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Abstract: A literature review revealed little empirical research regarding the Deming philosophy under rigorous, quantitative scientific methodology. The Work Environment Scale (WES), an established, mature survey instrument that measures organizational climate along a number of dimensions, inspired the formation of a set of propositions that were expected to be significant with regard to the Deming philosophy. The instrument was then administered to a population of Deming subject-matter experts (SMEs) in order to test those propositions. The results contribute a quantitative profile of the Deming philosophy along the dimensions measured by the WES instrument that can be used in future empirical research, hypothesis testing and theory building.
INTRODUCTION

Dr. W. Edwards Deming is widely credited as the individual most influential in the economic recovery of post-war Japan as well as the rise of quality as a operations management technique and a management philosophy during the 20th Century; many statements to that effect can be found in print, comments within Bean (1985), Dixon (1987), Lazzareschi (1993), Kusumoto (1987) and Milstein (1992) exemplify. The Deming perspective, in the words of Aguayo (1990), "destroys every important notion of management, shows that the important things learned in business school are not only wrong but that they lead to inferior results, poor quality, and customer dissatisfaction."  

The recognition of the effect of Deming's philosophy upon the Japanese economic recovery lends that philosophy a certain degree of credibility and therefore calls for rational, empirical investigation.  Yet only a few instances of such rational investigation are seen in the literature.  The majority of the existing literature can be described as either explanatory in nature, anecdotal in nature or as an attempt to restate the general aspects of the Deming philosophy toward a specific industry or profession. A review of existing research regarding the Deming philosophy, conducted over approximately 150 articles, 40 books, 100 article abstracts, 15 dissertation abstracts, 100 newspaper articles and 100 newspaper article abstracts yielded only twenty works that attempt to build knowledge regarding the Deming philosophy through the use of scientific methodologies. Eight of the twenty works located were unpublished dissertations.

The abundance of anecdotal support, when compared to the near total absence of significant academic research regarding the Deming philosophy, affects a compelling call for formal research into that philosophy. Such a perspective finds support in the literature:

“Despite the apparent effect that the Deming management method has had on the practice of management around the world, there is little empirical research support for its effectiveness beyond anecdotal evidence. … Academic attention on the Deming management method has, in fact, been surprisingly sparse. … Other researchers are encouraged to critically examine the Deming management method approach to quality management.” – Anderson, Rungtusanatham, and Schroeder (1994)
“Despite the impact that Deming and his Fourteen Points have had on the practice of quality management, empirical support for the effectiveness of the Deming Management Method has not advanced beyond the presentation of anecdotal, case-study evidence.”  – Anderson, Rungtusanatham, Schroeder and Devaraj (1995)
“Despite the paucity of scientific evidence attesting to the effectiveness of W. Edwards Deming’s quality management approach … it has received considerable attention from manufacturing and service organizations around the world.” – Rungtusanatham, Forza, Filippini and Anderson (1998)
 “In parallel to this trend among practitioners [to adopt total quality management practices] … a plethora of prescriptive quality management literature has also emerged … each [guru] identifies a set of ‘key practices’ … [such as] Deming’s Fourteen Points. While these claims are seldom accompanied by rigorous supporting evidence, they do have some degree of face validity. Similar anecdotal evidence and inferential evidence has been put forth by a variety of consultants, quality associations, and governmental agencies. The disappointing aspect of this debate is that after more than two decades of such claims, exceptionally little … rigorous empirical research has been conducted to verify them.” –  Dow, Samson and Ford (1999)
“There is general agreement, however, that Deming’s management approach … lack[s] an emphasis on careful analysis …” – Saunders and Saunders (1994)
Given the implicit and explicit calls to research, this study appropriately proceeded toward contribution of knowledge regarding the Deming philosophy.

RESEARCH PROPOSITIONS AND METHODOLOGY

Measurement of the effectiveness of the Deming philosophy upon improvement of traditional outcome measurements would require the objective identification of organizations that practice the Deming philosophy.  That identification, however, presents a difficulty to researchers. Prior to this study, there did not exist any objective, non-anecdotal method for identifying companies practicing the Deming philosophy. Many aspects of the Deming philosophy are far less objective and tangible than other common operations management practices (e.g., just-in-time, kanban) that lend themselves well to verification by observation. An organization might profess to practice Deming principles but may not be, in fact, doing so. An organization might be practicing Deming principles without realization and so not identifying itself as doing so.  Hence, an objective identification of the Deming philosophy is requisite to such empirical studies of effectiveness.  Accordingly, this study sought to contribute requisite knowledge regarding objective identification of the Deming philosophy, knowledge that can be employed toward future empirical research as well as theory building.


A search was conducted to locate a mature, established instrument that measured constructs that would be expected to be strongly associated with the Deming philosophy, with the intention of using that instrument to quantitatively profile some portion of the Deming philosophy.  The Work Environment Scale (WES), authored by Dr. Rudolf H. Moos of Stanford University, was ultimately selected for use in this study. The WES instrument measures ten constructs: work pressure, coworker cohesion, supervisor support, autonomy, innovation, involvement task orientation, clarity, managerial control and physical comfort.  Detailed study of Deming’s two major books about his philosophy, Out of the crisis (1986) and The new economics for industry, government, education (1994), suggested that at least seven of these ten constructs are significant within his philosophy.  


The Work Environment Scale has often been used as a central instrument in published academic works and dissertations, implying that the instrument is well accepted for use in research. According to external reviewers such as Vaux (1992) and Moses (1994) as well as Moos himself (1994a; 1994b), the Work Environment Scale is a generally reliable and valid instrument, developed with appropriate concern for psychometrics. The Work Environment Scale was administered with a one‑month intertest interval with resulting moderately high test-retest reliability values, and longitudinal studies find the instrument is quite stable over 1 year and is moderately stable over the long term, with values within acceptable limits for practical application. With regard to internal consistency as measured by Cronbach’s alpha (1951), all of the ten construct alpha values, as well as the mean alpha value for the entire instrument, fall within acceptable psychometric limits. With regard to construct validity, Vaux (1992) states that “a great many studies bear on the construct validity of the Work Environment Scale; that is, yield findings that to a greater or lesser degree conform to the theoretical predictions.” Moos (1994b) offers many examples in a lengthy discussion supporting the construct validity of the instrument. There has been recent appeal in the operations management literature by Rungtusanatham (1998) for greater attention toward the issue of content validity. The detailed discussion of the planning, development and item selection for the Work Environment Scale presented by Moos (1994b) lends content validity to the instrument; in fact, Moos (1994a) explicitly states that content validity was built into his instrument from the outset by carefully defining constructs, preparing items to fit the construct definitions and selecting items according to empirical analysis. In addition, three independent studies – Constable (1983), Flood (1987) and Yarne (1983) – successfully factor analyzed the instrument, further strengthening the argument for the instrument’s content validity. Accordingly, the Work Environment Scale was expected to be an acceptable and appropriate instrument toward quantification of these particular facets of the Deming philosophy. 

Propositions were formed regarding the seven WES constructs thought to be significant within the Deming philosophy, those propositioned based upon arguments derived from the detailed study of Deming’s two aforementioned books (1986; 1994). For example, the first proposition, P1: The Deming philosophy prescribes a less-than-average degree of work pressure, tested the difference between the average work pressure value, as collected from a population of Deming subject matter experts (SMEs) who were asked to respond as though discussing an ideal Deming organization, and the WES normative work pressure construct mean, as developed by the instrument’s author from a random sample of work environments among 8,146 individuals belonging to 116 work groups.  The WES normative construct means do not represent the “normal” work environment, but rather the central tendency of the population of work environments; if the proposition is supported, it implies that the Deming philosophy value differs significantly from that central tendency. 

In similar fashion, the following propositions were also tested:

P2:
The Deming philosophy prescribes a higher-than-average degree of coworker cohesion.
P3:
The Deming philosophy prescribes a higher‑than-average degree of supervisor support.
P4:
The Deming philosophy prescribes a higher‑than-average degree of autonomy.

P5:
The Deming philosophy prescribes a higher-than-average degree of innovation.
P6:
The Deming philosophy prescribes a higher-than-average degree of involvement.
P7:
The Deming philosophy prescribes an average degree of task orientation.
Neutral, “two-tailed” propositions were tested for the three remaining constructs that were neither argued nor initially considered significant with regard to the Deming philosophy:

P8:
The Deming philosophy prescribes an average degree of clarity.

P9:
The Deming philosophy prescribes an average degree of managerial control.

P10:
The Deming philosophy prescribes an average degree of physical comfort.

Significant difference was tested at values exceeding one standard deviation, as this is the significance test recommended by both the instrument authors and by the evaluative literature. For example, Moses (1994) states:

“Work Environment Scale profile elevations typically are interpreted as significant at approximately one standard deviation above the approximate normative mean. Profile elevation differences of this magnitude between groups compared on the same form of the WES generally are interpreted as relevant. … WES users would be well advised to interpret differences on the order of a standard deviation or more as clinically relevant.”

Beyond the mere recommendation of the literature, there was sufficient rationale to employ this level of significance, as opposed to a traditional z-test, with p ( .05.  The WES normative values are based upon a large sample size drawn from the full population of work environments. So the traditional z-test, in this situation, would more so testing to determine if a specific work environment significantly differs from the entire population of known work environments.  That is indeed a test we would almost certainly expect to fail and is clearly not the intention of the propositions.

DATA ANALYSIS AND CONCLUSIONS

Through the reading of Deming literature, as well as through general participation in the Deming community, fifty-five possible Deming SMEs were identified. Upon further inspection, two of these individuals were excluded as not truly being qualified as (James F. Leonard, Cecelia S. Kilian)Deming SMEs. Thus, a total of fifty-three Deming SMEs were ultimately identified for the purposes of this study. Of those individuals identified, two individuals disqualified themselves in pre‑contact as not being Deming subject matter experts, one individual declined participation during pre-contact and three individuals could not be located. Of those remaining forty‑seven individuals who were mailed the survey, twenty-three usable Work Environment Scale responses were returned from the remaining forty-seven individuals, translating into a 48.9% Work Environment Scale response rate.  The construct means and variances resulting from the Deming SMEs responses are tabled below:

	WES Constructe
	(x
	s²

	Involvement
	8.174
	(0.928)²

	Coworker Cohesion
	7.957
	(1.732)²

	Supervisor Support
	7.783
	(2.315)²

	Autonomy
	7.174
	(2.872)²

	Task Orientation
	7.739
	(2.438)²

	Work Pressure
	3.652
	(6.982)²

	Clarity
	7.565
	(1.581)²

	Managerial Control
	3.217
	(5.167)²

	Innovation
	7.435
	(2.291)²

	Physical Comfort
	7.130
	(2.774)²


Table 1:  Deming SME Construct Means and Variances
Of the seven propositions based upon arguments derived from the detailed study of Deming’s two books, six propositions were supported:  Deming prescribes a lower-than-average degree of work pressure, but higher-than-average degree of coworker cohesion, supervisor support, autonomy, innovation and involvement.  In fact, P6, the Deming philosophy methods prescribes a higher-than-average degree of involvement, resulted in a p-value of .004, a value normally deemed highly significant.  This p‑value implies the degree of involvement expected under Demingism differs significantly from the entire population of work environments.

P7, the Deming philosophy prescribes an average degree of task orientation, was rejected in favor of the Deming philosophy prescribing a higher-than-average degree of task orientation. 

The three neutral, unargued propositions were rejected in favor of the Deming philosophy prescribing higher-than-average degrees of clarity and physical comfort and a lower-than-average degree of managerial control.  Figure 1 clearly illustrates, through use of a radar chart format, the differences between the Deming philosophy work environment and normative central tendencies. The abbreviations used in the figure are I for involvement, CC for Coworker Cohesion, SS for supervisor support, A for autonomy, TO for task orientation, WP for work pressure, C for clarity, Ctl for managerial control, Inn for innovation and Com for physical comfort.
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The more general conclusions that can be drawn from these results is that the work environment under the Deming philosophy does differ significantly from the central tendency of work environments in general and, further, that the underlying arguments for the propositions find a degree of validation.

IMPLICATIONS FOR FUTURE RESEARCH

The results carry certain implications for future research.  The most notable implication concerns the extreme significance of high worker involvement, a result that is somewhat paradoxical in nature. Deming subject matter experts typically agree that Deming philosophy failure is, by far, most often due to the posture of management and leadership. On the other hand, they herein quite strongly agreed that an extremely high degree of worker involvement, the degree to which employees are concerned about and committed to their jobs, was the most critical construct within the Deming work environment. Worker concern and commitment, however, is intrinsic in nature, not so directly under the influence of management. How is it, then, that management’s lack of commitment is the primary instigator of failure of the Deming philosophy, when it is the work forces’ intrinsic commitment, not managerial control or supervisor support, that is, by far, the most requisite factor within a Deming work environment according to the findings of this study? Future research that results in finding and discussion that resolves this issue would clearly contribute to better understanding of the Deming philosophy as well as to explain how it can be employed toward improvement.

Regardless of the hypothesis testing outcomes, the results of this study were expected to be meaningful regardless of the outcomes of the hypothesis testing, as a quantified profile of certain aspects of the Deming philosophy would be “in hand.” While the findings reflected in Table 1 do not purport to represent the entirety of Dr. Deming’s philosophy, the data’s usefulness toward the future contribution of knowledge regarding the Deming philosophy is manifold:

· This data can be directly compared to actual work environment data from organizations deemed (in some manner) to be “successful” or “unsuccessful,” in order to seek a degree of validation for the effectiveness of the Deming philosophy

· This data can be directly compared to work environment data from other quality and management philosophies to objectively contribute to debates regarding their degrees of coincidence or exclusivity.

· This data can be employed to identify gaps between the Deming philosophy and the actual work environments where the Deming philosophy is advocated, thereby identifying constructs requiring managerial action.

· This data can be employed to identify gaps between the Deming philosophy and the work environment anticipated by management planning to implement the Deming philosophy, thereby aligning management expectations.

· This data can be employed to falsify organizations anecdoting their practice of the Deming philosophy by the measurement of their actual work environment.
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