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Executive Summary

This study is an economic evauation of the Badrige Nationd Qudity Program. Specificdly, the andyss
aSIeSES:

- the net private benefits associated with the Baldrige Nationd Quality Program to the U.S. private
and public sector organizationd members of the American Society for Quality,

- viagenerdization, the net socid benefits of the Program in the aggregate, and

- the relationship between economy-wide net benefits traceable and the socid costs associated with
operating the Program.

Based on information collected from a mail survey of the U.S. organizationd members of the American
Society for Qudity (ASQ), the conservative estimate of the present vaue (in constant 2000 dallars) of
the net private benefits associated with the Baldrige National Quaity Program is $2.17 billion.

If the entire economy benefits to the same extent as the ASQ members, the conservative estimate of the
present value (in constant 2000 dollars) of socid benefits associated with the Baldrige Nationd Qudity
Program is $24.65 billion.

Based on information provided by the Badrige Nationd Quality Program, the present value (in constant
2000 dallars) of socid costs associated with the Program to date is $119 million.

Therefore, from an evauation perspective for the economy as a whole, the benefit-to-cogt ratio
characterizing the Badrige Nationd Quality Program is consarvatively 207-to-1.



Introduction and Overview of the Baldrige National Quality Program

A. Purpose of the Study

The Nationd Inditute of Standards and Technology (NIST) regularly conducts assessments of the
economic impacts of its programs in order to provide important programmatic and decisionrelevant
information to NIST managers, Executive Branch officids, and to the Congress. The results of such
studies are also of interest to U.S. industry.”

The purpose of this sudy, as summarized in this report, is an economic evauation of the Badrige
Nationa Quality Program (the Program).

More specificdly, this sudy consders:

- the net private benefits associated with the Badrige Nationd Quality Program to the U.S. private
and public sector organizational members of the American Society for Quality (ASQ),

- viagenerdization, the socid benefits of the Program in the aggregate, and

- the rdationship between economy-wide benefits tracesble and the socid costs associated with
operating the Program.

These are important consderations because the findings will provide vauable information to NIST
about the economic impacts of its Badrige Nationd Quality Program, and because it will provide
accountability information to the U.S. Congress (under the umbrella of the Government Performance
and Results Act of 1993) about the efficiency with which the Program utilizes public moneys.

B. Higtory of the Baldrige National Quality Program

Productivity in the non-farm U.S. economy fel in the early- 1970s and then fell again in the early to mid-
1980s.” Associated with these declines was the loss of world market shares by firms in many critical
industries.  In response, a number of economic policy initiatives were introduced in the early-1980sin
an effort to reverse the downward productivity trend by stimulating innovative activities within firms.
These initidtives included the Stevenson-Wydler Innovation Act of 1980 to encourage technology
transfer from federa |aboratories to the private sector, the Economic Recovery and Tax Act of 1981

' A review of previous studiesisin Tassey (1999).
* Most economists measure this decline in terms of total factor productivity.
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that contained provisons for a R& E tax credit, and the Nationa Cooperative Research Act of 1984 to
encourage collaborative research activity among firms.

Further, Congress declared as part of the Macolm Badrige Nationd Qudlity Improvement Act of 1987
(P.L. 100-107) that;’

... the leadership of the United States in product and process qudity has been
chdlenged drongly (and sometimes successfully) by foreign competition, and our
Nation’'s productivity growth has improved less than our competitors over the last two
decades, ... a natiiond quality award program ... in the United States would help
improve qudity and productivity by—
(A) hdping to dimulate American companies to improve qudity and
productivity for the pride of recognition while obtaining a competitive edge
through increased profits,
(B) recognizing the achievements of those companies which improve the qudity
of their goods and services and providing an example to others,
(C) egtablishing guidelines and criteriathat can be used by businesses, industrid,
governmenta, and other organizetions in evduding ther own qudity
improvement efforts, and
(D) providing specific guidance for other American organizations that wish to
learn how to manage for high qudity by making available detailed information on
how winning organizations were able to change ther cultures and achieve
eminence,
... [and] There is hereby established the Macolm Badrige Nationd Quaity Award ...

C. Outline of the Report

The remainder of this report is outlined as follows. In an effort to place the Macolm Badrige Nationa
Quadlity Improvement Act of 1987 and the Macolm Badrige Nationd Quadity Award in a performance
management/quality improvement perspective, dternative concepts of quaity are described in Section
1.

In Section 111, a conceptud mode of investments in quaity by the firm is presented, and the associated
literature regarding such investmentsis reviewed in the context of the conceptua modd.

? As Townsend and Gebhardt (1996) explain, the origins of the Baldrige Award grew from “alarm over the Japanese
challenge to the American economy” (p. 6), and they conclude (p. 13):
[T]he Baldrige will retain its position of importance, a position earned by being perhaps the mgjor
factor in positioning American business for the 21st century. The Baldrige didn’t just shift the
paradigm for American business—it defined a whole new way to go about doing things. As a
result, business communities throughout the world once again can look to Americato learn how to
get things done.



In Section IV, the key empirica hypothesis about the benefits of the Program is Sated.
In Section V, the history of applications to the Program is overviewed.

In Section VI, an economic evauaion of the Badrige Nationd Qudity Program and the related
Bddrige Criteriafor Performance Excellence (Badrige Criteria) is offered.

Finaly, the report concludesin Section VII with summary remarks.



Concepts of Quality

A. Evolution of Ideas about Quality

Although a long history of managerid interest in the concept of qudity exists, the systematic and
comprehengve view of qudity, in the sense of the Badrige National Quality Program, is of recent origin.
Juran (1995) provides one higtorica treatment of concepts related to the management of quality in a
number of countries—reaching far back into history with chapters on qudity management in ancient
China, ancient Isradl, ancient Greece, and ancient Rome, as wdl as other early civilizations, yet
documenting qudity management in more recent times incuding in twentieth-century Japan and the
United States. Juran (1995, p. 630) concludes from his historical overview that new forces emerged in
the twentieth century and that these forces have required a revolution in quality management. These
new forces are:

- Greater complexity and precison of products

- Threats to human safety and hedlth, and to the environment
- Government regulation of qudity

- Therise of the consumerism movement

- Intendfied internationa competition in quality

Despite a higtory of quality management reaching back into antiquity, in the twentieth century (Juran,
1995, p. 630):

Technologica measures of qudlity did exist on the shop floors, but managerid measures
of qudity did not exist in the boardrooms.  So, except in Japan, the needed quality
revolution did not sart until very late in the twentieth century. To make that revolution
effective throughout the world economies will require many decades—the entire twenty-
fird century. So, while the twentieth century has been the Century of Productivity, the
twenty-first century will be known as the Century of Qudlity.

Reimann and Hertz (1993) capture the shift from narrow to comprehensive views of quality and the
necessary manageria efforts to ensureit. They explain that the globadization of markets and associated
internationa competition provided the impetus for the shift toward comprehensve quaity management
strategies that integrate company-wide pursuit of operationa excdlence rather than relegating qudity
issues to traditiona forms of product ingpection. Reimann and Hertz (1993, p. 43) observe:

The United States and much of the world are in the early stages of amgjor trangtionin
how work and qudity are managed—moving from qudity as a narrowly-defined,



separate function managed a lower organizationd levels [eg., on shop floorg, to
qudity integrated within al work units and with overal busness management [eg., in
boardrooms]. The success of this trangtion depends on numerous factors not well
addressed within treditiond qudity: executive-levd leadership and involvement,
empowerment, rapid deployment of changing requirements, management of innovation,
management of diversity, and customer-focused planning and operations.

Table I1-1 summarizes the information in Juran (1995) in a manner that clearly illudtrates a descriptive
time line for qudity management.

The Council on Competitiveness (1995, p. 3) asked, “What is Quaity?’ as part of their report on the
Badrige Nationd Quaity Award:

Today qudlity is best understood as principles and methods to improve the performance
of organizations in achieving their objectives. From the broadest perspectives, we can
think of qudity management as a system to facilitate organizationa [adaptation] to a
changing environment. While there are no fixed definitions of quality in the United
Sates [authors emphasig], severd factors are widdy accepted as central to a
successful qudity program:

1) Customer satisfaction
2) Executive-leve leadership
3) Employeeinvolvement.

B. Formalizing Ideas about Quality

The evolution of ideas about the sources of quaity mirrors the marked change in quality management
that occurred in boardrooms during the last two decades of the twentieth century.

In the economics literature, qudity is viewed in one of two generd ways. Quadlity is viewed as a
dimengon of an industry’s product. As such, when this dimension changes (e.g., the product improves
through focused investment activity), the industry demand for the product increases. The smplest of
economic analyses conceptudizes the results of investments in qudity in terms of an increase in an
industry demand schedule. The nore complex andyses, which fal under the rubric of the “qudity
ladder” literature, envison industry demand increases over time in response to continued investments in
qudity, and such sequentid shifts are, for mathematical convenience, indexed by numericd intervals
(hence the concept of a ladder). Alternatively, quality is viewed as an indirect activity that affects
industry productivity. With either view, the economics literature emphasizes sources of investments that
lead to qudity.



B.1. Traditional sources of quality improvement

The more traditiona sources of quality improvement for private firms, with quaity measured abgractly
as a dimengon of the product, are investments in research and development (R&D) or investments in
product differentiation. Product differentiation can be achieved through modification of the physica
characterigtics of the product (with its locationd attributes in both the product space and geographic
gpace), or through advertisng and other promotiond efforts that can develop customers awareness of
the product’s characteristics and thereby affect its image and customers appreciation of the product.
When qudity is measured indirectly with productivity indices, many sources of the productivity are
identified, including capitd and R&D investments, but also investments in workplace practices, human
capital, and information technology (Black and Lynch 1996). These laiter explanations of productivity
of course mirror the new comprehensive view of quality and its management.

In the management literature, qudity istypicaly less abgract than in the economics literature in the sense
that it is reated to attributes of a firm or its products that are more activity-pecific compared to more
abstract or aggregate impact measures such as a sngle shift in an industry demand schedule or “quality
ladder” intervad shift, or even a productivity index such as output per worker. Thus, in the qudity
management literature, quality typicaly encompasses detailed operational performance characteristics
such as the prompt ddlivery of a commodity or service to the firm’'s customers. For example, Link,
Quick, and Tasey (1991, p. 473) find that the firms typicdly agree that qudity is defined by
“performance levels, performance stability, rdiability and longevity.” Smply put, quality is* conformance
and/or fitness for usg’ and, in the quality management literature, the measures of performance and fitness
are non-conceptual operationd business indicators.

While the economics literature typicaly links qudity to R&D investment, the management literature
typicdly focuses not only on the amount of the R&D investment, but dso on the manner in which the
R&D invesment is implemented. The economics literature typicdly assumes that the method of
implementation is the optimal one and then proceeds to work out the implications of the investment,
such as R&D, for economic performance. In contrast, the quaity management literature typically works
to understand what in fact would be the optima method of implementation for R&D investment.

B.2. Broad-based sources of quality improvement

Further, the quality management literature frequently looks at a much broader set of qudity investments
than does the economics literature. Thus, while the economics literature focuses on R&D investments,
the quaity management literature condders the investments in quaity within the severa mgor budget
categories of the firm. For example, Link, Quick, and Tassey (1991) discover from their survey of
firms in the opticd fiber indudtry the relative importance of various functiond objectives of quality
assurance programs. U.S. firms dominated the optica fiber industry in the early 1990s, and they
dlocated subgtantidly more—three to four times as much, as a percentage, of their budgets—aof ther
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operations, capitd, R&D, and overhead budgets for qudity assurance than did their foreign
competitors, with the proportions of these budgets dlocated for quality ranging from somewhat less than
afifth to somewhat more than a fourth. The functiona objectives, in order of their average percentage
of the qudity budget for the successful U.S. firms, are (i) improving manufacturability and (ii) improving
product performance, with each of these leading objectives taking somewhat under a third of the
average quality budget, (iii) increasing product reliability and (iv) reducing attribute variability, with each
of these objectives taking somewhat less than a Sixth of the average qudity budget. No other objective
received more than a twentieth of the average qudity budget. In al, it gppears (Link, Quick, and
Tassey 1991, pp. 473-474) that the successful U.S. firms are “pursuing a broader quaity assurance
drategy ... of ‘building qudity i’ through both product design and control of the production process
(i.e. through a concurrent engineering process) as well as the more traditional post-production testing.”

Reimann and Hertz (1993, p. 46), in the spirit of the quality management literature, emphasize that
quaity as ceptured in the criteria for judging the Macolm Badrige Nationd Qudity Award
encompasses “continuous improvement in overdl operations” Their view that the Badrige Criteria
capture and define “quality” is supported by Juran (1995, pp. 649-650), who States that the Baldrige
Criteria define quality and the process of totd quaity management:

By the 1980s it was becoming clear to upper managers that quality leadership could not
be achieved by pecking away—~by bringing in this or that tool or technique. Instead, it
was necessary to gpply the entire array of quaity know-how (the “qudity disciplines’)
throughout the entire company—to dl functions and dl levels—and to do so in a
coordinated way. One shorthand expression for this comprehensive approach is the
term total quality management, or TQM. (The usua Japanese term is company-wide
qudity contral.) ... At the outset there was no agreed standard definition for TQM, so
communication became confused—among company departments, in ther training
courses, and in the generd literature. This confusion has since been reduced by the
publication of the criteria used by the American Nationd Inditute for Standards and
Technology (NIST) to judge the gpplications for the United States Macolm Badrige
Nationa Quaity Award (Badrige Award) ... Those criteria have been widdy
disseminated—NIST has filled over a million requests for gpplication forms” While
there have been rdaively few applications for the award, many companies have
conducted sdlf-audits againg the criteria.  In addition, as nationd qudity awards have
proliferated, many have used the Badrige Award criteria as inputs to their own list of
criteria. By the early 1990s, this wide exposure had made the Badrige Award criteria
the most widdly accepted definition of what isincluded in TQM.

Hertz (2000) digtinguishes clearly the difference between the comprehensive scope of the Badrige
Criteria and the narrow focus of quality management tools such as “sx sgmd’ or the ISO 9000 qudity
dandard. Hertz observes that adoption of such management tools certainly does not mean that a
company would thereby easily win the Badrige Award. He observes (Hertz, 2000, p. 2):

! Updating the original quotation, note that by 2001, NIST hasfilled over two million requests for application forms.
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Unlike the requirements for sx sigma or 1SO 9000, organizations that use the Badrige
performance excdlence criteria get a true sysems perspective to ther overal
organizationa performance.

Table 11-2 is an overview of the criteria of the Macolm Badrige Nationa Quality Award, as published
by the Baldrige Nationa Quality Program (NIST 2001).

Ray Stata (then chairman and CEO of Analog Devices), who served on the Macolm Badrige Nationd
Quadity Award Board of Overseers, encapsulates the definition and theory of qudity management
succinctly (Council on Comptitiveness, 1996, p. 1):

By my definition, qudity management is a company-wide system to accelerate the rate
of learning and improvement in al aspects of acompany’s performance. So far, quaity
management has focused on customer sdisfaction, continuous improvement,
management by fact and management by process. Management by fact isjust that: fact
versus opinion. It's deding with datistics and data as opposed to winging it.
Management by process is where every person, every employee, has a customer and
deliverables. It's the process by which they work to make those deliveries. The
chdlengeisto understand and continuously improve these processes.

At the gart of the new century, performance excelence and performance management encompass
continuous improvement of al processes as contrasted with prioritized improvement efforts and
response to changing business needs. Rather than focusng mainly on processes, as is the case with
earlier views of tota qudity management, Badrige performance excdllence has a systems perspective
about results and processes.
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Tablell-1
The Evolution of the Concept of Quality

Time Period

Conceptsof Quality

Late 19th
century

The Taylor System: “scientific management” increasing production without increasing skilled
craftsmen by separating the planning of production (by engineers) from the execution by
supervisors and workers. Juran (1973), Juran (1995, p. 555).

Early 20th
century

Independent Inspection Departments: The Taylor System damaged human relations and had a
negative impact on craftsmanship and quality. Central inspection departments were created to
restore balance. Materials and goods were sampled in process with the results determining
whether or not alot of goodswould be used. Finished goods were inspected in detail. Quality
came to be seen as the responsihility of the inspection department. Juran (1995, p. 555-556).

Mid-1920s

Early Statistical Quality Control (SQC): Sampling inspection was grounded in probability
theory. Juran (1995, pp. 556-557), AT& T (1989).

1940s and 1950s

Second wave of SQC and ASQC: Production needs and delivery deadlines required during
World War Il brought new interest in SQC. Eventually the American Society for Quality
Control was created. New impetus for SQC resulted in quality control engineering and quality
control departments to supervise the inspection department. Eventualy functions of
inspection, testing, quality control and reliability engineering were housed in the “quality
department” headed by the “quality manager” usually reporting to the vice president for
manufacturing. Juran emphasizes the deficiencies of the system in which quality was the top
priority of just the quality department rather than the entire organization. Juran (1995, pp. 558-
562), Working (1945), Grant (1953), AT&T (1989), Grant (1991), Juran (1991), Wareham and
Stratton (1991).

1960s and 1970s

The big forces for changein the concept of quality Juran (1995, p. 630):

“Greater complexity and precision of products,” “ Threats to human safety and health, and to the
environment.” “Government regulation of quality.” “The rise of the consumerism movement.”
“Intensified international competition in quality.”

In response to the quality crisis brought on by the forces for change, piecemeal strategies
emerged, including (Juran, 1995, pp. 583): “Exhortation of the workforce.” “QOrganization and
training of quality circles.” “ Statistical process control.” “Awareness training for managers and
supervisors.” “Computation of the cost of poor quality.” “Project-by-project quality
improvement.” “Preparation of complete manuals of procedure.” “Revision of organization
structure.” “Incentives for quality.” “Automation inspection and test.” “Automation and
robotics.” Juran (1995, pp. 562-581, 630-634.)

1980s

In the face of a maor quality crisis, U. S. firms focused primarily on three strategies:
“exhortation, project-by-project quality improvement, and statistical process control.” Juran,
(1995, pp. 584-586.)

1990s

Poor strategies and poor execution of valid ones caused largely disappointing results for most
quality initiatives in the 1980s, but some firms, including the winners of the NQA, “attained
quality leadership ... and thereby became the role models for the rest of the American
economy.” Juran (1995, p. 586). The core list of strategies, embodying the lessons learned in
the 1980s about what worked and what did not, for successful pursuit of quality are captured by
the NQA criteria described above. Juran (1995, pp. 649-650), Reimann and Hertz (1993, p. 46),
George (1992), George and Weimerskirch (1994).

The NQA criteria define “a model of integration” that demonstrate “how all of a company’s
processes and people can be focused on meeting customer requirements and improving
operating performance.” George and Weimerskirch (1994, p. v.)

Source: See Juran (1995, pp. 553-655).
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Tablell-2
Overview of the Baldrige Criteria for Performance Excellence

The Badrige Criteria for Performance Excellence provide organizations with an integrated, results-oriented
framework for implementing and assessing processes for managing all operations. The Baldrige Criteriaare also the
basis for making the Baldrige Award and providing feedback to applicants. The Baldrige Criteria consist of seven
categories:

- Leadership: The company’sleadership system, values, expectations, and public responsibilities.

- Strategic Planning: The effectiveness of strategic and business planning and deployment of plans, with a
strong focus on customer and operational performance requirements.

- Customer and Market Focus. How the company determines customer and market requirements and
expectations, enhances relationships with customers, and determines their satisfaction.

- Information and Analysis: The effectiveness of information collection and analysis to support customer-
driven performance excellence and marketplace success.

- Human Resource Focus: The success of efforts to realize the full potential of the work force to create a high
performance organization.

- Process Management: The effectiveness of systems and processes for assuring the quality of products and
services.

- Business Results: Performance results, trends, and comparison to competitors in key business areas—
customer satisfaction, financial and marketplace, human resources, suppliers and partners, and operations.

Source: NIST (2001).
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Academic and Professional Literature Related to
Investments in Performance Excellence

A. Fragmented Nature of the Literature

The academic and professiona literature related to corporate investments in quality, that is sources of
qudlity, is highly fragmented. In other words, authors tend to examine only selected aspects of the
concept of quality. While the characterization of the literature as highly fragmented is a criticism in the
best sense of the word, such fragmentation is understandable. From Table 11-1 it is clear that the
holigtic view of qudity and quaity management as an al-encompassing total company effort to improve
performance is a new view, and possbly a twenty-first century view, for which a consensus is ill
emerging.

There are a number of ways to summarize the literature on the broadly-defined subject of quality, and
each could be ussful in its own right. One could segment the literature by discipline, meaning that one
would review the redevant economics literature, production literature, organizationa literature,
management literature, and so on.  That approach has the advantage of grouping scholarship by the
questions explored, because the choice of questions to be investigated is for the most part discipline
specific. However, such a discipline-segmentation gpproach has the disadvantage of not unveiling areas
of possible overlap in the questions being asked by scholars and not placing the subsequently identified
questionsinto agenera framework of andyss. One could dternaively segment the literature by generd
methodology, meaning that one could review the case-based literature, the survey-based literature, the
theoreticd literature, and so on. That gpproach may unvell some areas of possible overlap in the
guestions being asked, but it too fals short in the sense that the areas of overlgp that are reveded might
be neither systematic nor complete. Rather, the areas of overlap reveded could be the result of the pre-
selected methodologica groupings. Neither approach is effective for the purposes of this economic
evauation.

A caeful review of the academic and professond literaiure reveds that there is not a generd
framework for condgdering investments in qudity or how investments in qudity affect firm performance;
scholars have identified important eements that might be included in a generd framework, but to date
have faled © provide such a framework. Therefore, a conceptua modd of firm performance is set
forth in this section, and it will form the bads of ataxonomy for characterizing the extant literature.
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B. Conceptual Modd of Firm Performance

The conceptud modd of firm performance is depicted in Fgure 11I-1. The discusson beow
emphasizes specific aspects of the modd that are related to overal firm performance. These specific
agpects are illustrated as labeled boxes and their causal flows areillusirated by directional arrows.

Shown in Fgure I11-1 is one firm within a supply chain. The represented firm, smply put, alocates
resources toward the production of a good or service. Once produced, the good or service competes
in the market and generates vaue added. Fundamenta to this production process is the use of
purchased capitd and labor, enhanced by the internd (i.e., self-financed and self-generated) innovation
process of the firm. The good or service produced by the firm can be purchased by another firm asan
input in its production process or it can be purchased by afina consumer.

More specificdly, through srategic planning, the firm depicted in Figure I11-1 decides what good or
service to produce and how to produce it. The production decison is complicated; the firm has at its
disposal a any given time a market from which to purchase current technology capital and current
technology labor. The term “current technology” is used to emphasize thet at a given time the market
offers capita and labor of given vintage and of given technical capabilities. These inputs become more
productive through the internd innovative activities of the firm. Academics generdly think of an
innovation as a process of applying new technica knowledge. New technology originates from a
number of sources. These dternative sources for new technology are imbedded in the box smply
labeled “Technology.” Such sources include primarily, a least for the purposes of this review of
academic modds, proprietary research and development (R&D) activity.5 The Bddrige Criteria define
innovation more broadly: “Innovation means making meaningful change to improve an organizaion's
products, services, and processes ...(NIST 2001, p. 3).

To illugtrate the dynamics of this conceptua model, consider the following hypothetical production issue.
The firm, that has purchased other firms capital equipment (i.e., other firms product technology capita)
and that employs a heterogeneous mix of labor, decides to produce a widget. The choice of producing
a widget, as opposed to something else, is based on management’s perception of market need. The
widget will have certain performance attributes determined by (i) the current technology embodied in the
capital equipment; i) the ability of the labor force; and (jii) the managerid expertise of the firm to
efficiently coordinate capital and labor, introduce the product into the market place, and gain market
acceptance.  The firm is engaged in process R&D to enhance, via innovation, the productivity of the
capita equipment that it purchased; it is engaged in product R&D to enhance the performance attributes
of the widget.

5Other sources, not considered specifically for this study, are generic technology that originates from, for example,
collaborative research arrangements; infratechnology that originates from, for example, the research agenda of the
national laboratory system; and the science base that is fed through the basic research in, for example, universities.
A more complete model is in Tassey (1997). Therein, Tassey refers to these other sources as “technical
infrastructure.”
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Each of the eight boxes in Figure 111-1 represents a purposeful aspect of the process of producing a
good or service; hence each represents one aspect of firm performance. To anticipate the conclusions
of this literature review, previous scholarly efforts have not yet asked, much less answered, dl of the
reevant questions related to the broadly-defined concept of performance excellence that is posited in
Section 11 and that is captured in the qudity attributes specified in the Macolm Badrige Nationd
Quality Award. Previous scholarly efforts have focused on only sdected aspects of firm performance
(specific boxes in Figure 111-1). Previous inquiries have overlooked critica interactions within the firm
that are fundamenta not only to firm performance but dso to a complete understanding of investmentsin
performance excellence as a Srategic decision.

C. Investmentsin Quality and Firm Performance

The literature relating investments in quality to firm performance addresses various aspects (i.e.,, Soecific
activities or boxes) of the conceptua mode in Figure I11-1. Some anadyses focus on the Strategic
planning that chooses the product or service to be produced. Others focus on the efficient use of
current technology capital and current technology labor in production. Some gtudies andyze the
innovetion process or dternatively the technology base from which innovetion is derived. Marketing
and the penetration of markets are the focus of other studies, while dtill others analyze the management
practices that enhance vaue added.

Figure 111-2 captures a broad sweep of the literature by characterizing it in two dimensons. On the
veticd axis is qudity derived from an invesment in the organizationd culture of the firm, broadly
defined to include the managerid tools as well as the atitudes toward numerous aspects, from key
personnd dements to financid dements, to managing the firm’s resources.  Stated dternatively, the
verticad axis characterizes the quality management literature as summarized in Section 1. On the
horizontal axis is quality resulting from an investment in product attributes, broadly defined to include the
multitude of ways product attributes can be influenced, such as the R&D to develop new product
characterigtics, the production processes for products and services produced, the inspection of
products to ensure desired characterigtics, and the marketing and servicing of the products. Stated
dternatively, the horizonta axis characterizes the economics literature as summarized in Section |1.

The Bddrige Award, and the underlying Badrige Criteria, emphasize the qudity leaders and role
models whose investments in both organizationa culture and product attributes place them in the upper
right hand quadrant of the figure.

As previoudy emphasized the academic and professiond literatures typicaly focus on selected e ements
of the conceptuad modd in Figure I11-1. However, because scholars generally do consider more than a
gngle facet of this conceptua mode of firm performance, it is not possible to uniquely map each study in
the literature to a single dement in Fgure I11-1. In fact, it is difficult to segment the more recent and
relatively more complete andyses uniquely into the broad categorizations of organizationa culture or
product attributes illugtrated in Figure I11-2. However, a useful way to organize this literature review is
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to describe dternative conceptud, theoreticad modds of investments in quality and then proceed to the
empiricd sudies of such invesments. Studiesin the literature fal broadly into those that focus primarily
on organizationd culture and those that focus primarily on product atributes.  As such, the literature
dividesinto four aress

- theoreticd modds of qudity investment that emphasze invementsin organizationd culture
- theoretical modds of qudity investment that emphasize investments in product attributes

- empiricd models of quality invesment that focus on invesments in organizationd culture

- empirical modds of quaity investment that focus on investments in product attributes

A detalled review of the literature in each of these areasisin the Appendix to this report.
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Figurelll-1

Conceptual Modd of Firm Performance
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Figurelll-2
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IV

Empirical Models of Investments in Performance Excellence

A. Attributes Specified in the Baldrige Criteria for Performance Excellence

The Badrige Criteria listed in Section 11 define the qudity atributes recognized as the hdlmarks of
Bddrige Award winners and more generdly of organizations achieving qudity in ther overdl
performance. The criteriaimply empirically measurable proxies for the atributes to be used in forma
tests linking different types of investments in quality to the performance of organizations. The Appendix
to this report discusses some of the formd testsin the literature about quaity management.

B. Rdationship between Attributesand Firm Performance

The key fact potentidly linking performance excellence attributes embodied in the Badrige Criteria to
the characterization of organization performance is that, absent a single accepted theory of Tota Qudity
Management, firms have used the Badrige Criteria to develop and guide their own TQM policies. As
reported by Black and Porter (1996, p. 2):

Sunday and Liberty [1992] suggest that large numbers of organisations use the criteria
in thisway. This is supported by the fact that despite the thousands of requests for
copies of the criteria booklet, only a few hundred organizations actualy apply for the
award [Heaphy, 1992; Sunday and Liberty, 1992]. The circulation of copies of the
guidelines has dso increased dramaticaly since the award's inception ..., making the
Badrige Award the best established framework for TQM practice. More recently, the
European Qudity Award assessment modd ... introduced in 1992, is available to
organisations wishing to use the criteria for sdf-assessment of their TQM practice.

Similarly, Juran (1995) and George and Weimerskirch (1994), as observed in the literature review,
emphasize the acceptance and use of the Badrige Criteria to inform quaity management practices by
large numbers of organizations. Further, organizations in the rapidly evolving service sector are
increasingly using the Bddrige Criteria (Blodgett, 1999). Moreover, the key hypothesis about the
impact of the Badrige Nationd Quality Program is linked to the foregoing key fact—namdy, the
Program is hypothesized to have improved performance throughout the U.S. economy by emphasizing
quality management and by providing a coherent and comprehensive set of criteria that organizations
can adapt and use in cregting their own quality management programs.
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V

Applications to the Baldrige National Quality Program

A. Trendsin Applications

Figure V-1 illustrates that the number of agpplications to the Badrige Nationd Qudity Program
decreased during much of the 1990s. The increase in gpplicants for 1999 and 2000 is because the
Award's scope was broadened to include awards for educational organizations and hedth care
providers. The number of applications from the traditional areas in 1999 and 2000 were 27 and 30,
respectively. Blodgett (1999, p. 74) reports.

In 1999, there were 52 Badrige applicants, of which amost haf were from the two
new categories—education and hedth care.  Among the tota, there were 16
educationd organizations, nine hedth care organizations, 11 service companies, 12
smal businesses and four manufacturers.

B. Award Winne's

The companies that have received the Macolm Baldrige National Quality Award through 2000 are
liged in Table V-1. Through 2000, 43 awards were announced.
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FigureV-1
Applicationsto the Baldrige National Quality Program, 1988-2000
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Table V-1
Malcolm Baldrige National Quality Award Winners, 1988-2000

Year

Recipients

1988

Motorolalnc.
Westinghouse Electric Corporation, Commercial Nuclear Fuel Division
Globe Metallurgical Inc.

1989

Milliken & Company
Xerox Corporation, Business Products and Systems

1990

Cadillac Motor Car Company
IBM Rochester

Federal Express Corporation
Wallace Co., Inc.

1991

Solectron Corporation
Zytec Corporation
Marlow Industries, Inc.

1992

AT&T Network Systems Group, Transmission Systems Business Unit
Texas Instruments Incorporated, Defense Systems & Electronics Group
AT&T Universal Card Services

The RitzCarlton Hotel, Company

Granite Rock Company

1993

Eastman Chemical Company
Ames Rubber Corporation

1994

AT& T Customer Communications Services
GTE Directories Corporation
Wainwright Industries, Inc.

1995

Armstrong World Industries Inc., Building Products Operation
Corning Incorporated, Telecommunications Products Division

1996

ADAC Laboratories

Dana Commercia Credit Corporation
Custom Research, Inc.

Trident Precision Manufacturing, Inc.

1997

3M Dental Products Division
Solectron Corporation

Merrill Lynch Credit Corporation
Xerox Business Services

1998

Boeing Airlift and Tanker Programs
Solar Turbines, Incorporated
Texas Nameplate Company, Inc.

1999

STMicroelectronics, Inc.-Region Americas
BI

The RitzCarlton Hotel Co., LLC

Sunny Fresh Foods

Dana Corp.-Spicer Driveshaft Division,
KARLEE Company, Inc.

Operations Management International, Inc.
Los Alamos National Bank

Sour ce: http://www.quality.nist.gov.
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VI

Economic Evaluation of the Baldrige National Quality Program

A. Overview of the Evaluation Methodology
A.l. Systematic approachesto program evaluation

Fundamenta to any evauation of afedera program, research program or otherwise, isthat the program
is accountable to the public. For research programs, such accountability refers to being able to
document and evauate research performance usng metrics that are meaningful to the inditutions
stakehol ders—the public, including taxpayers.

The Government Performance and Results Act of 1993 (GPRA) is dear that public inditutions

research programs will identify outputs and quantify the economic benefits (outcomes) associated with
such outputs. Some public agencies skirt the issue by arguing that the research they do or that they fund
is peer reviewed, and thusit is sound; and if the research is sound, it must be socidly vauable.

Many will embrace the importance of having research peer reviewed both at the pre-funding stage as
wdll as upon completion. However, the peer review process does not addressin any precise or reliable
way whether or not the research is socidly valuable from an economic standpoint. It is not so much that
aformd andyss of socid (aggregate) economic rates of return is officialy out of bounds for the peer
review process, rather, such an analyssis amply not a part of the review process as it currently exists.
Other public agencies are attempting to be more exact in their gpproach to meeting the GPRA
requirement to quantify outcomes. However, the hurdle that is difficult to clear for most public agencies
is how to quantify benefits in amethodologically sound and defensible way.

Link and Scott have developed through ongoing evauations of federd research programs two
approaches to the economic evaluaion o publidy-funded research. These approaches are somewhat
a odds with traditional evauation methods, gpart from peer review, but traditiona evauation methods
are limited in a GPRA world that is performance accountable since the question asked by these
traditiona methods is less appropriate than the ones that Link and Scott advocate.

When evduating publidy-funded and publicly-performed research, the Link and Scott approach is
based on a counterfactual evaluation method;” when evduating publidy-funded privately-performed
research programs, the Link and Scott approach is based on a spillover evaluation method.” Both of

° The genesis of this approach is in Link (1996a), and recent applications are in Link (1996b) and Link and Scott
(1998).

"The genesis of this approach isin Link and Scott (2001) and Scott (1998), and recent applications are in Audretsch,
Link, and Scott (2001).
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these eva uation methods are set forth as background for this evauation of the Badrige Nationa Qudlity
Program.

With any publidy-funded program, in principle, the government has an economicaly judtifiable role in
supporting investment because of market fallures semming from the public-good nature of the
investments associated with the private sector’s inability to appropriate returns to the investments or to
accept their risks”  When the public-good nature of invesments provides a judifigble role for
government in a publidy-funded program, systematic program evauation will demondrate that the
program’s socia benefits exceed its socid costs.

A.2. Traditional economic evaluation methods

Griliches (1958) and Mandfidd et d. (1977) pioneered the gpplication of fundamenta economic indght
to the development of measurements of private and socid rates of return to innovative invesments.
Streams of investment costs generate streams of economic benefits over time.  Once identified and
measured, these streams of benefits and costs are used to calculate such performance metrics as socid
rates of return and benefit-to-cost ratios.

For example, for a process innovation adopted in a competitive market, using the traditiona framework,
the publicly-funded innovation being evauated is thought to lower the cost of producing a product to be
sold in a competitive market.  As the innovation lowers the unit cost of production, consumers will

actudly pay less for the product than they paid before the innovation and less than they would have
been willing to pay—a gain in consumer surplus. The socid benefits from the innovation include the
total savings that al consumers receive as a result of producers adopting the cost-reducing innovetion.
Thus, the evauation question that can be answered from this traditiond gpproach is Given the
investment costs and the socid benefits, what is the socid rate of return to the innovation?

Asking the question in the foregoing way is not the most appropriate approach from a public
accountability perspective. The gpproach dlows the evauation to show the benefits of a socidly useful
innovation, as intended. However, for publicly-funded and publicly-performed research, the procedure
ignores consderation of the cost effectiveness of the public sector undertaking the research as opposed
to the private sector. In other words, the procedure ignores the efficiency with which socid benefits are
being achieved. Isthe public performance less cosily than performing the research in the private sector?
For publicly-funded and privately- performed research, the procedure does not in itsdf distinguish the
private rates of return with and without public funding from the socid rate of return. As a result, the
benefits from the public funding are not identified.

° The origin of this view can be traced at least to Bush (1945); Link and Scott (2001) place it in a specific policy
context.
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The following two evauation methods are more gppropriate for publicly-funded research then the
traditional economic gpproaches. The first method is for such research aso being publicly performed
and the second for the research being privately performed.

A.3. Thecounterfactual evaluation method

When publidy-funded and publicly-performed investments are being evauated, holding congant the
economic benefits that the GrilichesMansfiddd mode measures, and making no attempt to measure that
stream, the rlevant counterfactual question to ask is: What would the private sector have had to invest
to achieve those same benefits in the absence of the public sector’ s investments?

The answer to that question reveds benefits of the public's investments—namely, the private sector’s
costs avoided because of the public’'s investments. Additiond benefits are the benefits from the public
sector’s investments that industry would be unable or unwilling to duplicate” With those benefits of
costs avoided plus the value of benefits that industry could not have replicated—obtained in practice
through extensve interviews with adminigtrators, federal research scientists, and those in the private
sector who would have to duplicate the research in the absence of public performance—counterfactua
rates of return and benefit-to-cogt ratios can be caculated. Those metrics answer the fundamenta
evaudaion question: Are the public investments a more efficient way of generating the technology then
private sector investiments would have been?

The answer to that fundamenta question digns with the public accountability issues implicit in GPRA,
and addresses a key question of public sector stakeholders, who may doubt the appropriateness of
government having a role in the innovation process in the firs place. Further, in the context of
investments with a public-good nature, the hypothesized answer to the fundamenta question is yes, the
counterfactua method tests that hypothesis.

A.4. The spillover evaluation method
There are important projects where economic performance can be improved with public funding of

privately-performed research. Public funding is needed when socidly vauable projects would not be
undertaken without it. If the expected private rate of return from a research project falls short of the

° In the extreme case where industry would not have made the investments at all, there are no private-sector costs
avoided. However, because the private-sector performance shortfall is complete, the entire, traditional
GrilichessMansfield-like (whether their cost-reducing innovations are surplus-creating innovations more generally)
stream of returns to the R&D investments is valued as benefits. In that special case, the approached used herein is
identical to the Griliches’Mansfield approach except that it has the advantage of having pointed out that government
could do the work more efficiently—in this special case because industry would not do it at all. See Link and Scott
(1998) for more details about the counterfactual evaluation method. Consistent with what the respondents have
reported, and further to be conservative in the estimates of the benefits of the Baldrige Program, it is assumed
throughout that the private sector could—for the additional costs identified in the survey—have replicated the
results of the Program.
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required rate, then the private sector firm will not invest in the project. Nonethdess, if the benefits of the
research spill over to consumers and to firms other than the onesinvesting in the research, the socid rate
of return may exceed the appropriate required rate. It would then be socidly vauable to have the
investments made, but snce the private investor will not make them the public sector should. By
providing some public funding and thereby reducing the investment amount needed from the private firm
or firms doing the research, the expected private rate of return can be increased above the required
rate. Thus, because of this subsdy, the private firm is willing to perform the research that is socidly
desirable because much of its output spills over to other firms and sectors in the economy.

The question asked in the spillover method is one that facilitates an economic understanding of whether
the public sector should be underwriting a portion of private-sector firms research. What proportion of
the total profit stream generated by the private firm’'s R& D and innovation does the private firm expect
to capture? Hence, what proportion is not appropriated but is instead captured by other firms that
imitate the innovation or use knowledge generated by the R&D to produce competing products for the
socia good?

The part of the stream of expected profits captured by the innovator is its private return, while the entire
gream is the lower bound on the socid rate of return. In essence, the method weighs the private return,
edimated through extensive interviews with firms receiving public support about their expectations of
future patterns of events and future abilities to gppropriate R& D-based knowledge, againg private
invetments. The socid rate of return weights the socid returns againg the socid investments.

The gpplication of the spillovers modd to the evauation of public funding / private performance of
research is gppropriate since the output of the research is only partidly appropriable by the private firm
with the rest soilling over to society. The extent of the spillover of such knowledge with public good
characterigtics determines whether or not the public sector should fund or partialy fund the research.

A.5. Methodology applicableto an evaluation of the Baldrige National Quality Program

In a broad sense, the Baldrige Nationd Qudity Program is a measurement-and- standards infrastructure
research and development investment program, with the associated investments in operations and

maintenance. Publicly-funded and publicly-performed infrastructure R&D and related operations and
maintenance investments occur within the Program in the sense that therein the Baldrige Criteria were
origindly developed and therein, through the Badrige Award process, gppropriate gpplication of the
criteriafor performance excedllence are evauated. In this sense, the Baldrige Nationd Quaity Program
is amilar to a NIST laboratory that performs infrastructure technology R&D investments and sets
performance standards (i.e, the Badrige Criteria) and then continually calibrates bench standards used
in private-sector laboratories to achieve a predetermined level of performance (i.e., the Baldrige Award
process).

Thus, the counterfactud evaduation method is directly gpplicable to the evauation of the Badrige
Nationad Quality Program. Benefits to the economy from the Program are systematically quantified in

28



terms of the cost savings organizations redized by having the Badrige Criteria to follow as opposed to
organizations, on their own, developing and testing comparable criteria.

As discussed below, organizationd benefit and private assessment-cost data were collected through
surveys to the U.S. organizationa members of the American Society for Quality, and then extrapolated
to the aggregate economy. Cost data describing the combination of public and private funds used to
administer the Program were provided by the Badrige National Quality Program Office a NIST. The
relevant evauation metric is a benefit-to-cost ratio, with al benefits and al costs referenced to year
2000.

B. American Society for Quality

The American Society for Qudity (ASQ) agreed to a request from the management of the Badrige
Nationad Quality Program Office to digtribute a survey administered by the Program Office to 875 U.S.
private-sector companies and public-sector organizations (heregfter, members).11

ASQ's dated misson is to advance individud and organizationd performance excdlence on a
worldwide bass by providing members opportunities for learning, qudity improvement, and knowledge
exchange. Asdated at itsweb site, the Society’ s objectives for 2000 are:

To be our members best resource for achieving professona and organizationd
excdlence.

- To be a worldwide provider of information and learning opportunities related to
qudlity.

To be the leader in operationd excellence and ddivering customer vaue.

To be the recognized |eader worldwide for advancing individua and organizationa
performance excellence.

The Society was formed on February 16, 1946.

C. Social Costs of Operating the Baldrige National Quality Program
The Macolm Badrige Nationd Quality Improvement Act of 1987 Satesthat:

The Secretary [of Commerce] is authorized to seek and accept gifts from public and
private sources to carry out the program.

" See http://www.asg.org.

" There arein addition to these U.S. organizational members, over 200 international organizational members plus over
120,000 individual members.
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The public source of funds for the Bddrige Nationa Qudity Program is an annud dlocation from the
NIST budget. Column (2) of Table VI-1 shows the Program’s annua alocations from NIST by fisca
year beginning with itsfirst year of operation, 1988.

In addition to the pubic funding through NIST, there are private sources of funds The Program was
initialy endowed by private industry with $10 million. A Foundation was established to manage these
funds and to alocate the interest earned to the Program for award ceremonies, publication cogts, and
partia training and travel cods for examiners whose companies would not pay for such expenses. In
column (3) of Table VI-1 are the Program’s annua dlocations from the Foundation. In column (4) are
annud esimates of company expenditures for examiner travel that were not rembursed by the
Foundation through the Program.12

Industry aso supports the Program through volunteer examiners during the application and evauation
process. In column (5) of Table VI-1 are the totd hours of examiner time devoted to training,
application review, and Stevists.

Column (6) of Table VI-1 reports the estimated Program costs (in constant 2000 dollars), by year. The
present value of these costs, brought forward at the real socid rate of return of 7 percent to account for
the socia opportunity costs of these funds following the guidelines of OMB (1992), is $118,617,000.

Thus, $119 million (rounded and in congtant 2000 dollars) is used to represent the present value of the
total socid costs (to date) associated with the Badrige Nationa Quality Program.

D. Social Benefits Associated with the Baldrige National Quality Program
D.1. Evidence of social benefits associated with the Baldrige National Quality Program

As previoudy reviewed, a number of sudies, including some conducted within the Baldrige Nationd
Qudity Program Office, conclude tha the maket's vauaion of the financid and manaegerid
performance of companies that have received the Badrige Award is greater than for comparable
companies tha have not.

Also, with reference to the management literature on qudity, George and Weimerskirch (1994, pp. 5-6)
champion the Badrige criteria as the leading modd of tota qudity management (TQM) with the
following obsarvations:

No other model has gained such widespread globa acceptance. As evidence, consider
these facts:

" The Foundation reimburses between 60% and 70% of examiner travel costs and the remainder is paid by the
examiner’s company or organization.
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- Since the Badrige program was introduced in 1988, the Nationa Ingtitute of
Standards and Technology has disributed more than a million copies of the
criteria. It estimates that people have made a least that many copies for their
own use. [NIST now estimates that by 2001 the number of copies distributed is
nearly two million, with the number of copies made being at least as many,
including an indeterminate but large number of copies downloaded from the
Baldrige Program’ sweb ste]

- More than hdf the gates in the country now have state quality award programs
based on the Badrige criteria  [NIST now reports that by 2001 the number of
sates with such programs exceeds forty.]

- Seved countries including Argentina, Audrdia, Brazil, Canada, and India are
developing or have implemented quaity award programs based on the Badrige
criteria. [NIST reports that by 2001 the number of countries with such programs
exceeds fifty.]

- The criteria for the European Qudity Award, fird presented in 1992, are
patterned after the Baldrige criteria

- Companies such as Honeywel, Intel, IBM, Carrier, Kodak, and AT&T have
adopted the Bddrige criteria as their internal assessment tool and criteria for ther
corporate quaity awards. Many other large companies are asking suppliers to
assess their organizations by the Badrige criteria.

From the mid-1980s to the mid-1990s, the service sector of the U.S. economy grew faster than the
non-service sector by an order of magnitude (Scott, 1999). The rapidly evolving service sector isusing
the Baldrige Criteria to ensure comprehensve management of qudity. Blodgett (1999, p. 74) observes:

Service organizations are adopting the criteria in two main ways They are conducting
sdf-assessments againg this robust organizationd management modd to help identify
their strengths and opportunities for improvement, and they are goplying for the
increesng number of Badrige-based qudity awardsin place at the state and locd levd.

In addition to these observations about aspects of the socid benefits associated with the Badrige
Nationd Qudity Program, as shown in Table VI-2 the Badrige Criteria have been adopted by states as
a foundation or benchmark for their own qudity award programs, thus sgnifying one dimension of
benefits. In fact, this evidence supports, in part, the manner in which the counterfactud evauation
method is applied herein.

D.2. Estimation of social benefits associated with the Baldrige National Quality Program
A five-step gpproach is used to estimate the net social benefits associated with the Baldrige National

Quality Program. Each step is discussed in detail below; here is a brief overview. Benefit data were
collected by survey from a sample of the U.S. organizational members of ASQ. These benefit data
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were extrapolated first to the ASQ U.S. organizationd membership as a whole, and then to the U.S.
economy as awhole.

The present value of the conservative estimate of the net private benefits received by the ASQ members
asaresult of the Badrige National Qudity Program is $2.17 hillion (rounded in constant 2000 dollars).

If the entire economy benefits to the same extent as the ASQ members, the present value of the
conservative estimate of the net socid benefits associated with the Badrige Nationd Qudity Program is
$24.65 hillion (rounded in constant 2000 dollars).

The net private benefits to ASQ members and net socid benefits were estimated as follows.

Step 1: Estimating the probability of survey response from ASQ members

Step 1 quantifies the probability that an ASQ member who received a survey would respond to the
aurvey. As noted above, the ASQ agreed to distribute to its 875 U.S. organizationa members a survey
administered by the Badrige National Program Office.  Sixty-five organizations returned completed or
partidly completed survey instruments.”

The average probability of response is 65 returned surveys out of 875 sent surveys, or a 7.43 percent
response rate. However, for the satistical analysis thet follows, an estimated probability of response for
each of the 875 membersis needed as a control variable used in Step 2—to avoid biased estimates that
might result if without the variable the error in the modd for the probability of sdf-assessment would be
correlated with the probability of response.

The probability of a member responding to the survey is estimated usng an indudry effects modd
represented as.

1) Prob (response) = F (2-digit SIC industry variables)

where the dependent variable used to estimate equation (1) equals 1 if the member returned a
completed or partidly completed survey and O otherwise, and where the 2digit Standard Indugtrid
Category (SIC) industry variable categories are as described in the note to Table VI-3."* Equation (1)

. ASQ sent an electronic reminder to each survey recipient approximately three weeks after the initial mailing. No
member-specific information is reported herein to ensure confidentiality.

H ASQ provided the 2-digit industry for approximately 75% of its members. Public domain information was used to
determine the remaining classifications, including the Thomas Register and other Internet search mechanisms. The
simple industry effects model is significant; more elaborate models that add other available characteristics of the
members have no greater explanatory power—the additional variables are not statistically significant.
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posits that the probability of a member responding can be predicted based on the industry in which that
member produces.

The prohit results from equation (1) arein Table V1-3.

For each of the 875 surveyed members, equation (1) produces a predicted value for the probit index, z,
for the probability of response.”™"

Step 2: Estimating the probability of self-assessment for responding members

Step 2 quarntifies the probability that an ASQ member who received a survey conducted a qudity-
based sdlf-assessment. A probability of salf-assessment is needed for the estimation of net benefits
because benefits ae redized only when a sdf-assessment is performed.  Fird, a probability of sdf-
assessment moded is estimated and second, a prediction of the probability of salf-assessment for each
ASQ member iscaculated in Step 3 below.

The probability of a member having conducted a saif-assessment in the padt, given that the member
returned a completed or partialy-completed survey, is estimated using amode written as:

2 Prob (saf-assessment) = F (2-digit SIC industry variables, competitiveness variables,
control variables)

where the dependent variable used to estimate the mode equas 1 if the member responded in the
affirmative to a least one of the following survey satements, and O otherwise:

Has your company peformed a sdf-assessment usng the Bddrige Criteria for
Performance Excdlence or related criteria (and by related criteria we mean criteria
informed or derived by the Badrige Criteria)? If yes, in what year(s)?

Has your company gpplied for the Macolm Badrige Nationd Qudity Award? If yes,
in what year(s)?

” There are 16 cases that were assigned to a miscellaneous category because either a member could not be matched
uniquely to a 2digit SIC industry or was assigned to miscellaneous manufacturing. None of those 16 members
responded. Consequently, the categorical variable for the group predicted nonresponse perfectly, and the 16
observations were dropped from the sample used to estimate the model and assigned a probability of response of
zero.

° Based on eguation (1), the hazard rate is also computed as h(z) = F3z) / (1-F(z)), where F(z) is the probability of
response given the probit index z (hence, it is the cumulative density function for the standard normal variable at the
value z) and F{2z) is the density of the standard normal variable at z for each observation. The hazard rate is the
conditional probability of response for a small increase in z. Conditional on no response for the observation, the
probability of response for asmall increment in zis F{z)dz / (1-F(2)).
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Has your company applied for a sate quality award? If yes, in what year(s)?

and where the competitiveness variables noted in equation (2) above are defined in terms of amember’s
Likert responses (7 = drongly agree to 1 = grongly disagree) with the following two survey
Satements:

The posshility or threet of new competition is significant. (comp)

Our customers have a significant ability to bargain on the price of our primary products.
(barg)

and where the relevant control variables (to ensure againgt any response bias in the estimates) are based
on estimates of the probability of regponse (probres) to the survey from equation (1).

Twenty-three of 65 members had performed a self-assessment.

1819

The probit results from equetion (2) arein Table VI-4.

Step 3. Predicting the probability of self-assessment for members of ASQ

The datigtica output from this Step 3 is an estimate of the probability of conducting a salf- assessment
for each of the 875 members of ASQ using the results from equation (2) presented in Table VI-4. Step
3 builds on steps 1 and 2 in that the first step provided a probability of response used to estimate well
(usng a subset of ASQ members) the mode of the probability of salf-assessment in the second gep.
That modd in turn is now used in the third step to estimate a probability of assessment for al of the
ASQ members.

As noted, with reference to the estimation of equation (2), data are available for 65 members on comp
and barg. The mean vaue of these two variables (n = 65) isimputed to the other 810 (875 — 65) ASQ
members for predicting the probability of self-assessment.

" The mean value of comp (n=65) = 5.6. The mean value of barg (n=65) = 4.6. The inclusion of these
competitiveness variables follows from the economic and management literatures related to quality as reviewed
above. Firmsfacing greater competitive pressures or buyers with greater bargaining strength are expected to be more
likely to invest heavily in quality management. See for example Lau (1996) who develops information about his
responding firms competitive environments, including for example, the possibility or threat of new competition.

* When the hazard rate is included in equation (2) in place of the probability of response, the estimated probit model
performed almost identically to the model reported in Table VI-4. Those results are available from the authors on
request. Further, other available, potential explanatory variables were insignificant and did not add importantly to the
model’ s explanatory power.

. The model in equation (2) is estimated with 65 observations, however the 2-digit industry variables, dtrcomut and
dfire, are dropped along with the 5 observations where they equal 1 because they predict assessment perfectly.
Thus, theresultsin Table V-4 are based on 60 observations.
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With reference to equation (2), a probit index for each of the 875 members is estimated by multiplying
the actua vaue of each independent variable for each member by the estimated probit coefficient
reported in Table VI-4.”

Step 4: Estimating the net social value of the Baldrige National Quality Program to ASQ
members

Of the 23 members of ASQ that performed a self-assessment, 14 responded to the following survey
Satement:

In the absence of the Macolm Badrige Nationd Quality Award—and therefore without

the information and assstance that it provides about performance management/qudity

improvement assessments and therefore with the need to incur expenditures to develop

and acquire such knowledge and assstance from other sources—what expenditures

(fully burdened) would your company have incurred to achieve the same leve of

expertise in performance management/quaity improvement that you now have?

$ per year over the previous years.
As discussed above with reference to the counterfactua evauation method, members' responses to this
satement represent credible time estimates of the benefits (i.e., the costs avoided reported in constant
2000 dollars) associated with the Baldrige Nationa Qudity Program. Thus, for each of the 14
responding members, atime series of rea benefits received is formulated.

Regarding costs to compare to this time series of benefits, each of the 14 members responded to the
following two quegtions.

If your company has been an award gpplicant, what was the total economic cost (fully
burdened) to your company to obtain, understand, collect relevant information, and
comply with the Baldrige Criteria or Sate application requirements?

$ per year during the year(s) .

and,

* The mean value of the probit index (n=810) = -0.7041409, corresponding to a probability of assessment = 0.2602325.
In the calculations below, a lower-bound probit index is used rather than the predicted value averaged here. Note
from the foregoing footnote that there are 65 ASQ members that responded to the survey. Also, there are by
happenstance 65 of 875 members where dtrcomut and dfire equal 1, so there is no probit index for them from the
estimation of equation (2)—recall from the preceding footnote that those two categories are perfect predictors of
assessment—and hence n=810. In the calculations below, rather than imposing a probability of self-assessment of
1.0 on each of the additional 65 membersin the perfect prediction categories, the average lower-bound probability of
self-assessment from equation (2) is imputed to them, thus producing in these instances a more conservative
estimate. The average lower-bound probability, as contrasted with the average probahility, is explained below.
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If your company did not apply for the Macolm Badrige Nationd Qudity Award or
dtate award, but nonetheless performed a sdlf-assessment using the Badrige Criteria or
related criteria, what was the tota economic cost (fully burdened) to your company to
perform the sdf- assessment?
$ per year during the year(s) .
Thus, for each of the 14 responding members, a time series of red (in constant 2000 dollars) costs
incurred to make the Baldrige Criteria operationd is also devel oped.21

The net present vaue of each member’s benefits is calculated using these survey data by first caculating
the present value (referenced to the earlier of the firgt year of benefits or the first year of costs, heresfter
the base year) of each member's benefits and each member’s costs. The discount rate for this
cdculation is r = (k-.03)/(1+.03), where k is each member’'s reported hurdle rate and where the
prevailing annual rate of price inflation over the reported time intervals is estimated a 3 percent.” Thus,
net present vaue is the difference between the present vaue of benefits less the present vaue of codts,
both referenced to the base year. Each member’s net present vaue of benefitsis then re-referenced to
2000 using a 7 percent growth rate to account for the socia opportunity costs of these moneys (OMB
1992).

The following model is esimated using the 14 calculated net present values’™
3 NPV 000 = F (2-digit industry varidbles, size varigbles)

where member size was provided by ASQ for 874 of the 875 members. The least- squares results from
equation (3) arein Table VI-5.”

The edtimated coefficients in equation (3) are used to forecast the net present vaue of benefitsfor each
of the 874 members of ASQ for which member size was available.

* Such costs are often referred to as pull costs. SeeLink and Scott (1998).

N Regarding the hurdle rate, each member was asked to respond to the following statement:

What is your company’s hurdle rate for investments (the minimum rate of return that your company

must anticipate if it isto consider new investment worthwhile)?

__ percent.
The real rate of return will be r = (k-a)/(1+a) where ais the anticipated rate of inflation. If oneinvests X and receives
Y, the nominal return for the period is k such that X(1+k)=Y and k=(Y-X)/X. Given an anticipated rate of inflation a,
the real rate of return r is such that X(1+a)(1+r)=Y since that yields the rate of return r in constant dollars:
X(@A+n)=Y/(1+a). Since X(1l+atr+ra)=X(1+k), then k=(at+r+ra) and r=(k-a)/(1+a).
The mean value of k = 0.1821.
* The mean value of NPV (N=14) = $17.7 million.

" Other available, potential explanatory variables, including various hazard rates or associated probabilities and
other sector effects, were insignificant and did not add i mportantly to the explanatory power of the model.
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The predicted vaues from equation (2) are point estimates for the probability of each member of ASQ
conducting a sdf-assessment.  The predicted vaues from equation (3) are point estimates of the net
present vaue of benefits associated with the Baldrige Program conditiona on a member conducting a
sdf-assessment. The product of these two estimates gives a point estimate of the expected net present
vaue from the Badrige Program for a member of ASQ. By using the sandard errors of the
predictions from equations (2) and (3), there will be explicit recognition of the uncertainty in the
edimates from the rdatively smal sample of members that provided the detailed information about their
net benefits from the Program.

Thus, in an effort to present conservative estimates of the net present value of benefits associated with
the Baldrige Program to members of ASQ), the following adjustments are made.

First, regarding the predicted vaues of the probability of a sdf-assessment from equation (2), a0.4142
confidence intervd is caculated for each member of ASQ, and the lower-bound on that interva is used
as the rdevant predicted vaue of the probability of sdf-assessment for that member. The lower-bound
on a 0.4142 confidence interva implies that there is a 0.7071 probability that the true value of the
probability of seif-assessment is greater than the value being used.”

Second, regarding the predicted value, conditiona on self-assessment, of the net present vaue of
benefits associated with the Badrige Program from equation (3), a 0.4142 confidence intervd is
caculated for each ASQ member using the standard errors for the linear combination of the estimated
coefficients and for the error in the equation. The lower-bound on that intervd is then used as the
consarvative net present value conditional on self-assessment by the member.

The product of the lower-bound of the probability of sdf-assessment from equation (2) and the lower-
bound of the net present vaue of benefits from equation (3) yidds for each member an estimate of net
present value of benefits. That estimate may be lower or higher than the true vaue of the net present
value of benefits. The true vaue has grester than a 50 percent probability (0.7071 x 0.7071 = 0.50) of
being larger than the value being used as the edtimate, because the probability that both estimates
multiplied are exceeded by their true values is 0.50. Of course, in some cases where the true vaue of
one but not the other of the two estimates being multiplied fals short of the lower bound, the true value
of net present value benefits may gill exceed the estimate used. Hence, the true vaue has more than a
50 percent probability of being greater than the one used.

The sum of the lower-bound derived vaue of net benefits for ASQ membersis $2.17 billion.”

Thus, if it is assumed that there is no value associated with the Badrige Nationd Qudity Program other
than that recelved by the ASQ members, the conservative present vaue for net private benefitsis $2.17

* Each tail in a 0.4142 confidence interval contains 0.2929 of the distribution, so there is 0.7071 probability
(0.4142+0.2929) that the true value is greater than the value being used.

* The mean value of the conservative estimate of value (n=874) = $2,478,039.

37



billion. When compared to the present vaue of the totad socid cost associated with the Program of
$119 million, theratio of ASQ benefitsto socid costsis 18.2-to-1.

Step 5: Estimating the aggregate net social value of the Baldrige National Quality Program

If the entire economy benefits from the Badrige Nationd Quality Program to the same extent as the
ASQ members, then total socid benefits can be forecast usng the following formula

4 Economy Vaue = (vaue for ASQ) /
(proportion taken by the ASQ members in the 50 represented industria sectors)

where the latter value is calcul ated to be 0.0880285.”

Thus, under this assumption, the conservative present value of socid benefits is $24.65 billion.” When
compared to the present vaue of the totd socid cost associated with the Program of $119 million, the
ratio of ASQ benefitsto socia costsis 207-to-1.”

E. Ratio of Net Social Benefits to Social Costs Associated with the Baldrige National Quality
Program

As derived in the previous section, the conservative estimate of the net private benefit to ASQ members
as aresault of the Badrige Nationd Quality Program is $2.17 billion (rounded in constant 2000 dollars).
And, the consarvative estimate of the present value of aggregate economy-wide net socid benefits
asociated with the Program through 2000 is $24.65 hillion (again, rounded in constant 2000 dollars).
As aso explained above, the present vaue of the socid cost to operate the Program through 2000 is
$119 million (rounded in constant 2000 dollars). From an evauation perspective, these vaues yield
benefit-to-cost ratios between 18.2-to-1 and 207-to- 1.

" The size data for industrial sectors were assembled usi ng information in U.S. Census (1997) and Council of
Economic Advisers (2001). Size data for 1997 were inflated using the chain type price index for gross domestic
product from Table B7, “Chain type price indexes for gross domestic product, 1959-2000" Council of Economic
Advisers, (2001, p. 284) to be comparable with the ASQ 1999 sales data. When 1997 sector size data were unavailable,
1992 data were used and then inflated to 1999.

* $2.17 billion / 0.088025 = $24.65 billion.

“ Al but a few ASQ members could be separated into the manufacturing sector and the service sector.
Recalculating, using only these two broad industrial categories and omitting industrial categories where there are
very few members (SIC < 20 sectors with only 8 ASQ members) yields a conservative estimate of the aggregate
manufacturing sector’s net benefits of $7.6 billion and a conservative estimate of the aggregate service sector’s net
benefits of $13.0 billion. Thus, when the sum of these estimates is compared to total social costs of $119 million the
resulting benefit to cost ratio is 173-to-1.
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TableVI-1
Baldrige National Quality Program Operating Costs

(1) (2 3 4 ®) (6)
Fiscal NIST Foundation Company Reimbur sed Examiner Time | Total Operating
Year Allocations ($) | Allocations ($) Examiner Expenses (%) (hours) Costs (constant
2000 dollars)
19838 $ 200,000 $ 600,000 $190,000 37,995 $ 3,689,349
1989 408,000 600,000 190,000 37,995 3,910,205
1990 488,000 600,000 190,000 37,995 3,951,030
1991 1,018,000 600,000 190,000 46,510 5,059,093
1992 1,482,000 600,000 190,000 49,763 5,750,259
1993 1,525,000 600,000 190,000 46,223 5,516,050
194 2,860,000 728973 190,453 45,944 7,072,918
1995 3,611,000 694,669 188,137 51,259 8,092,820
1996 2,865,000 652,017 160,230 44,143 6,683,663
1997 3,174,000 778,600 171,803 44,090 7,073,404
1998 3,010,000 808,713 157,879 43,662 6,840,293
1999 3,877,000 1,159,337 186,052 51,735 8,553,566
2000 5,334,000 1,187,543 160,363 51,349 9,891,218
Notes:

Column (2): NIST allocation data were provided by the Award office. For inclusion in column (6) these data were
inflated to constant 2000 dollars using the chain type price index for gross domestic product from Table B-7, “Chain
type price indexes for gross domestic product, 1959-2000" Council of Economic Advisers (2001, p. 284). Regarding
the increased budget for 2000, recall that the number of applicants to the Baldrige Program increased in 1999 and 2000
because the Award’s scope was broadened to include awards for educational organizations and health care
providers.

Column (3): Foundation allocation data were provided by the Award office for 1994-2000. The upper bound on pre-
1994 data was estimated (talics), with advice from the Award office. For inclusion in column (6) these data were
inflated to constant 2000 dollars using the chain-type price index for GDP in Council of Economic Advisers (2001, p.
284).

Column (4): Foundation reimbursements of 70% were paid in 1999 and 2000 for examinersin the education and health
care areas; all other examiners were reimbursed at 60% of their expenses. From these data, provided by the Award
office, company reimbursed expenses were calculated for 1994-2000. The upper bound on pre-1994 company costs
was estimated (jtalics), with advice from the Award office. For inclusion in column (6) these data were inflated to
constant 2000 dollars using the chain-type price index for GDP in Council of Economic Advisers (2001).

Column (5): Examiner time was provided by the Award office. The upper bound on pre-1990 examiner time was
estimated (talics), with advice from the Award office. Based on the management background of the numerous
examiners involved in the program, the Award office estimates that the current fully-burdened value of a year of
examiner time is $125,000 (in constant 2000 dollars based on 2000 hours per year). The estimated value of examiner
timeisincluded in column (6) without additional adjustment.
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TableVI-2
Application of Baldrige Criteriato State and L ocal Quality Award Programs

Year Number of Stateswith Award Programs Tied to Number of Serviceand Manufacturing
Baldrige Criteria Organizationsthat Applied for State and L ocal
Quality Awards
1991 8 111
1992 12 144
1993 19 357
194 29 428
1995 37 574
1996 42 84
1997 43 974
1998 44 830

Source: Blodgett (1999), NIST (1998).
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TableVI-3
Probit Resultsfor Probability of Response to the Survey (n=859)
(asymptotic t-statisticsin parentheses)

Variable Estimated Coefficient

dnonmin 0.743
(1.46)
dchempet -0.008
(-0.03)
dmcneqin -0.076
(-0.37)
dtrcomut 0.020
(0.06)
dwholret 0.035
(0.17)
dfire -0.047
(-0.12)

dserv -0.586**
(-2.02)
dbusser 0.350
(1.49)

dhealth 0.795**
(2.07)
dpubadm -0.215
(-0.75)

intercept -1.418*
(-8.73)

Log likelihood -220.297
Psuedo R’ 0.043
Chi-squared (10) 19.94**

Notes:

***gignificant at 0.10level  **significant at 0.05level  *significant at 0.01 level

The 16 observations in the miscellaneous category (members who could not be assigned to a 2-digit SIC industry or
who were assigned to miscellaneous manufacturing) were dropped because the miscellaneous category predicted
non-response perfectly.

dnonmin =1 for the agriculture, forestry, fisheries, minerals, and construction industries, and 0 otherwise; includes
SICs< 20.

dchempet = 1 for chemicals, petroleum, and rubber, and miscellaneous plastics, and 0 otherwise; includes SICs 28, 29,
and 30.

dmcnegin =1 for machinery and eguipment, both non-electric and electric and electronic, and instruments, and O
otherwise; includes SICs 35, 36, 37, and 38.

dmats = 1 for the remaining manufacturing SICs, and O otherwise; includes SICs 20 through 27 and SICs 31 through
34; observations withdmats =1 arein the intercept.

dtrcomut = 1 for transportation, communications, and utilities, and O otherwise; includes all 2-digit SICs greater than
39 and less than 50.

dwholret = 1 for wholesaling and retailing, and O otherwise; includes all 2-digit SICs greater than 49 and less than 60.
dfire =1 for finance, insurance, and real estate, and 0 otherwise; includes all 2-digit SICs greater than 59 and less than
70.
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dserv = 1 for other services other than business services and health services, and 0 otherwise; includes all 2-digit
SICs greater than 69 and less than 90 except for SIC 73 and SIC 80.

dbusser = 1 for business services, and 0 otherwise; includes SIC 73.

dhealth = 1 for health services, and 0 otherwise; includes SIC 80.

dpubadm= 1 for public administration, and 0 otherwise; includes 2-digit SICs greater than 89 and | ess than 100.
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TableVI-4
Probit Resultsfor Probability of Self-Assessment (n=60)
(asymptotic t-statisticsin parentheses)

Variable Egtimated Coefficient

dwholret 0.899
(1.33)
dpubadm 1.932*
(2.46)
comp -0.189
(-1.36)

barg 0.234***
(1.80)
probres 4248
(1.25)
intercept -1.276
(-1.40)

Log likelihood -32.096
Psuedo R® 0.124

Chi-sgquared (5) 9.11***

Notes:

***ggnificantat 0.10level **significant at 0.05level  *significant at 0.01 level

There are 65 observations available to estimate the model in equation (2); however, the 2-digit industry variables,
dtrcomut and dfire, are dropped along with the 5 observations where they equal 1 because they predict assessment
perfectly. Thus, the results above are based on 60 observations.
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TableVI-5
L east-Squares Resultsfor Net Present Value of Benefits (n=14)
(t-statisticsin parentheses)

Variable Estimated Coefficient
size -83844.49**
(-2.48)
size? 13.33**
(2.27)
dtrcomut 4.90e+07***
(2.10)
intercept 9.45e+Q7**
(2.71)
F(3’10) 351* **
0513

Notes:
***ggnificant at 0.10 level **significant at 0.05level  *significant at 0.01 level

The explanatory member-size variable is measured in millions of dollars, while the dependent variable for value is
measured in dollars.



Vi

Summary

This report summarizes the findings from an economic evauation of Badrige Nationd Quality Program.
Specificdly, the net private benefits associated with the Baldrige National Quality Program to the
economy as a whole are conservaively estimated to be $24.65 billion. When compared to the socid
costs associated with the Program of $119 miillion, it is clear that, from an evauation perspective, the
Bddrige Nationd Qudity Program is socidly beneficid as summarized by a benefit-to-cost ratio of
207-to-1.

Regarding the generdization from the ASQ membership to the entire economy, thus producing a socid
benefit-to-cost ratio of 207-to-1, only 11 of the 875 ASQ members have received to date the Macolm
Baldrige Nationd Quality Award.” Clearly, based on the requests for Badrige application materias
and criteria and the many winners from outsde the ASQ, many companies outside of the ASQ are usng
and benefiting—conceivably even more than ASQ members—from the Badrige Criteria  Thus,
generdizing about the net socid benefits of the Program from ASQ members to the economy as a
whole may underestimate the true sociad benefits associated with the Program. In that case, the socia
benefit-to-cost ratio of 207-to-1 understates, even beyond the conservative estimation procedure used
in this study, the true benefits of the Program.

* One of the 11 Bal drige Award winners was among the 14 providing the detailed data about the net present value of
benefits that was used to estimate the model reported in Table VI-5. Accounting for the presence of the Award
winner in that sample does not affect the estimates obtained with the model. The model reported in Table VI-5 was
reestimated with the addition of a qualitative variable equal to 1 for the observation of the Award winner and zero
otherwise. The estimates of the parameters of the model and their significance were virtually unchanged (the
estimated parameters and their t-statistics were essentially the same), and the coefficient on the qualitative variable
indicating the Award winner was not significantly different from zero. The t-statistic for the coefficient wasjust 0.13
(the probability of a greater absolute value for the statistic given the null hypothesisis 0.896); the R?increased from
the 0.513 reported for the model shownin TableVI-5tojust 0.514.
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Appendix

Detailed Review of the Academic and Professional Literature
Related to Investments in Quality

Investmentsin Quality and Firm Performance

Theoretical models of quality investment that emphasize investmentsin organizational culture

In the qudity management literaiure, the theoreticd methodology for modding private invesments in
qudity is, as explained by Black and Porter (1996), distilled from case studies and other evidence
based on experience about efforts to achieve qudity, and the collected wisdom therefrom is gathered
together as the package of concepts and prescriptions called Tota Quality Management (TQM). Much
of thiswork can be characterized as focused on investments in organizationa culture. Even when firm
drategies include techniques for improving product atributes, such as techniques of datistica qudity
control, the emphasis remains on an organizaiond culture within which such efforts will work (as
opposed to having various isolated segments of the organization work on a product and then “throw it
over the wal” to wait for the quaity department to catch the bad products at the end of the process)
(Juran, 1995, p. 561).

Black and Porter (1996) categorize, in the context of the underlying literature, various manageria
theories that are included under the TQOM banner. TQM encompasses benchmarking, customer
feedback, leadership, planning, process management, quaity cost measurement, quality policies, quality
systems, statistica process control, supplier management, teamwork, training, and zero defects. They
(1996, p. 2) note, within the context of the numerous prescriptions for managers trying to guide ther
companies toward performance excellence by setting out the steps to follow, that “no sngle model has
yet established itsdf asabasis for Totd Quality Management theory.”31

Ahire, Golhar, and Wadler (1996) aso review the qudity management literature and also observe that
the prescriptions for performance management are offered piecemea—there is a plethora of various
drategies offered. They (1996, p. 23) conclude that “contemporary quality management (QM)
literature ... lacks scientifically developed and tested condructs that represent an integrative QM
philosophy;” thus, they are essentidly in agreement with Black and Porter in that they (Ahire, Golhar
and Waller 1996, p. 24) believe that much remains to be done in unifying gpproaches to performance

management:

* This is not a surprising conclusion given the conceptual model of firm performance in Figure I11-1. Therein it is
clear that quality enters the model in many places and interacts with many elements of the model. Thus, any step-by-
step prescription is obviously incomplete.
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The QM theory is far from being fully developed. Anderson, Rungtunsanatham, and
Schroeder [1994] make the only known effort of synthesizing a theory of qudity
management.  They assess the impact of Deming’s management method on a firm's
organizational behavior and practice of qudity management. However, ... this work
auffers from a lack of systematic scade development, content vdidity, and empirica
vaidation. Hence, it fdls short on overdl generdizability of results.

Black and Porter (1996) emphasize that because there is no single accepted theory of TQM, many
firms have relied on qudity award criteria to fashion their own TQM management practices.  Such
qudity awards include the Deming Prize in Japan, the Macolm Badrige Nationd Qudity Award, and
the European Qudity Award. Designed to honor achievement of firms with successful qudity
management practices, the awards have certainly served as the bads for companies own TQM
policies. Indeed, George (1992) emphasizes the Badrige Program’s essence as a “Do-It-Y oursdf
Assessment,” and he adso emphasizes that firms can use that assessment process to improve the
performance of their overal operations.

Reimann and Hertz (1993, p. 52) explain, in contrast to 1SO 9000 regidration (which is a much
narrower program in substance and procedure that is focused on conformity of specified operations to
documented requirements to ensure buyers of the specified conformity), the primary purpose of the
Badrige Program is educationa—to share learning about how firms can ensure overal operationd
excellence and to encourage the development and use of that learning by “... 1) promoting awareness
of quality as an importart eement in competitiveness, 2) recognizing companies for successful qudity
drategies, and 3) fostering sharing of lessons learned.”

The relevant literature supports the following interpretation:  the criteria used to judge the most
prominent qudity award—the Bddrige Award—encompass the most comprehensve theory of
performance management. That interpretation is expressed in the following propostion:

Companies that endeavor to implement the business practices embodied in the non-results
categories of the Malcolm Baldrige National Quality Award criteria will be more likely to exhibit
performance excellence.

The Badrige Criteria, then, define a theory, perhaps the preeminent theory, of qudity managemen.
That point is put more emphaticaly by George (1992, p. 267), who concludes:

The Macolm Badrige Nationd Quaity Award and the companies that have won it
offer a beautiful melody, a do-it-yoursdf kit for transforming your organization. All that
is left isthe reaching.

A useful bridge from the theory of qudity management to the empiricd work describing and exploring its

effectsis provided by George and Weimerskirch (1994). They use the Badrige Criteria as a mode—a
“modd of integration” that provides a firm with away of understanding and organizing its activitiesto be
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more efficient and effective. For that reason George and Welmerskirch are classified here, in the theory
section of the quality management literature. But, they aso belong (below) in the empirica section of
the quality management literature because they use the experiences of 53 leading U.S. companies to
illustrate the model of tota quality management that is defined by the Badrige Criteria  They define a
holigtic theory of action with the Badrige Criteria, and then they illustrate the theory with examples from
leading companies. George and Weimerskirch (1994, p. 5) support the Badrige Criteria as the leading
mode of TQM:

We believe the Bddrige [Clriteria define the new management modd because they
provide the best guide to understanding, assessng, controlling, and improving your
organization

Theoretical models of quality investment that emphasize investmentsin product attributes

Economists have not directly addressed the issue of management policies  promote quality. They
have gsudied invesments that can generate higher quaity and more efficent firm performance—
invesments in R&D and in product differentigtion. The economists niche within the conceptua
literature focuses on investments in product attributes. Further, the related economic theory typicaly
addresses questions other than management methods to improve qudity, and instead focus on how
characteristics of markets (such as the degree of competition in a market) and the broad characteridics
of firms (such as the size or diversfication of afirm) affect R& D investments which will ultimately lower
costs or improve products.

Badwin and Scott (1987), Reinganum (1989), Scherer and Ross (1990), and Martin (1993) provide
reviews of the earlier theoretical economic literature sudying innovative invesments.  There are two
prominent strands of recent work in the economics literature that address the issue of qudity; neither
examines the issues of qudity management addressed in the quality management literature. One strand
of the recent economics literature is essentidly a macroeconomic, internationa open economy literature
grounded in the microeconomics of innovation. Thisisthe “qudity ladder” literature discussed briefly in
Section I of this report. The other sirand is a microeconomic literature that addresses the effects of
differing qudities of a product in a market (local, domestic, or internationd). This second literature is
refereed to herein as the “product-qudity differentiation” literature. Both strands of this economic
literature conclude that firms invesments in qudity have important implications for the redive
competitiveness and growth of entire nations, and of course the firms of those nations, as well as
important implications for pricing and competitive postion of companies within industries. This literature
does not, however, speak to issues about which quaity management practices to employ in which
gtuation, or of how to effectively manage investmentsin quaity or quaity-related practices.

The theoretica portion of the “qudity ladder” literature is in Grossman and Helpman (1991a, 1991b),
Aghion and Howitt (1992) and papers cited therein, as well as in Cabdlero and Jaffe (1993)—which
leads to the mgor empirica application of the “qudity ladder” or “endogenous growth” literature as
discussed in the following section. The recent theoreticd literature brings together ideas from the
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microeconomic literature about Schumpeterian competition reviewed by Baldwin and Scott (1987) and
Reinganum (1989) with the macroeconomic literature about the theory of growth evolving from the
work of Solow (1957). These models have been used to address broad, aggregate international
economics issues—such as appropriate trade policies and intellectud property policies in the presence
of spillovers of knowledge—about the rates of growth in industrialized countries pioneering innovations
and in countries whaose entrepreneurs imitate those innovations.

Cabdlero and Jaffe (1993, pp. 16-17) describe the “quality ladder” theory in the context of ther
verson of the modd which they develop to frame their empirica study:

Our a@m ... isto create a framework for incorporating the microeconomics of creative
destruction and knowledge spillovers into a model of growth, and to do so in such a
way that we can begin to measure them and untangle the forces that determine their
intengity and impact on growth. ... We develop a modd in the spirit of Grossman and
Helpmean ... and Aghion and Howitt ... that gives asmple relationship for the effect of
new products on the value of existing ones. At any given time, the economy cons s of
a continuum of monopolidicdly competitive goods indexed by thar qudity,
g ?(??,N,]. The newest goods are aways the best, i.e., the process of research
advances the frontier by increasing Ni, Because of the qudity ranking implicit in this
process, congtant marginal cost producers see their profits—rdative to those of the
(new) leader—decline over time. The rate of decline depends (postively) on the
degree of subgtitutability between new and old goods and on the pace a which new
goods are introduced. This captures the endogenous process of cregtive destruction
described earlier and ... yidds intuitive equations rdlating the rate of growth in afirm's
vaue rddive to that of the indugtry to the firm’'s number of new idess rddive to the
industry average. By relating the concept of new ideas to that of new patents, it is
possible to use these equations to gauge the empirical magnitude of crestive destruction.

The messages within the “qudity ladder,” endogenous growth literature are clearly of direct interest to
managers. What could be more fundamenta than the story of how innovation improves the qudity of
goods and thereby erodes the market position of laggards who do not keep pace? Equaly clearly,
however, the “qudity ladder” literature is not generating results directly pertinent to the qudity
management literature in the sense that the results inform understanding of how economies evolve with
different conditions for innovation and imitation and in different policy regimes rather than offer direct
guidance about how to manage to managers trying to improve the performance of their companies, via
innovation or in other ways. However, the results in the economics literature do point to controls
needed in studies of manageria performance and can inform managerid decisons as Porter (1980,
1985) has shown.

The “product-qudlity differentiation” literature has dways been squarely footed on empirica ground, and
the empirica work is well motivated by theory. The roots of the work date to Bresnahan’s (1981)
important analys's of the automobile industry. Automobiles differ in many ways, and the demand side of
the framework collgpses those differences into a single dimenson—quality. From the perspective of the
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managerid literature, such an abdraction diminates much of importance snce ensuring the various
aspects of quality would be expected to require different managerid practices. And the framework
assumes that consumers are uniformly distributed—in terms of their preferred product types—over the
continuous interva reflecting the different quaities of automobiles. As Martin (1996) observes, this
assumption violates redity and eiminates an important problem for managers of new product
developments—namely the decision of what sorts of varieties of the product should be produced to
apped to the discontinuous agglomerations of customers who, herd-like, prefer a particular variety. In
any case, in the theoretical framework, the demand for a particular variety depends on its own price and
quaity and on the prices and qudities of the products are “ closg’—immediately to the left or right on the
interval measuring quadity. On the cost Sde, the firm's total costs increase with not only the amount of
the good produced, but with its qudity. Although surely that is a sengble abstraction for the purposes
of the economics literature, the manageria literature needs the additional details about the costs of

ensuring the various aspects of quality that are eliminated in the smple aostraction of the product-qudity
modd.

Martin (1996) observes that the theoretical model assumes that the qudities of the varieties of products
produced by each firm ae given; then pricing decisons are made. Clearly from a managerid
standpoint, the assumption is redtrictive, Snce rivary over varieties and quaities would be a key part of
an actua competitive Stuation. However, the modd is interesting for the purposes that it was
developed—namely, the framework shows the pricing and dlocative efficiency aspects of the Nash
equilibrium emerging for the firms producing in a market with product-qudity differentigtion. The
principa results (Martin, 1996) are that the socidly optima number of varieties may be fewer than the
number actually produced (because individua firms introduce varieties based on the effect on their
individua profits, ignoring the effects of their own products on the profits that other firms earn from
competing varieties. Further, in addition to the usua wefare loss from higher prices caused by market
power, there isin addition to the conventional deadweight loss (resulting because some consumers who
would have bought the good if price had equaled margind costs do not purchase anything given the
higher price) the welfare loss caused by “qudity downshifting” as consumers buy lower qudity products
rather than the higher quality ones they would have purchased if market power had not increased price.
The purpose of the theory is to inform empirica estimation of the pricing effects in a market, and the
findings will be summarized in the next section. Bresnahan (1987), among other things, uses the basic
modd just described to explore the effects of cooperation among a market’s firms, where cooperation
takes the form of joint profit maximization. Again, the theory provides the framework for hypothesis
tedting thet is described in the next section.

The product-qudlity differentiation literature has blossomed into the so-caled “new hedonics’ literature.
As a prominent example, in the theoreticadl model of Feendtra and Levinsohn (1995) the qudity of
products has a multidimensionad character; with each product is associated a vector of characteritics.
Again, the “quality,” here the product’s characteridtics, istaken as given. Thus, as Martin (1996, p. 14)
observes, just the second stage of a two-stage game is being modeed; the first lage in which rivarous
firms decide on the characterigtics of their products is not modded. With greater complexity of the
product space, the mode requires even more redtrictive assumptions than Bresnahan's modd. Once
again, the model assumes that the didribution over the characteristics space of customers most
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preferred types of products is uniform, with the associated loss of redlism noted earlier. Note that the
abstractions may be a problem for gpplications to the practice of qudity management without reducing
the model’ s usefulness for the purposes intended by the authors, so the comments about realism are
intended only to draw the digtinctions of importance for this review of the literatures about qudity in the
context of evauating the Badrige Nationd Quality Program. Again, costs depend on “qudlity,” but here
that means tha cods are a function of product characteristics. The equilibrium price structure with
price-stting firms implies that the price of amodd of automobile increases as the distance increases, in
product characteristics space, between it and rival models. Feenstra and Levinsohn explore the nature
of the equilibrium prices given various assumptions about whether firms set prices or quantities or some
firms do one thing while others do another. As Martin (1996) points out, these possihilities are
interesting in actud fact, because for example the use of voluntary export restraints implies that the
foreign suppliers are setting quantities while the domestic suppliers could set prices. The basic messages
of such theory are surdly of interest to managers—some gpproaches to pricing or quantity decisons
yield higher profits than others. However, these questions are rather far removed from the issues of
managing for quality addressed by the Macolm Badrige Nationa Qudity Award. Other work in this
areaincludes Berry, Levinsohn, Pakes (1995) and Goldberg (1995).

Tragtenberg (1990) places the “new hedonics’ literature squarely in the context of innovations with his
sudy of CT scanners that among other things relates citation-weighted patent counts to the willingness
of consumers to pay for scanners with particular characteristics and hence to “quality” measured as
consumer welfare. Such pioneering work is clearly of interest to managers pursuing success by applying
the Badrige Criteria because customer satisfaction is at the heart of the performance of a firm that
successfully achieves the overal operaing performance exemplified by the Badrige Award. Yet, the
work is of indirect importance for the quality management literature, which is of course focused on the
methods by which managers can marsha the R&D invesments and product designs to increase
customer satisfaction.

Ealier theoreticd literature reviewed by Tirole (1988, pp. 95-131) explores the economics of markets
in which products are produced in a variety of quaities and at times consumers do not have complete
information about the quaity of products—knowledge about qudity is acquired before or after
purchase, or in some cases never. Economists' interests are primarily in understanding how the markets
for such products work as well as how well they work— considering, for example, whether the number
of varieties produced is optima or how mord hazard and adverse selection affect the warranty system
that emerges for a product for which customers do not have complete information, or how repest
purchases provide a way that customers can monitor quality, or when the difficulties consumersfacein
evauating qudity judify government intervention in the market process. The usefulness of such literature
for quality management practicesiis, of course, indirect. For example, understanding how markets with
incomplete information work could help a company design a product information and warranty system
that gave it a competitive advantage over itsrivas. Or, understanding the product selection problem,
could dlow a firm to postion its products in the product characteristics space in a way that gave it a
sustainable competitive advantage (Scherer, 1979). These are important issues, but they are not
directly the issues faced in the qudity management literature.
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In dl, the economics literature on product-qudity differentiation offersingghts about price-cost margins
and competition thet is of interest to managers, however, in the context of quality management issues of
concern to those working with the Badrige Criteria, the economics literature differs from the quality
management literature in two important ways. Firdt, at best the literature addresses just product qudity,
which is just one aspect of the haolidtic, tota quaity management set of issues. Second, the literature
does not address the issues of which management tools can improve performance, but rather predicts
pricing performance conditional on avariety of assumptions about firms, customers, and markets.

Empirical models of quality investment that focus on investmentsin organizational culture

There is alarge and important body of empirica work that has developed information about the use of
quality management and has tested the hypothesis that the adoption of such management practices
improves performance. Much of the work in this area uses the Badrige National Criteriato define tota
quality management and to test for the importance of its various categories in use and in results. In the
quality management literature, empirical analyses of quadity management practices began to develop
rapidly, dearly simulated by the newly awakened interests in quaity management during the late 1980s
and 1990s. The work largdly emphasizes investments in organizationd culture as a way to improve

quality.

For example, Link, Quick, and Tassey (1991) compare the firms in the U.S. opticd fiber industry with
their foreign competitors by surveying the firms about the proportions of their operations, capita, R&D,
and overhead budgets that are devoted to quality assurance and about the functiona objectives of their
quaity budgets. Thus, the Link, Quick, and Tassey study looks at the whole firm and implicitly
measures investments in both organizationd culture and product attributes. However, the focus is on
gaining understanding of the successful organization's orientation toward quality, and like most of the
literature that is focused directly on management for quality, the study is then developing understanding
of the orientation, in a broad sense the culture, of successful companies in their pursuit of qudity. The
U.S. firms were the dominant firms in the industry in the early 1990s, and the empirical methodology of
the authors dlows inferences about the link from qudity investments to international competitiveness.
The U.S. firms invested more—three to four times more—of their operations, capitd, R&D, and
overhead budgets in quality assurance, and within their quality budgets themsdves they focused more
atention, than ther less successful foreign rivas did, on improving manufacturability and improving
product performance.

Some dudies explore the effects of usng the Bddrige Criteria to implement quaity management
policies. The U.S. General Accounting Office (1991) found that firm performance was improved by the
quality efforts of the highest scoring Badrige Award applicants in 1988 and 1989. As reviewed by
Black and Porter (1996, p. 2):

The evidence from this smal sample suggested that the organizations achieved improved

employee relations, better qudity, lower cods, greater customer satisfaction, improved
market share and improved profitability. Common features appearing in these high-
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scoring organizations were cusomer focus, management leadership in qudity vaues,
employee involvement, an open corporate culture, fact-based decison making and
partnerships with suppliers. This report offers sound evidence supporting the relevance
of implementing and mantaning TQM as defined by the Badrige assessment
framework.

Other studies (Hendricks and Singha, 1997, 2000, 2001); Helton, 1995; Wisner and Eakins, 1994)
show that the Badrige Award winners have enjoyed strong financid performances, implying that quaity
improvement programs leads to increases in market vaues for the firms tha invest in qudity
improvements. Helton considered a hypothetica portfolio of $1,000 invested in the stock of each of the
11 publicly owned Badrige Award winners through 1993, with the investment in each being made on
the day the winner was announced by the U.S. Department of Commerce. By September 1, 1994, the
cumulated investment of $11,000 (accumulated over the time from November 14, 1988 when $1,000
would have been invested in Motorola and Westinghouse to December 14, 1993 when $1,000 would
have been invested in Eastman Chemical) would have resulted in a portfolio worth $21,887. Some of
the Award winners were divisons of the publicly traded companies whose stock prices were tracked,
s0 the actud performance of a fund invested in just the winning parts of the parent companies would
presumably have performed even better. Alternatively, one could form the portfolio by investing $1,000
in each whole company winner and for winning subsidiaries investing $1,000 times the percent of the
whole company employment taken by the winning subsdiary. NIST actudly did this experiment and
others (NIST, Feb. 5, 1996) and for each MBNQA portfolio constructed compared the results with
portfolios formed smultaneoudy by investing identicd dollar amounts a the identicd times in the
Standard & Poor’s (S&P) 500. Asof August 1, 1995:

The 14 publicly-traded winners outperformed the S& P 500 by over 4 to 1, achieving a
248.7% return compared to a 58.5% return for the S& P 500. The 5 whole company
winners outperformed the S& P 500 by greater than 5 to 1, achieving a 279.8% return
compared to a 55.7% return for the S& P 500.

The experiment was repeated for the 41 publicly-traded applicants that received ste vidts as a part of
the Award evaluation process. These gpplicants aso outperformed the S& P 500, in their case by
greater than two to one. Updating the study yet again through December 2, 1996, smilar results were
found (NIST, 1997). When updated through 1999, the stocks of publicly-traded U.S. companies that
have received the Award outperformed the S& P 500 nearly 5to 1 (NIST 2000).

The Hendricks and Singhd studies were broader in their scope. Based on a sample of nearly 600
companies that won nationa, state, or local quality awards, and a control sample of firms that did not
win such awards, Hendricks and Singhd concluded that award winners out performed the control
group’s performance, where performance was quantified as the growth in stock price, employment,
sdes, operating income, total assets, and return on sdles. Hendricks and Singhd aso showed that small
award-winning firms out performed large award-winning firmsin these dimensons.
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The Council on Compstitiveness (1995) report on the Badrige Nationd Quality Program reaches
conclusons consstent with the belief that firms use the Badrige Award Criteria to orm their own
performance management programs and condgtent with the hypothesis that such programs have
sgnificantly improved the competitiveness and performance of U.S. companies. The Council (1995)
observes.

The Badrige Nationd Qudity Award and its state and loca offshoots have been key to
the effort to strengthen U.S. competitiveness. The annud government investment . . . in
this program is leveraged by . . . private sector contributions. The impact of the
Badrige Award on the competitiveness of U.S. industry and the dividends it paysto the
U.S. economy far exceed these investments.

Black and Porter (1996) try to identify the factors that are critica to the success of quality management
and thereby try to improve the usefulness of the Badrige Criteria as a self-assessment framework for
firms usng them to implement their own qudity management programs. Black and Porter (1996)
extracted 32 items from the Badrige Criteria for the nonresults categories and added another seven
items to cover issues that they believed were not adequately covered in the framework. The resulting
39 items were then listed in a questionnaire sent to a sample of European managers. Black and Porter
then used factor andysis to identify ten criticd factors of TQM. Black and Porter (1996, pp. 20-21)
developed the following descriptive labels for the ten factors: (i) people and customer management, (i)
supplier partnerships, (iii) communication of improvement information, (iv) cusomer satisfaction
orientation, (v) externd interface management, (vi) drategic qudity management, (vii) teamwork
dructures for improvement, (viii) operationd quaity planning, (ix) qudity improvement measurement
systems, and (X) corporate quality culture. Of course, the descriptive labels are atempts to summarize
the import of the severd questionnaire items associated with each factor, and interested readers should
consult Black and Porter directly for the list of items gppearing in each of their critica factorsfor TQM.

Like Black and Porter (1996), Ahire, Golhar, and Wdler (1996) conclude that the large number of
quality management drategies need to be integrated into a holidtic, well-integrated strategy. Because
agreement on such a holigic quality management policy does rot exigt, they fird andyze the qudity
management literature to identify 12 key congtructs of integrated quality management drategies. They
survey manufacturing firms to test the congructs empiricaly and vdidate their usefulness, comparing
ther own formulation with other comprehensive gpproaches to TQM. Ahire, Golhar, and Waler
(1996) provide an excdlent review of severa of earlier studies (apart from the important Black and
Porter study which gppeared smultaneoudy with their own and which is discussed above) that attempt
to identify the key congructs of a holistic gpproach to qudity management. Asthey observe, the earlier
studies complement their own, but the Black and Porter (1996) and Ahire, Golhar, and Waller (1996)
studies draw on alarger body of literature to develop their quality management congtructs to be tested.

The twelve condructs developed from the quaity management literature by Ahire, Golhar, and Waller
(1996) bear a strong family resemblance to the ideas encompassed in the Badrige Criteria Indeed,
after studying the details of the seven criteria (NIST, 1997) the twelve condructs can readily be
assigned to various parts of the seven criteria.  Indeed, the criteria are frequently among the sources
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cited in support of each of the Ahire, Golhar, and Waller congtructs, and Ahire, Golhar, and Wdler
conclude their presentation of their twelve congtructs by observing (p. 34): “These condructs span the
entire range of activities deemed criticd by the Madcolm Bddrige Award.” Tha may be an
overdatement; certainly the Badrige Criteria are more complex in their comprehensve details and
amenability to comprehensve evauation of a firm's holigtic or totd quaity management tailored to the
firm's own Stuation and needs—especidly when the firm using the criteria to create its own qudity
management policies has actudly applied for the Badrige Award and undergoes the entire process—
described by Reimann and Hertz (1993, p. 44) and NIST (1997)—of ste vidts by teams of examiners
and the comprehensive reports providing feedback after a pand of judges reviews the Ste visit reports.

However, the Ahire, Golhar, and Waller condructs can be fit into the framework implicit within the

Baddrige Criteria, even though the converse would—Dbecause of the comprehensiveness of the MBNQA

criteriaand interactive process—probably not be completely convincing. The twelve congtructs are:

1. Top Management Commitment: Ahire, Golhar, and Waler (p. 27) consder and cite fifteen sources
from the quality management literature to summarize with Sx items—one, for example, being
management’s alocation of adequate resources to qudity improvements—the commitment of top
management to qudlity.

2. Customer Focus. Ahire, Golhar, and Waller (pp. 27-28) use ten sources to develop four items—
one, for example, being the availability of customer complaint information to managers—to capture
the customer focus of a company’s quality management.

3. Supplier Qudity Management. Ahire, Golhar, and Wadler (p. 28) develop a dx-item scde—
including, for example, the consderation of the supplier’s delivery performance—to represent the
effectiveness of management of supplier quality from seven sources.

4. Dedgn Qudity Management: Ahire, Golhar, and Waller (p. 29) use eleven sources to develop Six
items—for example, one of the items is emphasis on the design team’s marketing experience—to
evauate a company’ s management of desgn qudity.

5. Benchmarking: Citing just two sources, but observing that benchmarking, the use in qudity
management of analysis of best practices—products and processes—of leading compstitors, has
been extensvdy discussed in the qudity management literature, Ahire, Golhar, and Wadller (pp. 29-
30) develop five items—including, for example, the emphass the company places on benchmarking
competitors products and processes—to measure a company’s use of benchmarking.

6. Statistica Process Control (SPC) Usage: Seven sources from the quality management literature are
cited by Ahire, Golhar, and Waller (p. 30) in support of their four-item scale to assess a company’s
use of SPC. One of the items, for example, is the extent of production employees knowledge of
SPC tools.

7. Internd Qudlity Information Usage: To measure the effectiveness of the use of information interndly,
Ahire, Golhar, and Wdler (pp. 30-31) deveop sx items, citing five sources in the qudity
management literature to support their choice.  One item, for example, is the availability for
managers of data about the cost of quality.

8. Employee Enpowerment: Four sources in the quality management literature are cited by Ahire,
Golhar, and Waller (p. 31) to support their choice of five items to measure the extent of employee
empowerment for a company. For example, one item is the extent to which workers are
encouraged to find and fix problems.
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9. Employee Involvement: Ahire, Golhar, and Waller (pp. 31-32) cite twelve sources to support thelr
choice of eight items to represent the extent of a company’s strategy for employee involvement. For
example, the avallability of profit-sharing programs is one of the items.

10. Employee Training: The qudity management literature emphasizes the importance of training
employees in qudity management, and Ahire, Golhar, and Wadler (p. 32) cite eeven sources to
support their choice of five items—for example, one of the items is the availability of resources for
traning—to measure a company’s strategy for training employees.

11. Product Qudity:  Ahire, Golhar, and Waller (pp. 32-33) review Garvin's (1987) rather
comprehensive definition of product quaity as encompassing performance, features, conformance,
religbility, durability, serviceghility, aesthetics, and perceived qudity. Because ther survey of qudity
management srategies focused solely on the automotive components manufacturing industry (SIC
3714), not dl of Garvin's qudlity attributes were relevant, and Ahire, Golhar, and Waler use just
four of his eight items and added two more of their own, citing four sources from the QM literature
in addition to Garvin to support their choices.

12. Supplier Performance:  Ahire, Golhar, and Waler (p. 34) measure supplier performance with six
items, supporting their choices with references to five sources in the quaity management literature.
For example, among the items is the willingness of suppliersto improve qudlity.

Ahire, Golhar, and Waller empiricdly vdidate their twelve quaity management congtructs with a survey
of manufacturers of automotive components, having the respondents evaduate the importance of the
various items for a company’s qudity management by using a 7-point Likert scae to assess each item.
For one example, with the fifth congtruct, benchmarking, the respondent evauated five items, one of
which was “We are engaged in extensive benchmarking of competitors products that are smilar to our
primary product,” by using a 7point scale (1 = strongly disagree, 4 = neutrd, 7 = strongly agree).
Ahire, Golhar, and Waller used confirmatory factor andyss to refine and vaidate their congtruct scaes
and then estimated correlations among the twelve congtructs that they had developed from their review
of the quality management literature. Correlaions among the congtructs are al pogtive, which Ahire,
Golhar, and Wadler (p. 41) beieve “. . . supports the notion that the quality management drategies
should be implemented holisticaly rather than piecemed. Many of these condructs exhibit synergy with
one another.”

Among other suggestions for future research, Ahire, Golhar, and Waler (p. 47) observe: “. . . the
congtructs developed here could be used in subsequent empirica research on integrated qudity
management drategies to develop and test causad modds of qudity management implementation
effectiveness.” Lau (1996, p. 6) aso suggests the use of survey data, about the importance of various
aspects of quaity management, to test hypotheses about how various human and technicd factors affect
quality and about how quality management affects afirm's profitability and qudlity.

Lau (1996) has developed descriptive data about manufacturing firms in computer and eectronics
industries (SIC 357 and 367) and proposes to use the data for hypothesis testing about the
effectiveness of various aspects of quaity management. These data thus provide information about
manufacturers in different indudtries other than the Ahire, Golhar, and Waller sample, and Lau's 7-point
Likert scale survey covered the importance of a somewhat different set of factors that potentiadly affect
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qudity. Lau has developed information about the respondents assessment of their firm’s competitive
environment (sx items, including for example the posshility or threat of new compstition), factors
affecting competitiveness (nine items, including for example innovative designs), workforce (ten items,
including for example how much discretion line workers have over the pace of their work), organization
(ten items, induding for example the darity of the divison of responghilities in the company),
manufacturing technologies (ten items, including for example the extent to which TQM has been
implemented), flexibility (ten items, including for example the company’s ahility to develop or modify
new product desgns), product qudity (ten items—again largey following Garvin, 1987), and
comparative performance (ten items, including for example profitability).

Lawler, Mohrman, and Ledford (1995) report that in multiple regression andyses financid performance
messures such as the return on sales, investment, and equity were sgnificantly related to the extent that
employee involvement (El) practices and TQM were used by the companies surveyed, athough
Konczak (1996) in reviewing the book criticizes the fact that the technicd details of the regresson
analysis to support the report were not actualy provided. Lawler, Mohrman, and Ledford provide the
third in a series of reports for a project sponsored by the Association for Quaity and Participation. The
series documents the El and TQM practices in Fortune 1000 companies. The 1995 work describes
the survey results for 1993, but aso includes data collected in the first two surveys in 1987 and 1990.
Konczak (1996, pp. 497-498) provides a concise overview of the findings from the surveys. dl of the
El practices—information sharing, knomedge development, reward systems, and power sharing—
appear to be important; about five-sixths of the respondents reported an increase in the use of TQM
practices since the 1990 survey; most respondents believe that EI and TQM practices improve
performance; and—athough Konczak (1996, p.498) observes that the information is less convincing
because detailed datistical support is not shown—the practices appear to improve performance
somewhd, explaining a ddidicdly dgnificant but smadl amount of the variance in performance.
Konczak (p. 498), continuing with the ussful overview of the work, believes that the LML data
characterizing the types of companies and their business environments “ confirm what most readers have
probably learned from their own experiences (e.g., El and TOM are likely to be adopted when an
organization faces tough competitive pressure).” The Lawler, Mohrman, and Ledford monograph,
which Konczak (p. 498) considers “the best source currently available that provides an ingde view (i.e.,
the senior management point of view) of employee involvement and total quaity management practices
in large organizations” concludes with a look at the future of qudity management practices and finds
that an increase in investmentsin quality management is planned by mogt firms.

Like the quality management literature, the economics literature has recently begun to provide some
evidence to support the importance of quaity management for firm performance. One theme that
emergesistheimportance of deploying systems of quaity management practices—coherent policies that
combine many individua practices into a holigtic focus on improving quality performance. That message
from the economics literature’ s empirical contributions to the study of management decisions to improve
qudlity isin accord with the findings in the quaity management literature itsdlf.

Ichniowski, Shaw, and Prennushi (1995 at hitp://www.nber.org) emphasize the need for packaging
complementary quality management tools to improve human resource palicy:
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Increesingly, firms are consdering the adoption of new work practices, such as
problem-solving teams, enhanced communication with workers, employment security,
flexibility in job assgnments, training workers for multiple jobs, and greater reliance on
incentive pay. This paper provides empirica evidence to address the question: do these
human resource management practices improve worker productivity? For this sudy, we
constructed our own data base through persond ste vists b 26 sted plants which
contained one specific stedlmaking process, and collected longitudina data with precise
measures on productivity, work practices, and the technology in these production lines.
The empiricd results conggently support the following conclusion: the adoption of a
coherent system of these new work practices, including work teams, flexible job
assgnments, employment security, training in multiple jobs, and extendve reliance on
incentive pay, produces substantidly higher levels of productivity than do more
traditiona approaches involving narrow job definitions, strict work rules, and hourly pay
with close supervison. In contrast, adopting individual work practice innovetions in
isolation has no effect on productivity. We interpret this evidence as support for recent
theoreticd models which dress the importance of complementarities anong a firm's
work practices.

Ichniowski, Shaw, and Prennushi (1995) focus on asingle stedmaking process. A dtate of the art study
usng data across “a large nationdly representative sample of manufacturing businesses’—the
Educationa Qudity of the Workforce Nationd Employers Survey (EQW-NES)—is provided by Black
and Lynch (1996b) who link the EQW-NES with the Bureau of the Census Longitudind Research
Database (LRD) and extend the productivity andyss that economists have often used to study the
effects of capitd investments and R&D to explore the effects of workplace practices, human capitd,
and information technology on establishment productivity. “More specificadly, ... [Black and Lynch]
examine how workplace practices, human capitd investments, and the diffuson of information
technology explain the unobserved employer ‘fixed effect’ in standard production functions that do not
control for tese types of factors’ (Black and Lynch, 1996b, pp. 23). Agan, the importance of
coherent, holigtic qudity management efforts is supported in the sense that the evidence suggests an
effective qudity management policy is built up from atention to meaningful, wel-integrated practices
throughout the workplace. Black and Lynch find that workplace practices do affect productivity, and
the key isin how the practices are implemented. For example, they find that it is not enough to Smply
adopt a TQM system—tha done has an indgnificant affect on productivity in their estimations.
However, productivity is sgnificantly increased when a larger proportion of a plant's workers are
involved in decison making, a workplace practice that an effective TQM system incorporates through
regular mestings involving the plant's workers in the decison making process. Black and Lynch find
that investing in the human capita, especidly education, of workers and diffusing the usage of computers
among non-manageria employees increases labor productivity sgnificantly.

Thus, the economics literature provides adirect way to mode empiricdly firms investmentsin quaity—

firm or establishment productivity is explored in the framework of the economics literature’ s production
functions augmented with measures of workplace practices and investments in human capitd. Black
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and Lynch provide areview of the earlier effortsin that direction and then provide an improved analyss
using the Educationd Qudity of the Workforce Nationd Employers Survey matched with the Bureau of
the Census Longitudina Research Database to provide evidence in both cross section and pand data.
Especidly noteworthy among the earlier works reviewed by Black and Lynch (1996b) are Husdlid and
Becker (1996) and Black and Lynch (1996a). Husdlid and Becker find that a firm’'s market vaue is
higher by about $16,000 per employee if the Husdlid/Becker index of a firm’'s human resource systems
is one standard deviation higher. Black and Lynch (1996a), as evauated in their own 1996b (pp. 8-9)
review of the literature:

... examine directly the impact of education and training on establishment productivity in
both the manufacturing and nort manufacturing sectors ... [and] conclude that education
raises productivity approximatdy 513 percent, depending on the sector. In addition
we find that the impact of training investments by employers differed depending on their
nature, timing and location. More specificdly, we find that formd training outsde
working hours has a pogtive effect on productivity in manufacturing busnesses, while
computer training rases the productivity of non-manufacturing establishments
consderably.

Empirical models of quality investment that focus on investmentsin product attributes

Less direct evidence about investments in quaity abounds in the economics literature. The digtinction,
though, is that the studies reviewed above are directly concerned with measuring the effects of the
various managerid policies that make up TQM, wheress the vast amount of empiricd work in the
economics literature that is indirectly related to quality investments (i) does not consder manegerid

policies explicitly and (ii) does not focus on the measurement of the effects on performance of variance
in such quality management policies across firms. These studies are largely focused on investments in
product attributes, construed broadly to include R& D to improve the production process for producing
the product as well as R& D to develop the product itself.

Perhaps most prominent among such indirect studies of invesments in qudity are the studies of
investments in R&D and sudies of the effects of such investments on productivity. The reviews of
Badwin and Scott (1987), Cohen and Levin (1989), and Link (1987) provide overviews of the earlier
economics literature on R&D and productivity; clearly the focus in the economics literature until the
recent sudies in the wake of the new interests in quality management beginning in the late 1980s has not
been on measuring the effects of differing managerid gpproaches on the effectiveness of R&D, but
rather on how the structure of markets (e.g., the degree of competition in a market) and the broad
characteridics of firms (eg., the size of a firm) affected R&D investment and on how such investment
affected the productivity of firms and industries and even entire economies.  Scherer and Ross (1990)
and Martin (1993) are good sources of overviews of the focus of economists concerns as they have
conducted empiricd work on R&D investments and more generdly on invesments in products and
processes—including invesments in product differentiation other than R&D invesments—that firms
make to improve their performance. Of course, the recent quality managemert literature reviewed in
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this report cites, and has built upon, studies that combine the ingghts in the economics literature with a
focus on management issues. Among the fird studies to exploit the complementarities between the
economics and manageriad literatures and to combine economists knowledge about R& D investments
with recommendations for managerid policies increasing international competitiveness of firms was Link
and Tasxey (1987). Thereis, then, underlying the recent quality management literature, a literature that
has brought the knowledge found in the economics literature to bear on manageria issues. Link and
Tassey (1987) review much of that literature, and the recent quaity management literature reviewed
above reviews much of it, too. This review turns now to an update on such indirect studies of qudity
investments in the recent economics literature.

The recent empirical economics literature that indirectly explores quality investments has focused on the
“quality ladder” modd and an product differentiation in the context of international competitiveness—
focuses pertinent to the present report, athough, nonetheess the work isindirect in the sense that unlike
the recent literature reviewed and advanced by Black and Lynch (1996b), the studies are not evaluating
the effects of the various types of TQM policies.

Cabdlero and Jeffe (1993) develop and estimate a modd in the spirit of the “qudity ladder” theory
discussed briefly in the theoretica literature reviewed above. They are able to develop severd
important facts about the diffusion of ideas, the obsolescence of knowledge, the amount of knowledge
embodied in patents at various times over the twentieth century, the spillovers of knowledge generated
by patents at various times, and the reative size of the public knowledge stock at various times during
the century. Regarding an especialy noteworthy fact in the context of the present report, Cabalero and
Jaffe (1993, p. 17) observe:

[W]e use market value and patents data on 567 large U.S. firms. The data are annua
for the period 1965-1981, and the firms are assigned to 21 technologica sectors. We
edtimate 21 sectord pands and find that, on average (over time and sectors), cregtive
destruction is about 4% per year. That is, in an average sector in an average year afirm
that does not invent sees its vaue relative to that of the industry erode by about 4%.
This number varies widdly across sectors;, drugs have the largest average credtive
destruction, with about 25% per year.

Knowing such facts is obvioudy important for managers, the knowledge conditions the importance of
managing to achieve innovaions. Clearly though, the knowledge is not knowledge about how to
manage successfully, so again, this part of the economics literature about qudity investments is of
indirect importance to managers but directly important to evauation of the Macolm Badrige Nationa
Qudity Award. What such economic literature about quality investments provides to the evauation is
the knowledge that one must control for differences across firms and indudtries in performance that
would occur holding congtant the managerid efforts. Thus, managers pursuing Smilar strategies with
gmilar vigor might have different success mantaining or growing their firms market vaues Smply
because the rate of creative destruction for some industries is greater than for others.
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Bresnahan (1981) estimates for the automobile industry the product-qudity differentiation mode
described in the preceding section. He uses automobile characteristics such as the number of cylinders,
horsepower, and miles per gdlon to proxy for product qudity, and he finds that price-cost margins are
much smdler for lower-qudity vehicles than for the higher-quality vehicdles He aso finds the qudity
downshifting phenomenon (described in the preceding theory section) to be important. Bresnahan
(1987) uses the model to compare the evidence for mid-1950s pricing in the automobile industry with
the predictions of the modd given dternative assumptions about the cooperative versus noncooperative
behavior of automobile manufacturers. Feendtra and Levinsohn (1995) provide estimates for their
modd that was described in the preceding section; they use a sample including new car modelswith
subgtantid sales in 1987 in the United States. The estimation dlows, for example, an inference about
whether the various automobile firms set price or quantity. As discussed in the preceding section
reviewing theory, these product-quaity dfferentiation models are important and yield important results,
but they are not directly important for the quality management issues that are the focus of the MBNQA.
Perhgps with time these models, and the other models in the “new hedonics’ literature hat were
discussd in the preceding section, will evolve, dlowing the introduction of the realism necessary to
inform manageria issues more directly. However, the essentid point, a the present stage of the
evolution of the economics and qudity management literatures, is that the two literatures are addressing
fundamentally rather different issues.

As noted earlier a the end of the review of the theoreticd literature, the economics literature on
product-qudlity differentiation offers indgghts that are surely of more than passing interest to managers—
indghts about price-cost margins and competition. The usefulness of the economics literature to those
seeking to verify the importance of various quality management policies or to those seeking to develop
such palicies is in providing an understanding of the conditions affecting performance apart from
management. Note too, that the product-quality differentiation economics literature addresses just
product quality, which is just one aspect of the halistic, total quality management set of issues. Moreto
the point, as noted earlier the literature is not about which managerid tools can improve performance,
but rather predicts pricing performance conditiond on a variety of assumptions about firms, customers,
and markets. Assuch, it can of course inform manageria decisions (Porter, 1980; 1985).

68



