Economic Evaluation of the 

Baldrige National Quality Program
by

Albert N. Link 

Department of Economics

University of North Carolina at Greensboro

and

John T. Scott

Department of Economics

Dartmouth College

Final Report Submitted to the National Institute of Standards and Technology

Program Office

October 2001

This report has benefited from the comments and suggestions of a number of individuals including Daniel Barton, Lee G. Branstetter, Charles C. Brown, Joseph E. Cooper, Barry Diamondstone, Harry Hertz, Steven Martin, Troy J. Scott, and Gregory Tassey.

	Table of Contents
Executive Summary








I.   Introduction and Overview of the Baldrige National Quality

      Program









 
A. Purpose of the Study








B. History of the Baldrige National Quality Program

C. Outline of the Report

II.  Concepts of Quality

A. Evolution of Ideas about Quality

B. Formalizing Ideas about Quality

     B.1.  Traditional sources of quality improvement

     B.2.  Broad-based sources of quality improvement

III.  Academic and Professional Literature Related to Investments         

       in Performance Excellence

A. Fragmented Nature of the Literature

B. Conceptual Model of Firm Performance

C. Investments in Quality and Firm Performance

IV.  Empirical Models of Investments in Performance Excellence

A. Attributes Specified in the Baldrige Criteria for 

      Performance Excellence

B. Relationship between Attributes and Firm Performance

V.  Applications to the Baldrige National Quality Program

A. Trends in Applications

B. Award Winners

VI.  Economic Evaluation of the Baldrige National Quality Program


A.  Overview of the Evaluation Methodology


       A.1.  Systemic approaches to program evaluation

                   A.2.  Traditional economic evaluation methods

                   A.3.  The counterfactual evaluation method

                   A.4.  The spillover evaluation method

                   A.5.  Methodology applicable to an evaluation of the Baldrige

                            National Quality Program

            B.  American Society for Quality

C. Social Costs of Operating the Baldrige National 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

D.2.  Estimation of social benefits associated with the Baldrige

          National Quality Program

E. Ratio of Net Social Benefits to Social Costs Associated with the 

Baldrige National Quality Program

VII.  Summary

        References

       Appendix:  Detailed Review of the Academic and Professional 

        Literature Related to Investments in Quality
	4

5

5

5

6

8

8

9

10

10

15

15

16

17

21

21

21

22

22

22

25

25

25

26

27

27

28

29

29

30

30

31

38

45

46

53




Executive Summary

This study is an economic evaluation of the Baldrige National Quality Program.  Specifically, the analysis assesses:

· the net private benefits associated with the Baldrige National Quality Program to the U.S. private and public sector organizational members of the American Society for Quality, 

· via generalization, the net social benefits of the Program in the aggregate, and

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

Based on information collected from a mail survey of the U.S. organizational members of the American Society for Quality (ASQ), the conservative estimate of the present value (in constant 2000 dollars) of the net private benefits associated with the Baldrige National Quality 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 social benefits associated with the Baldrige National Quality Program is $24.65 billion.

Based on information provided by the Baldrige National Quality Program, the present value (in constant 2000 dollars) of social costs associated with the Program to date is $119 million.

Therefore, from an evaluation perspective for the economy as a whole, the benefit-to-cost ratio characterizing the Baldrige National Quality Program is conservatively 207-to-1.

I

Introduction and Overview of the Baldrige National Quality Program

A.  Purpose of the Study

The National Institute of Standards and Technology (NIST) regularly conducts assessments of the economic impacts of its programs in order to provide important programmatic and decision-relevant information to NIST managers, Executive Branch officials, and to the Congress.  The results of such studies are also of interest to U.S. industry.
  

The purpose of this study, as summarized in this report, is an economic evaluation of the Baldrige National Quality Program (the Program).

More specifically, this study considers:

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

· via generalization, the social benefits of the Program in the aggregate, and

· the relationship between economy-wide benefits traceable and the social costs associated with operating the Program. 

These are important considerations because the findings will provide valuable information to NIST about the economic impacts of its Baldrige National 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.  History of the Baldrige National Quality Program

Productivity in the non-farm U.S. economy fell 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-1980s in an effort to reverse the downward productivity trend by stimulating innovative activities within firms.  These initiatives included the Stevenson-Wydler Innovation Act of 1980 to encourage technology transfer from federal laboratories to the private sector, the Economic Recovery and Tax Act of 1981 that contained provisions for a R&E tax credit, and the National Cooperative Research Act of 1984 to encourage collaborative research activity among firms.  

Further, Congress declared as part of the Malcolm Baldrige National Quality Improvement Act of 1987 (P.L. 100-107) that:

… the leadership of the United States in product and process quality has been challenged strongly (and sometimes successfully) by foreign competition, and our Nation’s productivity growth has improved less than our competitors over the last two decades; … a national quality award program … in the United States would help improve quality and productivity by— 

(A) helping to stimulate American companies to improve quality 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 quality of their goods and services and providing an example to others,

(C) establishing guidelines and criteria that can be used by businesses, industrial, governmental, and other organizations in evaluating their own quality improvement efforts, and

(D)  providing specific guidance for other American organizations that wish to learn how to manage for high quality by making available detailed information on how winning organizations were able to change their cultures and achieve eminence.

… [and] There is hereby established the Malcolm Baldrige National Quality Award …

C.  Outline of the Report

The remainder of this report is outlined as follows.  In an effort to place the Malcolm Baldrige National Quality Improvement Act of 1987 and the Malcolm Baldrige National Quality Award in a performance management/quality improvement perspective, alternative concepts of quality are described in Section II.  

In Section III, a conceptual model of investments in quality by the firm is presented, and the associated literature regarding such investments is reviewed in the context of the conceptual model.  

In Section IV, the key empirical hypothesis about the benefits of the Program is stated.  

In Section V, the history of applications to the Program is overviewed.

In Section VI, an economic evaluation of the Baldrige National Quality Program and the related Baldrige Criteria for Performance Excellence (Baldrige Criteria) is offered.  

Finally, the report concludes in Section VII with summary remarks. 

II

Concepts of Quality
A.  Evolution of Ideas about Quality

Although a long history of managerial interest in the concept of quality exists;  the systematic and comprehensive view of quality, in the sense of the Baldrige National Quality Program, is of recent origin.  Juran (1995) provides one historical treatment of concepts related to the management of quality in a number of countries—reaching far back into history with chapters on quality management in ancient China, ancient Israel, ancient Greece, and ancient Rome, as well as other early civilizations, yet documenting quality management in more recent times including 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 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  

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

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

Reimann and Hertz (1993) capture the shift from narrow to comprehensive views of quality and the necessary managerial efforts to ensure it.  They explain that the globalization of markets and associated international competition provided the impetus for the shift toward comprehensive quality management strategies that integrate company-wide pursuit of operational excellence rather than relegating quality issues to traditional forms of product inspection.  Reimann and Hertz (1993, p. 43) observe:

The United States and much of the world are in the early stages of a major transition in how work and quality are managed—moving from quality as a narrowly-defined, separate function managed at lower organizational levels [e.g., on shop floors], to quality integrated within all work units and with overall business management [e.g., in boardrooms].  The success of this transition depends on numerous factors not well addressed within traditional quality: executive-level leadership and involvement, empowerment, rapid deployment of changing requirements, management of innovation, management of diversity, and customer-focused planning and operations.

Table II-1 summarizes the information in Juran (1995) in a manner that clearly illustrates a descriptive time line for quality management.

The Council on Competitiveness (1995, p. 3) asked, “What is Quality?” as part of their report on the Baldrige National Quality Award:

Today quality 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 quality management as a system to facilitate organizational [adaptation] to a changing environment.  While there are no fixed definitions of quality in the United States [authors’ emphasis], several factors are widely accepted as central to a successful quality program:

1) Customer satisfaction

2) Executive-level leadership

3) Employee involvement.

B.   Formalizing Ideas about Quality

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

In the economics literature, quality is viewed in one of two general ways.  Quality is viewed as a dimension 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 simplest of economic analyses conceptualizes the results of investments in quality in terms of an increase in an industry demand schedule.  The more complex analyses, which fall under the rubric of the “quality ladder” literature, envision industry demand increases over time in response to continued investments in quality, and such sequential shifts are, for mathematical convenience, indexed by numerical 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 quality.

B.1.  Traditional sources of quality improvement

The more traditional sources of quality improvement for private firms, with quality measured abstractly as a dimension 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 physical characteristics of the product (with its locational attributes in both the product space and geographic space), or through advertising and other promotional efforts that can develop customers’ awareness of the product’s characteristics and thereby affect its image and customers’ appreciation of the product.  When quality is measured indirectly with productivity indices, many sources of the productivity are identified, including capital and R&D investments, but also investments in workplace practices, human capital, and information technology (Black and Lynch 1996).  These latter explanations of productivity of course mirror the new comprehensive view of quality and its management.  


In the management literature, quality is typically less abstract than in the economics literature in the sense that it is related to attributes of a firm or its products that are more activity-specific compared to more abstract or aggregate impact measures such as a single shift in an industry demand schedule or “quality ladder” interval shift, or even a productivity index such as output per worker.  Thus, in the quality management literature, quality typically encompasses detailed operational performance characteristics such as the prompt delivery of a commodity or service to the firm’s customers.  For example, Link, Quick, and Tassey  (1991, p. 473) find that the firms typically agree that quality is defined by “performance levels, performance stability, reliability and longevity.” Simply put, quality is “conformance and/or fitness for use” and, in the quality management literature, the measures of performance and fitness are non-conceptual operational business indicators.  

While the economics literature typically links quality to R&D investment, the management literature typically focuses not only on the amount of the R&D investment, but also on the manner in which the R&D investment is implemented.  The economics literature typically 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 quality management literature typically works to understand what in fact would be the optimal 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 quality investments than does the economics literature.  Thus, while the economics literature focuses on R&D investments, the quality management literature considers the investments in quality within the several major budget categories of the firm.  For example, Link, Quick, and Tassey (1991) discover from their survey of firms in the optical fiber industry the relative importance of various functional objectives of quality assurance programs.  U.S. firms dominated the optical fiber industry in the early 1990s, and they allocated substantially more—three to four times as much, as a percentage, of their budgets—of their operations, capital, R&D, and overhead budgets for quality assurance than did their foreign competitors, with the proportions of these budgets allocated for quality ranging from somewhat less than a fifth to somewhat more than a fourth.  The functional objectives, in order of their average percentage of the quality 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 quality budget.  No other objective received more than a twentieth of the average quality budget.  In all, it appears (Link, Quick, and Tassey 1991, pp. 473-474) that the successful U.S. firms are “pursuing a broader quality assurance strategy … of ‘building quality in’ 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 quality as captured in the criteria for judging the Malcolm Baldrige National Quality Award encompasses “continuous improvement in overall operations.”  Their view that the Baldrige 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 total quality 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 apply the entire array of quality know-how (the “quality disciplines”) throughout the entire company—to all functions and all 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 usual Japanese term is company-wide quality control.) … At the outset there was no agreed standard definition for TQM, so communication became confused—among company departments, in their training courses, and in the general literature.  This confusion has since been reduced by the publication of the criteria used by the American National Institute for Standards and Technology (NIST) to judge the applications for the United States’ Malcolm Baldrige National Quality Award (Baldrige Award) … Those criteria have been widely disseminated—NIST has filled over a million requests for application forms.
  While there have been relatively few applications for the award, many companies have conducted self-audits against the criteria.  In addition, as national quality awards have proliferated, many have used the Baldrige Award criteria as inputs to their own list of criteria.  By the early 1990s, this wide exposure had made the Baldrige Award criteria the most widely accepted definition of what is included in TQM.

Hertz (2000) distinguishes clearly the difference between the comprehensive scope of the Baldrige Criteria and the narrow focus of quality management tools such as “six sigma” or the ISO 9000 quality standard.  Hertz observes that adoption of such management tools certainly does not mean that a company would thereby easily win the Baldrige Award.  He observes (Hertz, 2000, p. 2):

Unlike the requirements for six sigma or ISO 9000, organizations that use the Baldrige performance excellence criteria get a true systems perspective to their overall organizational performance.

Table II-2 is an overview of the criteria of the Malcolm Baldrige National Quality Award, as published by the Baldrige National Quality Program (NIST 2001). 

Ray Stata (then chairman and CEO of Analog Devices), who served on the Malcolm Baldrige National Quality Award Board of Overseers, encapsulates the definition and theory of quality management succinctly (Council on Competitiveness, 1996, p. 1):  

By my definition, quality management is a company-wide system to accelerate the rate of learning and improvement in all aspects of a company’s performance.  So far, quality management has focused on customer satisfaction, continuous improvement, management by fact and management by process.  Management by fact is just that:  fact versus opinion.  It’s dealing with statistics 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 challenge is to understand and continuously improve these processes.

At the start of the new century, performance excellence and performance management encompass continuous improvement of all processes as contrasted with prioritized improvement efforts and response to changing business needs.  Rather than focusing mainly on processes, as is the case with earlier views of total quality management, Baldrige performance excellence has a systems perspective about results and processes. 

Table II-1  

The Evolution of the Concept of Quality

	Time Period
	Concepts of 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 a lot of goods would be used.  Finished goods were inspected in detail.  Quality came to be seen as the responsibility 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 II 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.  Eventually 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 change in 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.” “Organization 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 major 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).
Table II-2

Overview of the Baldrige Criteria for Performance Excellence


	


Source:  NIST (2001).

III

Academic and Professional Literature Related to 

Investments in Performance Excellence

A.  Fragmented Nature of the Literature

The academic and professional literature related to corporate investments in quality, that is sources of quality, 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 II-1 it is clear that the holistic view of quality and quality management as an all-encompassing total company effort to improve performance is a new view, and possibly a twenty-first century view, for which a consensus is still emerging.

There are a number of ways to summarize the literature on the broadly-defined subject of quality, and each could be useful in its own right.  One could segment the literature by discipline, meaning that one would review the relevant economics literature, production literature, organizational 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 approach has the disadvantage of not unveiling areas of possible overlap in the questions being asked by scholars and not placing the subsequently identified questions into a general framework of analysis.  One could alternatively segment the literature by general methodology, meaning that one could review the case-based literature, the survey-based literature, the theoretical literature, and so on.  That approach may unveil some areas of possible overlap in the questions being asked, but it too falls short in the sense that the areas of overlap that are revealed might be neither systematic nor complete.  Rather, the areas of overlap revealed could be the result of the pre-selected methodological groupings.  Neither approach is effective for the purposes of this economic evaluation. 

A careful review of the academic and professional literature reveals that there is not a general framework for considering investments in quality or how investments in quality affect firm performance; scholars have identified important elements that might be included in a general framework, but to date have failed to provide such a framework.  Therefore, a conceptual model of firm performance is set forth in this section, and it will form the basis of a taxonomy for characterizing the extant literature.  

B.  Conceptual Model of Firm Performance

The conceptual model of firm performance is depicted in Figure III-1.  The discussion below emphasizes specific aspects of the model that are related to overall firm performance.  These specific aspects are illustrated as labeled boxes and their causal flows are illustrated by directional arrows.

Shown in Figure III-1 is one firm within a supply chain.  The represented firm, simply put, allocates resources toward the production of a good or service.  Once produced, the good or service competes in the market and generates value added.  Fundamental to this production process is the use of purchased capital and labor, enhanced by the internal (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 as an input in its production process or it can be purchased by a final consumer.

More specifically, through strategic planning, the firm depicted in Figure III-1 decides what good or service to produce and how to produce it.  The production decision is complicated; the firm has at its disposal at any given time a market from which to purchase current technology capital and current technology labor.  The term “current technology” is used to emphasize that at a given time the market offers capital and labor of given vintage and of given technical capabilities.  These inputs become more productive through the internal innovative activities of the firm.  Academics generally think of an innovation as a process of applying new technical knowledge.  New technology originates from a number of sources.  These alternative sources for new technology are imbedded in the box simply labeled “Technology.”  Such sources include primarily, at least for the purposes of this review of academic models, proprietary research and development (R&D) activity.
  The Baldrige Criteria define innovation more broadly:  “Innovation means making meaningful change to improve an organization’s products, services, and processes …(NIST 2001, p. 3).

To illustrate the dynamics of this conceptual model, consider the following hypothetical production issue.  The firm, that has purchased other firms’ capital equipment (i.e., other firms’ product technology capital) 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;  (ii) the ability of the labor force; and (iii) the managerial 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 capital equipment that it purchased; it is engaged in product R&D to enhance the performance attributes of the widget.

Each of the eight boxes in Figure III-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, all of the relevant questions related to the broadly-defined concept of performance excellence that is posited in Section II and that is captured in the quality attributes specified in the Malcolm Baldrige National Quality Award.  Previous scholarly efforts have focused on only selected aspects of firm performance (specific boxes in Figure III-1).  Previous inquiries have overlooked critical interactions within the firm that are fundamental not only to firm performance but also to a complete understanding of investments in performance excellence as a strategic decision.  

C.  Investments in Quality and Firm Performance
The literature relating investments in quality to firm performance addresses various aspects (i.e., specific activities or boxes) of the conceptual model in Figure III-1.  Some analyses 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 studies analyze the innovation process or alternatively the technology base from which innovation is derived.  Marketing and the penetration of markets are the focus of other studies, while still others analyze the management practices that enhance value added.  

Figure III-2 captures a broad sweep of the literature by characterizing it in two dimensions.  On the vertical axis is quality derived from an investment in the organizational culture of the firm, broadly defined to include the managerial tools as well as the attitudes toward numerous aspects, from key personnel elements to financial elements, to managing the firm’s resources.  Stated alternatively, the vertical axis characterizes the quality management literature as summarized in Section II.  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 characteristics, the production processes for products and services produced, the inspection of products to ensure desired characteristics, and the marketing and servicing of the products.  Stated alternatively, the horizontal axis characterizes the economics literature as summarized in Section II.  

The Baldrige Award, and the underlying Baldrige Criteria, emphasize the quality leaders and role models whose investments in both organizational culture and product attributes place them in the upper right hand quadrant of the figure. 

As previously emphasized the academic and professional literatures typically focus on selected elements of the conceptual model in Figure III-1.  However, because scholars generally do consider more than a single facet of this conceptual model of firm performance, it is not possible to uniquely map each study in the literature to a single element in Figure III-1.  In fact, it is difficult to segment the more recent and relatively more complete analyses uniquely into the broad categorizations of organizational culture or product attributes illustrated in Figure III-2.  However, a useful way to organize this literature review is to describe alternative conceptual, theoretical models of investments in quality and then proceed to the empirical studies of such investments.  Studies in the literature fall broadly into those that focus primarily on organizational culture and those that focus primarily on product attributes.  As such, the literature divides into four areas:

· theoretical models of quality investment that emphasize investments in organizational culture

· theoretical models of quality investment that emphasize investments in product attributes

· empirical models of quality investment that focus on investments in organizational culture

· empirical models of quality investment that focus on investments in product attributes

A detailed review of the literature in each of these areas is in the Appendix to this report.

Figure III-1

Conceptual Model of Firm Performance
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Figure III-2

Investments in Performance Excellence
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IV  

Empirical Models of Investments in Performance Excellence
A.  Attributes Specified in the Baldrige Criteria for Performance Excellence
The Baldrige Criteria listed in Section II define the quality attributes recognized as the hallmarks of Baldrige Award winners and more generally of organizations achieving quality in their overall performance.  The criteria imply empirically measurable proxies for the attributes to be used in formal tests linking different types of investments in quality to the performance of organizations.  The Appendix to this report discusses some of the formal tests in the literature about quality management.

B.  Relationship between Attributes and Firm Performance

The key fact potentially linking performance excellence attributes embodied in the Baldrige Criteria to the characterization of organization performance is that, absent a single accepted theory of Total Quality Management, firms have used the Baldrige 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 this way.  This is supported by the fact that despite the thousands of requests for copies of the criteria booklet, only a few hundred organizations actually apply for the award [Heaphy, 1992; Sunday and Liberty, 1992].  The circulation of copies of the guidelines has also increased dramatically since the award’s inception …, making the Baldrige Award the best established framework for TQM practice.  More recently, the European Quality Award assessment model … introduced in 1992, is available to organisations wishing to use the criteria for self-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 Baldrige Criteria to inform quality management practices by large numbers of organizations.  Further, organizations in the rapidly evolving service sector are increasingly using the Baldrige Criteria (Blodgett, 1999).  Moreover, the key hypothesis about the impact of the Baldrige National Quality Program is linked to the foregoing key fact—namely, 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 creating their own quality management programs. 

V

Applications to the Baldrige National Quality Program

A. Trends in Applications 

Figure V-1 illustrates that the number of applications to the Baldrige National Quality Program decreased during much of the 1990s.  The increase in applicants for 1999 and 2000 is because the Award’s scope was broadened to include awards for educational organizations and health 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 Baldrige applicants, of which almost half were from the two new categories—education and health care.  Among the total, there were 16 educational organizations, nine health care organizations, 11 service companies, 12 small businesses and four manufacturers.

B.  Award Winners

The companies that have received the Malcolm Baldrige National Quality Award through 2000 are listed in Table V-1.  Through 2000, 43 awards were announced.

Figure V-1

Applications to 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
	Motorola Inc.

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 Ritz-Carlton 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 Commercial 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 Ritz-Carlton Hotel Co., LLC

Sunny Fresh Foods

	2000
	Dana Corp.-Spicer Driveshaft Division, 

KARLEE Company, Inc.

Operations Management International, Inc.

Los Alamos National Bank


Source: http://www.quality.nist.gov.

VI

Economic Evaluation of the Baldrige National Quality Program
C.   Overview of the Evaluation Methodology

A.1.  Systematic approaches to program evaluation

Fundamental to any evaluation of a federal program, research program or otherwise, is that the program is accountable to the public.  For research programs, such accountability refers to being able to document and evaluate research performance using metrics that are meaningful to the institutions’ stakeholders—the public, including taxpayers. 

The Government Performance and Results Act of 1993 (GPRA) is clear that public institutions’ 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 thus it is sound; and if the research is sound, it must be socially valuable.  

Many will embrace the importance of having research peer reviewed both at the pre-funding stage as well as upon completion.  However, the peer review process does not address in any precise or reliable way whether or not the research is socially valuable from an economic standpoint.  It is not so much that a formal analysis of social (aggregate) economic rates of return is officially out of bounds for the peer review process; rather, such an analysis is simply not a part of the review process as it currently exists.  Other public agencies are attempting to be more exact in their approach 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 a methodologically sound and defensible way. 

Link and Scott have developed through ongoing evaluations of federal research programs two approaches to the economic evaluation of publicly-funded research.  These approaches are somewhat at odds with traditional evaluation methods, apart from peer review, but traditional evaluation methods are limited in a GPRA world that is performance accountable since the question asked by these traditional methods is less appropriate than the ones that Link and Scott advocate.

When evaluating publicly-funded and publicly-performed research, the Link and Scott approach is based on a counterfactual evaluation method;
 when evaluating publicly-funded privately-performed research programs, the Link and Scott approach is based on a spillover evaluation method.
  Both of these evaluation methods are set forth as background for this evaluation of the Baldrige National Quality Program.  

With any publicly-funded program, in principle, the government has an economically justifiable role in supporting investment because of market failures stemming 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 investments provides a justifiable role for government in a publicly-funded program, systematic program evaluation will demonstrate that the program’s social benefits exceed its social costs.
A.2.  Traditional economic evaluation methods

Griliches (1958) and Mansfield et al. (1977) pioneered the application of fundamental economic insight to the development of measurements of private and social rates of return to innovative investments.  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 social rates of return and benefit-to-cost ratios.

For example, for a process innovation adopted in a competitive market, using the traditional framework, the publicly-funded innovation being evaluated 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 actually 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 social benefits from the innovation include the total savings that all consumers receive as a result of producers adopting the cost-reducing innovation.  Thus, the evaluation question that can be answered from this traditional approach is: Given the investment costs and the social benefits, what is the social 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 approach allows the evaluation to show the benefits of a socially useful innovation, as intended.  However, for publicly-funded and publicly-performed research, the procedure ignores consideration 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 social benefits are being achieved.  Is the public performance less costly than performing the research in the private sector?  For publicly-funded and privately-performed research, the procedure does not in itself distinguish the private rates of return with and without public funding from the social rate of return.  As a result, the benefits from the public funding are not identified.

The following two evaluation methods are more appropriate for publicly-funded research than the traditional economic approaches.  The first method is for such research also being publicly performed and the second for the research being privately performed.  

A.3.  The counterfactual evaluation method

When publicly-funded and publicly-performed investments are being evaluated, holding constant the economic benefits that the Griliches/Mansfield model measures, and making no attempt to measure that stream, the relevant 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 reveals benefits of the public’s investments—namely, the private sector’s costs avoided  because of the public’s investments.  Additional 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 extensive interviews with administrators, federal research scientists, and those in the private sector who would have to duplicate the research in the absence of public performance—counterfactual rates of return and benefit-to-cost ratios can be calculated.   Those metrics answer the fundamental evaluation question: Are the public investments a more efficient way of generating the technology than private sector investments would have been?  

The answer to that fundamental question aligns 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 first place.  Further, in the context of investments with a public-good nature, the hypothesized answer to the fundamental question is yes; the counterfactual 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 socially valuable projects would not be undertaken without it.  If the expected private rate of return from a research project falls short of the required rate, then the private sector firm will not invest in the project.  Nonetheless, if the benefits of the research spill over to consumers and to firms other than the ones investing in the research, the social rate of return may exceed the appropriate required rate.  It would then be socially valuable to have the investments made, but since 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 subsidy, the private firm is willing to perform the research that is socially 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 social good?  

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

The application of the spillovers model to the evaluation of public funding / private performance of research is appropriate since the output of the research is only partially appropriable by the private firm with the rest spilling over to society.  The extent of the spillover of such knowledge with public good characteristics determines whether or not the public sector should fund or partially fund the research.  

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

In a broad sense, the Baldrige National Quality 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 originally developed and therein, through the Baldrige Award process, appropriate application of the criteria for performance excellence are evaluated.  In this sense, the Baldrige National Quality Program is similar to a NIST laboratory that performs infrastructure technology R&D investments and sets performance standards (i.e, the Baldrige 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 counterfactual evaluation method is directly applicable to the evaluation of the Baldrige National Quality Program.  Benefits to the economy from the Program are systematically quantified in terms of the cost savings organizations realized by having the Baldrige Criteria to follow as opposed to organizations, on their own, developing and testing comparable criteria. 

As discussed below, organizational benefit and private assessment-cost data were collected through surveys to the U.S. organizational 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 Baldrige National Quality Program Office at NIST.  The relevant evaluation metric is a benefit-to-cost ratio, with all benefits and all costs referenced to year 2000.

B.  American Society for Quality 

The American Society for Quality (ASQ) agreed to a request from the management of the Baldrige National Quality Program Office to distribute a survey administered by the Program Office to 875 U.S. private-sector companies and public-sector organizations (hereafter, members).
 

ASQ’s stated mission is to advance individual and organizational performance excellence on a worldwide basis by providing members opportunities for learning, quality improvement, and knowledge exchange.  As stated at its web site, the Society’s objectives for 2000 are:

· To be our members’ best resource for achieving professional and organizational excellence.

· To be a worldwide provider of information and learning opportunities related to quality.

· To be the leader in operational excellence and delivering customer value.

· To be the recognized leader worldwide for advancing individual and organizational performance excellence.

The Society was formed on February 16, 1946.

C.  Social Costs of Operating the Baldrige National Quality Program

The Malcolm Baldrige National Quality Improvement Act of 1987 states that:

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

The public source of funds for the Baldrige National Quality Program is an annual allocation from the NIST budget.  Column (2) of Table VI-1 shows the Program’s annual allocations from NIST by fiscal year beginning with its first year of operation, 1988.

In addition to the pubic funding through NIST, there are private sources of funds  The Program was initially endowed by private industry with $10 million.  A Foundation was established to manage these funds and to allocate the interest earned to the Program for award ceremonies, publication costs, and partial training and travel costs for examiners whose companies would not pay for such expenses.  In column (3) of Table VI-1 are the Program’s annual allocations from the Foundation.  In column (4) are annual estimates of company expenditures for examiner travel that were not reimbursed by the Foundation through the Program.

Industry also supports the Program through volunteer examiners during the application and evaluation process.  In column (5) of Table VI-1 are the total hours of examiner time devoted to training, application review, and site visits.

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 social rate of return of 7 percent to account for the social opportunity costs of these funds following the guidelines of OMB (1992), is $118,617,000.

Thus, $119 million (rounded and in constant 2000 dollars) is used to represent the present value of the total social costs (to date) associated with the Baldrige National 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 previously reviewed, a number of studies, including some conducted within the Baldrige National Quality Program Office, conclude that the market’s valuation of the financial and managerial performance of companies that have received the Baldrige Award is greater than for comparable companies that have not. 

Also, with reference to the management literature on quality, George and Weimerskirch (1994, pp. 5-6) champion the Baldrige criteria as the leading model of total quality management (TQM) with the following observations:

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

· Since the Baldrige program was introduced in 1988, the National Institute of Standards and Technology has distributed more than a million copies of the criteria.  It estimates that people have made at 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’s web site.]

· More than half the states in the country now have state quality award programs based on the Baldrige criteria.  [NIST now reports that by 2001 the number of states with such programs exceeds forty.]

· Several countries including Argentina, Australia, Brazil, Canada, and India are developing or have implemented quality award programs based on the Baldrige criteria.  [NIST reports that by 2001 the number of countries with such programs exceeds fifty.]

· The criteria for the European Quality Award, first presented in 1992, are patterned after the Baldrige criteria.

· Companies such as Honeywell, Intel, IBM, Carrier, Kodak, and AT&T have adopted the Baldrige criteria as their internal assessment tool and criteria for their corporate quality awards.  Many other large companies are asking suppliers to assess their organizations by the Baldrige 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 is using the Baldrige Criteria to ensure comprehensive management of quality.  Blodgett (1999, p. 74) observes:

Service organizations are adopting the criteria in two main ways: They are conducting self-assessments against this robust organizational management model to help identify their strengths and opportunities for improvement, and they are applying for the increasing number of Baldrige-based quality awards in place at the state and local level.

In addition to these observations about aspects of the social benefits associated with the Baldrige National Quality Program, as shown in Table VI-2 the Baldrige Criteria have been adopted by states as a foundation or benchmark for their own quality award programs, thus signifying one dimension of benefits. In fact, this evidence supports, in part, the manner in which the counterfactual evaluation method is applied herein. 

D.2.  Estimation of social benefits associated with the Baldrige National Quality Program

A five-step approach 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 were extrapolated first to the ASQ U.S. organizational membership as a whole, and then to the U.S. economy as a whole.  

The present value of the conservative estimate of the net private benefits received by the ASQ members as a result of the Baldrige National Quality Program is $2.17 billion (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 social benefits associated with the Baldrige National Quality Program is $24.65 billion (rounded in constant 2000 dollars).

The net private benefits to ASQ members and net social 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 survey.  As noted above, the ASQ agreed to distribute to its 875 U.S. organizational members a survey administered by the Baldrige National Program Office.  Sixty-five organizations returned completed or partially 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 statistical analysis that follows, an estimated probability of response for each of the 875 members is needed as a control variable used in Step 2—to avoid biased estimates that might result if without the variable the error in the model for the probability of self-assessment would be correlated with the probability of response.

The probability of a member responding to the survey is estimated using an industry effects model 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 partially completed survey and 0 otherwise, and where the 2-digit Standard Industrial Category (SIC) industry variable categories are as described in the note to Table VI-3.
 Equation (1) posits that the probability of a member responding can be predicted based on the industry in which that member produces.

The probit results from equation (1) are in Table VI-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 quantifies the probability that an ASQ member who received a survey conducted a quality-based self-assessment.  A probability of self-assessment is needed for the estimation of net benefits because benefits are realized only when a self-assessment is performed.  First, a probability of self-assessment model is estimated and second, a prediction of the probability of self-assessment for each ASQ member is calculated in Step 3 below.

The probability of a member having conducted a self-assessment in the past, given that the member returned a completed or partially-completed survey, is estimated using a model written as:

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

control variables)

where the dependent variable used to estimate the model equals 1 if the member responded in the affirmative to at least one of the following survey statements, and 0 otherwise:

Has your company performed a self-assessment using the Baldrige Criteria for Performance Excellence or related criteria (and by related criteria we mean criteria informed or derived by the Baldrige Criteria)?  If yes, in what year(s)?

Has your company applied for the Malcolm Baldrige National Quality Award?  If yes, in what year(s)?

Has your company applied for a state quality award?  If yes, in what year(s)?
and where the competitiveness variables noted in equation (2) above are defined in terms of a member’s Likert responses (7 = strongly agree to 1 = strongly disagree) with the following two survey statements:

The possibility or threat 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 against any response bias in the estimates) are based on estimates of the probability of response (probres) to the survey from equation (1). 

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

The probit results from equation (2) are in Table VI-4.
,
 
Step 3:  Predicting the probability of self-assessment for members of ASQ

The statistical output from this Step 3 is an estimate of the probability of conducting a self-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 (using a subset of ASQ members) the model of the probability of self-assessment in the second step.  That model in turn is now used in the third step to estimate a probability of assessment for all 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 value of these two variables (n = 65) is imputed to the other 810 (875 – 65) ASQ members for predicting the probability of self-assessment.

With reference to equation (2), a probit index for each of the 875 members is estimated by multiplying the actual value 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 statement:

In the absence of the Malcolm Baldrige National Quality Award—and therefore without the information and assistance that it provides about performance management/quality improvement assessments and therefore with the need to incur expenditures to develop and acquire such knowledge and assistance from other sources—what expenditures (fully burdened) would your company have incurred to achieve the same level of expertise in performance management/quality improvement that you now have?  

$_____ per year over the previous _____ years.

As discussed above with reference to the counterfactual evaluation method, members’ responses to this statement represent credible time estimates of the benefits (i.e., the costs avoided reported in constant 2000 dollars) associated with the Baldrige National Quality Program.  Thus, for each of the 14 responding members, a time series of real benefits received is formulated.

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

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

$_____ per year during the year(s) _____.

and,

If your company did not apply for the Malcolm Baldrige National Quality Award or state award, but nonetheless performed a self-assessment using the Baldrige Criteria or related criteria, what was the total economic cost (fully burdened) to your company to perform the self-assessment?

$_____ per year during the year(s) _____.

Thus, for each of the 14 responding members, a time series of real (in constant 2000 dollars) costs incurred to make the Baldrige Criteria operational is also developed.
  

The net present value of each member’s benefits is calculated using these survey data by first calculating the present value (referenced to the earlier of the first year of benefits or the first year of costs, hereafter the base year) of each member’s benefits and each member’s costs.  The discount rate for this calculation 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 at 3 percent.
  Thus, net present value is the difference between the present value of benefits less the present value of costs, both referenced to the base year.  Each member’s net present value of benefits is then re-referenced to 2000 using a 7 percent growth rate to account for the social opportunity costs of these moneys (OMB 1992). 

The following model is estimated using the 14 calculated net present values:

(3) NPV2000 = F (2-digit industry variables, size variables)

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

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

The predicted values from equation (2) are point estimates for the probability of each member of ASQ conducting a self-assessment.  The predicted values from equation (3) are point estimates of the net present value of benefits associated with the Baldrige Program conditional on a member conducting a self-assessment.  The product of these two estimates gives a point estimate of the expected net present value from the Baldrige Program for  a member of ASQ.  By using the standard errors of the predictions from equations (2) and (3), there will be explicit recognition of the uncertainty in the estimates from the relatively small 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 values of the probability of a self-assessment from equation (2), a 0.4142 confidence interval is calculated for each member of ASQ, and the lower-bound on that interval is used as the relevant predicted value of the probability of self-assessment for that member.  The lower-bound on a 0.4142 confidence interval implies that there is a 0.7071 probability that the true value of the probability of self-assessment is greater than the value being used.

Second, regarding the predicted value, conditional on self-assessment, of the net present value of benefits associated with the Baldrige Program from equation (3), a 0.4142 confidence interval is calculated 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 interval is then used as the conservative net present value conditional on self-assessment by the member.

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

The sum of the lower-bound derived value of net benefits for ASQ members is $2.17 billion.
  

Thus, if it is assumed that there is no value associated with the Baldrige National Quality Program other than that received by the ASQ members, the conservative present value for net private benefits is $2.17 billion.  When compared to the present value of the total social cost associated with the Program of $119 million, the ratio of ASQ benefits to social costs is 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 Baldrige National Quality Program to the same extent as the ASQ members, then total social benefits can be forecast using the following formula: 

(4) Economy Value = (value for ASQ) / 

(proportion taken by the ASQ members in the 50 represented industrial sectors)

where the latter value is calculated to be 0.0880285.

Thus, under this assumption, the conservative present value of social benefits is $24.65 billion.
 When compared to the present value of the total social cost associated with the Program of $119 million, the ratio of ASQ benefits to social costs is 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 a result of the Baldrige National Quality Program is $2.17 billion (rounded in constant 2000 dollars).  And, the conservative estimate of the present value of aggregate economy-wide net social benefits associated with the Program through 2000 is $24.65 billion (again, rounded in constant 2000 dollars).  As also explained above, the present value of the social cost to operate the Program through 2000 is $119 million (rounded in constant 2000 dollars).  From an evaluation perspective, these values yield benefit-to-cost ratios between 18.2-to-1 and 207-to-1.

Table VI-1

Baldrige National Quality Program Operating Costs

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Fiscal Year


	NIST Allocations ($)
	Foundation Allocations ($)
	Company Reimbursed Examiner Expenses ($)
	Examiner Time (hours)
	Total Operating Costs (constant 2000 dollars)

	1988
	$    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

	1994
	2,860,000
	728,973
	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 (italics), 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 examiners in 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 (italics), 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 (italics), 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 time is included in column (6) without additional adjustment.

Table VI-2

Application of Baldrige Criteria to State and Local Quality Award Programs

	Year


	Number of States with Award Programs Tied to Baldrige Criteria
	Number of Service and Manufacturing Organizations that Applied for State and Local Quality Awards



	1991
	8
	111

	1992
	12
	144

	1993
	19
	357

	1994
	29
	428

	1995
	37
	574

	1996
	42
	804

	1997
	43
	974

	1998
	44
	830


Source:  Blodgett (1999), NIST (1998).

Table VI-3

Probit Results for Probability of Response to the Survey (n=859)

(asymptotic t-statistics in 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

(0.11)

	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 R2
	0.043

	Chi-squared (10) 
	19.94**


Notes:

***significant at 0.10 level     **significant at 0.05 level     *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.

dmcneqin =1 for machinery and equipment, both non-electric and electric and electronic, and instruments, and 0 otherwise; includes SICs 35, 36, 37, and 38.

dmats = 1 for the remaining manufacturing SICs, and 0 otherwise;  includes SICs 20 through 27 and SICs 31 through 34;  observations with dmats = 1 are in the intercept.

dtrcomut = 1 for transportation, communications, and utilities, and 0 otherwise; includes all 2-digit SICs greater than 39 and less than 50.

dwholret = 1 for wholesaling and retailing, and 0 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.

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 less than 100.

Table VI-4

Probit Results for Probability of Self-Assessment (n=60)

(asymptotic t-statistics in parentheses)

	Variable


	Estimated Coefficient



	dwholret
	0.899

(1.33)

	dpubadm
	1.932*

(2.46)

	comp
	-0.189

(-1.36)

	barg
	0.234***

(1.80)

	probres
	4.248

(1.25)

	intercept
	-1.276

(-1.40)

	Log likelihood
	-32.096

	Psuedo R2
	0.124

	Chi-squared (5) 
	9.11***


Notes:

***significant at 0.10 level     **significant at 0.05 level     *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.

Table VI-5

Least-Squares Results for Net Present Value of Benefits (n=14)

(t-statistics in parentheses)

	Variable


	Estimated Coefficient



	size
	-83844.49**

(-2.48)

	size2
	13.33**

(2.27)

	dtrcomut
	4.90e+07***

(2.10)

	intercept
	9.45e+07**

(2.71)

	F(3,10)
	3.51***

	R2
	0.513


Notes:

***significant at 0.10 level     **significant at 0.05 level     *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.

VII

Summary
This report summarizes the findings from an economic evaluation of Baldrige National Quality Program.  Specifically, the net private benefits associated with the Baldrige National Quality Program to the economy as a whole are conservatively estimated to be $24.65 billion.  When compared to the social costs associated with the Program of $119 million, it is clear that, from an evaluation perspective, the Baldrige National Quality Program is socially beneficial as summarized by a benefit-to-cost ratio of 207-to-1. 

Regarding the generalization from the ASQ membership to the entire economy, thus producing a social benefit-to-cost ratio of 207-to-1, only 11 of the 875 ASQ members have received to date the Malcolm Baldrige National Quality Award.
  Clearly, based on the requests for Baldrige application materials and criteria and the many winners from outside the ASQ, many companies outside of the ASQ are using and benefiting—conceivably even more than ASQ members—from the Baldrige Criteria.  Thus, generalizing about the net social benefits of the Program from ASQ members to the economy as a whole may underestimate the true social benefits associated with the Program. In that case, the social 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.
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Appendix

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

Investments in Quality and Firm Performance

Theoretical models of quality investment that emphasize investments in organizational culture

In the quality management literature, the theoretical methodology for modeling private investments in quality is, as explained by Black and Porter (1996), distilled from case studies and other evidence based on experience about efforts to achieve quality, and the collected wisdom therefrom is gathered together as the package of concepts and prescriptions called Total Quality Management (TQM).  Much of this work can be characterized as focused on investments in organizational culture.  Even when firm strategies include techniques for improving product attributes, such as techniques of statistical quality control, the emphasis remains on an organizational 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 wall” to wait for the quality 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 managerial theories that are included under the TQM banner.  TQM encompasses benchmarking, customer feedback, leadership, planning, process management, quality cost measurement, quality policies, quality systems, statistical 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 their companies toward performance excellence by setting out the steps to follow, that “no single model has yet established itself as a basis for Total Quality Management theory.”

Ahire, Golhar, and Waller (1996) also review the quality management literature and also observe that the prescriptions for performance  management are offered piecemeal—there is a plethora of various strategies offered.  They (1996, p. 23) conclude that “contemporary quality management (QM) literature … lacks scientifically developed and tested constructs that represent an integrative QM philosophy;” thus, they are essentially 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 approaches to performance management:

The QM theory is far from being fully developed.  Anderson, Rungtunsanatham, and Schroeder [1994] make the only known effort of synthesizing a theory of quality management.  They assess the impact of Deming’s management method on a firm’s organizational behavior and practice of quality management.  However, … this work suffers from a lack of systematic scale development, content validity, and empirical validation.  Hence, it falls short on overall generalizability of results.

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

Reimann and Hertz (1993, p. 52) explain, in contrast to ISO 9000 registration (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 Baldrige Program is educational—to share learning about how firms can ensure overall operational excellence and to encourage the development and use of that learning by “… 1) promoting awareness of quality as an important element in competitiveness, 2) recognizing companies for successful quality strategies, and 3) fostering sharing of lessons learned.”

The relevant literature supports the following interpretation:  the criteria used to judge the most prominent quality award—the Baldrige Award—encompass the most comprehensive theory of performance management.  That interpretation is expressed in the following proposition:  

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 Baldrige Criteria, then, define a theory, perhaps the preeminent theory, of quality management.  That point is put more emphatically by George (1992, p. 267), who concludes:

The Malcolm Baldrige National Quality Award and the companies that have won it offer a beautiful melody, a do-it-yourself kit for transforming your organization.  All that is left is the reaching. 

A useful bridge from the theory of quality management to the empirical work describing and exploring its effects is provided by George and Weimerskirch (1994).  They use the Baldrige Criteria as a model—a “model of integration” that provides a firm with a way of understanding and organizing its activities to be more efficient and effective.  For that reason George and Weimerskirch are classified here, in the theory section of the quality management literature.  But, they also belong (below) in the empirical section of the quality management literature because they use the experiences of 53 leading U.S. companies to illustrate the model of total quality management that is defined by the Baldrige Criteria.  They define a holistic theory of action with the Baldrige Criteria, and then they illustrate the theory with examples from leading companies.  George and Weimerskirch (1994, p. 5) support the Baldrige Criteria as the leading model of TQM:

We believe the Baldrige [C]riteria define the new management model because they provide the best guide to understanding, assessing, controlling, and improving your organization.
Theoretical models of quality investment that emphasize investments in product attributes

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

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

The theoretical portion of the “quality ladder” literature is in Grossman and Helpman (1991a, 1991b), Aghion and Howitt (1992) and papers cited therein, as well as in Caballero and Jaffe (1993)—which leads to the major empirical application of the “quality ladder” or “endogenous growth” literature as discussed in the following section.  The recent theoretical literature brings together ideas from the 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 intellectual property policies in the presence of spillovers of knowledge—about the rates of growth in industrialized countries pioneering innovations and in countries whose entrepreneurs imitate those innovations.  

Caballero and Jaffe (1993, pp. 16-17) describe the “quality ladder” theory in the context of their version of the model which they develop to frame their empirical study:  

Our aim … is to 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 intensity and impact on growth. … We develop a model in the spirit of Grossman and Helpman … and Aghion and Howitt … that gives a simple relationship for the effect of new products on the value of existing ones.  At any given time, the economy consists of a continuum of monopolistically competitive goods indexed by their quality, 

. The newest goods are always the best, i.e., the process of research advances the frontier by increasing Nt.  Because of the quality ranking implicit in this process, constant marginal cost producers see their profits—relative to those of the (new) leader—decline over time.  The rate of decline depends (positively) on the degree of substitutability between new and old goods and on the pace at which new goods are introduced.  This captures the endogenous process of creative destruction described earlier and … yields intuitive equations relating the rate of growth in a firm’s value relative to that of the industry to the firm’s number of new ideas relative 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 creative destruction.

The messages within the “quality ladder,” endogenous growth literature are clearly of direct interest to managers.  What could be more fundamental than the story of how innovation improves the quality of goods and thereby erodes the market position of laggards who do not keep pace?  Equally clearly, however, the “quality ladder” literature is not generating results directly pertinent to the quality 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 managerial performance and can inform managerial decisions as Porter (1980, 1985) has shown. 

The “product-quality differentiation” literature has always been squarely footed on empirical ground, and the empirical work is well motivated by theory.  The roots of the work date to Bresnahan’s (1981) important analysis of the automobile industry.  Automobiles differ in many ways, and the demand side of the framework collapses those differences into a single dimension—quality.  From the perspective of the managerial literature, such an abstraction eliminates much of importance since ensuring the various aspects of quality would be expected to require different managerial practices.  And the framework assumes that consumers are uniformly distributed—in terms of their preferred product types—over the continuous interval reflecting the different qualities of automobiles.  As Martin (1996) observes, this assumption violates reality and eliminates an important problem for managers of new product developments—namely the decision of what sorts of varieties of the product should be produced to appeal 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 quality and on the prices and qualities of the products are “close”—immediately to the left or right on the interval measuring quality.  On the cost side, the firm’s total costs increase with not only the amount of the good produced, but with its quality.  Although surely that is a sensible abstraction for the purposes of the economics literature, the managerial literature needs the additional details about the costs of ensuring the various aspects of quality that are eliminated in the simple abstraction of the product-quality model.

Martin (1996) observes that the theoretical model assumes that the qualities of the varieties of products produced by each firm are given; then pricing decisions are made.  Clearly from a managerial standpoint, the assumption is restrictive, since rivalry over varieties and qualities would be a key part of an actual competitive situation.  However, the model is interesting for the purposes that it was developed—namely, the framework shows the pricing and allocative efficiency aspects of the Nash equilibrium emerging for the firms producing in a market with product-quality differentiation.  The principal results (Martin, 1996) are that the socially optimal number of varieties may be fewer than the number actually produced (because individual firms introduce varieties based on the effect on their individual profits, ignoring the effects of their own products on the profits that other firms earn from competing varieties.  Further, in addition to the usual welfare loss from higher prices caused by market power, there is in addition to the conventional deadweight loss (resulting because some consumers who would have bought the good if price had equaled marginal costs do not purchase anything given the higher price) the welfare loss caused by “quality downshifting” as consumers buy lower quality 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 empirical 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 model 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 testing that is described in the next section.

The product-quality differentiation literature has blossomed into the so-called “new hedonics” literature.  As a prominent example, in the theoretical model of Feenstra and Levinsohn (1995) the quality of products has a multidimensional character; with each product is associated a vector of characteristics.  Again, the “quality,” here the product’s characteristics, is taken as given.  Thus, as Martin (1996, p. 14) observes, just the second stage of a two-stage game is being modeled; the first stage in which rivalrous firms decide on the characteristics of their products is not modeled.  With greater complexity of the product space, the model requires even more restrictive assumptions than Bresnahan’s model.  Once again, the model assumes that the distribution over the characteristics space of customers most preferred types of products is uniform, with the associated loss of realism noted earlier.  Note that the abstractions may be a problem for applications to the practice of quality 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 distinctions of importance for this review of the literatures about quality in the context of evaluating the Baldrige National Quality Program.  Again, costs depend on “quality,” but here that means that costs are a function of product characteristics.  The equilibrium price structure with price-setting firms implies that the price of a model 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 possibilities are interesting in actual 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 surely of interest to managers—some approaches to pricing or quantity decisions yield higher profits than others.  However, these questions are rather far removed from the issues of managing for quality addressed by the Malcolm Baldrige National Quality Award.   Other work in this area includes Berry, Levinsohn, Pakes (1995) and Goldberg (1995). 

Trajtenberg (1990) places the “new hedonics” literature squarely in the context of innovations with his study 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 Baldrige Criteria because customer satisfaction is at the heart of the performance of a firm that successfully achieves the overall operating performance exemplified by the Baldrige 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 marshal the R&D investments and product designs to increase customer satisfaction.

Earlier theoretical literature reviewed by Tirole (1988,  pp. 95-131) explores the economics of markets in which products are produced in a variety of qualities and at times consumers do not have complete information about the quality of products—knowledge about quality 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 optimal or how moral hazard and adverse selection affect the warranty system that emerges for a product for which customers do not have complete information, or how repeat purchases provide a way that customers can monitor quality, or when the difficulties consumers face in evaluating quality justify government intervention in the market process.  The usefulness of such literature for quality management practices is, 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 its rivals.  Or, understanding the product selection problem, could allow a firm to position 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 quality management literature.

In all, the economics literature on product-quality differentiation offers insights about price-cost margins and competition that is of interest to managers; however, in the context of quality management issues of concern to those working with the Baldrige Criteria, the economics literature differs from the quality management literature in two important ways.  First, at best the literature addresses just product quality, which is just one aspect of the holistic, total quality 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 a variety of assumptions about firms, customers, and markets. 

Empirical models of quality investment that focus on investments in organizational culture 

There is a large and important body of empirical 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 Baldrige National Criteria to define total 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 quality management practices began to develop rapidly, clearly stimulated by the newly awakened interests in quality management during the late 1980s and 1990s.  The work largely emphasizes investments in organizational culture as a way to improve quality. 

For example, Link, Quick, and Tassey (1991) compare the firms in the U.S. optical fiber industry with their foreign competitors by surveying the firms about the proportions of their operations, capital, R&D, and overhead budgets that are devoted to quality assurance and about the functional objectives of their quality budgets.  Thus, the Link, Quick, and Tassey study looks at the whole firm and implicitly measures investments in both organizational 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 quality.  The U.S. firms were the dominant firms in the industry in the early 1990s, and the empirical methodology of the authors allows inferences about the link from quality investments to international competitiveness.  The U.S. firms invested more—three to four times more—of their operations, capital, R&D, and overhead budgets in quality assurance, and within their quality budgets themselves they focused more attention, than their less successful foreign rivals did, on improving manufacturability and improving product performance.

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

The evidence from this small sample suggested that the organizations achieved improved employee relations, better quality, lower costs, greater customer satisfaction, improved market share and improved profitability.  Common features appearing in these high-scoring organizations were customer focus, management leadership in quality values, employee involvement, an open corporate culture, fact-based decision making and partnerships with suppliers.  This report offers sound evidence supporting the relevance of implementing and maintaining TQM as defined by the Baldrige assessment framework.

Other studies (Hendricks and Singhal, 1997, 2000, 2001); Helton, 1995;  Wisner and Eakins, 1994) show that the Baldrige Award winners have enjoyed strong financial performances, implying that quality improvement programs leads to increases in market values for the firms that invest in quality improvements.  Helton considered a hypothetical portfolio of $1,000 invested in the stock of each of the 11 publicly owned Baldrige 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 divisions of the publicly traded companies whose stock prices were tracked, so the actual 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 subsidiary.  NIST actually did this experiment and others (NIST, Feb. 5, 1996) and for each MBNQA portfolio constructed compared the results with portfolios formed simultaneously by investing identical dollar amounts at the identical times in the Standard & Poor’s (S&P) 500.  As of 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 site visits as a part of the Award evaluation process.  These applicants also outperformed the S&P 500, in their case by greater than two to one.  Updating the study yet again through December 2, 1996, similar 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 5 to 1 (NIST 2000).

The Hendricks and Singhal studies were broader in their scope.  Based on a sample of nearly 600 companies that won national, state, or local quality awards, and a control sample of firms that did not win such awards, Hendricks and Singhal concluded that award winners out performed the control group’s performance, where performance was quantified as the growth in stock price, employment, sales, operating income, total assets, and return on sales.  Hendricks and Singhal also showed that small award-winning firms out performed large award-winning firms in these dimensions.

The Council on Competitiveness (1995) report on the Baldrige National Quality Program reaches conclusions consistent with the belief that firms use the Baldrige Award Criteria to form their own performance management programs and consistent with the hypothesis that such programs have significantly improved the competitiveness and performance of U.S. companies.  The Council (1995) observes:

The Baldrige National Quality Award and its state and local offshoots have been key to the effort to strengthen U.S. competitiveness.  The annual government investment . . . in this program is leveraged by . . . private sector contributions.  The impact of the Baldrige Award on the competitiveness of U.S. industry and the dividends it pays to the U.S. economy far exceed these investments.

Black and Porter (1996) try to identify the factors that are critical to the success of quality management and thereby try to improve the usefulness of the Baldrige Criteria as a self-assessment framework for firms using them to implement their own quality management programs.  Black and Porter (1996) extracted 32 items from the Baldrige 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 analysis to identify ten critical factors of TQM.  Black and Porter (1996, pp. 20-21) developed the following descriptive labels for the ten factors:  (i)  people and customer management, (ii) supplier partnerships, (iii) communication of improvement information, (iv) customer satisfaction orientation, (v) external interface management, (vi) strategic quality management, (vii) teamwork structures for improvement, (viii) operational quality planning, (ix) quality improvement measurement systems, and (x) corporate quality culture.  Of course, the descriptive labels are attempts to summarize the import of the several questionnaire items associated with each factor, and interested readers should consult Black and Porter directly for the list of items appearing in each of their critical factors for TQM. 

Like Black and Porter (1996), Ahire, Golhar, and Waller (1996) conclude that the large number of quality management strategies need to be integrated into a holistic, well-integrated strategy. Because agreement on such a holistic quality management policy does not exist, they first analyze the quality management literature to identify 12 key constructs of integrated quality management strategies.  They survey manufacturing firms to test the constructs empirically and validate their usefulness, comparing their own formulation with other comprehensive approaches to TQM.  Ahire, Golhar, and Waller (1996) provide an excellent review of several of earlier studies (apart from the important Black and Porter study which appeared simultaneously with their own and which is discussed above) that attempt to identify the key constructs of a holistic approach to quality management.  As they observe, the earlier studies complement their own, but the Black and Porter (1996) and Ahire, Golhar, and Waller (1996) studies draw on a larger body of literature to develop their quality management constructs to be tested. 

The twelve constructs developed from the quality management literature by Ahire, Golhar, and Waller (1996) bear a strong family resemblance to the ideas encompassed in the Baldrige Criteria.  Indeed, after studying the details of the seven criteria (NIST, 1997) the twelve constructs can readily be assigned to various parts of the seven criteria.  Indeed, the criteria are frequently among the sources cited in support of each of the Ahire, Golhar, and Waller constructs, and Ahire, Golhar, and Waller conclude their presentation of their twelve constructs by observing (p. 34):  “These constructs span the entire range of activities deemed critical by the Malcolm Baldrige Award.”  That may be an overstatement;  certainly the Baldrige Criteria are more complex in their comprehensive details and amenability to comprehensive evaluation of a firm’s holistic or total quality management tailored to the firm’s own situation and needs—especially when the firm using the criteria to create its own quality management policies has actually applied for the Baldrige Award and undergoes the entire process—described by Reimann and Hertz (1993, p. 44) and NIST (1997)—of site visits by teams of examiners and the comprehensive reports providing feedback after a panel of judges reviews the site visit reports.  However, the Ahire, Golhar, and Waller constructs can be fit into the framework implicit within the Baldrige Criteria, even though the converse would—because of the comprehensiveness of the MBNQA criteria and interactive process—probably not be completely convincing.  The twelve constructs are:

1. Top Management Commitment:  Ahire, Golhar, and Waller (p. 27) consider and cite fifteen sources from the quality management literature to summarize with six items—one, for example, being management’s allocation of adequate resources to quality improvements—the commitment of top management to quality.

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 Quality Management:  Ahire, Golhar, and Waller (p. 28) develop a six-item scale—including, for example, the consideration of the supplier’s delivery performance—to represent the effectiveness of management of supplier quality from seven sources. 

4. Design Quality 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 evaluate a company’s management of design quality.

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

6. Statistical 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. Internal Quality Information Usage: To measure the effectiveness of the use of information internally, Ahire, Golhar, and Waller (pp. 30-31) develop six items, citing five sources in the quality management literature to support their choice.  One item, for example, is the availability for managers of data about the cost of quality.

8. Employee Empowerment:  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.

9. Employee Involvement:  Ahire, Golhar, and Waller (pp. 31-32) cite twelve sources to support their choice of eight items to represent the extent of a company’s strategy for employee involvement.  For example, the availability of profit-sharing programs is one of the items.

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

11. Product Quality:  Ahire, Golhar, and Waller (pp. 32-33) review Garvin’s (1987) rather comprehensive definition of product quality as encompassing performance, features, conformance, reliability, durability, serviceability, aesthetics, and perceived quality.  Because their survey of quality management strategies focused solely on the automotive components manufacturing industry (SIC 3714), not all of Garvin’s quality attributes were relevant, and Ahire, Golhar, and Waller 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 Waller (p. 34) measure supplier performance with six items, supporting their choices with references to five sources in the quality management literature.  For example, among the items is the willingness of suppliers to improve quality.

Ahire, Golhar, and Waller empirically validate their twelve quality management constructs with a survey of manufacturers of automotive components, having the respondents evaluate the importance of the various items for a company’s quality management by using a 7-point Likert scale to assess each item.  For one example, with the fifth construct, benchmarking, the respondent evaluated five items, one of which was “We are engaged in extensive benchmarking of competitors’ products that are similar to our primary product,” by using a 7-point scale (1 = strongly disagree, 4 = neutral, 7 = strongly agree).  Ahire, Golhar, and Waller used confirmatory factor analysis to refine and validate their construct scales and then estimated correlations among the twelve constructs that they had developed from their review of the quality management literature.  Correlations among the constructs are all positive, which Ahire, Golhar, and Waller (p. 41) believe “. . . supports the notion that the quality management strategies should be implemented holistically rather than piecemeal.  Many of these constructs exhibit synergy with one another.”

Among other suggestions for future research, Ahire, Golhar, and Waller (p. 47) observe:  “. . . the constructs developed here could be used in subsequent empirical research on integrated quality management strategies to develop and test causal models of quality management implementation effectiveness.” Lau (1996, p. 6) also suggests the use of survey data, about the importance of various aspects of quality management, to test hypotheses about how various human and technical factors affect quality and about how quality management affects a firm’s profitability and quality.  

Lau (1996) has developed descriptive data about manufacturing firms in computer and electronics industries (SIC 357 and 367) and proposes to use the data for hypothesis testing about the effectiveness of various aspects of quality management.  These data thus provide information about manufacturers in different industries 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 potentially affect quality.  Lau has developed information about the respondents’ assessment of their firm’s competitive environment (six items, including for example the possibility or threat of new competition), 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, including for example the clarity of the division of responsibilities 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 ability to develop or modify new product designs), product quality (ten items—again largely following Garvin, 1987), and comparative performance (ten items, including for example profitability).

Lawler, Mohrman, and Ledford (1995) report that in multiple regression analyses financial performance measures such as the return on sales, investment, and equity were significantly related to the extent that employee involvement (EI) practices and TQM were used by the companies surveyed, although Konczak (1996) in reviewing the book criticizes the fact that the technical details of the regression analysis to support the report were not actually provided. Lawler, Mohrman, and Ledford provide the third in a series of reports for a project sponsored by the Association for Quality and Participation.  The series documents the EI and TQM practices in Fortune 1000 companies.  The 1995 work describes the survey results for 1993, but also 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:  all of the EI practices—information sharing, knowledge 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—although Konczak (1996, p.498) observes that the information is less convincing because detailed statistical support is not shown—the practices appear to improve performance somewhat, explaining a statistically significant but small amount of the variance in performance.  Konczak (p. 498), continuing with the useful 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., EI and TQM 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 inside view (i.e., the senior management point of view) of employee involvement and total quality management practices in large organizations,” concludes with a look at the future of quality management practices and finds that an increase in investments in quality management is planned by most firms.

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

Ichniowski, Shaw, and Prennushi (1995 at http://www.nber.org) emphasize the need for packaging complementary quality management tools to improve human resource policy:  

Increasingly, firms are considering the adoption of new work practices, such as problem-solving teams, enhanced communication with workers, employment security, flexibility in job assignments, training workers for multiple jobs, and greater reliance on incentive pay. This paper provides empirical evidence to address the question: do these human resource management practices improve worker productivity? For this study, we constructed our own data base through personal site visits to 26 steel plants which contained one specific steelmaking process, and collected longitudinal data with precise measures on productivity, work practices, and the technology in these production lines. The empirical results consistently support the following conclusion: the adoption of a coherent system of these new work practices, including work teams, flexible job assignments, employment security, training in multiple jobs, and extensive reliance on incentive pay, produces substantially higher levels of productivity than do more traditional approaches involving narrow job definitions, strict work rules, and hourly pay with close supervision. In contrast, adopting individual work practice innovations in isolation has no effect on productivity. We interpret this evidence as support for recent theoretical models which stress the importance of complementarities among a firm’s work practices.

Ichniowski, Shaw, and Prennushi (1995) focus on a single steelmaking process.  A state of the art study using data across “a large nationally representative sample of manufacturing businesses”—the Educational Quality of the Workforce National Employers Survey (EQW-NES)—is provided by Black and Lynch (1996b) who link the EQW-NES with the Bureau of the Census’ Longitudinal Research Database (LRD) and extend the productivity analysis that economists have often used to study the effects of capital investments and R&D to explore the effects of workplace practices, human capital, and information technology on establishment productivity.  “More specifically, … [Black and Lynch] examine how workplace practices, human capital investments, and the diffusion of information technology explain the unobserved employer ‘fixed effect’ in standard production functions that do not control for these types of factors” (Black and Lynch, 1996b, pp. 2-3).  Again, the importance of coherent, holistic quality management efforts is supported in the sense that the evidence suggests an effective quality management policy is built up from attention to meaningful, well-integrated practices throughout the workplace.  Black and Lynch find that workplace practices do affect productivity, and the key is in how the practices are implemented.  For example, they find that it is not enough to simply adopt a TQM system—that alone has an insignificant affect on productivity in their estimations.  However, productivity is significantly increased when a larger proportion of a plant’s workers are involved in decision making, a workplace practice that an effective TQM system incorporates through regular meetings involving the plant’s workers in the decision making process.  Black and Lynch find that investing in the human capital, especially education, of workers and diffusing the usage of computers among non-managerial employees increases labor productivity significantly.  

Thus, the economics literature provides a direct way to model empirically firms’ investments in quality—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 capital.  Black and Lynch provide a review of the earlier efforts in that direction and then provide an improved analysis using the Educational Quality of the Workforce National Employers Survey matched with the Bureau of the Census Longitudinal Research Database to provide evidence in both cross section and panel data.  Especially noteworthy among the earlier works reviewed by Black and Lynch (1996b) are Huselid and Becker (1996) and Black and Lynch (1996a).  Huselid and Becker find that a firm’s market value is higher by about $16,000 per employee if the Huselid/Becker index of a firm’s human resource systems is one standard deviation higher.  Black and Lynch (1996a), as evaluated 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 non-manufacturing sectors … [and] conclude that education raises productivity approximately 5-13 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 specifically, we find that formal training outside working hours has a positive effect on productivity in manufacturing businesses, while computer training raises the productivity of non-manufacturing establishments considerably. 

Empirical models of quality investment that focus on investments in product attributes  

Less direct evidence about investments in quality abounds in the economics literature.  The distinction, though, is that the studies reviewed above are directly concerned with measuring the effects of the various managerial policies that make up TQM, whereas the vast amount of empirical work in the economics literature that is indirectly related to quality investments (i) does not consider managerial 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 investments in quality are the studies of investments in R&D and studies of the effects of such investments on productivity.  The reviews of Baldwin 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 studies in the wake of the new interests in quality management beginning in the late 1980s has not been on measuring the effects of differing managerial approaches 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 characteristics of firms (e.g., 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 empirical work on R&D investments and more generally on investments in products and processes—including investments in product differentiation other than R&D investments—that firms make to improve their performance.  Of course, the recent quality management literature reviewed in this report cites, and has built upon, studies that combine the insights in the economics literature with a focus on management issues.  Among the first studies to exploit the complementarities between the economics and managerial literatures and to combine economists’ knowledge about R&D investments with recommendations for managerial policies increasing international competitiveness of firms was Link and Tassey (1987).  There is, then, underlying the recent quality management literature, a literature that has brought the knowledge found in the economics literature to bear on managerial issues.  Link and Tassey (1987) review much of that literature, and the recent quality management literature reviewed above reviews much of it, too.  This review turns now to an update on such indirect studies of quality investments in the recent economics literature.

The recent empirical economics literature that indirectly explores quality investments has focused on the “quality ladder” model and on product differentiation in the context of international competitiveness—focuses pertinent to the present report, although, nonetheless the work is indirect 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.

Caballero and Jaffe (1993) develop and estimate a model in the spirit of the “quality ladder” theory discussed briefly in the theoretical literature reviewed above.  They are able to develop several 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 relative size of the public knowledge stock at various times during the century.  Regarding an especially noteworthy fact in the context of the present report, Caballero and Jaffe (1993, p. 17) observe:

[W]e use market value and patents data on 567 large U.S. firms.  The data are annual for the period 1965-1981, and the firms are assigned to 21 technological sectors.  We estimate 21 sectoral panels and find that, on average (over time and sectors), creative destruction is about 4% per year.  That is, in an average sector in an average year a firm that does not invent sees its value relative to that of the industry erode by about 4%.  This number varies widely across sectors; drugs have the largest average creative destruction, with about 25% per year. 

Knowing such facts is obviously important for managers; the knowledge conditions the importance of managing to achieve innovations.  Clearly though, the knowledge is not knowledge about how to manage successfully, so again, this part of the economics literature about quality investments is of indirect importance to managers but directly important to evaluation of the Malcolm Baldrige National Quality Award.  What such economic literature about quality investments provides to the evaluation is the knowledge that one must control for differences across firms and industries in performance that would occur holding constant the managerial efforts.  Thus, managers pursuing similar strategies with similar vigor might have different success maintaining or growing their firms’ market values simply because the rate of creative destruction for some industries is greater than for others. 

Bresnahan (1981) estimates for the automobile industry the product-quality differentiation model described in the preceding section.  He uses automobile characteristics such as the number of cylinders, horsepower, and miles per gallon to proxy for product quality, and he finds that price-cost margins are much smaller for lower-quality vehicles than for the higher-quality vehicles.  He also finds the quality 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 model given alternative assumptions about the cooperative versus noncooperative behavior of automobile manufacturers.  Feenstra and Levinsohn (1995) provide estimates for their model that was described in the preceding section;  they use a sample including new car models with substantial sales in 1987 in the United States.  The estimation allows, for example, an inference about whether the various automobile firms set price or quantity.  As discussed in the preceding section reviewing theory, these product-quality differentiation 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.  Perhaps with time these models, and the other models in the “new hedonics” literature that were discussed in the preceding section, will evolve, allowing the introduction of the realism necessary to inform managerial issues more directly.  However, the essential point, at the present stage of the evolution of the economics and quality management literatures, is that the two literatures are addressing fundamentally rather different issues.

As noted earlier at the end of the review of the theoretical literature, the economics literature on product-quality differentiation offers insights that are surely of more than passing interest to managers—insights 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 policies 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 holistic, total quality management set of issues.  More to the point, as noted earlier the literature is not about which managerial tools can improve performance, but rather predicts pricing performance conditional on a variety of assumptions about firms, customers, and markets.  As such, it can of course inform managerial decisions (Porter, 1980; 1985). 
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� A review of previous studies is in Tassey (1999).


� Most economists measure this decline in terms of total factor productivity.


� 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 major 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 America to learn how to get things done. 


� Updating the original quotation, note that by 2001, NIST has filled over two million requests for application forms.


�Other 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.”


� 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 is in Link and Scott (2001) and Scott (1998), and recent applications are in Audretsch, Link, and Scott (2001).


� The origin of this view can be traced at least to Bush (1945); Link and Scott (2001) place it in a specific policy context.


� 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 Griliches/Mansfield-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.


� See http://www.asq.org.


� There are in addition to these U.S. organizational members, over 200 international organizational members plus over 120,000 individual members.  


� The Foundation reimburses between 60% and 70% of examiner travel costs and the remainder is paid by the examiner’s company or organization.


� 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.


� 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.


� There are 16 cases that were assigned to a miscellaneous category because either a member could not be matched uniquely to a 2-digit 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 equation (1), the hazard rate is also computed as h(z) = F((z) / (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((z) 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 a small increment in z is F((z)dz / (1-F(z)).


� 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.  Firms facing 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, the results in Table VI-4 are based on 60 observations.


� 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 members in 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 probability, is explained below.


� Such costs are often referred to as pull costs.  See Link and Scott (1998).


� 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 is to consider new investment worthwhile)?


_____ percent.


The real rate of return will be r = (k-a)/(1+a) where a is the anticipated rate of inflation.  If one invests 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(1+r)=Y/(1+a).  Since X(1+a+r+ra)=X(1+k), then k=(a+r+ra) and r=(k-a)/(1+a).


The mean value of k = 0.1821.


� The mean value of NPV2000 (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 importantly to the explanatory power of the model.


� 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.


� The size data for industrial sectors were assembled using 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 B-7, “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.


� All 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.


� One of the 11 Baldrige 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 was just 0.13 (the probability of a greater absolute value for the statistic given the null hypothesis is 0.896); the R2 increased from the 0.513 reported for the model shown in Table VI-5 to just 0.514.


� This is not a surprising conclusion given the conceptual model of firm performance in Figure III-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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Notes to John

		John,

		1.  The following table shows how I got to n=65.

				871		Members as provided by ASQ were surveyed through NIST's Program Office

				787		Surveys were not returned

				84		Surveys returned to the Program Office

				2		Two surveys were returned from the same member organization

				83		Returned surveys representing separare member organizations

				7		Seven surveys returned with not indication of the name of the respondent

				76		Seventy-six returned surveys with itentifiable respondents

				11		Returned surveys by indiviuals who name or

						organization does not show up on the list of ASQ members.

						Most of these are from non-US companies, indicating

						perhaps that the recipient of the survey had moved

						to another organization and the survey was forwarded to him/her.

				65		Final Sample representing a gross response rate of 7.5%

		2





prob response

		Member Name		1=Responed		Year Committed		Year of 1st Self		Year of 1st NQA		Year of 1st State		Competitive		Bargaining on		2-Digit SIC		SIC Code		Size ($M 1999)		SIC Description

				to Survey		to PMQI (I.2)		Assessment (I.5)		Application (I.6)		Application (I.7)		Threat (IV.5)		Price (IV.6)		Codes				of Member

																		22		22579903				Pile fabrics, circular knit

		nsnm, Inc																87				$450.00

		Abbott Laboratories																28				$5,330.00

		Acrodyne Industries Inc.																36		36639913		$1,024.52		Transmitting apparatus, radio or television

		Advanced Cable Ties Inc																34				$900.00

		Advanced Measurement Labs																87				$1,350.00

		Advanced Resource Technologies																87				$1,478.15

		Advanced Systems & Designs Inc																73		73710000		$1,376.95		Custom computer programming services

		Advantek Inc.																35				$1,350.00

		Aid Association for Lutherans		1		1991		1995						6		6		64				$1,476.00

		Air Force Pentagon Communications Agency																99		99999999		$4,861.29

		Air Products																36		36740000		$900.00		Semiconductors and related devices

		Aircraft Service International Group																45		45810201		$1,275.15		Aircraft cleaning and janitorial service

		Akzo Nobel Coatings Inc.																28		28510000		$1,350.00		Paints and allied products

		Alamo Learning Systems		1										5		3		87		87420206		$450.00		Training and development consultant

		Alaris Medical Systems																38				$3,062.45

		Albuquerque Tech Vocational																82		82490000		$1,020.50		Vocational schools, nec

		Alcoa Engineered Products																34				$1,765.50

		Alcoa Industrial Chemicals																10		10990101		$2,305.00		Aluminum ore mining

		All Metals Fabricators Inc																35		35990303		$900.00		Machine shop, jobbing and repair

		All-Fill, Inc.																35		35990300		$900.00		Machine and other job shop work

		Allcast, Inc.																33				$1,957.50

		Allegiance Hlthcre Jacksonville Facility																80				$1,512.02

		Allgon Telecom, Ltd.																36		36639906		$699.95		Mobile communication equipment

		Alliant Techsystems																37				$967.25

		Alloy Engineering & Casting Company																33		33259901		$765.00		Alloy steel castings, except investment

		Alltel																48				$450.00

		American Airlines, Inc.																45		45129902		$934.00		Air passenger carrier, scheduled

		American Express																61				$900.00

		American Express Company																61				$3,915.62

		American Microsystems Inc																36				$1,396.25

		American Pre-Sort Inc																73		73891605		$900.00		Presorted mail service

		American Supplier Institute																87				$1,802.68

		American Technical Ceramics																36				$4,926.49

		American Wire & Stamping Company																34		34960000		$450.00		Miscellaneous fabricated wire products

		Ames Rubber Corp																30		30691300		$1,350.00		Rubber rolls and roll coverings

		Amoco Corp.																55				$1,800.00

		Amway Corp																51		51220000		$1,898.35		Drugs, proprietaries, and sundries

		AmClyde Engineered Products Company, Inc																34				$1,350.00

		Analog Devices																36		36740200		$1,350.00		Integrated circuits, semiconductor networks, etc.

		Analogic Corp																38		38250201		$3,618.34		Analog-digital converters, electronic instrumentation type

		Andersen Consulting																87		87429902		$13,168.75		Business management consultant

		Apollo Plating Inc																34		34710201		$450.00		Buffing for the trade

		Applied Materials Inc.																36				$1,770.50

		Applied Quality System																87		87420107		$450.00		Quality assurance consultant

		Aptis Software																73				$450.00

		Aptis Software																73				$450.00

		Aptis Software																73				$450.00

		Argonne National Laboratory																99				$1,350.00

		Argus Health Systems Inc		1										5		5		73				$1,182.75

		Armco Inc.																33		33120000		$1,350.00		Blast furnaces and steel mills

		Army & Air Force Exchang Service																97				$450.00

		Army Continuing Education System																97		97119902		$900.00		Army

		Aro Metal Stamping Company Inc																34				$1,820.00

		Asbury Services, Inc.																80		80599904		$3,483.93		Nursing home, except skilled and intermediate care facility

		Ashland Chemical Company																51		51690000		$900.00		Chemicals and allied products, nec

		Ashland Chemical Company SP&A Divison		1										6		3		28				$900.00

		Ashland City Schools		1										7		3		82		82110303		$504.20		Public elementary school

		Aspen Motion Tech & Aspen Power Systems		1		1999								7		6		36				$900.00

		Associated Spring Barnes Group																34				$2,200.83

		Atlantic Automotive Components																30				$984.43

		Atlas Copco AFS Inc																35		35499901		$1,543.00		Assembly machines, including robotic

		Atmel																36		36740206		$929.00		Microcircuits, integrated (semiconductor)

		Austin Hardware & Supply, Inc.																52				$1,057.50

		Automated Logic Corporation																73				$450.00

		Automatic Switch Company																36				$1,350.00

		Aventis Pasteur																80				$1,060.00

		Avnet Applied Computing																35				$450.00

		AAI Corporation																36		36990300		$1,350.00		Electronic training devices

		ABC-NACO																33				$450.00

		ABS Group Inc																47		47850202		$1,182.25		Inspection services connected with transportation

		ACCRA PAC Group Inc																73				$1,510.75

		ACOM/Panasonic																36				$2,554.43

		ADCHEM Corporation																28				$2,174.20

		ADE Inc																30		30869904		$1,350.00		Insulation or cushioning material, foamed plastics

		AFAQ-ASCERT International																87				$1,800.00

		ALLTEL ATS																48				$2,565.00

		AMES Co.																52				$900.00

		ANGUS Chemical Co																28		28920000		$3,222.40		Explosives

		APV Americas																35				$450.00

		ARINC Inc.																87		87110000		$1,350.00		Engineering services

		ASA Group LLC																				$801.50

		ASR International Corp																87				$1,800.00

		AT&T Wireless Services																48		48120000		$900.00		Radiotelephone communication

		AVTEAM																50		50880303		$1,211.39		Aircraft engines and engine parts

		Banta Corporation																27				$599.50

		Barber Consulting Resources																87		87420500		$1,635.50		Business planning and organizing services

		Barr Systems, Inc.		1		1998		1999						3		2		73		73710301		$1,048.75		Computer software development

		Batavia Services, Inc.																76		76990500		$1,350.00		Industrial equipment services

		Battelle Memorial Institute																87				$1,800.00

		Bayer Corp Diagnostics Div																28		28210000		$1,417.50		Plastics materials and resins

		Beacon Converters Inc		1		1990								4		6		26				$2,734.63

		Bechtel Corporation																87		87119904		$1,350.00		Designing: ship, boat, machine, and product

		Bechtel Nevada																87		87110402		$2,667.13		Civil engineering

		Behlen Mfg. Co.		1		1984		2000				2000		4		5		35		35230000		$1,350.00		Farm machinery and equipment

		Belden Communications Division																34				$1,965.50

		Belden Wire & Cable Co																33		33570000		$2,531.45		Nonferrous wiredrawing and insulating

		Bellsouth.net																48		48130201		$450.00		Internet connectivity services

		Benchmark Technologies Corp																87		87410000		$900.00		Management services

		Beneficial Life																63				$1,040.00

		Betz Dearborn Div of Hercules Inc																28		28999948		$4,171.61		Water treating compounds

		Bimba Manufacturing Co.																34				$1,819.00

		BindView Development																99		99999999		$2,671.88

		BioWhittaker Inc.																87				$3,519.85

		Birch Telecom																48				$450.00

		Blue Diamond Almonds																20		20990000		$1,903.00		Food preparations, nec

		Blue Mountain Quality Resources																73				$946.25

		Blue Water Plastics Inc																30		30890608		$1,587.50		Injection molded finished plastics products, nec

		Boeing - Philadelphia																99		99998888		$900.00		P.O. Box other than headquarters location

		Boeing Aerospace Operations																82		82499901		$1,497.00		Aviation school

		Boeing Commercial Airplane Group																37		37280000		$2,324.47		Aircraft parts and equipment, nec

		Boeing-Reusable Space Systems																82		82310000		$1,350.00		Libraries

		Bonfils Blood Center																80				$2,204.35

		Bostrom Seating Inc																25		25310300		$3,337.01		Vehicle furniture

		Bowles Fluidics Corp																37		37140000		$1,350.00		Motor vehicle parts and accessories

		Brady Worldwide Inc.																27				$4,269.09

		Branson Ultrasonics Corp.																35				$1,944.95

		Bremer Trust																60		60229901		$997.25		State trust companies accepting deposits, commercial

		Brentwood Industries, Inc.																35				$450.00

		Brigham Young University																82				$1,384.00

		Brightpoint Inc																50		50650000		$3,388.45		Electronic parts and equipment, nec

		Bristol Myers Squibb																28		28340000		$1,200.00		Pharmaceutical preparations

		Brita Corporation																35				$1,490.06

		Brooklyn Union Gas Company																49		49240000		$3,121.10		Natural gas distribution

		Bulk Molding Compounds																28				$689.75

		Bywater																87				$1,885.25

		BASF Corporation		1										7		7		28		28349906		$1,350.00		Pills, pharmaceutical

		BASF Corporation																28		28690000		$3,566.90		Industrial organic chemicals, nec

		BBI Quality Solutions																87				$450.00

		BEI Associates Inc																87				$900.00

		BF Goodrich Aerospace																37				$2,172.37

		BFGoodrich Landing Gear Division																37				$900.00

		BMP America Inc		1										5		5		35		35550308		$3,309.06		Sticks, printers'

		BP Amoco PLC																29				$2,076.29

		BT Prime-Mover, Inc.																35		35370210		$1,608.42		Lift trucks, industrial: fork, platform, straddle, etc.

		BVQI North America Inc.																87		87410000		$1,105.25		Management services

		C.B. Richard Ellis																65		65310100		$450.00		Real estate brokers and agents

		C&K Components Inc.		1		2000								7		6		36				$550.00

		C-Chem a Division of Ionex Research Corp																28				$450.00

		Campbell University Dept of Pharm Scien																99		99998888		$900.00		P.O. Box other than headquarters location

		Capaccio Environmental Engineering, Inc.																87				$450.00

		Capital One																73				$930.00

		Capitol Stampings Corp.																34				$1,151.25

		Capitol Vial, Inc.																30				$3,092.25

		Caraustar Custom Packing																26		26310304		$1,435.00		Folding boxboard

		Cargill Inc		1		1989		1991		1997				7		7		1				$2,186.15

		Carter Wallace Inc																28				$1,350.00

		Case Corporation																35		35310614		$2,735.77		Tractors, construction

		Catalina Marketing Corp																27				$450.00

		Catalyst International Inc																73		73729901		$900.00		Application computer software

		Caterpillar Inc.																35				$40,527.11

		Central Connecticut State Unv																59		59420000		$1,428.25		Book stores

		Certification & Technical Services Inc.																87				$900.00

		Cessna Aircraft Company																37		37210101		$1,089.10		Airplanes, fixed or rotary wing

		Change Management Group																87				$450.00

		Charleston Air Force Base																95		95319902		$1,500.30		Housing agency, government

		Chase Manhattan Bank																60		60210000		$1,098.40		National commercial banks

		Chem Trend Inc																29		29920000		$2,058.05		Lubricating oils and greases

		Chemical Products Corporation de Mexico																99		99999999		$450.00

		ChemRex, Inc																28				$2,357.25

		ChemTreat Inc																28		28999948		$1,384.00		Water treating compounds

		Cherry Semiconductor Corp.																36		36740206		$1,350.00		Microcircuits, integrated (semiconductor)

		Chicago Rawhide																30		30530100		$2,374.25		Gaskets and sealing devices

		Christian Brothers University																82				$1,658.12

		Cincinnati Machine																35				$1,350.00

		Circle International, Inc.																47				$1,350.00

		Circuit Works Corp																36		36720000		$900.00		Printed circuit boards

		City of Arlington																99				$450.00

		City of Johnson City																99				$1,799.72

		City Wholesale Grocery																51				$450.00

		Clean Air Engineering		1		1991								3		2		73		73890201		$2,630.43		Air pollution measuring service

		Clemson University																87		87420200		$7,929.03		Human resource consulting services

		Click Bond, Inc.																50				$1,837.00

		Coast Guard HR Srvc & Info Ctr																96		96210301		$1,640.35		Coast Guard, regulation and administration of transportatio

		Cobbs Manufacturing Company																37		37140000		$1,218.00		Motor vehicle parts and accessories

		Coca Cola Company																20				$900.00

		Cole Hersee Co																36		36430000		$1,350.00		Current-carrying wiring devices

		College/American Pathologists																80				$1,350.00

		Colorado Springs Utilities																49		49390000		$1,093.20		Combination utilities, nec

		Communications Corp of America																73		73310000		$1,350.00		Direct mail advertising services

		Community Consolidated School Dist 89																82				$549.25

		Computer Parts Unlimited																50		50650000		$450.00		Electronic parts and equipment, nec

		Conbraco Industries Inc.																34		34940000		$2,400.00		Valves and pipe fittings, nec

		Conference Edge LLC																99		99999999		$450.00

		Connext, Inc																73				$2,248.39

		Consultis, Inc.																87				$450.00

		Continental Graphics																27				$3,481.65

		Continental Teves																36				$450.00

		Control Devices Inc.																37		37140000		$1,350.00		Motor vehicle parts and accessories

		Cooper Bussmann Inc																36				$1,350.00

		Cooper Power Systems																30		30699914		$1,436.25		Pump sleeves, rubber

		Coors Brewing Co. Shenandoah																20		20829902		$960.25		Beer (alcoholic beverage)

		Coors Ceramics Co																32				$1,800.00

		Corning Inc.																32				$3,421.43

		Corpus Christi Army Depot																97		97119902		$1,659.15		Army

		Crane Mfg & Svc																35		35360202		$1,350.00		Cranes, overhead traveling

		Cuda Products Company																33				$1,039.50

		Curtis Screw Co., Inc																34				$1,350.00

		Custom Products Corp		1										5		6		35		35990303		$2,026.30		Machine shop, jobbing and repair

		Cuyahoga Community College																82				$1,161.51

		Cyberlog International Inc.		1		1999								6		2		73		73730100		$1,250.00		Systems software development services

		Cybertek		1										7		5		73		73710101		$981.25		Computer software systems analysis and design, custom

		CASEwise Systems Inc																73		73730000		$450.00		Computer integrated systems design

		CBOL Corporation																36		36740200		$450.00		Integrated circuits, semiconductor networks, etc.

		CCC Grooup Inc																15		15419905		$1,545.00		Industrial buildings, new construction, nec

		CCL Container																34		34119901		$1,464.25		Aluminum cans

		CDM Federal Programs Corp																87		87119903		$1,600.00		Consulting engineer

		CIBER Inc.		1		1993								7		7		73				$450.00

		COMSAT Laboratories																87		87310202		$1,350.00		Commercial research laboratory

		CRS Registrars, Inc.																73		73890200		$1,350.00		Inspection and testing services

		CYBERTEK Corporation																73		73710101		$3,001.11		Computer software systems analysis and design, custom

		D.A. Stuart Company																29				$1,623.55

		Dallas County Comm College Dist Svc Ctr																82		82229901		$1,489.56		Community college

		Damar Machine Company																35		35990303		$1,609.86		Machine shop, jobbing and repair

		Dana Corp																37				$2,081.35

		Data Quality, Inc.																34		34440500		$450.00		Metal housings, enclosures, casings, and other containers

		Datachem Software, Inc.																73		73710301		$900.00		Computer software development

		Dayton-Granger Inc.																36		36630101		$900.00		Airborne radio communications equipment

		Deep East Texas Workforce Centers																83		83310100		$908.12		Job training services

		Deere & Company		1		1993		1993		1997		1997		7		6		35		35230000		$5,159.40		Farm machinery and equipment

		Defense Commissary Agency		1		1991		1996		1998				6		1		91		91990100		$2,019.00		General government administration

		Defense Logistics Agency																97		97110000		$1,350.00		National security

		Defiance Metal Products Co																34		34650000		$991.25		Automotive stampings

		Delaware Department of Natural Resources																96				$2,371.34

		Deltapoint Corp																87				$1,381.75

		Departamento De Hacienda																99				$1,350.00

		Department of Housing & Comm																95		95310000		$1,471.40		Housing programs

		Department of Management & Budget																93		93110000		$450.00		Finance, taxation, and monetary policy

		Detroit Diesel Corp																35		35190102		$2,847.50		Engines, diesel and semi-diesel or dual-fuel

		Device Technologies Inc																30				$450.00

		Diebold Inc																35		35780301		$1,583.50		Automatic teller machines (ATM)

		Digital Concepts of Mo. Inc.																				$450.00

		Directorate of Public Works																99		99999999		$3,426.67

		Dixie Industrial Supply																34				$450.00

		Drexel University																82				$4,266.41

		Duke Engineering & Service																87		87110000		$1,350.00		Engineering services

		Dutch Valley Supply Co.																50		50880304		$1,335.00		Aircraft equipment and supplies, nec

		Dyncorp Information & Enterprise Tech																87				$2,888.56

		DCS Resources and Evaluations																87				$7,479.28

		DECI, Inc.																83		83319902		$501.25		Sheltered workshop

		DNV Certification Inc																87				$1,800.00

		DOT/FAA																96				$1,350.00

		DQS																73				$1,570.75

		DQS - DataNet Quality Systems																73				$5,765.00

		DRMS-NP																99		99999999		$1,456.00

		DSM Desotech																28		28190000		$1,057.50		Industrial inorganic chemicals, nec

		Earnest Machine Products Co																50		50850401		$1,350.00		Fasteners, industrial: nuts, bolts, screws, etc.

		East Penn Manufacturing Co Inc																36				$1,963.50

		East Tennessee State Univ																82				$1,369.00

		Eastern Tool & Stamping Co., Inc.		1										6		4		34		34690000		$1,362.00		Metal stampings, nec

		Eastman Chemical Company		1		1983		1991		1988		1993		6		7		30				$4,720.87

		Eastman Kodak Mag 01170																38				$14,268.09

		EduNeering Inc																73				$450.00

		El Paso Community College																87		87420102		$5,202.05		Industrial consultant

		Electromet Corp																34		34440500		$1,350.00		Metal housings, enclosures, casings, and other containers

		Electronic Metal Products																35				$1,603.75

		Elf Atochem North America, Inc.																28				$2,127.10

		Eli Lilly & Co																99		99999999		$1,350.00

		Elyria Spring & Specialty Co																34				$1,999.00

		Employment Solutions Inc																73				$991.75

		Energy & Environmental Res Ctr																82		82210102		$900.00		University

		Engineered Plastics Corp.																30				$1,800.00

		Ericsson Inc. RF Power Products																50		50650000		$2,094.35		Electronic parts and equipment, nec

		Ethicon Endo-Surgery Inc.																38		38429922		$1,081.75		Surgical appliances and supplies

		Evans & Sutherland Computer Corporation																35		35710000		$450.00		Electronic computers

		Everpure, Inc.																35		35890305		$1,464.75		Water purification equipment, household type

		Excel Partnership Inc																87		87420107		$14,582.20		Quality assurance consultant

		ExcelTech, Inc.																35				$450.00

		Executive Jet Aviation																45				$900.00

		Expert Server Group																50		50450000		$450.00		Computers, peripherals, and software

		Exxon Chemical Co																28				$2,962.25

		EFT Source, Inc.																73		73890900		$1,480.90		Financial services

		EFW, Inc.																				$650.00

		ELF, Inc.																35				$450.00

		EMC Corporation																35		35720000		$2,166.74		Computer storage devices

		EMDS Inc																87		87119904		$900.00		Designing: ship, boat, machine, and product

		EMU Center for Quality																82		82210102		$10,640.45		University

		EPS Wireless Inc.																76		76290000		$900.00		Electrical repair shops

		ESW Inc/Educational Systems																87		87420206		$1,350.00		Training and development consultant

		Family Independence Agency																99				$2,035.50

		Fargo Assembly Company of ND																34				$900.00

		Federal Aviation Admin AIR 200																96				$1,933.50

		Federal Reserve Bank Dallas																60		60110000		$2,410.00		Federal reserve banks

		Fermi National Accelerator Lab																87		87330000		$1,350.00		Noncommercial research organizations

		Fidelity Investments Institutional Brok																67		67220000		$483.95		Management investment, open-end

		First Choice Telcom, Inc.																87		87480302		$900.00		Telecommunications consultant

		First National Bank																60		60210000		$1,350.00		National commercial banks

		Fisba Optik LLC																99		99999999		$450.00

		Flexfab Division of FHI																28				$1,350.00

		Flextronics International																36		36130212		$723.75		Switchboards and parts, power

		Florida Power & Light Co																49		49110000		$1,350.00		Electric services

		Flow Polymers Inc																28		28650000		$1,350.00		Cyclic crudes and intermediates

		Fluor Daniel Inc. - Aliso Viejo Office																87		87110401		$1,350.00		Building construction consultant

		Fox Electronics																36		36790403		$1,835.60		Quartz crystals, for electronic application

		Francis Tuttle Vo-Tech																82		82490100		$986.05		Trade school

		Frigidaire Home Products Laundry Div																36				$1,350.00

		Frisby P.M.C., Inc.																35				$1,800.00

		Full Spectrum Software, Inc.																73		73710000		$450.00		Custom computer programming services

		Fuller Company																35		35320302		$1,350.00		Crushers, stationary

		FBG Service Corporation																73				$2,307.50

		FLEXcon Co Inc																26				$1,373.00

		Gardner Cryogenics																34		34430104		$1,350.00		Cryogenic tanks, for liquids and gases

		Gaska Tape Inc.																30		30869904		$2,122.32		Insulation or cushioning material, foamed plastics

		General Dynamics Information Systems																73				$1,350.00

		General Mills																51		51439906		$1,800.00		Yogurt

		General Systems Company																87		87110000		$976.76		Engineering services

		Genetic MicroSystems, Inc.																38		38410500		$450.00		Medical instruments and equipment, blood and bone work

		GenCorp Aerojet																37		37649903		$1,350.00		Propulsion units for guided missiles and space vehicles

		George S May Intl Co																87		87420000		$2,780.94		Management consulting services

		Gerard Roofing Technologies																34		34440000		$450.00		Sheet metalwork

		Gerber Products Co																61		61410103		$1,663.95		Financing: automobiles, furniture, etc., not a deposit bank

		Gibbons Surgical Corp.																38				$900.00

		Gillette Co		1										4		2		34		34219901		$1,350.00		Razor blades and razors

		Glemco, Inc.																36				$450.00

		Glo-Tex International Inc.																28				$450.00

		Globe Wireless, Inc																48				$900.00

		Goldens Bridge Financial Svcs, Inc.																61		61629904		$450.00		Mortgage brokers, using own money

		Goodyear Tire & Rubber Co																30				$1,350.00

		Gopher Resource Corporation																33		33390102		$2,039.12		Lead smelting and refining (primary)

		Grainger		1		1994		1998		1999		1999		6		4		50		50639905		$1,057.50		Motors, electric

		Great Lakes Chem. Corporation																28				$1,857.50

		Greif Brothers Corp																26				$1,350.00

		Grote Industries, Inc.																36		36470000		$3,507.54		Vehicular lighting equipment

		Grumman Olson																37				$900.00

		Guilford Mills Inc																22		22590300		$685.75		Curtains and bedding, knit

		Gulf Power Co																49		49240000		$450.00		Natural gas distribution

		GBS Printed Products & Systems																27				$450.00

		GE Fanuc Automation N.A. Inc.																36		36259912		$572.00		Numerical controls

		GE Financial Assurance																73				$450.00

		GE IT Distribution Group																99		99999999		$450.00

		GE Plastics																30		30890615		$2,183.83		Extruded finished plastics products, nec

		GKN Automotive Inc																36		36949902		$1,350.00		Automotive electrical equipment, nec

		GKN Drivetech Inc																36				$1,404.25

		GM Corp																37				$1,370.00

		GM Powertrain Group																37		37140212		$12,256.70		Transmissions, motor vehicle

		GTSI Distribution Center																73				$450.00

		GTT Electronics Inc.		1										6		6		34				$1,004.06

		Haldex Midland Services		1										3		2		35		35940100		$966.75		Fluid power pumps

		Hamilton Sundstrund Aerospace																76		76992200		$1,066.50		Aircraft and heavy equipment repair services

		Harman OEM Group		1										6		6		36				$3,600.29

		Harmon Industries Inc		1		1993								7		7		37				$1,350.00

		Harris Corporation																36		36630000		$1,850.00		Radio and t.v. communications equipment

		Harvard Custom Manufacturing																36		36799905		$1,350.00		Harness assemblies, for electronic use: wire or cable

		Harza Engineering Co.																87		87110402		$2,783.63		Civil engineering

		Hattie Larlham Foundation		1										4		1		80				$1,721.00

		Haworth Inc																25		25220000		$3,718.11		Office furniture, except wood

		Hay & Forage Industries																35				$1,800.00

		Heidenhain Corp																50		50840703		$2,513.14		Measuring and testing equipment, electrical

		Hempel Coatings (USA), Inc.																28				$900.00

		Hendrickson Truck Suspension Systems																35				$1,014.25

		Hertzler Systems Inc																73		73710301		$1,786.50		Computer software development

		Hewlett-Packard																73		73710101		$11,507.50		Computer software systems analysis and design, custom

		Hill Phoenix																35		35850200		$900.00		Refrigeration equipment, complete

		Hitachi Computer Prod America		1		1988		1996						7		7		36				$1,364.00

		Hollingsworth Logistics Mgmt.																42		42250000		$1,400.25		General warehousing and storage

		Holmes Corporation																82				$2,066.07

		Honeywell																38				$900.00

		Honeywell Inc -CAS																99		99999999		$2,618.31

		Hose-McCann Telephone Co., Inc.																36				$1,573.69

		Hudson Products Corp																34		34430209		$5,326.30		Heat exchangers: coolers (after, inter), condensers, etc.

		Humanetics II Inc																34		34440000		$1,429.75		Sheet metalwork

		Huntsman Packaging Corporation																30		30810000		$450.00		Unsupported plastics film and sheet

		Huntsman Polymers Co.																28				$450.00

		Hutchinson Technology Inc																35				$1,534.25

		Hydraulics Technologies, Inc. Iowa Div																35		35610000		$1,480.25		Pumps and pumping equipment

		Hyperlink Technologies, Inc.																36				$1,500.00

		HA Guden Company Inc.																34		34290000		$1,350.00		Hardware, nec

		HSB Reliability Technologies																87				$918.00

		Idaho State School and Hospital																99				$1,157.50

		Inacom Corp.																50		50450000		$2,705.00		Computers, peripherals, and software

		Industrial Graphics Corp.																27				$1,243.64

		Infonet Services Corp																73				$5,244.07

		Information Systems Tech, Inc.																87		87480402		$2,350.29		Systems engineering consultant, ex. computer or professiona

		Ingersoll Rand Construction & Mining																35		35319908		$1,350.00		Road construction and maintenance machinery

		Innovative Organics, Inc.																28				$1,456.25

		Insituform East, Inc.																16		16230302		$1,591.90		Sewer line construction

		Inspection Technologies Inc																73		73890200		$900.00		Inspection and testing services

		Institute for Healthcare Improvement																82		82990201		$1,350.00		Educational service, nondegree granting: continuing educ.

		Instrumentation Services, Inc.																76		76990500		$450.00		Industrial equipment services

		Integral Solutions, Inc.																73		73710301		$900.00		Computer software development

		Integrated Quality Dynamics																73				$1,350.00

		Intel Corporation																35				$450.00

		Intellisys Technology Inc																73		73790200		$450.00		Computer related consulting services

		Intellisys Technology Inc																73		73790200		$1,056.15		Computer related consulting services

		Interim Technology-The Consulting Group																87				$935.00

		Intermedia Communications, Inc.																99		99999999		$2,196.51

		Intermet Corporation																37		37140000		$3,571.70		Motor vehicle parts and accessories

		Intermountain Health Care																87		87410000		$1,048.95		Management services

		Internal Revenue Service (Federal)																93				$781.00

		International Immunology Corp																28		28350000		$1,350.00		Diagnostic substances

		International Paper																87		87489903		$20,805.59		Employee programs administration

		Iowa Industrial Products, Inc.																50		50850000		$1,496.45		Industrial supplies

		Iowa Mold Tooling Company Inc																35		35310604		$1,350.00		Cranes, nec

		Ispat Inland Inc																33		33120000		$1,350.00		Blast furnaces and steel mills

		IBM-ENCINITAS																36		36639909		$468.00		Satellites, communications

		IBT Inc																50		50850000		$1,187.00		Industrial supplies

		ICMA/RC																63				$450.00

		ICN Biomedicals																28				$900.00

		IMPAC																87		87410000		$3,440.23		Management services

		Jackson State Community Col																82		82229902		$2,206.43		Junior college

		Johnson & Johnson Consumer Pdt																28				$1,350.00

		Johnson & Johnson Quality & Compliance																73				$491.25

		Johnson Controls, Inc.																36				$450.00

		Johnson Matthey Semiconductor																36		36740000		$1,350.00		Semiconductors and related devices

		JC Penney Company Inc																53				$1,426.75

		K.O. Lee Company																35				$2,197.85

		Keen Fastening Systems Inc.																34				$1,925.75

		Keihin Aircon North America																99		99999999		$468.00

		Kendle International																87				$2,657.25

		Keykert USA																37				$1,133.40

		King Systems Corporation																38		38410000		$450.00		Surgical and medical instruments

		Knight Marketing Corporation																28		28420100		$1,093.25		Specialty cleaning

		Kvaerner Philadelphia Shipyard																37				$956.25

		Kyocera Wireless Corp																36				$3,207.07

		Kyphon Inc																87		87320107		$692.45		Opinion research

		KEMA-Registered Quality Inc																87		87480000		$1,759.32		Business consulting, nec

		KPMG ISO Management Systems																99		99999999		$450.00

		KSM Electronics Inc																50		50650000		$900.00		Electronic parts and equipment, nec

		L.A. Darling Company		1		1994		1995				1995		7		7		34				$1,350.00

		L.R. Nelson-Omaha																99		99999999		$900.00

		Laerdal Medical Corporation																38				$1,666.45

		Landauer																87				$2,667.13

		Landis Gardner-Div of UNOVA																35		35410207		$2,800.29		Grinding machines, metalworking

		Landmark Manufacturing Corp																34		34440000		$1,450.75		Sheet metalwork

		Landoll Corporation																35				$900.00

		Lands' End																59		59610000		$923.00		Catalog and mail-order houses

		Lanier Worldwide Inc																38				$1,516.00

		Lanterman Developmental Center																80				$1,441.25

		Lawrence Livermore National Library																82		82210102		$1,407.85		University

		Learjet Inc.																37				$1,457.70

		Letterkenny Army Depot																38		38250105		$1,188.00		Digital test equipment, electronic and electrical circuits

		Lexington Furniture Industries																25		25110000		$1,390.50		Wood household furniture

		LeChase Construction																15				$900.00

		Liebert Corporation																38				$1,165.06

		Lifestar																99		99992222		$945.00		Duns Support Record, nonclassifiable establishment

		Lightning Calculator																59		59991401		$900.00		Business machines and equipment

		Lima Technical College																82		82229903		$1,753.85		Technical institute

		Lincoln Graphics, Division of Schawk Inc																27				$1,350.00

		Lipton Company																99		99990000		$900.00		Nonclassifiable establishments

		Liquid Molding Systems																30				$450.00

		Lithonia Lighting																36		36460000		$450.00		Commercial lighting fixtures

		Litton Guidance & Control Systems																38		38120300		$3,110.05		Navigational systems and instruments

		Lloyd's Reg. Qlty. Assurance, Ltd.																87		87420107		$3,120.14		Quality assurance consultant

		Lockheed Martin																99		99990000		$1,350.00		Nonclassifiable establishments

		Lockheed Martin Aircraft & Logistics Ctr																37				$1,430.50

		LogiKeep, LLC																73				$450.00

		Loyola University New Orleans		1										7		2		82				$1,468.80

		Lozier Corporation																25				$1,575.00

		Lucent Technologies																35				$450.00

		Luftig & Warren Intl Inc.																87				$4,489.00

		Lyondell Chemical Co.																28				$450.00

		LAU Technologies																36		36259904		$2,062.30		Control equipment, electric

		LIGHTech Fiberoptics, Inc																36				$1,558.75

		LUK Incorporated																37				$2,994.65

		L3 Communications																36				$1,350.00

		M&I Data Services																73		73749902		$969.25		Data processing service

		Madisonville Community College																82		82229901		$1,260.20		Community college

		Mail Sort Inc.																73				$900.00

		Majesco Biologicals Inc																				$450.00

		Manpower Inc																73				$1,357.50

		Manpower Professional																73				$450.00

		Marconi Data System Inc.																35				$450.00

		Market Probe, Inc.																87		87420300		$1,950.43		Marketing consulting services

		Masco Corp																34				$3,306.96

		Masel Enterprises																38		38430000		$1,039.00		Dental equipment and supplies

		Master Molded Products Corp																30		30890609		$1,142.17		Injection molding of plastics

		Materials Science International, Inc.																34		34790202		$1,428.80		Bonderizing of metal or metal products

		Matrix Essentials Inc																28				$1,800.00

		Matsushita Compressor Corporation																35				$2,082.65

		Matsushita Electronics																36		36510120		$3,089.29		Speaker systems

		Mattel, Inc.																39		39440000		$900.00		Games, toys, and children's vehicles

		May & Scofield Inc																30				$2,041.25

		May Flower Vehicle Systems, Inc.																37				$3,397.09

		McAlester Army Ammunition Plant																34		34820000		$900.00		Small arms ammunition

		Med Exec International																73				$1,650.00

		Medical Logistics Inc.																73				$450.00

		Medtronic Inc.																38				$2,767.16

		Medtronic Physio-Control Corp																38				$1,898.95

		Megladon Manufacturing Group																33				$450.00

		Melles Griot Laser Division																38		38210000		$1,398.75		Laboratory apparatus and furniture

		Memorial Hospital		1		1992								7		4		80		80620000		$2,505.72		General medical and surgical hospitals

		Mercedes Homes, Inc.		1		1994								7		4		15				$1,399.00

		Meridian Advertising																73				$626.78

		Mervis Steel Company																50		50510216		$900.00		Steel

		MetoKote Corp																34		34790204		$1,033.00		Coating of metals and formed products

		Miami-Dade Fire Rescue Dept																99		99999999		$450.00

		Michigan Department of Transportation																82		82310400		$450.00		Library services

		MicroLithography, Inc.																28		28690000		$900.00		Industrial organic chemicals, nec

		Mid Atlantic Reg Calibration (Navy)		1		1998								4		2		51		51110000		$900.00		Printing and writing paper

		Mid-America Consulting Group Inc																87				$900.00

		Mid-South Foundation Med Care																87				$1,542.40

		Midwest Trophy																39		39149910		$2,469.09		Trophies, nsk

		Millennium Inorganic Chemicals																28		28160105		$3,412.58		Titanium dioxide, anatase or rutile (pigments)

		Millennium Specialty Chemicals																28		28690000		$1,350.00		Industrial organic chemicals, nec

		Miller Brewing Co																20				$3,850.00

		Milliken & Co																22				$1,850.25

		Miltronics, Inc.																38		38410000		$1,350.00		Surgical and medical instruments

		Milwaukee Metropolitan Sewerage District																99				$450.00

		Mindspring Enterprises Inc																73		73750000		$1,350.00		Information retrieval services

		Mine Safety Appliances Co																38		38420100		$3,088.59		Personal safety equipment

		Minitab Inc																73		73720000		$7,366.65		Prepackaged software

		Missouri Patient Care Review Foundation																99				$450.00

		Missouri School for the Blind																82		82110401		$1,350.00		School for physically handicapped, nec

		Mitchell International																87		87480000		$976.20		Business consulting, nec

		Modern Technologies Corp																87		87119903		$2,364.95		Consulting engineer

		Montgomery KONE Inc																76		76992501		$1,440.25		Elevators: inspection, service, and repair

		Mullins Rubber Products Inc.																30				$1,800.00

		Multi Plastics Inc.																26				$2,806.40

		Munters Corporation																35		35850601		$1,100.45		Dehumidifiers electric, except portable

		MCC Business & Technology Ctr.																73				$978.80

		MEDRAD, Inc.																38		38410000		$1,783.04		Surgical and medical instruments

		MK Chambers Co																34				$1,431.25

		MR&S																87				$945.00

		MRI Devices Corporation																38				$450.00

		Nalco Chemical Co																28				$1,441.75

		National Instrument Company, Inc.																35		35650103		$1,510.75		Bottling machinery: filling, capping, labeling

		National Lamination Co																34				$1,520.15

		National Machinery Company																35		35429906		$1,360.00		Forging machinery and hammers

		National Molding Corp																30		30890609		$1,350.00		Injection molding of plastics

		Nationwide Insurance																64		64110000		$900.00		Insurance agents, brokers, and service

		Natl Institute for Occupational Safety		1										3		4		94		94310000		$900.00		Administration of public health programs

		Naval Aviation Depot - Jacksonville																99		99999999		$1,400.00

		Naval Center for Acq Training																91		91990000		$2,350.29		General government, nec

		Naval Leader Training Unit																97		97119905		$1,422.75		Military training schools

		Naval Medical Logistics Command																97		97119907		$1,272.52		Navy

		Naval Ophthalmic Support & Training																97				$1,576.15

		Network Infrastructure Services Agency																99				$984.43

		Nexl Network Systems																73		73730000		$472.00		Computer integrated systems design

		Nokia Mobile Phones Inc		1		1995								7		6		36		36630104		$1,864.59		Cellular radio telephone

		Nordstrom Inc																73		73749902		$900.00		Data processing service

		Nortel Networks																36		36610102		$1,387.50		Communication headgear, telephone

		North American Van Lines Inc.																42		42130000		$1,648.60		Trucking, except local

		Northeast Indiana TQM Network																87		87480000		$3,352.95		Business consulting, nec

		Northeast Iowa Community College																82				$450.00

		Northrop Grumman Corporation																30		30690400		$1,350.00		Air-supported rubber structures

		Northrop Grumman Corporation																87		87319901		$450.00		Electronic research

		Northrop Grumman Military																37				$2,681.64

		Northwest Airlines																45				$954.25

		Northwest Missouri State University																82		82210102		$502.75		University

		Northwest State Community College																82		82229903		$1,044.00		Technical institute

		Northwest Technical College																99		99999999		$487.50

		Novamex																28				$450.00

		Novo Nordisk BioChem NA, Inc.																28				$1,350.00

		Nypro Inc																30		30890608		$4,603.51		Injection molded finished plastics products, nec

		NCR Corporation																35				$450.00

		NESCO Container Corp.																34				$1,350.00

		NGK Ceramics USA, Inc																32				$1,350.00

		NIBCO Inc.																34		34940000		$1,381.00		Valves and pipe fittings, nec

		NRS Consumer Research																87		87320105		$664.75		Market analysis or research

		NRT Contract Manufacturing																35				$1,350.00

		NSF Intl. Strategic Registrations, Ltd.																87		87310202		$996.25		Commercial research laboratory

		NWE Technology Inc																				$450.00

		O.C. Tanner Company																39		39110107		$450.00		Pins (jewelry), precious metal

		Oberg Industries																35				$2,016.00

		Office of Contract Management, GSA/FSS																99				$1,350.00

		Ohio Bureau of Employment Services																96		96510200		$1,489.56		Labor regulatory agency

		Olin-Winchester																34		34820000		$1,374.00		Small arms ammunition

		Optical Gaging Products																38				$1,663.75

		Oracle Corporation																73				$450.00

		Organon Inc.																28				$1,381.00

		Oshkosh Truck Corp.																37		37110000		$1,547.95		Motor vehicles and car bodies

		Otis Elevator Company																35				$1,454.06

		OASIS Corporation																35				$450.00

		OEC Medical Systems Inc																38		38449908		$1,350.00		Radiographic X-ray apparatus and tubes

		OMNEX																36				$1,392.75

		ON Semiconductor																36				$567.00

		P.D.A. International, Inc.																				$935.50

		Pacific Circuits Inc.																36		36720000		$900.00		Printed circuit boards

		Pacific Property Consultants																73		73890203		$900.00		Building inspection service

		PacifiCare Health Systems		1		1993								3		2		80				$2,241.17

		Package Design & Manufacturing																				$450.00

		Pall Corporation																87		87310000		$900.00		Commercial physical research

		Panduit Corp																36				$1,526.50

		Parametric Technology Corporation (PTC)		1										6		5		73				$1,842.25

		Park Bank																60		60220000		$450.00		State commercial banks

		Parkview Medical Center																80		80620000		$1,350.00		General medical and surgical hospitals

		Parlec Precision N/C Tooling																38				$1,376.50

		Pat Salmon & Sons, Inc.																42		42139903		$1,350.00		Contract haulers

		Peavey Electronics Corporation																36				$1,529.00

		Penn Engineering & Mfg Corp																34				$775.50

		PennDot. Engineering District 9		1		1982		1998						5		2		96		96210200		$450.00		Licensing agencies

		Penske Truck Leasing Co L.P.		1		1989								6		6		73				$7,672.36

		Personal Prod Johnson & Johnsn																26		26760000		$1,567.85		Sanitary paper products

		Petroleo Brasileiro SA - Petrobras																51		51720000		$1,742.12		Petroleum product wholesalers,except bulk stations/terminal

		Phoenix Group																35				$2,070.00

		Phoenix Marine																16		16290110		$450.00		Marine construction

		Pilgrim Software																50		50459903		$1,747.10		Computer software

		Pioneer-Standard Electronics																36				$900.00

		Pitney Bowes Inc.																35				$1,381.00

		Plexus Corporation																87				$4,312.50

		Polynorm Auto. North America																37				$450.00

		Pontificia Univ Catolica Peru																82				$5,832.94

		PowerWay Inc																73		73730100		$1,765.25		Systems software development services

		Precision Products Group Inc																34		34950104		$1,350.00		Mechanical springs, precision

		Prescient Technologies																73				$450.00

		Primex Technologies																34		34830000		$3,532.79		Ammunition, except for small arms, nec

		Princeton Univ Plasma Phys Lab																80				$1,767.14

		Process Development Corp.																87		87420107		$2,310.15		Quality assurance consultant

		Process Quality Management Solutions																				$984.43

		Procter & Gamble Company		1										7		6		28		28419905		$3,592.14		Soap: granulated, liquid, cake, flaked, or chip

		Production Materials		1										6		6		50		50720102		$900.00		Nuts (hardware)

		Productivity Quality Systems																73		73710301		$13,491.13		Computer software development

		Promega Corporation																28		28360000		$450.00		Biological products, except diagnostic

		Protein Technologies Intl																28		28249912		$900.00		Protein fibers

		Pure Carbon Company																36		36240000		$1,542.75		Carbon and graphite products

		Pure Carbon Company																32		32910507		$1,510.50		Silicon carbide abrasive

		PACCAR Inc																37				$3,117.50

		PECO Energy Company		1		1985		1997						7		2		49				$1,413.95

		PNC Bank																60				$484.00

		PPG Industries, Inc.		1		1986		1998						6		6		28		28510000		$450.00		Paints and allied products

		PPG Industries, Inc.																28		28510000		$2,188.27		Paints and allied products

		PPI Technical Publishing																27				$503.25

		PRC Inc																73		73730300		$1,350.00		Computer system selling services

		Quality and Training Dynamics																87		87420100		$900.00		Industrial and labor consulting services

		Quality Bolt & Screw Company																34				$450.00

		Quality Bolt & Screw Corporation																50		50720100		$1,350.00		Bolts, nuts, and screws

		Quality Metal Products Inc																34				$1,405.75

		Quality Pursuit Inc																87		87420000		$2,233.70		Management consulting services

		Quest Analytical Inc																87		87489905		$450.00		Environmental consultant

		Quinco Tool Products RCI		1										7		7		35				$1,465.20

		QCI																50				$996.25

		QMI																51				$450.00

		QVC, Inc.																59		59619920		$1,038.50		Television, home shopping

		Racal Communications Inc.																36				$1,837.00

		Radiation Dynamics Inc																36		36990106		$1,350.00		Electron linear accelerators

		Ralston Purina Company																82		82310000		$1,333.55		Libraries

		Ramsey SIAS Inc																20				$450.00

		Rauland-Borg Corp																36				$1,960.00

		Raytheon Quality Programs Co																87				$1,800.00

		Reckitt & Colman																28		28790106		$1,326.72		Insecticides, agricultural or household

		Reed Tool Co																35		35330000		$1,350.00		Oil and gas field machinery

		Revolution Solution, LLC																				$450.00

		Rhodia VSI																28				$450.00

		Richco Metal Products		1		1998								6		6		34		34690000		$900.00		Metal stampings, nec

		Rippey Corporation																50		50450000		$1,178.25		Computers, peripherals, and software

		Risdon AMS																30				$1,350.00

		Rock Giant, LLC																				$450.00

		Rockwell Collins, Inc.																38				$2,004.72

		Rockwell Lime Company																32				$569.38

		Rocky Mountain Mail Services Inc																73				$450.00

		Rodgers Engineering Corp																30		30890611		$1,350.00		Molding primary plastics

		Royal State Group																63		63110000		$1,685.11		Life insurance

		Ruan Transportation Mgmt System																42		42139903		$2,260.55		Contract haulers

		Rush Metals																33		33990105		$1,350.00		Powder, metal

		Ryder																42				$450.00

		Ryerson/West																50		50519901		$1,350.00		Aluminum bars, rods, ingots, sheets, pipes, plates, etc.

		Rylmann Research Associates																99		99999999		$450.00

		RDW International																38		38410408		$1,449.25		Hypodermic needles and syringes

		RIT/CQAS																99		99999999		$6,258.15

		RPM Ventures, LLC																34				$450.00

		S&S Consulting Associates		1		1993		1996						5		4		99		99999999		$900.00

		Safe Harbor.com																73		73750000		$450.00		Information retrieval services

		Safety Instrumentation Inc.																38		38230000		$1,350.00		Process control instruments

		Safety-Kleen Oil Recovery Company																29		29929902		$1,422.25		Re-refining lubricating oils and greases, nec

		Sagebrush Corporation		1		1994		1997						2		2		73				$450.00

		Saint Louis Community College																82				$1,350.00

		SanDisk Corp																35		35720000		$3,841.07		Computer storage devices

		Sauder Woodworking																25		25190302		$3,369.09		Furniture, household: glass, fiberglass, and plastic

		Schaffner Mfg. Inc.																38				$900.00

		Schauer Independent Insurance Corp																64		64110301		$450.00		Insurance agents, nec

		Schering Corp																38		28340402		$1,350.00		Cold remedies

		Scully Signal Co																34				$2,330.75

		Seagate Technology																35		35720101		$2,918.99		Disk drives, computer

		Second To None Inc																87		87480000		$492.50		Business consulting, nec

		Secondary Solutions, Inc.																87				$450.00

		Sefar America Inc.		1										4		6		35				$900.00

		Semflex, Inc.																36		36790105		$900.00		Microwave components

		Semitool Inc																35				$450.00

		Serigraph Inc																27				$2,586.66

		Shell Energy Services Company L.L.C.																49		49110000		$450.00		Electric services

		Short Run Stamping Company Inc																34				$1,350.00

		Sid Richardson Carbon Co		1		1992								4		7		28				$2,069.65

		Sidel Inc. Mold Manufacturing																30				$983.50

		Siemens Building Technologies																35				$450.00

		Siemens Medical Systems																50		50470000		$5,807.15		Medical and hospital equipment

		Siemens Medical Systems, Inc.																99		99999999		$1,703.60

		Simpson Industries Corp																37				$1,134.00

		Sinclair Community College																82				$1,881.25

		SkyMark Corporation																73		73710301		$900.00		Computer software development

		Sloan Valve Co		1										6		5		34		34940000		$1,566.75		Valves and pipe fittings, nec

		Smurfit-Stone		1		1981		1992						4		6		26				$1,800.00

		Snap-on Tools Corp																61		61530000		$900.00		Short-term business credit institutions, except agricultura

		Social Security Administration																94		94410102		$1,350.00		Social security administration, government

		Solo Cup																26		26560101		$1,378.00		Cups, paper: made from purchased material

		Sony Electronics Inc																36		36510201		$1,094.45		Television receiving sets

		Source Inc.																50		50650103		$1,637.75		Telephone equipment

		Southco Inc																39		39650300		$2,520.01		Fasteners

		Southern Management Corp																65				$2,613.96

		Spectrum Products Inc																36		36489907		$450.00		Sun tanning equipment, incl. tanning beds

		Spellman High Voltage		1		1993								6		4		36				$2,085.00

		Sphere Supply, Inc.																35				$1,957.50

		Sportswire LLC																34				$450.00

		St. Thomas Health Services																65		65120100		$450.00		Commercial and industrial building operation

		Stanley Access Technologies																50		50310304		$1,350.00		Doors, nec

		Startek Inc USA																38				$900.00

		Stat-Ease Inc.																73		73720000		$1,350.00		Prepackaged software

		State of Kansas, Dept of Admn																99		99999999		$900.00

		State of Oregon DHS-OIS																83		83999909		$1,350.00		Social service information exchange

		StatSoft Inc																73				$1,378.00

		Sterling Fluid Systems (USA), Inc.																35				$450.00

		Stone & Webster Engrg Corp																87		87119909		$4,445.77		Professional engineer

		Storm Water Management Authority, Inc.																99		99999999		$900.00

		Sumitomo Sitix of Phoenix, Inc.																36		36749909		$450.00		Silicon wafers, chemically doped

		Sun Microsystems Inc																35		35719903		$1,752.35		Minicomputers

		Sunbelt Telecommunications																50		50650200		$450.00		Communication equipment

		Sverdrup Technology, Inc.																38				$1,975.20

		Swagelok Corp																34		34940100		$450.00		Pipe fittings

		System Sensor A Division of Pittway Corp																36				$900.00

		Systems Compliance																38				$1,036.75

		SAS Institute Inc																73		73729901		$1,594.85		Application computer software

		SBC Communications																48				$450.00

		SC Dept of Health & Envir Control																87		87410102		$1,502.50		Financial management for business

		SC House of Representatives																91		91210000		$900.00		Legislative bodies

		SC Johnson Wax																28		28420204		$2,548.65		Floor waxes

		SEI																38				$1,779.75

		SGS North America Inc																35				$1,350.00

		SIG PACK INC. Doboy Division		1		1999								7		5		26				$1,839.00

		SOFTRAX Corporation																73				$1,007.84

		SPC Press/Stat Process Control																59		59420000		$1,737.95		Book stores

		STC Keltec																36				$764.20

		STMicroelectronics																35				$1,466.45

		SWECO, Inc.																35				$1,350.00

		T.B. & P. Express, Inc.																42		42130000		$2,415.33		Trucking, except local

		Tacoma Public Utilities																49		49110000		$1,516.00		Electric services

		Taraustar																				$1,762.00

		Taylor Press Products Co																34		34699916		$900.00		Stamping metal for the trade

		Tech Prose																27				$850.00

		Technic Inc.																34				$1,350.00

		Technical Machining Svcs Inc																35		35990303		$1,610.45		Machine shop, jobbing and repair

		Technical Seminars																87		87119903		$900.00		Consulting engineer

		Tecom Industries Inc.																36				$1,399.25

		Tecumseh Products Co																35		35850400		$1,443.25		Parts for heating, cooling, and refrigerating equipment

		Tektronix, Inc.																76		76299905		$1,849.00		Telecommunication equipment repair (except telephones)

		Telcordia Technologies																87		87310000		$1,350.00		Commercial physical research

		Teleflex Incorporated																37		37310000		$4,596.44		Shipbuilding and repairing

		Tellabs Operations Inc.																36		36610000		$1,640.65		Telephone and telegraph apparatus

		Telmar Logistics Inc		1		1991		1995						7		7		50		50650000		$1,649.50		Electronic parts and equipment, nec

		Tennant																35		35890203		$1,383.95		Dirt sweeping units, industrial

		Tennessee Valley Authority																95				$3,816.41

		Terry Machine Company																34				$450.00

		Texas Department of Human Services		1		1999								7		3		73				$1,410.25

		Texas Dept of Information Resource																91		91990100		$2,087.63		General government administration

		Texas Nameplate Co.																34		34790105		$450.00		Name plates: engraved, etched, etc.

		The CheckFree Corporation																73		73740100		$2,384.24		Computer processing services

		The Coca-Cola Company																20		20860302		$1,350.00		Soft drinks: packaged in cans, bottles, etc.

		The Harrington Group, Inc.																73		73710101		$1,350.00		Computer software systems analysis and design, custom

		The ISO 9000 Network																73		73790200		$3,152.47		Computer related consulting services

		The Nordam Group																37		37280000		$1,584.67		Aircraft parts and equipment, nec

		The Oakwood Group																34		34650000		$1,024.52		Automotive stampings

		WebThis		1		1992		1993				1998		7		7		73				$1,350.00

		The Rockport Company																56		56619902		$1,888.55		Footwear, athletic

		The Timken Company																34				$1,800.00

		The Vanguard Group Inc.		1		1990		1991		1993				5		2		62				$3,496.50

		The Wackenhut Corporation																36				$2,002.35

		The Waggoners Trucking																42				$450.00

		The World Class Manufacturing Group Inc																35		35990303		$450.00		Machine shop, jobbing and repair

		Thermo Black Clawson Inc																35				$1,874.00

		Tobyhanna Army Depot																99				$1,800.00

		Tony Murray & Associates Inc																73		73319906		$900.00		Mailing list brokers

		TorrMetal Corp																34		34690000		$900.00		Metal stampings, nec

		Tosoh SMD Inc.																35		35640100		$2,304.45		Purification and dust collection equipment

		Trans Union Corp																73				$2,818.50

		Transamerica Real Estate Tax Service																61		61530000		$450.00		Short-term business credit institutions, except agricultura

		Transoceanic Shipping Co, Inc.																44				$1,350.00

		Transtracheal Systems Inc.																38		38410403		$1,000.70		Catheters

		Trend Technologies																99		99999999		$900.00

		Triangle Services Inc.																73		73490100		$900.00		Building and office cleaning services

		Trilla Steel Drum Corp																34		34129902		$1,350.00		Drums, shipping: metal

		Tropical Sportswear Intl																23		23250000		$2,120.86		Men's and boy's trousers and slacks

		Tru-Form & Mfg Ind Inc																34		34690000		$450.00		Metal stampings, nec

		Truth Hardware Thomasville																35		35440104		$450.00		Dies and die holders for metal cutting, forming, die castin

		Tube Supply Inc																33				$900.00

		Tubertronics																33		33210100		$450.00		Cast iron pipe and fittings

		Tulsa Community College																82				$1,350.00

		Tyler Building Systems Co																34				$450.00

		TELCOR Inc																38				$900.00

		TRC Associates Ltd																87		87420000		$462.00		Management consulting services

		TUV ESSEN																87				$5,433.75

		TUV Rheinland of NA Inc																60		60210000		$2,082.00		National commercial banks

		U.S. Bank National Association																60				$1,350.00

		U.S. Postal Service Quality Department																43		43110000		$10,847.55		U.S. postal service

		Ulticom Inc		1		1998								7		6		73		73710301		$708.25		Computer software development

		Underwriters Laboratories																87		87340000		$1,350.00		Testing laboratories

		Underwriters Laboratories Inc																87		87340203		$1,600.00		Product testing laboratory, safety or performance

		Unicon Concrete Inc																32				$1,887.70

		Union Pacific Distribution Services																47				$900.00

		Union Pacific Railroad		1		1987		1990		1994				4		4		40		40110000		$2,104.85		Railroads, line-haul operating

		United Defense		1		1990		1990				1990		2		6		34				$900.00		DoD

		United States Enrichment Corp																87		87420405		$1,507.50		Public utilities consultant

		United States Pipe and Foundry Company																33				$1,350.00

		United Technologies																82		82490000		$4,385.42		Vocational schools, nec

		Univ of Michigan Health System																80				$1,661.46

		Univ of Texas, MD Anderson Cancer Center																80				$1,808.00

		University of Alabama																82				$2,466.94

		University of Alaska																82		82210000		$1,062.02		Colleges and universities

		University of Cincinnati																27		27110100		$1,354.90		Newspapers, publishing and printing

		University of Florida																82		82210102		$1,736.60		University

		University of SC Spartanburg																87				$2,987.20

		University of Utah Hospital and Clinics																80		80620000		$732.40		General medical and surgical hospitals

		US Air Force																99		99992222		$2,541.25		Duns Support Record, nonclassifiable establishment

		US Coast Guard FDCC LANT																60				$1,869.25

		US Coast Guard YARD																60		60629901		$1,527.00		State credit unions, not federally chartered

		US Controls		1										5		6		36		36430200		$1,350.00		Electric switches

		US Department of Energy																95		95120000		$1,350.00		Land, mineral, and wildlife conservation

		US EPA																91		91990000		$5,764.12		General government, nec

		US EPA Radiation & Indoor Envir Natl Lab																95				$2,595.62

		US Geological Survey																95		95110000		$1,378.00		Air, water, and solid waste management

		US Naval Medical Inspector General																99		99999999		$1,078.49

		US Postal Service		1		1995		1994						7		1		43				$900.00

		US Postal Service NY Metro Area																42		42259901		$450.00		General warehousing

		US Steel Group																33				$1,800.00

		US West																48				$450.00

		USAF Air Combat Command																97				$1,749.09

		USDA Agricultural Mktg Service																99		99999999		$1,350.00

		USMC Blount Island Command																97				$5,997.75

		USPA & IRA																64				$900.00

		USPS Western Area Quality																49		49119901		$588.85		Distribution, electric power

		Valmet Inc.																35		35549907		$2,570.95		Pulp mill machinery

		Venimex Consulting Services Inc.																73		73790200		$450.00		Computer related consulting services

		Venture Homes Inc																15		15219901		$450.00		New construction, single-family houses

		Verify Inc.																87		87119903		$1,494.00		Consulting engineer

		Verilink Corporation																36		36610000		$1,350.00		Telephone and telegraph apparatus

		Vetrotex America																22		22210500		$900.00		Glass and fiberglass broadwoven fabrics

		Vetter Health Services Inc.		1		1994		1995				1995		5		2		80				$1,530.45

		Victor Reinz Dana Corp																30		30530100		$900.00		Gaskets and sealing devices

		Viracon																32				$900.00

		Vishay																36		36760000		$900.00		Electronic resistors

		Visual Pak																30				$720.50

		VFP Inc																36				$1,350.00

		Wackenhut Services Inc																73				$2,697.45

		Wackenhut Services Inc - Savannah River																73				$1,792.00

		Wagstaff, Inc.																35				$450.00

		Waitsfield Champlain Valley Telecom																48				$450.00

		Wake County Public School Sys																82				$1,350.00

		Warner's																				$1,800.00

		Washington Calibration, Inc.																87		87349902		$450.00		Calibration and certification

		Washington Metro Area Transit																96		96219904		$1,876.50		Transit system or authority: government, nonoperating

		Wavecrest Corp																38				$2,113.00

		Webb Forging Co																34		34620000		$1,421.00		Iron and steel forgings

		Wedin International Inc.																34				$900.00

		Welch Allyn																38		38410200		$1,662.20		Diagnostic apparatus, medical

		West Desert Test Center																97				$1,004.06

		Western Piedmont Comm College																82				$2,094.08

		Weyerhaeuser Co																50		50310000		$3,641.51		Lumber, plywood, and millwork

		Wheland Foundry																33		33219902		$450.00		Ductile iron castings

		White Hydraulics, Inc.																35				$1,350.00

		White Oak Semiconductor																36				$450.00

		Whitehall-Robins Healthcare																28				$1,350.00

		Wikoff Color Corporation																27				$2,276.50

		Will Burt Co																34		34430000		$1,378.00		Fabricated plate work (boiler shop)

		William F. Hegarty, Inc.																34				$1,350.00

		William Frick & Company																27				$450.00

		Wings Electro Sales Co Inc																50		50650300		$2,176.65		Electronic parts

		Winston-Salem Industries for the Blind																25		25150102		$900.00		Mattresses, containing felt, foam rubber, urethane, etc.

		Wisconsin Electric																49				$3,646.91

		Wisconsin Indianhead Tech College																82		82490000		$900.00		Vocational schools, nec

		Woodward Governor Co																37		37280206		$1,983.50		Governors, aircraft propeller feathering

		World Wireless Communications Inc																36		36630000		$450.00		Radio and t.v. communications equipment

		Xactdose Inc.																51		51220308		$450.00		Pharmaceuticals

		Xerox Corporation																73		73789901		$1,350.00		Computer and data processing equipment repair/maintenance

		Xpedx Michigan Group																51		51110000		$450.00		Printing and writing paper

		XICOM Technology																36				$900.00

		Yoder Die Casting Corp																33		33630000		$1,650.50		Aluminum die-castings

		Yushin America, Inc.																35				$1,800.00

		YClip.com																73				$1,004.06

		YSK Corp																37				$1,108.95

		YUASA Inc																36				$1,854.20

		Zierick Manufacturing Corp.																36		36430302		$1,350.00		Connectors and terminals for electrical devices

		Zoeller Company																36				$900.00

		ZC & R Coatings for Optics Inc																38		38270201		$450.00		Lens coating equipment

		3M																51		51910101		$1,350.00		Chemicals, agricultural

		4C Solutions, Inc.																87				$900.00

		62d Airlift Wing																99		99999999		$1,350.00

		911 Airlift Wing USAF Reserve																97		97119901		$1,415.95		Air Force

		939 Rescue Wing																97		97119901		$975.25		Air Force
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