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1.0 Introduction
The purpose of this analysis is to provide insights into improving operations management’s  research impact on both management and the economy. It also suggests specific research aspects that may improve operations management’s specificity to clarify how the results may be implemented. It highlights several important areas that need more research focus. These areas are manufacturing management impact on the national economy, manufacturing’s detailed implementation, and the four theory properties that include formal definitions, sampling assumptions, relationship testing and predictions. Last, it highlights some important the challenges to extend the research focus for supply chain management.
2.0 The Changing Environment For Manufacturing Competitiveness  
The lack of academic interest in macroeconomic international issues is somewhat disappointing. Listen to any major newscast on almost any station and there is a discussion about the need for more jobs. The types of jobs usually mentioned are manufacturing jobs. Yet, there is a lack of academic empirical studies of these areas by supply chain and operations management academics. 
For example in 1992, the GMRG (Global Manufacturing Research Group) began noticing an important trend in employment. One professor reported that there was a decrease in manufacturing employment in India. So the decline in manufacturing employment began almost two decades ago. According to the Bureau of labor statistics, Chinese urban, town and villages manufacturing employment from the high of 1996 to a low of 2007, the number decreased from 125 to 98 million, about 27 million jobs lost. In the USA, the high was approximately 16.8 million in 1997 and the low of 13.0 million in 2006 is a loss of about 3.8 million jobs.  Although USA has suffered more than China percentagewise, 22.6% compared to the Chinese 17.5% decrease, both countries have lost a significant amount of manufacturing employment. Although popular press beliefs for the decrease usually focus on automation and technology, these analyses typically do not include process improvements such as: just in time, theory of constraints, improved manufacturing strategy, improved manufacturing planning and control systems, and numerous other possible causes. Although the empirical studies have always shown capital equipment as the most important resource for productivity, the fact is we do not know the degree of technology and process improvements’ relative importance that is causing the manufacturing employment decrease. Yet, we are fairly certain that it is widely happening in manufacturing.  
Although manufacturing employment is decreasing, operations management does not know exactly which skills are needed for the modern manufacturing company. Are physical skills (professional trades) more important than intellectual skills (information tech skills)? It is an important question since fifty years ago almost any healthy body could be employed in manufacturing. Today, we are not sure of which skills are needed now and in future for an effective employee in manufacturing. Yet, this change in employment requirements is an important issue that needs to be empirically analyzed. 
2.1 Supply Chain Management’s Important Strategic Effect 
The emphasis on supply chain management probably leads to some rather questionable strategies in manufacturing. Although typically most supply chain specialists recognize that the manufacturing facility is where value is added in the company, this emphasis may lead to a problematic approach to solving internal manufacturing problems. If a manufacturing company faces a problem with product or component, too quickly the company may choose to outsource it. This outsourcing may cause important changes in the plant’s manufacturing process by eliminating specific manufacturing skills. Yet these skills may be needed for future product development. Skills reduction can also contribute to decreasing the delivery reliability and reducing value-added to the company. 
3.0 A Concern for Manufacturing Strategy Implementation   
Academic research has an important role in the improvement of manufacturing. It provides insights into how and why specific activities affect the manufacturing performance. Yet any academic research needs to be implemented into manufacturing facilities. The term implementation is defined as: the act of putting into effect. In manufacturing, this means how the activity is utilized inside of the operational system. This discussion should focus on how any activity affects the manufacturing planning and control system. Generally, the manufacturing planning and control system is the scheduling system that time-phases all resources (Jacobs, Berry, Whybark and Vollmann, 2011). It is a detailed plan of how manufacturing achieves specific competitive goals classically delineated as: cost, quality, delivery, flexibility, and new products by time phasing resources and their costs. These systems have detailed planning for all resources and are limited by strategic factors that must be account for in planning. Figure 1 gives this overview of a typical manufacturing planning control system. This figure mirrors exactly all major manufacturing information software (such as SAP, Baan, JDE, JDA, BPCS, Oracle, etc.).  All strategic factors affect the planning activities. Although a complete discussion of these activities and how they integrated with each other is beyond the scope of this discussion, these planning and control activities are absolutely necessary for the implementation of any program since this system provides the costing of any MPCS interference caused by programs. Too often, articles are written that relate specific programs to competitive outcomes without detailing how in planning and control system these programs are being taken into account with their cost.    
Unfortunately, in academia most operations academics recognize the MPCS system but are unfamiliar with how it numerically works. For example, manufacturing academics should be able to estimate a detailed forecast from past sales data then, utilizing bills of materials and routings for deriving a time-phased cost plan to derive control limits for each time-phased resource. Academics unfamiliarity with MPCS emphasizes the chasm between academia and manufacturing executives. 
_____________________________________________________________________________ Insert Figure 1 about here
______________________________________________________________________________
Consequently, we need to have more academics involved in implementing MPCS systems. Too often academics believe they are manufacturing strategists without understanding exactly how manufacturing achieves competitive goals. Somewhat less fortuitous is the fact that many higher level manufacturing executives are unfamiliar with detailed MPCS. This unfamiliarity leads to poor manufacturing performance due to not understanding the limits of MPCS. This unfamiliarity is sometimes labeled as ‘management at 35,000 feet’ where all that the manufacturing executives understand are what they see from airplane flying over the factory. They see the inputs to the factory and see internal and external output measures, but do not see how they were accomplished inside the MPCS.  Unfortunately, one reason for the lack of research in MPCS is that there are very complex innumerable intervening factors that cause low explanatory powers when estimating effects. However, understanding the implementation using MPCS of any program is very detailed and is very important for understanding how and why a program was implemented.  It is important to understand how any program affects the specifics of MPCS implementation.
  As Alfred North Whitehead has said, “We think in generalities, but we live in detail.”  We think in the generalities of strategy, but we need to live the details of MPCS. Some academics do not want to be bothered by complex MPCS problems. But it is important to recognize that these problems are the heart of manufacturing even if academics do not what to be bothered with the MPCS details. The traditional management saying still applicable is:  “Show me a man (person) who cannot bother to do little things and I’ll show you a man (person) who cannot be trusted to do big things.” – Lawrence D. Bell
4.0 The Importance of Formal Theory 
It seems that every decade there is a new round of ideas about how useful theory is in its various forms and methodologies (i.e. Academy of Management Review, 1989; Journal of Operations Management,1998 and others). However, many of these commentaries are not founded in the primary academic discipline that defines what theory is and what it is not….the philosophy of science. Consequently, these discourses replicate classical issues that have been discussed for several millennia.  Unfortunately, some of these discussions do not recognize how theory guides a clear understanding of academic research issues.  This understanding of theory provides the conceptual foundation for all academic empirical theory-building research. ‘Good’ theory dictates sound empirical statistical methodology from measuring of constructs, to population sampling, to model building, and to predictions.  Theory is defined as an explained set of conceptual relationships (Wacker, 2004). To be explained, a theory should have four basic properties to answer four basic questions: What are the definitions of the concepts? Where does the theory apply? What are the relationships among the concepts? What does the theory predict? In lay terms, it answers who, what, when, where, how, why, and should, could and would questions.  The definitions clearly define the theory’s concepts of whom and what are being investigated. The theory domain answers the when and where the theory applies. The how and why questions explain the relationships among variables. And would, could and should happen give the predictions, if the above properties are followed.   In short, to conform to the definition of theory, a proposition should have definitions, theory domain, relationships, and predictions. Without these four properties, it is just not explained and therefore, does not conform to this definition of theory.  Consequently, from a formal methodological sense, theory is the foundation of all understanding despite what some cynics of theory may suggest (Shubik, 1987).  It is important to understand common conceptual pitfalls.	 
4.1 Definitional Challenges to Measurement
A common confusion about definitions is: The measure is the most important aspect for precision of the verbal definitions. Quite the opposite is true since abstract concepts must be verbally expressed and this expression should dictate exactly what an acceptable measure is. Too frequently, authors do not precisely verbally define a concept leading to innumerable concept measures. The formal conceptual definition is the verbal expression of an abstract concept. The measure(s) of the formal conceptual definition is called the operational definition. If the concept has a poor formal conceptual definition, then there are numerous operational measures for the concept causing numerous contradictory empirical results. For this reason in the philosophy of science, these numerous measures (properties, traits, characteristics, etc.) are called accidental definitions. 
The formal conceptual definitions in a theory dictate their measurement since the measures are explicitly (the denotation) and implicitly (the connotation) of the definition. Unfortunately, the abstract construct terms used in many studies are very broad. A common example is the competitive goals in operations management. These goals traditionally are: Quality, Delivery, Flexibility, Cost, and more recently New Product Development.  Although all these concepts have some conceptual definitional difficulty, probably quality is the one that is the vaguest. A casual review of the terms used to measure comparative quality from (Roth, Schroeder, Huang, & Kristal, 2008), reveals there are many different properties for measuring quality some are not cited in the classic Garvin article (1983) where he suggested these competitive measures (dimensions): performance, conformance, aesthetics, reliability, durability, perceived quality, features, and serviceability. However, the Roth & et.al. book (2008) indicates studies have utilized these 14 comparative competitive measures: performance, conformance, reliability, durability, perceived quality, features, service, defect rate, design, satisfaction, vendor performance, innovation, ISO 9000 and manufacturing lead time. Regardless of whether the researcher uses Garvin’s or any other studies’ competitive comparison measures, do these measures clarify the abstract quality concept? Put another way, do additional measurement variables clarify the abstract construct or do they broaden it? It should not be a mystery when using different measurements give different empirical results. So what is quality? More important yet is how can any company improve quality unless quality can be accurately measured? In short, there are many different types of quality such as: performance quality, unique feature (or new product) quality, service quality, etc. By combining them, innumerable combinations does not guide managers to improve their quality since managers would devise many different plans depending on which quality dimensions is emphasized. 
Unfortunately, many times a researcher will collect data on a sizable number of qualitative variables and then statistically analyze them using varimax factor analysis (or use them inside of SEM). Next, the researcher will examine the loadings to determine which variables load together.  Last, the researcher will determine a new name for those factors that load together. This method ignores the formal conceptual definition that should have been defined before the data were collected. The worst case scenario is when results are disguising a causal relationship such as a measure for cost competitiveness that is caused by productivity. If both cost and productivity are included in factor analysis, then they will load together. This result muddles the underlying conceptual theory. It is an example of ‘calling in the conventional stratagem’ discussed below.   
In short, a theory’s formal conceptual definitions underlie all the subsequent theory and are the basis for all empirical research. In lay terms, knowing exactly what is being empirically tested is necessary for ‘good’ empirical research. This issue of what constitutes a formal conceptual definition has been addressed for several millennia going back at least to Plato with the ‘parable of the cave’.  All theory begins with interpreting and defining the abstract concepts (Bunge, 1967; Hunt, 1991; Teas & Palan, 1997; Wacker, 2004). 
The underlying issue of formal conceptual definitions is very important for operations managers is how broad the concept should be defined and measured. Consider two extremes: many different precise measures of quality versus one very broad measure of quality. The many concepts may be individually measured enabling actionable practical improvements or alternatively having a broad concept that is not actionable. For example, from the above 14 comparative competitive measures, there would be 14 modified terms that would lead to the overall quality. The downside of the many measures would make all models would make the empirical model specific but very complex. Yet under this scenario, if a manager found that a specific quality measure was low, the manager would be able to focus on a specific measure. Alternatively, having a broad measure would make an empirical model simple but not actionable. From a managerial perspective, most likely the preference would be for having actionable measures. In operations management introduction to quality control, this concept is known as ‘assignable cause’. The quality measure is related to an actionable activity to correction the any non desired objective.  
When concepts are clearly defined, the number of measures becomes very limited. In the extreme, formal conceptual definitions would have only one clear measure leaving little doubt as to what the theoretical significance of the concept is. However, if latent variables are used to indicate an abstract concept, the number of measurement variables should be reduced to absolute minimum (Bagozzi & Heatherton, 1994).  Unfortunately, some authors advise to have at least 3 measures for each construct (Shah & Goldstein, 2006). Yet, each measure makes the term broader and less clear thereby making the concept more ambiguous and vague. Vague or ambiguous formal conceptual definitions cause some measures to conceptually overlap. These overlapping measures will be statistically related due to overlapping conceptual domains. The theoretical overlap means there is statistical significance and not substantive theoretical significance. In short, to have substantive theoretical significance conceptual variables must have clear formal conceptual definitions. Bollen (1989) has stated that “There are no empirical corrections for conceptual problems”.
Sometimes the entire concept needs more focus. Consider a question that is attempting to measure how whether organization objectives were aligned among management functions. A possible Likert question could be: Operations strategy is aligned with other organizational functions. The end points may be “Not at all” and “To a great extent”.  Assuming that the respondent is not the person responsible for the communication of organizational objectives, how is the answer to that question to be interpreted? The underlying issue is which objectives, how frequently are they communicated, to which functions are they communicated, and to who in each function are they communicated? More importantly, would a consultant that had the descriptive statistics results be able to advise organizational managers for specific actions? If the descriptive data are of little interest to managers, it seems that the question should be more specific. At a higher level, what is the importance of any statistical relationship using that variable? Because of vagueness of the question, it is quite likely that it will have some statistical relationship with other empirical vague variables (this problem is called conceptual domain overlap) to suggest an abstract construct that would have statistical construct validity. 
Although it is well-established in the academic psychology and economic literature that there is a difference between statistical significance and theoretical substantive significance, it seems somewhat surprising that it is not emphasized in many journal articles (McClosky and Ziliak, 1996). The primary purpose of theory building in operations management research is to establish principles to assist operations managers in their organizations. “Distinguishing statistical significance from theoretical significance will help the entire research community publish more substantial results encouraging good design and logic will help improve the quality of conclusions.” (Kirk, 1996, p.19). 
In short, the formal conceptual definitions are foundation of all theory since well-defined measurable concepts focus managers’ pragmatic actions.  
4.2 Theory Domain: Sampling-Data Challenges:
The primary issue of any data sample is how appropriate the data is to the theory’s domain and application. Stated another way, is the data representative of where the research is hypothesized to be applied? At one level, when the data are put into numerical form, it seems fairly straightforward to be representative of the population. In reality, there are innumerable differences in the data. Every single observation is gathered in a different time and place. Technically, when a respondent answers a questionnaire, the first question and the last questioned answered are answered in a different time period. Since the world environment is dynamic, the place where the questions are answered has changed during the completion of the questionnaire. Therefore, all individual data points are gathered in different times and places. So the real issue is for the theory’s domain and subsequent sample is: what is theoretically reasonable? 
The issue of theory domain and sample are couched in a larger philosophy of science issue: What is the purpose of theory? This issue is quite complex even to philosophers of science, but from a logical positivist perspective: theory is developed to find similarities among different environments (Hunt, 1991). It cannot be developed to control for all the myriad number of differences among samples. Consequently, the sampling issue is which differences should be controlled for in the research? Since it is impossible to control for all the differences there has to be a criterion for establishing which differences at should be controlled. The differences that should be controlled are those differences that have been shown by the extant research to be statistically significant. This criterion is called the previous literature convention (Wacker, 2009). Unfortunately, many times reviewers state some sample difference that has not been statistically supported as a reason for believing the data are not representative for the research issue. When a reviewer makes this faux pas, the editor is responsible for the correcting the reviewer’s error.
4.2.1 Sampling Challenges
Although the complete analyses of sampling issues is beyond the scope this study, there are two major issues that it will address: The overall issue of sampling representativeness and a misunderstanding about the importance of best practice sampling. The basic issue of sampling theory is the representativeness of the sample. The theory dictates when and where the theory’s test results apply. There are two basic terms used for when and where the theory domain applies. Generalizability, means that the theory applies to specific characteristics of each sample for this current time and this place.  A more difficult domain requirement to achieve is that of abstraction (Bunge, 1967; Osigweh, 1989, Mitchell & James, 2001). By definition, abstraction means being void of time and place. This criterion means that the theory applies to all times and all places. For the abstraction criterion, any sample ever collected can cause the theory to be questioned while generalizability means that if a sample has the specified traits then it should give the same empirical results.  In either case, the sample’s representativeness gives the empirical support or questioning of the theory. 
One example of a conceptual challenge is the usefulness of the results of studies that use best performers compared to worse performers. Assuming that how the classification of best performers is clearly defined, the issue is how useful are the findings to other organizations? Consider Figure 2, where the vertical axis represents competitive performance and the horizontal axis represents some resource quantity.  Some explanatory variable is not considered in the analyses such as gross domestic product per capita that causes there to be different levels of performance. Assume for this example, that developed markets have more competitiveness and that the potential for good performance is higher in these markets. Consequently, there are high performance firms at the top of the graph and low performance firms at the bottom with somewhere in-between there are medium competitive firms. The resource considered may be program such as TQM, TPM, Six-Sigma or some physical resource such as a labor type, material type, or capital equipment type. 
Insert Figure 2 about here
______________________________________________________________________________

Next, it may be that the high performance firm has reached the point of diminishing returns while the low performing firm may be achieving high levels of increases by increasing the resource. In the middle performing firms are receiving no additional benefits. The question is what is the marginal impact of the resource? If your firm is a high performing firm, it is a negative impact, if you middle performing firm, there is no impact, and if your firm receives large benefits from the increasing the resource. The overall question is: what is the impact of the resource? For this example, the answer is a positive association as seen by the line drawn between all three different types of firms. Since the limited samples in either the high, medium or low performing firms are less generalizable the conceptual answer is not estimated. Since they only represent the limited classification, they are considered poorer support for the theory. This point is simple, researchers should be very careful to ensure that they have a wide sample. In summary, research that may focus on best performers is not considered the best representative of the resource’s effect on all firms in the area. In fact, there may firms even in the best performers’ classification that may receive the benefits of the resource.
4.3 Relationships and Statistical Methodology
There are several challenges to current statistical analyses: the methodology choice, the theoretical significance of the results, and the statistical reporting. The above criteria for definitions and domains provide the underlying conditions for theory building and theory testing. Statistically estimating relationships determines how the conceptual constructs are related.  The aim of statistical estimating is to determine causality among constructs. In an antiseptic artificial environment, an explanatory variable can be manipulated to evoke an event. Generally, in operations management, the manipulation is not feasible when empirically testing relationships using data from the managerial world since there are myriad intervening variables. Even if the data are dynamically collected over time, causality still has to be established by logical induction. The complete analyses of the different levels of causality are beyond the scope of this study but are more completely discussed in the field of physics (see Minguzzi & Sanchez, 2008). For theory building and purposes here, causality is inductively inferred from statistical analyses. 
4.3.1 Statistical Snobbery
There seems to be a tendency to utilize the most sophisticated statistical methodology available. Although sophisticated statistical analyses are sometimes necessary, they tend to be misused and may detract from theoretical significance of the research. Sophistication of statistical techniques should fit the research issue. The academic literature strongly suggests the least sophisticated technique for the statistical methodology. The APA task force emphasized these two problems in their seminal report ‘Statistical Methods in Psychology Journals: Guidelines and Explanations’ headed by Wilkinson (1999) including such statistical luminaries as Robert Rosenthal, Robert Abelson, Jacob Cohen, Leona Aikon, Mark Appelbaum, Gwynedi Boodoo, David A. Kenny, Helena Kraemer, Donald Rubin, Bruce Thompson, Howard Wainer and supervised by Lee Cronbach, Paul Meehl, Frederick Mosteller and John Tukey.   
The enormous variety of modern quantitative methods leaves researchers with the nontrivial task of matching analysis and design to the research question. Although complex designs and state-of-the-art methods are sometimes necessary to address research questions effectively, simpler classical approaches often can provide elegant and sufficient answers to important questions. Do not choose an analytic method to impress your readers or to deflect criticism. If the assumptions and strength of a simpler method are reasonable for your data and research problem, use it. Occam's razor applies to methods as well as to theories.’ (Wilkinson & et.al., 1999, p.10).
This article defines the overuse of statistics as ‘statistical snobbery’. The term ‘overuse of statistics’ has two different interpretations: a) using a statistical methodology that is more sophisticated than the theoretical proposition needs and b) reporting statistics that are not absolutely necessary to the statistical testing of the theoretical proposition.  To avoid statistical snobbery: Authors should not try to impress readers with techniques that are more sophisticated than needed to test statistically the model. 
The second statistical snobbery issue is the over-reporting of statistical results. Like the use of a too sophisticated technique, a plethora of results are reported in the main body of the paper rather than relegated to an appendix. Basic significance and overall fit statistics are appropriate for the body of the study, but other tests for abnormalities in data should be mentioned in the statistical results section and referring the interested reader to an appendix. In short, the reporting of statistical results should be limited to those results that are absolutely necessary for testing the theory’s model.
The importance of a study is in the interpretation of the theoretical significance of the statistical findings, not in the statistical methodology. To identify the statistical snobbery, count the number of pages of the explanation of the statistical results compared to the number of pages of theoretical implications of those results. When the discussion of statistics is more than the discussion of the empirical results, a reader should suspect that the theory is weak and the author(s) is guilty of statistical snobbery.  
4.4.0 Theory-building Prediction
A theory’s prediction is the most important property of ‘good’ theory since it foretells when a future event is expected to occur. Some philosophers of science state that the primary condition for a theory being ‘good’ is that it predicts (Hunt, 1991). In empirical research, induction is used to predict future events from the empirical sample used. The pragmatic usefulness of a theory building study is its predictions.  Prediction answers the conditional questions of if certain conditions exist (definitions, domains, and relationships), then which events should, could or would occur. Sir Karl Popper (1957) stated the more unlikely an event is that was predicted, the better the theory is. This condition is known as refutability. If a theory predicts a very likely event, the theory is not as useful as theories that predict unlikely events. 
4.4.1 Prediction: Calling in the Conventional Stratagem 
There is a ‘catch 22’ in all research caused by the review process and a researcher’s methodology. If a researcher uses an established model and confirms previous research results, then a reviewer may state that there is nothing new in the research. Consequently, the study may be rejected for publication due to the ‘nothing new’ comment. However, most researchers begin their data collection with some additional concepts included in their data collection. During empirical investigation, they find interesting unexpected results that were not known prior to their empirical investigation. These statistical results can logically be explained. However, these results were not a priori expected. ‘Calling in the conventional stratagem’ is stating these results were expected when in fact they were not in the a priori estimating model before the data were collected. However, these results were not predicted when the data were collected and but researchers stating the results were expected is ’calling in the conventional stratagem’. Yet, these results need to be reported so they can be verified in the future to expand the theory (called in the philosophy of science: fecundity).  Many times in empirical investigation some of the most important in operations management are findings from unexpected results. These results should be reported as areas for new investigation. 
In short, a theory’s precise refutable predictions are a necessary and a sufficient condition for a theory’s application.
6.0 Conclusions:
The conclusions of this study are:
· It is important that operations management contributes to understanding macroeconomic issues. Such as how skill requirements are changing inside of organizations to help prepare for the national economies.
· It is important to understand the details of planning and control systems to insure that any programs adopted are properly implemented. The concern about supply chain management.
· It addresses why theoretical issues should follow strict guidelines of formal theory: Definitions, Domains, Relationships, and Predictions. 
· Definitions: Formal conceptual definitions dictate operational definitions. There are not any statistical methods to control for conceptual difficulties.
·  Domains: When and where a theory determines the importance of theory. A theory that is applied for all times and places is more important than a theory that limits itself to specific times or places. 
· Relationships: The emphasis on statistics rather than on the conceptual issue reduces the importance of any theoretical contribution. The over-reporting of statistics is statistical snobbery trying to impress reviewers with statistics rather than the theoretical contribution.
· Predictions: Theoretical predictions are a requirement of theory. Yet these predictions cannot be made after statistical results are found. These a posteriori  predictions are calling in the conventional stratagem 

More than 60 years ago, Hotelling, Bartky, Deming, Friedman, and Hoel (1948) wrote,  "Unfortunately, too many people like to do their statistical work as they say their prayers to merely substitute in a formula found in a highly respected book written a long time ago" (p. 103). 
Good theories and intelligent interpretation advance a discipline more than rigid methodological orthodoxy. If authors and editors keep in mind Fisher's (1935) words quoted in the Analysis section, then there is less danger of methodology substituting for thought. “Statistical methods should guide and discipline our thinking but should not determine it.”
	It was in the hope that operations management research become more and more relevant to the operations managers that this analysis was written.

Selected Bibliography
-----, Monthly Labor Review • March 2011
Bagozzi, R. F. and Heatherton.1994. A general approach to representing multifaceted personality constructs: applications to state self-esteem. Structural Equation Modeling 1(1), 35-67.

Bollen, K. A. 1989. Structural Equations with Latent Variables. John Wiley & Sons: New York.

Bunge, M., 1967. Scientific Research I: The Search for System  (Springer-Verlag; New York).

Fisher, R. A. 1935. The Design Of Experiments. Edinburgh, Scotland: Oliver & Boyd.
Garvin, D. A., 1987 , Competing on the eight dimensions of quality, Harvard Business Review, (61)5. 65-75.
Hotelling, H. , Bartky, W. , Deming, W. E. , Friedman, M. , & Hoel, P. (1948). The teaching of statistics. Annals of MathematicalStatistics, 19, 95– 115.

Hunt, S. D., (1991).  Modern Marketing Theory: Critical Issues In The Philosophy Of Marketing Science. Southwestern Publishing Co., Cincinnati, OH).

Jacobs, F. R., W. Berry, D. C. Whybark and T. Vollmann.2011. Manufacturing Planning and Control for Supply Chain Management. Irwin. Homewood, Ill.

Johnston, J. (1972). Econometrics Methods 2nd edition. McGraw-Hill: New York. 

Kirk, R. E. (1996). Practical significance: A concept whose time has come. Educational and Psychological Measurement, 56, 746–759.

McCloskey, D. and S. Ziliak (1996). The Standard Error of Regression. Journal of Economic Literature Vol. 34, No. 1.  pp.97-114.

Minguzzi, E.  and M. Sanchez, The causal hierarchy of spacetimes] in H. Baum and D. Alekseevsky (eds.), vol. Recent developments in pseudo-Riemannian geometry, ESI Lect. Math. Phys., (Eur. Math. Soc. Publ. House, Zurich, 2008), p. 299-358,

Mitchell, T. R, and L. R. James; 2001.Building better theory: Time and the specification of when things happen.Academy of Management. The Academy of Management Review. (26)4. 530-547

Osigweh, Chimizie A. B., 1989.  Concept fallibility in organizational science, Academy Of Management Review 14 (4), 579-594.

Popper, Sir K., 1957, Philosophy of science: A personal report, In British Philosophy In Mid-Century, C. A. Mace, Ed.).

Roth, A., R.G. Schroeder, X. Huang, and M.M. Kristal. 2008. Handbook of Metrics for Research in Operations Management. Sage Publication. Los Angeles. 

[bookmark: bcor1]Shah, R., and S. M. Goldstein, 2006. Use of structural equation modeling in operations management research: Looking back and forward, Journal of Operations Management (24)2. Pp. 148-169

Shubik, M., 1987, What is an application and when is theory a waste of time?, Management Science, 33, 12, December, 1511-1522.

Teas, R. K., and  K. M. Palan 1997.  The realms of scientific meaning framework for constructing theoretically meaningful nominal definitions of marketing concepts. Journal of Marketing (61)2. 52-68.

Van De Ven, A. H., 1989, Nothing is quite so practical as a good theory, Academy Of Management Review, 14, 4, 486-489.

Wacker, J. G., 1998. A definition of theory: research guidelines for different theory-building research methods in operations management. Journal of Operations Management. 16, 361-385.

Wacker, J. G., 2004. A theory of formal conceptual definitions: Developing theory-building measurement instruments. Journal of Operations Management. (22), 629-650.
Wacker. J.G. 2008  A Conceptual Understanding Of Requirements For Theory Building Research: Guidelines For Scientific Theory Building. Journal of Supply Chain Management. (44)3. 5-15.
Wilkinson, L., et.al., 1999, and the Task Force on Statistical Inference, Statistical methods in psychology journals, American Psychologist, 54(3). 594-604.


Figure 1: Manufacturing Planning and Control Systems
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Figure 2: Sampling Generalization of Results

Graphic showing a possible positive relationship between resource quantity and performance. However, in many instances it may be no relationship or negative.
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