and technology choice

Initially, we consider a one period problem. Firms
exist for one period and sell their output. All firms
have access to an existing, status quo production
technology. There has been innovation, and a new

Smail Technology tnvestment

Quality (q)
Fig. 1. Total variable cost as a function of quality (¢) with fixed output level. Here, total variable cost is compared for two different levels
of technology investment. As technology investment increases, total variable cost fals at any quality level.
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class of quality related technologies are discovered
that require investment to implement. Each firm
chooses its technology at the beginning of the period,
and sells to customers during the period. To simplify
and avoid discounting, assume that all cash flows
take place at the end of the period.

Consider the problem of a single profit maximiz-
ing, price-taking firm competing against several sim-
ilar firms. The firm chooses its production technol-
ogy, quality and production quantity to maximize its
profits. A firm’s problem is to
AI;{I’?Q m={(P~- Aq)Q —F— QfAT

vQ?
(AT+T)q

From the first order conditions associated with above
equation, we easily find that optimal quality levels
are

AT, p)= AT 1
q( ’ ) - 3A ’ ( )

and optimal production levels are
(AT + T,)(P - fAT)?
: (2)
9VA
From these results we can conclude the following.

Q(AT, P) =

Proposition 1. Variable q is a decreasing function of
quality technology investments and an increasing
function of full price. Thus quality improves if tech-
nology investment rises or full price falls. If f is
small enough, quantity is a strictly increasing func-
tion of technology investment,

At quality /production levels given by (1) and (2),
firm profits are

(AT + T,)(P - fAT)’
274V B

I(AT, P) = (3)

2.2. Competitive equilibrium with status-quo quality
technology

Suppose that all firms have adopted status quo
quality technology T, (AT =0 for all firms). Then

the optimal quality and quantity levels for each firm
are found from (1) and (2):

P
9(0, P) = (4)
and

TP
00, P) =3 s)

With the status quo technology, full price must be
such that profits in the market are zeto, else there
will be entry: II(0, P,) = 0, which implies that

3

P,=3:/AV (6)

|

is the equilibrium full market price. The firm’s price

3
is p, =P, Aq0, P,)=2P,/3=2/AVF/T,. Us-
ing this price, the equilibrium production decision is

1 F?
R (7

and the equilibrium quality decision is

4= T;l\z. ()

At the equilibrium, the number of incumbent firms
in the market, m,, must be sufficient to satisfy
demand, or

2

d(P,)=a-B(F,) =M ST

so that

2.3. Justifying quality technology investments

Now, suppose quality related technological inno-
vation has occured and a firm chooses technology to
maximize its profits. If the firm chooses technology
to maximize profit at price level P, the firm’s
problem is to choose AT to satisfy the first order
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conditions. Differentiating (3) and then solving this
equation, the optimal technology increment satisfies

AT® P 3 Ly’ 9
where (x)*=max(0, x). That is, no investment is
justified unless AT* > 0. Assuming that AT* > 0,
substituting (9) into (3) and (2), profit is

(P+T.1)°
256AVF

and the firm’s output is

: (P+11,)°

Q(AT*, P) =" (10)

All firms that can profitably do so will adopt the
new technology. As more firms adopt, production
quantities will increase and full market price will fall
as production increases. Firms will invest and stay in
the market if relevant profits are non-negative. Firms
that are unable to earn non-negative profits exit,
Market prices drop to the point where technology
adopting firms earn zero profit, so that full price,
P*, satisfies

II(AT*, P*)=0.
This full price can be found by solving this equation,
yielding
4
P* =4yAVfF ~[T.. (11)

Technology chosen by the firms is found from Eg.
(9) by considering the equilibrium full price:

?

[(AT*, P) =

14
AT* = <YWV - T, (12)

Technology increment AT* is positive if (1/f) X
4\/ AVfF > T,, which is equivalent to AVF> 3T
We conclude that investment in quality related tech-
nology is economically justified if customers’ cost of
quality is high enough, variable cost is high enough,
fixed cost is high enough or cost of technology is
low enough. By similar analysis it can be shown that
the quantity produced by a firm is

4 F3
Q =VA_Vf (13)

The quality produced by a firm is

AV,
=5 9

Egs. (12)-(14) yield testable hypotheses about the
relationship between of the size of technology in-
vestment and the customers’ cost of quality, variable
cost, fixed cost and the cost of technology.

Proposition 2. Equilibrium full price is an increas-
ing function of A, V, F and f. Technology increment
AT"® is an increasing function of A, V, F and a
decreasing function of f Quantity produced is a
decreasing function of A, V, f and an increasing
function of F. Quality improves if V, for F fall, or A
rises. Further, the following statements are equiva-
lent:

(a) AT >0,

() P <P,

© Q" >0,

d) g’ <gq,

(e) p* <p,.

Proof. By comparing (6) and (11} it can be shown
that P* <P, if and only if AT"* >0, that, the
equilibrium full price falls with new quality technol-
ogy. Likewise, comparing (7) and (13), @* > Q, if
and only if AT*>0. Also, quality improves if
investment in technology is justified: ¢° <g¢, if and
only if AT* > 0. Notably, equilibrium quantity and
quality are both independent of T, as long as AT*®
> 0. The fim’s price satisfies, p* =P" ~ Agq" =
WV — fT, - YNVF = 3YAVIF — fI,. There-
fore, p* <p, if and only if AT"* > 0. Price falls
with adoption of quality related technology. O

The next result shows that average costs declines
with the adoption of quality technology.

Propesition 3. Average cost declines as new quality
technology is adopted.

Proof. In equilibrium, firms earn zero profits so that
price is equal to average cost. Proposition 2(e) shows
that price falls with the introduction of quality tech-
nology, so average cost does, too.
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In summary, the last two propositions yield a host
of testable hypotheses. As firms adopt new quality
technology, the full and actual prices fall, as does
average cost while quality improves and quantity
produced increases.

Although each firm’s production increases, its
market share may rise or fall with the adoption of
quality technology. This is because as new quality
technology is introduced, some firms may be forced
from the market, or there may be new entry. The
number of firms, m", active in the market is found
by satisfying the equation

d(P")=a—-B(P")=m"(Q"),

or

AvF 4
m* = ‘/;(a— BV -11,)).
The number of firms m* can be greater than or less
than m_. If
a-B(P) 0"
a=-B(F) Q°

then firms will be forced from the market (m* <m,),
while if

«-p(r) Q"
a_ﬁ(Po) Qo,

there is entry (m* > m_). However, if

a-B(P) Q"

a=B(F) @
then an adopter’s market share will rise, while if
a-B(P') 0

a—B (P o) Qo ’
then an adopter’s market share will fall. If market
demand is very elastic, then m* will be greater than
m_, and there is entry and decreasing market shares,
If demand is relatively inclastic, there is exit, and an
adopter’s market share rises. Fig. 2 displays two
demand functions for the price range from P* to
P,. For one demand function, firms exit the market
after adoption of quality technology, while for the
other, firms enter. One limitation of our modeling

assumptions is that if market exit occurs, m* cannot
become so small that the remaining firms behave as

D4
D24
D1 —] Demand Function 1
Demand
D3 Demand Function 2

Full
p* Po Price

Fig. 2. With Demand Function 1, as quality related technology is
adopted, demand rises from D1 to D2, while with Demand
Function 2, as quality related technology is adopted, demand rises
from D3 to D4. Suppose D2/D1 < Q" /0, < D4/D3. As quality
related technology is adopted, firms will be forced out of the
market with Demand Function 1 and firms will enter the market
with Demand Punction 2. With Demand Function 1, surviving
firms’ market shares will rise, and with Demand Function 2, all
firms’ market shares will fall.

oligopolists. Extension of the model to study
oligopoly competition would solve this potential
problem, but is left for future research.

These results lead to insights about the justifica-
tion of quality technology. When making invest-
ments, a firm’s optimal action is to anticipate equi-
librium prices (11) and production levels (13) and
invest in new quality technology up to the optimal
level. A firm must look ahead at market prices when
investing, or it will tend to over invest and eam
negative returns on investment. In any case, when all
firms are quick to adopt a new quality oriented
technology, firms eam zero profits. Zero profits cor-
responds to normal returns on investment, that is
zero net present value. Thus in competitive markets,
firms will not earn excess profits from investment in
quality.

Also, this model shows that adoption of quality
technology is a strategic necessity. When firms
quickly adopt new quality technology (AT* > 0),
firms that do not adopt quality technology are forced
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from the market because they cannot earn positive
profits. Therefore, in these markets, quality is a
strategic necessity that does not yield high returns on
investments, but insures survival. However, with
quality investments adopters will have higher prod-
uct quality, lower average cost, greater total market
demand compared with their earlier performance,
and survive. One way to check these hypotheses is to
examine the stock price performance of firms. The
model predicts that when quality technology is
quickly adopted, adopters do not earn abnormal stock
returns on their stock, but laggards earn negative
abnormal returns, and exit markets.

2.4. Two period problems: lags in adoption of qual-
ity technology

We have assumed that firms quickly respond to
innovation in quality related technology and adopt
technology soon after it is introduced. This may not
be a realistic assumption. In many industries, some
firms lead in the innovation of technologies that
enable them to reduce variable production cost and
improve quality. For example, Japanese manufactur-
ers were leaders in automobile product quality, with
U.S. firms followers in quality related investments.
In 1980, Japanese cars’ quality (as measured by
problems per 100 delivered new cars) was 40 de-
fects /100 cars, versus U.S, makers’ 80 defects /100
cars (Consumer Reports, 1991). Despite large invest-
ments during the 1980’s, U.S. firms still trail in
quality. In 1990, Japanese firms raised their quality
to 15 defects/100 cars, while U.S. firms had 40
defects /100 cars.

Consistent with this evidence, we show that firms
that compete against other firms that are slow to
adopt quality technology, have incentive to invest
more in technology, and tend to maintain their qual-
ity advantage over time.

A simple model of delayed investment in quality
technology is presented. Here, firms produce for two
periods, investing in period 1. To simplify analysis,
assume cash flows occur at the end of each of the
two periods. The firms’ fixed and variable cost
functions and the customers’ demand functions are
the same as before.

Assume that a firm (dubbed the “‘leader’) has
access to quality technology (and the inclination to

adopt it) at the beginning of period 1, and other firms
(called ““followers’”) do not. Assume that the cost of
technology depends on the scale of operations in the
period of adoption. Assume that the leader can add
new technology at the beginning of both periods, and
chooses its investments to maximize profits. Because
the marginal value of investment is larger in the first
period than in the second and the quantity produced
is lower in the first period, it can be analytically
shown that the leader will always choose to adopt
technology only at the beginning of period 1. In
contrast, the followers use technology T, until pe-
riod 2, when they invest. This two period problem is
analyzed by finding the equilibrium prices in each of
the periods.
The leader’s problem is to
vo?

Max a=(P,— Mg, - F-Q AT~ ——
1.92.01.02,47 S W 1S (AT+To)ql

L {(p,-» voi
’*’m (P QZ)QI_F—(AT+TD)q2 !

(15)

where # is the risk free one-period discount rate. P,
and P, are the market full prices in each period.
Similarly, @, and Q, are the firm’s production
quantities in each period and g, and g, are its
quality decisions in each period. We analyze the
problem by considering period 2, then period 1.

At the end of period 2, the equilibrium full price
is given by (11) since the other firms earn zero
profit, or

P, = 4yAVF ~T,.

In period 2, the leader's technology increment is
fixed at its first period choice, AT),,q.,. The leader’s
first order conditions for production and quality in
period 2 arc

P 2vo,
— — q — ==
aQZ 2 : (ATlelder + To) )
and

amr vQ3:

AQ, + =0.
aqz 2 (ATtndcr + To) Q%
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Solving, the production in period 2, Q,, is

2
0:(AT, ) = Plertn L TP (16)
and its quality in period 2 is
P2

@2 AT cqer) = ET (17)
The undiscounted profit of the leader in period 2 is

P (AT + T,)
( 27V

In period 1, the equilibrium full price is given by (6),
since the followers have not adopted new technol-
OgY,

P 33AVF
1 Two'

The leader chooses technology in the first period to
maximize two period profits. The technology choice
problem is found by differentiating (15) and solving

Y ( ATleader) = or
aATlv.:adt:r ’
(Pl _fATlem:ier)2
= 27AV ( _4fATleader = 3ﬂ‘0 + Pl)
! P23 0 18
TV (18)

which has a solution ATy, > AT ", (where AT " is
the solution to the one period problem (12})). Given
full price P, and technology increment AT,,,,,, the
leader’s first period quality is given by (1) and its
first period production is given by (2).

In both periods the leader earns positive profit and
followers earn zero profit. In the second period,
followers adopt technology identical to that of the
one-period problem, AT *, as given by (12):

14
ATI‘ollownr = ? AVIF - To?
which is a smaller investment than made by the
leader. Its quantity and quality are the same as the
one period problem and are given by (13) and (14),
respectively. In both periods, the leader offers a

product with higher quality, produces more and
charges a higher price.

The following results follow from the above anal-
ysis, and yield testable conclusions.

Proposition 4. When competing against those slow
to adopt new technology, firms that lead in adoption
of technology earn positive profits, that is, above
normal returns on their investment. Leaders invest
more in aggregate than followers. Followers must
invest in quality or be forced from the market, but
they will only earn normal returns on their invest-
ment, The leader will have larger market share, offer
higher quality goods and earn higher profits than
competitors even after the followers have adopted
quality technology.

The proposition suggests that quality leaders earn
higher returns on quality investments than followers.
Weak confirmation of this result is offered by Jarrell
and Easton (1993), who show that firms who have
better developed quality programs, and thus have
invested more, enjoy better operating results than
firms that have not adopted TQM, as measured by
net income /sales, sales /assets, return on assets, and
inventory /cost-of-goods sold ratios. However, they
find that in contrast to the above proposition, abnor-
mal stock market returns for the leaders are not
statistically greater than those of non-TQM adopters.
This contradicts the proposition, which implies that a
leader’s stock price ought to earn positive abnormal
returms.

3. Quality management in a decentralized firm

This section studies organizational benefits of
TQM by examining quality decisions within a decen-
tralized firm. Specifically, we study whether quality
decisions can be made in a decentralized manner,
and if TOM principles can improve firm competi-
tiveness, This model studies a serial production sys-
tem with decentralized decision making. We use
investment, variable cost and customer quality cost
functions similar to those of Section 2.

Suppose a firm produces and markets a single
good in a two-staged process. Let us denote the two
stages by 1 and 2, with stage 1 incorporating market-
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ing and assembly and stage 2 responsible for parts
fabrication. Each stage chooses a quality level, de-
noted g, and g,, respectively, and customers’ cost
of quality is now assumed to be Ag, where ¢ = ¢,4,.
Now, quality is dependent upon both stages’ deci-
sions and increases as either increases its quality.

The divisions both choose technology, denoted by
the scalars 7, and 7,. The cost of technology 7, is
f:Qt,. As in the previous section, higher technology
levels help to reduce production cost (fixing output
and quality). The variable production cost of process
1 is (V,0%,)/(T,q,) and for process 2 it is
(V,0%)/(T,q,). These cost functions capture the
following effects: process 1's costs rise with decline
in process 2’s quality (g, rises), production cost is
monotone increasing and convex in production out-
put, and higher own quality output increases variable
cost. Process 2 is unaffected by process 1’s quality
because it does not use inputs from this division. The
firm’s fixed cost can be ignored.

The firm’s problem is to maximize its profit
through choice of quality, quantity and technology.
As in the previous section, the firm is a full price
taker, The firm’s problem is

Max II=(P-Aqq,)Q - fOT, — /0T,
41,42.&. T,y

V,Q0°q, _ V;’.Q2

g, I,q,

Assuming an interior solution for all the variables,
first order conditions of this problem are

(19)

aIl 2V,Qq,
'éa =P—-Aqq, — fiT) — [,T, — T.q,

2V.

_2ne 0, (20a)

T, q,
alrr V1Q2q2
ag, 2 T1‘?12 (
oIT v.0* V,Q°
—— = —Aq,0— — 2= =0, (20c)
9, Tiq, T,q;
an VlQZ‘Iz
—_— = — + = 0’ 20d
T, e T12‘Il (200)
aIT V,Q? 0 (200)
— = — + = .
o7, f0 T2292

In a decentralized firm the two processes could be
organized as profit centers or with process 1 as a
profit center and process 2 as a cost center:

Process 1-Profit Center:

Max II,=(P—Aq,q;)Q —1Q — f,OT,
.27y

_Na (21)
T\q,
Process 2-Cost Center:
Min IL, =£,0T, + VZ_QZ_ (22)
q2:.72 Tz q;

Parameter f is the transfer price that process 1 is
charged for inputs from process 2. The first order
conditions for these centers are:

Process 1-Profit Center:

oll, 2V,0q,
—— =P~ —-fTI - —1=0,
0 d1q>, — 4y T4,
(23a)

alT Vv, 0?

Lo a0+ kL, (23b)
8q, T.gy
all V,0%
e YY) WL L Y} (23¢)
aT, Iiq,
Process 2-Cost Center:
oIl V,Q0?
—2=-2= (23d)
aq, Iq,
aIl, V,Q?
— = —f,0+ =0. (23e
a7, 2 Tz2‘h )

By comparing (20a) with (23a) incentives for the
profit center can be aligned with those of the firm as
a whole if the transfer price is set at
V,Q
3( .0, +szT2)

) 30 ,
which is the marginal production cost for process 2.

There are problems aligning the incentives of the
cost center with those of the firm as a whole: the
cost center does not have incentive to meet cus-
tomer’s quality needs, and low quality output frem
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process 1 raises process 2’s production costs. In fact,
the cost center has incentive to decrease quality
levels so that g = 1 (producing all rejects!). Realisti-
cally, cost centers handle this problem by specifying
a quality standard (for example, see (Kaplan, 1982,
p- 436)). That is, the cost center’s quality is chosen
for it. But this centralizes the cost center's quality
choice, which may be more efficiently set using
knowledge of the production technology possessed
by cost center managers. The following example
demonstrates the sensitivity of profit with respect to
quality standards.

Example. Suppose the firm establishes a quality
standard for the cost center. That is, the cost center
must produce at this quality level or better, Then, the
cost center chooses its quality technology to mini-
mize its cost subject to the quality standard and the
quantity chosen by the profit center. Based upon the
cost center’s quality technology decision and the
profit center’s quantity choice, the transfer price is
100
g0
80
70
60

50

40 4

Profit (% Of Optimal)

30

20

10

P.J. Lederer, 5.-K. Rhee / Journal of Operations Management 12 (1995) 353367

set at the cost center’s marginal production cost. The
profit center chooses quantity, quality and its quality
technology to maximize its profit. Assume that P =
150, f, =5V, =100, f,=35, V,=5, and A =500.
Fig. 3 reports the firm’s optimal profits as a function
of the quality standard (g,). In this example, profit
(as measured as percentage of optimal profits) is
very sensitive to the quality standard. A small error
in choosing the standard resuits in large opportunity
losses. The firm may be only imperfectly informed
about the cost center’s cost function, and make these
errots.

These opportunity losses disappear if the cost
center’s incentives are aligned with the profit center.
Incentives can be aligned by evaluating the cost
center on the satisfaction of the final customers
(Ag,q,0) and the cost of process 1 that it supplies:
((V,0%,)/(T,q,)). Let u= Aq,Q + (V,0%)/
(T,q,)). If this weight is used in the cost center’s
performance system to evaluate the cost center’s

o t
0 0.2

T

0.4

i
! T 1

0.6 0.8 1

Quality Standard for Cost Center {q2)
Fig. 3. Profit as a fonction of the quality standard for a cost center. Here process 2 is a cost center whose output must meet quality standard
4. Given the cost center’s quality related technology choice, the profit center chooses production quantity, quality, and its quality related
technology to maximize its profit. In this example, the firm’s profit is very sensitive to the quality standard. A small error in seiting the
standard results in large opportunity losses. The values of the parameters are P =150, f, =5, V, =100, f, =5, V, =5 and A = 500,



P.J. Lederer, S.-K. Rhee / Journal of Operations Management 12 (1995} 353-367 365

quality, the cost center’s incentives will be aligned
with the firm as a whole. If the cost center manager
is evaluated on its own cost plus jq,, then the cost
center is evaluated on customer satisfaction plus the
cost center’s costs. Redefining process 2’s problem
as

Process 2-Cost Center With Customer Satisfaction:

2

R V,Q
Min I, =f,QT, + + 1q,, (24)
2,73 TZQZ

yields first order conditions:

oll; V2Q2

9g, Tz‘h2 ( )
and

oll; VZQ?'

—==£,0- —— =0, 25b
oo, 7 T (25

Now, the cost center problem coincides with the
firm’s problem at the firm’s optimum. Term u cap-
tures the idea that the process 2 internalizes the
revenue externality (Ag,q,Q) and the cost external-
ity ((V,0Q%q,)/(T,q,)) that it imposes on the rest of
the firm. Customer satisfaction measures can elimi-
nate these two sorts of quality related externalities.

Note that in the above model, the profit center is
not evaluated on quality: its effect on quality is
captured by reduced revenue. For more complex
examples, two internal production groups may be
evaluated by using a common customer satisfaction
measure of final customers. This encourages these
groups to cooperate in satisfying the customer. The
analysis can be generalized to a firm with many
subunits engaged in complex internal transfers with
many external customers.

In this model, the quality externalities are linear
in the cost center’s quality choice. However, this can
clearly be generalized to nonlinear externalities in
q,. Viewed in this way, customer satisfaction is
measured as the marginal effect of quality on exter-
nality costs.

Customer satisfaction measures are expressed
quantitatively, but in practice, they could be set
qualitatively. Both customers and downstream de-
partments can be asked how to assess actual perfor-
mance and whether it matches expectations. In par-
ticular, measures can be independent of the account-

ing system. For example, a quality performance sys-
tem can be established by asking customers the
importance of product attributes. Internal groups
(such as marketing and production) can be rated
according to actual quality performance, for example
as assessed by a questionnaire survey or focus groups.
Rating satisfaction in this way, allows performance
rating on appropriate local dimensions.

Customer satisfaction measures can be locally
defined according to utility and the cost of measure-
ment. Although we did not consider the cost of
implementing customer satisfaction measures, the
party that gencrates the externality can be required to
measure its customer’s satisfaction. This internalizes
the cost of measurement as well as the revenue and
cost externalities within a single performance unit,
so that the firm does not overinvest in customer
satisfaction assessment. Thus, customer satisfaction
provides a flexible way to solve cost and revenue
externality problems in an efficient way.

One interpretation of the use of customer satisfac-
tion as a performance measure is to view it as a
quality related technological innovation requiring in-
vestment. By using this new ‘‘organizational tech-
nology”’, product quality is raised and costs (which
are both real and opportunity costs) are reduced
compared to when centralized quality decisions are
made. There is investment expense to adopt the new
organization that must be traded off against benefits.
The success of the program is a function of the
magnitude of the investment made in it. For exam-
ple, without adequate internal communication and
training, benefits of changing the performance sys-
tem will be reduced. If units are not properly trained
to identify their customer, or find out their needs,
and are not given adequate tools to identify and
solve problems, then the program’s effectiveness is
reduced. In the above analysis, we have ignored the
effect of investment size on effectiveness of the
reorganization, but could aiter the model to endoge-
nously study this issue.

4. Summary and conclusions
This paper has presented two models of eco-

nomics of quality management. The models suggest
a host of testable hypotheses that can be checked



366 PJ, Lederer, S.-K. Rhee / Journal of Operations Management 12 (1995) 353-367

using company operating and stock price data, The
first model suggests that if a firm competes against
others quick to adopt quality technology, adopter’s
investments will generate normal returns, thus their
stock price will not display abnormal (positive) re-
turns, Operating data will show that over time, its
quality and production volumes will increase, and its
price will fall. On the other hand, we predict that if
the firm competes in an industry where others are
slow to adopt, an early adopter’s stock price will
display positive abnormal refurns. The firm will
invest more in technology than laggards, its quality
will be superior to competitors, its market share will
be larger than competitors and the firm’s quality and
market share advantages will persist over time. The
second model shows that for a decentralized firm,
use of customer satisfaction as a performance mea-
sure will raise firm value by aligning incentives.
Although this model yields fewer testable hypothe-
ses, it does suggest that the adoption of customer
satisfaction measures is correlated with the magni-
tude of revenue and cost externalities.

Besides testing these hypotheses, there are many
ways to generalize and extend these models. The
first model was one of perfect competition between
identical firms. The competitive situation can be
extended to oligopoly with firms with asymmetrical
cost functions, Only one dimension of quality is
considered, but in practice there are many quality
dimensions in terms of attributes and variability of
attributes. We also considered homogenous cus-
tomers. In real markets, customers have different
tastes that complicate quality planning and competi-
tive analysis. Also, customers may be only partially
informed about firm quality. The problem of quality
related investment when customers’ knowledge of
quality is imperfect, but improves with time and
experience could be analyzed. In this paper issues of
risk associated with the adoption of quality technol-
ogy have been ignored and could be studied. For
example, when quality investments are risky and
industry learning is possible, firms may delay quality
investments until the success of other’s investments
are evident.

The second model can be generalized by consider-
ing costs of training and communication required to
implement a customer satisfaction program. Model-
ing how program effectiveness can be improved by

investment would be a valuable extension. Empirical
and theoretical research is required to understand
what types of quality related problems are best solved
using decentralized customer satisfaction measures,
and which are best solved by using the traditional
method of quality standards.
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