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Abstract of Dissertation 

 
 

This study is focused on the hypothesis that technological investment drives 

growth and performance of the U.S. economy.   A model is proposed for testing the 

relationship of Total Factor Productivity and Gross Domestic Product at the nation level 

(US).  It further hypothesizes that the relationship may be more complex than a simple 

regression could reveal and spurious variables may influence outcomes.  Research & 

Development expenditures have been selected as a logic-supported spurious variable.  A 

model is proposed to test the key hypothesis.  Using aggregate data, regression and 

mediation (Baron & Kenny, 1986) are employed as normative methodological tests. 

The central theory supporting this research is the theory of Total Factor 

Productivity, as first proposed by Solow (1957) and later supported by most economists.  

There are three relationships of interest espoused by this theory.  The first relationship is 

that of Total Factor Productivity to Gross Domestic Product (Mansfield et al., 1977; 

Mohnen, 1992).  The second is the relationship of interest is Total Factor Productivity to 

Research & Development expenditures (BEA, 2006).  The third relationship of interest is 

Research & Development expenditures to Gross Domestic Product (Mansfield, 1968; 

Mansfield, 1980; Griliches, 1980; Terleckyj, 1980). 

The results of the study point to Research & Development expenditures as 

mediating the relationship between Total Factor Productivity to Gross Domestic Product.  

This result would indicate the possibility of constructing a multivariate model that could 

better clarify the relationships that serve as drivers of Gross Domestic Product.   
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Preface 
 

Motivation for this study is predicated on the author’s desire to understand the 

implications of technology, its history, drivers, influence on innovation, and 

consequences.  Of special concern is the question of how funding of Research & 

Development impacts technology performance. 

This study is considered exploratory.  It attempts to identify multivariate factors 

that influence the progress of technology through analyzing the impact of funding of 

innovation through Research & Development expenditures. 

Future study is planned, using the results of the study of technological funding, to 

include the objective of developing a model for prediction of technological discontinuity, 

especially where technological disruption may occur. 
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CHAPTER 1 
 

INTRODUCTION 
 

Purpose of the Study 
 

The purpose of the study is to test the theory of Total Factor Productivity (TFP).  

This theory was first proposed by Solow (1957) and later supported by most economists 

{Cuneo & Mairesse, 1983; Griliches, 1998; Hall & Mairesse, 1995; Mairesse & 

Sassenou, 1991; Mansfield, 1980; Mansfield, Rapport, Wagner, & Beardsley, 1977; 

Mohnen 1992). 

This study proposes to test the hypothesis that technological investment drives 

growth and performance of the U.S. economy.  It uses the proxies of TFP to represent 

technological investment and Gross Domestic Product (GDP) to represent growth and 

performance.  It uses data from 1955 to 2002, normalized to a baseline of “chained 2000 

dollars” in order to properly compare and contrast the relationship.  It will employ a test 

of correlation and regression to identify and describe the relationship between TFP and 

GDP.  It also employs a test of mediation, using the Barron and Kenny (1986) 

methodology with Research & Development expenditures as the mediator variable. 

It is anticipated that the results will show that while there is a relationship of TFP 

to GDP, it may be mediated.  As a result, causality between TFP and GDP may not be 

provable.  This is a very interesting question for researchers.  If causality between TFP 

and GDP is questionable due to one mediator, could there be other potential mediators?  

If research could establish a set of potential mediators (and rule out other potential 

mediators), could a predictive model be developed that would give managers and policy 

makers the ability to directly influence macro-economic performance?  It is hoped that 
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this study will help to identify a potential path to enable model building for future 

researchers. 

One observation concerning a potential limitation is that the data used in the study 

is not randomized.  The criteria for a regression test assume that random samples are 

used.  The data are not random but, rather, a time series of a population of data for the 

defined time frame.  This is a threat to validity (generalization).  Despite this limitation, 

the results may point to factors of interest and importance.  

Future study is planned on both increasing the potential mediators and using 

autoregressive techniques with a lag time for statistical tests. 

Concept Questions 

The key theory of TFP as proposed by Solow (1957) forms the basis for the 

relationship between TFP and GDP.  In the model under study, TFP is considered the 

independent continuous variable, and GDP is the dependent continuous variable.  The 

relationship between the two variables is supported by the literature (Griliches, 1998; 

Hall & Mairesse, 1995; Mairesse & Sassenou, 1991; Mansfield et al., 1977).  Solow 

originally defined TFP as “technical change” and as residual in his equation.  

Subsequently, economists equated TFP residual to GDP (Mansfield et al., 1977; Mohnen, 

1992). 

Another relationship of interest concerns TFP and Research & Development 

(R&D) expenditures.  This relationship is summarized in the excerpts from the U.S. 

Bureau of Economic Activity (BEA) report of 2006. 
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Economists have long sought a better understanding of research and development 
as a source of innovation and growth and therefore economic well-being. This 
interest was sparked in part by Robert Solow’s path-breaking productivity work in 
the late 1950s, which showed that much of economic growth cannot be attributed 
to increases in capital and labor.  Since then, researchers have suggested 
various ways to account for the unexplained portion of economic growth.  
These efforts include developing improved theoretical underpinnings to growth 
models as well as better measures of technology-driven economic activity, 
intangible assets, real output of industries, and the so-called knowledge economy. 
(Okubo et al., 2006, p. 5) 

BEA’s efforts have focused on improved measurement of economic 
output, prices, and growth. This paper provides a set of preliminary estimates of 
treating R&D as an investment, and details the potential impact of this treatment 
on the economy, notably on such measures as gross domestic product, investment, 
and saving. These estimates are presented as a satellite account—a set of 
economic estimates presented in a framework that provides detail about R&D 
activity that is not reflected in BEA’s core economic accounts. (Okubo et al., 
2006, p. 55) 

The recognition of R&D as investment in the NIPAs would represent a 
major change in BEA’s treatment of intangible assets. The R&D satellite account, 
which can be seen as a step toward that goal, presents preliminary estimates for its 
impact on GDP, GDI, contributions to growth, and investment. (Okubo et al., 
2006) 

 
The third important theory under consideration concerns the relationship between 

R&D expenditures and GDP growth.  The literature indicates a strong relationship 

between the two variables (Mansfield, 1968; Mansfield, 1980; Griliches, 1980; Terleckyj, 

1980). 

A conceptual model has been created to visually assist in describing the various 

relationships.  The first relationship is TFP to GDP identified as Path C.   TFP is 

calculated as a residual, using the form:  
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 Q  =  f ( K,  L,  t )     (1) 

Where:  

 Q = output 

 f = function 

 K = capital input 

 L = labor input 

t = technical change; technical change is used as a  

shorthand for any type of “shift” in the production  

function.  This may include labor efficiencies, capital  

efficiencies, skill improvement, and many other factors.  

This is often referred to as the residual. {Solow 1957} 

The U.S. Bureau of Economic Analysis calculates the GDP directly from multiple 

data sources.  An overview of GDP data elements is included later.  TFP and GDP are 

continuous variables; TFP is independent, and GDP is the dependent variable.  The 

direction of the relationship is TFP to GDP.  The hypothesis expectation is one of 

positive growth in TFP will lead to positive growth in GDP. 

The second relationship is TFP to R&D.  The BEA calculates R&D directly from 

multiple data sources.  An overview of R&D data elements is included in this report.  

TFP and R&D are both continuous variables; TFP is the independent variable, and GDP 

is the dependent variable.  The model assumes that R&D is a potential mediator variable.  

The definition of mediator variable, 

A given variable may be said to function as a mediator to the extent that it 
accounts for the relation between the predictor and the criterion. Mediators 
explain how external physical events take on internal psychological significance. 
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Whereas moderator variables specify when certain effects will hold, mediators 
speak to how or why such effects occur. (Baron & Kenny, 1986, p. 1176) 
 

In the model, the predictor is TFP, and the criterion is GDP—while R&D is considered 

the mediator (more accurately, the potential mediator, for now).  A more in-depth 

discussion of mediation may be found in subsequent sections of this study. 

The third relationship in the conceptual model is R&D to GDP.  In this case, 

R&D is the independent variable, and GDP is the dependent variable.  Both variables are 

continuous, and the direction of the relationship is R&D to GDP (Mansfield, 1968). 

When R&D is introduced in the second relationship path, the model reflects 

additional sub-variables.  R&D is a composite of R&D expenditures in four categories: 

Industry, University, Government, and Other.  The categories may be calculated on one 

of two options: (a) source—referring to the category being the source of funding (for 

example, a commercial firm funding R&D efforts within the firm) or (b) use—referring 

to the category representing where the funds are consumed (for example, a university 

awarded funding for R&D efforts from a government entity). 

The Industry category represents R&D expenditures, which may be sourced or 

consumed by a commercial firm.  The Government category represents R&D 

expenditures, which may be sourced or consumed by a government (federal, state, or 

local).  In most cases, government funding is synonymous with federal funding.  (There 

is a sub-category for state and local components.)  The University category characterizes 

R&D expenditures, which may be sourced or consumed by a university or research 

entity.  These categories will be covered in greater detail in subsequent sections of this 

study. 
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Figure 1.  The conceptual model. 
 
 

 
Research Questions 

The first research question to be addressed concerns path C in the Conceptual 

Model—the relationship between TFP and GDP.  This is a critical theoretical 

relationship.  It was first theorized by Solow (1957) and later confirmed by many 

economic researchers (Cuneo & Mairesse, 1983; Griliches, 1998; Hall & Mairesse, 1995; 

Mairesse & Sassenou, 1991; Mansfield, 1980; Mansfield et al., 1977, Mohnen, 1992).  It 

is the basis for current economic theory.  The anticipation is that the hypothesis 
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supporting this question will test (regression) favorably, resulting in a change in TFP 

ensuing in a same-directional change in GDP. 

1. Is there a relationship between Total Factor Productivity and Gross 

National Product? 

The next question, following the Conceptual Model, would test (regression) the 

relationship between TFP and R&D (path A).  Again, this hypothesis is well grounded in 

economic theory as supported in the literature review (Okubo et al., 2006).  It is 

anticipated that the supporting hypothesis will test with favorable results. 

2. Is there a relationship between Total Factor Productivity and Research & 

Development expenditures? 

The third research question is designed to test the relationship of path B in the 

conceptual Model.  The literature would tend to support a successful test of this 

relationship (Griliches, 1980; Mansfield, 1968; Mansfield, 1980; Terleckyj, 1980).  

3. Is there a relationship between Research & Development expenditures 

and Gross Domestic Product? 

R&D is composed of R&D expenditures in four categories: Industry, University, 

Government, and Other.  The researcher hypothesized that University component R&D 

may be a significant factor in the relationship between total R&D and GDP (Jaffe, 1989).  

Therefore, a subset research question is envisioned. 

a. Is there a relationship between University (R&D component) 

Research & Development expenditures and Gross Domestic Product? 

Once the relationship between TFP and GDP is established (assuming association 

and direction test positive), the researcher suggests a test for non-spuriousness.  This non-
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spurious test would take the form of testing for mediation (Baron & Kenny, 1986).  The 

researcher hypothesized that R&D may be a potential mediator variable.  Research 

question #3 addresses the relationship (association and direction) of R&D and GDP.  The 

non-spuriousness test will be addressed in research question #4.  Testing for potential 

mediators is important.  Lack of a mediator variable would strengthen the case for 

causality in the relationship. 

4. Can the relationship in research question #1 be explained by other 

factors?  Is there any potential non-spuriousness (mediation) implication 

to the relationship? 

Research Hypotheses 

Hypothesis 1:     

Research Question 1 

H0: β    ≤   0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between TFP and GDP. 

 

Ha: β   >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between TFP and GDP 

This hypothesis will test the relationship between the variables TFP (IV) to GDP 

(DV).  SAS 8.2 PROC GLM will be used.  Direction will be tested using the 2-step rule.  

(The result of “p” will be divided by 2, and the direction will be confirmed.) 
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Hypothesis 2:     

Research Question 2 

H0: β    ≤   0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between TFP and 

RandD. 

 

Ha: β   >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between TFP and RandD. 

This hypothesis will test the relationship between the variables TFP (IV) to R&D 

(DV).  SAS 8.2 PROC GLM will be used.  Direction will be tested using the 2-step rule. 

(The result of “p” will be divided by 2, and the direction will be confirmed.) 

Hypothesis 3:     

Research Question 3 

H0: β    ≤   0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between RandD and 

GDP. 

 

Ha: β   >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between RandD and GDP. 
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This hypothesis will test the relationship between the variables R&D (IV) to GDP 

(DV).  SAS 8.2 PROC GLM will be used.  Direction will be tested using the 2-step rule. 

(The result of “p” will be divided by 2, and the direction will be confirmed.) 

Hypothesis 3a:     

Research Question 3a 

H0: β   ≤   0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between RandD3 and 

GDP. 

 

Ha: β   >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between RandD3 and GDP. 

This hypothesis will test the relationship between the variables University R&D 

(IV) to GDP (DV).  SAS 8.2 PROC GLM will be used.  Direction will be tested using the 

2-step rule.  (The result of “p” will be divided by 2, and the direction will be confirmed.) 

Hypothesis 4: 

Research Question 4 

H0: β GDP TFP|RandD  ≤    0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between TFP and GDP, 

when controlling for RandD.  Direction will be tested using the 2-step rule. (The 

result of “p” will be divided by 2, and the direction will be confirmed.) 
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Ha: β GDP TFP|RandD  >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between TFP and GDP, when controlling for RandD. 

This hypothesis will test the relationship between the variables TFP (IV) to GDP 

(DV), when controlling for R&D (potential mediator).  SAS 8.2 PROC GLM will be 

used.  This test is in preparation for use in the mediation test (below). 

Mediation Test: 

Research Question 4 

The test for mediation uses Baron and Kenny’s (1986) Four Step Process consisting 

of the following steps: 

• Check for a significant relationship between A (IV; TFP) and B (IV; R&D) 

{using SLR}. 

• Check for a significant relationship between A (IV; TFP) and C (DV; GDP) 

{using SLR}. 

• Check for a significant relationship between B (IV; R&D*) and C (DV; 

GDP), after controlling for A (IV; TDP) {using MLR}. 

• Check that the relationship between A (IV; TFP) and C (DV; GDP) is weaker 

after controlling for B (IV; R&D*) than it is when not controlling for B. 

 

*Note: The mediation test will be performed using both total R&D and University R&D (a 

component of R&D) in separate tests. 
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Overview of Chapters 2, 3, 4, and 5 

Chapter 2, or “Literature Review,” examines the relevant literature and 

synthesizes the theoretical context of the study in order to define the effects of Research 

& Development investment on the relationship between Total Factor Productivity and 

Gross Domestic Product outputs (US).  Potential spurious variables will be explored.  In 

addition, the component sub-elements of TFP-R&D-GDP, the diversity of channels, the 

possibility of delays, and feedback will be explored. 

Chapter 3, or “Research Methodology,” presents the design strategy of the study, 

identifies and explains the variables and constructs, and tests the validity (internal and 

external) and reliability.  The chapter concludes by identifying the limitations and threats 

to reliability and validity. 

Chapter 4, or “Results,” will present the findings of the study.  

Chapter 5, or “Conclusions and Recommendations,” will summarize the findings 

and present conclusions drawn from the results.  Potential areas of applications of the 

findings and recommendations will be presented.   
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CHAPTER 2 

LITERATURE REVIEW 

Previous Research 

Introduction 

Over the last half-century, the technology revolution has replaced the industrial 

revolution as the source of comparative and competitive strength for the U.S. economy.  

This is a paradigm shift of immense proportion.  Product manufacturing know-how, once 

the premier domain of U.S. firms, now competes globally with strong international rivals.  

Knowledge, in the form of science and technology, is viewed as the key driver of future 

economic power.  Firms that understand these concepts will grow and succeed.  Nations 

that support these concepts through effective policy will enable their economies to 

prosper. 

If the economic return of science and technology research is to be maximized, the 

drivers and key concepts need to be well understood and managed successfully; the 

resultant knowledge will lead to reliable principles of management.  Effective 

management is the key to capturing knowledge and exploiting it to achieve economic 

success at all levels: individual scientists, research teams, independent firms, industries, 

and entire nations. 

Historical Perspective 
 

The origin of technological research and development (R&D) is rooted in the 

concept of innovation.  To adequately understand the history of Innovation, one must 

look toward the classic works of Adam Smith, Joseph Schumpeter and Karl Marx.  Smith 

gave us the key economic model elements of land, labor, and capital.  Schumpeter, an 
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economist, wrote The Theory of Economic Development in 1934 as an inquiry into profit, 

capital, credit, interest, and business cycles.  His main contributions were (a) the 

expansion of Adam Smith’s economic principles of land-labor-capital into land-labor-

capital-technology-entrepreneurship and (b) the introduction of the concept of 

disequilibrium into economic discourse. 

The characteristic conduct of businessmen in depression consists of 
measures, corrections of measures, and further measures to solve this 
problem; all the phenomena, apart form panics unfounded in fact and the 
consequences of errors—which characterize the abnormal course of events 
in a crisis—may be included in this conception of the situation created by 
the boom and of businessmen’s conduct enforced by it, of the disturbance 
in equilibrium and the reaction to it, of the change in data and the 
successful or abortive adaptation to it. (Schumpeter, 1934) 
 
It is interesting to note that Schumpeter was a socialist and believed that the 

capitalist system would eventually collapse from within and be replaced by a socialistic 

system.  On this point he agreed with Marx, but his version of socialism was in many 

respects very different and un-Marxian.   

Marx is often credited as being a very learned economist.  He felt very strongly 

that the economic model employed would determine the construct of society (Marx, 

1906).  The cornerstone of his theoretical structure was the “Theory of Value” (from Das 

Kapital), where the value of a commodity, given perfect equilibrium and perfect 

competition, is proportional to the input of labor.  Schumpeter aptly disagreed with Marx 

on this issue, offering the conclusion that both perfect equilibrium and perfect 

competition were problematic at best.  Additional disagreements centered on the 

inclusion of the value of land in the equation.   
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Another point on which Schumpeter disagreed is Marx’s contention that the 

capitalist evolution would burst (Zusammenbruchstheorie) as a result of the misery 

capitalism imposed on the masses.  Marx saw the masses revolting against capitalism.  In 

Schumpeter’s view, the natural evolution of capitalism would destroy the foundations of 

capitalism from within.  In fact, he believed that the economic depression of the 1930s 

was an indication of a paradigm shift, reinforcing his beliefs during this period.  In any 

case, both Marx and Schumpeter proclaimed an end to capitalism, but their predicted 

means were substantially different. 

Schumpeter viewed capitalism in much the same way as he viewed innovation.  

Both were generally considered stable processes, under perfect conditions, from a 

theoretical model perspective; but Schumpeter introduced the conceptual theory of 

disequilibrium as the key influential factor.  Early capitalism is often referred to as 

“laissez-faire,” but post WWII capitalism is much more bounded by social/political/legal 

norms.  In following Schumpeter’s principle of evolutionary capitalism, it is suggested 

that the bounded capitalism of the modern era is a logical extension of his theory.   

Much of what we know about managing science and technology today is rooted in 

economic theories developed by Adam Smith and Joseph Schumpeter.  Later technology 

theorists, such as Utterback, Abernathy, Tushman, and Christensen, have helped us 

understand the management of science and technology through the concept of the 

dynamics of innovation.  Under this theory, the basic principle is that technology follows 

a well-defined life cycle, depicted as an “S” curve.  Under the S-curve theory, 

technologies pass from invention to innovation through market adoption.  This flow is 

characterized as a corridor or a series of phases through which the technology evolves.  In 
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the formative phase, the rate of product innovation declines as process innovation 

increases, resulting in the emergence of a dominant design.  The next phase consists of 

transition and continuity, a phase where the innovation becomes the market choice, 

allowing firms the ability to create profits and sustain—thus, enabling economic stability.  

The next phase is one of discontinuity, where an emerging innovation begins to displace 

the original technology (Tushman, 1997; Utterback, 1994).   

As Schumpeter (1942) has ably shown, this discontinuity (or disequilibrium) 

event becomes disruptive to the existing technology producer.  Investments in equipment, 

people, technologies, and techniques may be rendered valueless as a new innovation 

replaces the existing technology.  The disruption is usually so severe that the introduction 

of the new innovation is left to a new firm, as the existing firm will sustain too great an 

economic loss from the displacement innovation.  The new firm, in effect, creates a new 

market, one that may not have even existed before.   In the S-curve depiction, the new 

innovation creates an entirely new curve—one that follows the same set of phases of the 

earlier technology.  Alas, the fate of the new innovation is no different from the fate of 

the original technology; disequilibrium will again become evident as invention and 

innovation are driven by market demand, both articulated and tacit. 

The life-cycle patterns, as described by “S” curves, are an important concern at 

both a firm and nation level.  For firms possessing the current technology, the concern is 

focused on the length of the transition and continuity phase, the timing of the 

discontinuity event, and the implications for a strategy of economic sustainment.  At a 

national level, the concern is focused on which firm will be the replacement—
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specifically, is the new firm from another nation, thus disrupting the economy of the 

existing players? 

While the literature on the subject of technology management has become rich 

over the last few years, there remains the search for a more adequate explanation of 

disequilibrium.  The drivers discussed earlier describe the formation and slope of the S 

curve, leading to disequilibrium.  However, do they adequately explain the disequilibrium 

event itself?  What are the factors that drive disequilibrium?  Can they be measured 

directly, or are they measurable only by indirect methods?  What strategies may be 

employed at the firm level to avoid loss of sustainability?  What policies at the national 

level will enable native firms to sustain during disequilibrium?  What policies at the 

regional level will enable integration of technology assets? 

Science and Technology 

Other related terms, like science and technology, should be defined in the context 

of innovation.  Traditional epistemology defines science and scientific knowledge as the 

world of objective theories, objective problems, and objective arguments.  Further 

clarification is found in Kuhn (1962) defining science as research firmly based on one or 

more past achievements.  Technology is defined as that "which allows one to engage in a 

certain activity , , , with consistent quality of output," the "art of science and the science 

of art" (Carayannis & Alexander, 2001) or "the science of crafts" (von Braun, 1997). 

Diwan and Chakraborty (1991) add that technological foundations of technology 

are market size, standards, innovation, high motivation, and supply of capital.   

Innovation impact may be directed to multiple sectors.  For example, Jonash and 

Sommerlatte (1999) list product/service, process, and business innovation as the key 
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impact areas.  Product/service is the development and commercialization of hard goods; 

process is defined as new ways of producing and delivering cost-time-quality advantages; 

and business innovation is defined as new models of conducting business for competitive 

advantage.    

Jonash and Sommerlatte (1999) have also provided a model of key success 

factors, grouped into four sectors of Alignment-Processes-Skills-Environment, formed 

around a core of Learning, with Strategy, Resources, and Organization as the main 

directional categories of influence.  The Alignment sector is composed of Innovation, 

Common Strategy, Innovation Strategy, and Top Management Support.  The Processes 

sector is composed of Intelligence Gathering, Identifying Customer Needs, and 

Generating/screening Ideas.  The Skills sector is composed of Labor, Cross-functional 

Teams, and core Competencies.  The Environment sector is composed of New Products, 

an Encouraging Environment, Co-located Marketing and Technical Teams, and a clearly 

Identified CTO Role.  According to Jonash and Sommerlatte, the presence of the key 

success factors is a very good indicator of technological performance. 

Life Cycles of Technology 

On an historical scale, the life cycle of the technological/social stage follows the 

Life Cycle of Evolution (LCE) as proposed by Halal (2004).  The LCE may be viewed as 

an order of increasing abstraction; civilization progresses from farming, to industry, to 

social relations, to knowledge, and, finally, to mental and spiritual concerns.  The LCE is 

composed of seven waves of technological evolution.  The waves are biological (genetic), 

nomadic (primitive), agrarian (civilization begins, invention of farming), industrial 

(manufacturing technology), service (social technology, application of social science), 
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knowledge (use of intelligent information systems), and existential (spirituality/mental, 

natural next step of evolution).  These waves are a combination of biological, cultural, 

and existential forms.  This macro-technological framework, when viewed through the 

lens of time, allows understanding of social progress.  For example, the biological era is 

pre-civilization, a time when life forms evolved on earth.  The nomadic and agrarian eras 

extend from early civilization up to the 1800s, which represents a time when civilization 

evolved and was based on man’s exploiting of the natural world.  Social progress 

developed along with man’s ability to utilize more and more of the natural elements.  The 

industrial era rose in the 1800s, characterized by a period of intense exploitation and 

leveraging of mechanization.  Enablement of social progress in this era was dependent on 

the ability to drive economic stability.  In the more recent past, we have experienced the 

emergence of the service and knowledge eras.  These eras have developed so quickly that 

it is very hard to clearly distinguish between them.  Together, service and knowledge eras 

have allowed further social progress by enabling civilization to gain better control over 

available resources.  The final era is one of existentialism.  This era seems to be emerging 

in the present time.  It is one of social progress focus on mental and spiritual states.  

Spiritual is not simply the supernatural but a higher state of mind or “beyond 

knowledge.”  Because spirit sets perceptions of reality itself, all behavior flows out of this 

stream of consciousness that people inhabit. 

In the LCE, the process is one of lower stages providing the resources that make 

later stages possible.  This is a “push” imperative of upward causation. 

As higher stages are achieved, more powerful technical capabilities appear to 

overcome the limitations of preceding stages.  This represents a “pull” imperative of 
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downward causation.  As a driver of a new era, a new technology solves an existing 

problem but creates conditions for future technologies to solve; the system selects the 

functional inventions that it needs and uses them.  From this chain of causality, each 

stage produces a unique, Hegelian dialectic: social order (thesis); new social order 

produces a challenge (antithesis); higher-order technology (catalyst) is developed, 

producing a new status-quo (synthesis).  The LCE is organic and provides three inflection 

points: (a) a “take off point” (when rapid growth begins); (b) a “pivot point” (making the 

shift from growth to stability); and (c) a “saturation point” (maturity).  The LCE is 

adequately described by an S curve; eras move from the primitive (survival and farming) 

to the sophisticated (knowledge and spirituality) on a logarithmic time-scale. 

It is hypothesized that technology on a micro level follows a similar framework as 

the LCE at a macro level.  Technological advances follow a similar development path.  

Abernathy and Utterback (1978) suggest stages of technological innovation as fluid-

transitional-specific, which map directly to the LCE inflection points of takeoff-pivot-

saturation.  Anderson and Tushman (1990) also suggest a similar set of stages for 

technological discontinuities: an era of ferment, followed by the emergence of a 

dominant design, followed by an era of incremental change.  The LCE offers a very 

powerful framework to explain technological advances. 

The Information Age (IA) may be viewed as starting in the industrial era and 

developing toward maturity in the knowledge era.  There is not a crisp, start-stop 

delineation between the eras; there is much overlap.  Many researchers do not draw a real 

distinction between the Information Age and what the LCE defines as the knowledge era.   

The Information Age key technologies begin with the telegraph, progress through the 
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typewriter, radio, telephone, and, finally, with the computer, along with many others.  

The underlying core of the technologies is communications.  The human desire for 

information is a key driver of IA. 

As noted earlier, the basis for the LCE includes (a) increasing abstraction (from 

farming, to industry, to knowledge, and, finally, to the spiritual) and (b) the chain of 

causality.  This first basis point is represented by a physical to metaphysical transition.  

The later point of causality (social order challenges are met by higher order technology) 

infers that each era produces a challenge that is eventually solved by a technology, which, 

in turn, presents a new level of challenge.  This cycle of thesis-antithesis-catalyst-

synthesis leads to the next level of social progress.  Thus, the IA developed as a response 

to existing social needs (communication); new challenges were presented (better/faster 

communication); new technologies were developed (e.g., telegraph); and a new status 

quo was enabled (messages delivered over long distances in a very short time).  However, 

this represents a single link in the chain of causality.  Once the new social order was 

achieved by the telegraph, more social pressures (challenges) were presented.  The status 

quo drove additional challenges for more communication in other areas of social 

interfaces.  This led to higher order technologies like the typewriter and eventually the 

computer.  The reason for the need for higher order technologies may be explained by the 

principle of evolutionary stages becoming increasingly metaphysical.  The principles of 

increasing abstraction and the chain of causality are very powerful concepts for 

understanding the macro-technological impacts on the evolutionary process of LCE.  The 

LCE concept assists understanding technology through the complex array of drivers, such 

as research and development expenditures.   
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Given that we are in the beginnings of the existential era of the LCE, future 

development of the social process may be in the area of spirit.  This seems to be 

confirmed by the movement from the physical to the metaphysical in most aspects of 

social life.  For example, in the social interaction of nations, we have seen movement 

toward a new (higher order) global order.  In the past, nations protected and restricted 

their intellectual capital to remain within their borders.  More and more we see inter-

nation cooperation and sharing of resources, driven by new technologies that enable and 

encourage knowledge sharing.  Another indication of social progress moving toward the 

existential is the rise of spiritualism in the context of science.  With every scientific 

discovery, or new technology, the result is not a closure to arrive at an end point in 

knowledge, but, rather, a realization that there is more to be understood.  There is a 

widening of the gap in knowledge rather than a narrowing of that gap. 

From a technology perspective, the knowledge gap may be better understood 

through a better-defined framework.  For example, if the drivers (Research & 

Development) of technology performance (such as GDP) are identified/quantified and 

correlation is better understood (e.g., by identifying potential mediators), the framework 

under which technology operates could be better understood.  Once understood, 

technology could be managed to increase (or adjust) the performance (outputs, such as 

GDP). 

Invention and Innovation 
 

Invention and innovation are two distinct terms.  Florida and Kenney (1990) 

consider invention as a breakthrough and innovation as an actualization.  Hindle and 

Lubar (1986) further clarify invention by labeling it as the creative origin of new process 
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and the enabler of innovation, which has impacts on social, economic, and financial 

processes.  These two descriptions are the basis of the emerging definitions: 

(a) invention—the creative process of progress and (b) innovation—the introduction of 

something new, which is defined by the impact on societies and markets (actualization).  

"Innovation generally lowers the cost of responding to a change in the commercial 

environment" (Wallace, 1995).  Thus, invention is the creation of something new, while 

innovation is developing the invention for usefulness or market influence. 

Innovation is also defined as “the use of new knowledge to offer a new product or 

service that customers want.  It is invention + commercialization” (Afuah, 2003).  

Innovation is what sets technology firms apart from other firms; thus, innovation 

management would be the key discernable difference of technology firms. 

Principles of innovation.  There are several key recurring principles of innovation: 

(a) an integrated organizational approach, (b) incentives for innovators, a systematic 

process to convert invention into innovation, (c) team skills, (d) communications, 

(e) learning, and (f) project management (Rolfe, 1999).  These principles are foundational 

in developing an innovation process.  It is interesting to note the interdependencies of 

learning and team skills to innovation.  Generally, in a team environment, individual 

members of a team do not possess sufficient knowledge in themselves; but, if collectively 

the team “knowledge sum” is greater than non-team “knowledge,” the team will be a 

successful implementer of innovation.  Because the common construct of teams is subject 

to change, the ability of the team to retain knowledge through effective learning is an 

important criterion for long-term success. 
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Innovation sources.  Identifying the source of innovation may assist in the 

definition.  The pace of improvements brought about by innovation, or the rate of 

innovation, may be determined by the technology pull or market push factors (Carayannis 

& Alexander, 1998).  The question of a specific source of innovation is brought about by 

a process of "learning by doing" {Rosenberg, 1976}.  Innovation, through the continuous 

incremental effects of knowledge acquisition, has the effect of cumulatively impacting 

future innovations. 

Types of innovation.  To better our understanding, it is helpful to identify the 

various types of innovation.  Innovation is generally categorized as product, process, or 

administrative (Tidd, 2000).  Others classify innovation by regional influences 

(Evangelista, Iammarino, Mastrotefano, & Silvani, 2001) or decision criteria (Rodgers, 

1995).  Still, others view innovation as product-process-radical-technological (Cooper, 

1998).  Another view of classifying types characterizes innovation by decision systems 

(Rogers, 1995).  This method relies on the principle that both individuals and entire social 

systems may influence adoption of innovation. 

Process innovation refers to change in the methods employed by a firm in 

delivering products or services.  An example is the use of Internet technologies for supply 

chain management, where the process of ordering, tracking, and billing would be 

Internet-based.  Product innovation reflects change in the end product or service of the 

firm.  An example of product innovation is the addition of a new feature such as adding a 

remote to a television to improve the user interaction.  Administrative innovation refers to 

change in the characteristics of organizational or institutional elements.  Changes in 
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policy, organization structure, or resource allocation are examples of administrative 

innovations.   

Technological innovations involve change in the construct of the product or 

service of the firm.  Radical innovations are those innovations so severe that they 

introduce discontinuity.  Using regional differences to classify innovation is a very 

narrow view, usually reserved to a specific technology innovation comparison.  One of 

the drawbacks with this method is assessment of the regional nature of an innovation.  

For example, in the case of R&D measured by the number of patents, the region of patent 

invention may differ from the locale of registration, especially in the case of 

multinational corporations (MNC).  A patent for an invention of Asian origin may be 

initiated in a U.S. patent filing if the headquarters is a U.S. MNC.  Thus, the patent would 

be considered U.S. if measured regionally. 

The decision system approach to innovation includes optimal, collective. and 

authoritative decisions.  Optimal decisions of accepting or rejecting innovations are based 

on decisions of individuals, uninfluenced by their environment.  Collective decisions are 

made by a consensus of the actors in a social system.  Authoritative decisions are 

hierarchical in nature and are indicative of possession of power, knowledge, or 

technological expertise. 

Based on the literature, the promising view of innovation is the product-process-

administrative typology.  This seems to be the most widely adopted methodology and 

serves to support a wide range of empirically based choices in the study of innovation. 

Framework for understanding innovation.  Scott (2001) presents us with a model 

for analyzing organizations from various perspectives.  His Institutional Pillars gives a 
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consistent framework of reference, a regulative-normative-cognitive typology (identified 

by social theorists as key factors of successful institutions), presenting how organizations 

are structured and influenced.  The three pillars are contrasting models of institutional 

views.   

The regulative pillar represents the constraints on an organization: consistent 

behaviors, rule making (imposed from within or without), monitoring, and sanctioning.  

The normative pillar represents the values and norms of the organization.  The cognitive 

pillar represents interactions between stimuli and response in a social-cognitive 

perspective. 

“Structuration theory” views actors as creating and following rules and using 

resources as they engage in the ongoing production and reproduction of social structures.  

Actors are viewed as both knowledgeable and reflexive, capable of understanding the 

results of their own and others’ actions.  Agency refers to an actor’s ability to have some 

effect on the social world, altering the rules or the distribution of resources” (Scott, 

2001). 

The organization’s technological innovations are reviewed to identify which of 

the criteria influenced the level of successful innovation, leading to findings that may be 

categorized in a model for use in diffusing the criteria within or outside of the 

organization.  Scott’s (2001) review of innovation as he cited Hirsch states, “Changes in 

practice co-evolve with the changes in legitimating logics.  Hirsch examined the diffusion 

of an innovation initially regarding it as deviant by dominating field participants: the 

‘hostile takeover’” (Hirsch, 1986).  This may be compared to what Schumpeter (1934) 

labels as “disequilibrium.” 



 27 

Scott (2001) builds a framework to explain the competing theories of 

structural/cultural constraints versus ability of individual actors to influence.  He 

composed a model that included the content (institutional rules conducive to 

organizational development), agency (individual actor influence), carriers (repositories, 

enablers), and levels of analysis (unit of analysis) in a typology showing relationships to 

regulative-normative-cognitive pillars (institutional elements).  The three pillars are the 

forces or influences, on the organization, both external and internal.  The regulative and 

normative pillars represent a subsection of ordered activities, while the cultural-cognitive 

pillar represents ideas.  It is hypothesized that innovation follows a similar framework to 

Scott’s Institutional Pillars. 
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Table 1 
 
Institutional Pillars 
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Source: From Institutions and Organizations, by R. W. Scott, 2001, Thousand Oaks, CA: Sage 
Publications, Inc. 
 

 
Measuring innovation.  Research and Development is generally the initial 

measurement tool utilized for innovation (Evangelista et al., 2001), but R&D itself may 

be measured based on different attributes.  For example, as an R&D/Intellectual Property 

Rights (IPR) measurement, the number of patents is generally the unit of measure.  

Forces or Influences—  
Both external and Internal 

Ordered Activity 
Ideas  
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However, other attributes are frequently calculated also, such as research funding 

budgets, number of researchers, number of significant inventions, number of new 

products, amount of published research, etc. (Tidd, 2001).  Still, other attributes are 

linked in a more subtle way, such as increased productivity and growth or lower costs 

(Nelson, 1977).  Another classification of measurable characteristics is the social impact 

of innovation.  Examples would include the ability to measure the user benefits, lower 

consumer prices, user timesavings, and other social enablers (Mansfield et al., 1977).  

Other researchers have selected alternate methods of measuring innovation.  One 

approach uses a composite of measures known as the “3P” framework.  The critical 

factors in the “3P” framework are Posture (firm position in the innovation system), 

Propensity (the firm’s ability to capitalize innovation based on internal cultural factors), 

and Performance (the output measure).  This “3P” framework results in the development 

of a Composite Innovation Index, which “offers substantive increases in our ability to 

assess and comprehend the organizational process of innovation” (Carayannis & 

Provance, 2007). 

The following typology of measurable characteristics will bring clarity to the 

discrete measurables. 
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Table 2 
 
Measurable Characteristics of Innovation 
 

Hard Measurables Soft Measurables 

Characteristic Measure Characteristic Measure 

R&D Patents Impact Productivity 

 R&D Budget  Growth 

 New Products  Lower Costs 

 R&D Staff  Flexibility 

 Publications  Supply/Demand 

 R&D Incentives  Firm Size 

 New Features  Market Influence 

 Inventions   

 New Markets Social User Benefits 

 Partnerships  Lower Prices 

 Conferences  Social Enablers 

 CRADAs  Time Savers 

 Product Extensions   
 
 
The typology clearly shows numerous characteristics that can be measured.  The 

main categorization is between “hard” and “soft” measurables.  Hard measurables are 

those possessing characteristics that are directly linked to the innovation process.  For 

example, the number of patents issued is a direct outcome of the process of research and 

generally is not influenced by outside factors.  Productivity improvements, on the other 

hand, may be the direct result of an innovation, but the link is less clear due to other 

influential characteristics.  Productivity increases could be influenced by the mere fact of 

managerial increased interest surrounding the implementation of a productivity 
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innovation, recognized as the “Hawthorn effect.”  This is not to assume that the 

innovation was not the primary influence of productivity gains; but, rather, the 

measurement process may not be sufficiently rigorous to differentiate the various 

influences.   

Research and Development has a direct effect on output.  In studies conducted in 

the manufacturing field, it was noted that applied research and development funding was 

a more powerful explanation of differences in productivity growth across manufacturing 

industries that total R&D funding by the entire industry (Nelson, 1977).  This would 

indicate that R&D expenditures are a direct measure of firm productivity.  Firm 

productivity is greater than the norm, as expressed by industry norms. 

A firm’s strategic thinking may influence the adoption of measures of innovation.  

A firm with a high profit motive may choose to measure innovation characteristics that 

have a proclivity to specific goals (Nelson & Winter, 1982).  This type of weighting may 

be more beneficial when characteristics are more directly linked, hard measurables. 

Historically, short-term performance measures of the firm were profit-based; thus, 

the annual profit was an indicator of how well the firm could sustain itself in long-term 

debt repayment along with return to shareholders.  A key part of the “profit” calculation 

revolves around the concept of “value” or, in balance sheet terms, the “assets.”  In a 

knowledge-driven economy, it is extremely difficult to place a value around “knowledge 

assets,” given the historical conceptualizations.  The focus on profit is a single measure 

performance indicator.   

At some future state, multiple measures will be required to adequately define a 

firm’s ability to sustain itself.  Performance measures of firm profitability must change to 
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take into account the value created through knowledge management.  While the 

replacement metrics are not yet clearly defined, they must take into account the value-

added nature of intellectual capital, competitive collaboration, knowledge assets, and the 

ability to turn these concepts into drivers of firm sustainability. 

For purposes of this study, the researcher will use the measures that link Research 

& Development to output, U.S. GDP in this case.  This follows the research postulated by 

Nelson (1977), which shows that Research & Development has a direct effect on 

technology outputs. 

Impacts of innovation.  The impact of innovation may be directed to multiple 

sectors.  For example, Jonash and Sommerlatte (1999) list product/service, process, and 

business innovation as the key impact areas.  Product/service is the development and 

commercialization of hard goods; process is new ways of producing and delivering cost-

time-quality advantages; and business innovation is new models of conducting business 

for competitive advantage.  A fundamental challenge to the present analysis is the 

distinction between what is and what is not an innovation.  Innovation is a word derived 

from the Latin, meaning “to introduce something new to the existing realm and order of 

things.”  When related to technologies, one common definition of an innovation is “an 

idea, practice, or object that is perceived as new by an individual or other unit of 

adoption" (Rogers, 1995).  Thus, a technological innovation is a new idea, practice, or 

object with a significant technology component. 

Models of innovation.  The discussion of innovation clearly leads to the 

development of a model to understand the evolving nature of innovation.  Innovation 

management is concerned with the activities of the firm undertaken to yield solutions to 
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problems of product, process, and administration.  Innovation involves uncertainty and 

disequilibrium.  Nelson and Winter (1982) propose that almost any change, even trivial, 

represents innovation.  They also suggest that, given the uncertainty, innovation results in 

the generation of new technologies and changes in relative weighting of existing 

technologies.  This results in the disruptive process of disequilibrium.  As an innovation 

is adopted and diffused, existing technologies may become less useful (reduction in 

weight factors) or even useless (weighing equivalent to "0") and abandoned altogether.   

The adoption phase is where uncertainty is introduced.  New technologies are not 

adopted automatically; but, rather, markets influence the adoption rate (Carayannis & 

Alexander, 1998).  Innovative technologies must propose to solve a market need such as 

reduced costs, increased utility, or increased productivity.  The markets, however, are 

social constructs and are subject to non-innovation-related criteria.  For example, an 

invention may be promising, offering a substantial reduction in the cost of a product that 

normally would influence the market to accept the given innovation; however, due to 

issues like information asymmetry (the lack of knowledge in the market concerning the 

invention's properties), the invention may not be readily accepted by the markets.  Thus, 

the innovation may remain an invention.  If, however, the innovation is market accepted, 

the results will bring about change to the existing technologies being replaced, leading to 

a change in the relative weighting of the existing technology.  This is, in effect, 

disequilibrium.  Given the uncertainty and change inherent in the innovation process, 

management must develop skills and understanding of the process and methods for 

managing the disruption.  
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Models of innovation are based on three basic ideas (Drejer, 2002).  First, 

organizations can act to create or choose their environments.  Second, management’s 

strategic choices shape the organization’s structure and processes.  Third, once chosen, 

the structure and processes constrain strategy.  This is a very interesting insight into 

innovation models.  If an organization can choose its environment, and if the choice is 

rational, it should be able to choose the best environment for success of its strategy.  

There are numerous examples of firm strategies that did not perform as expected.  Is this 

principle negated by non-performance of strategy?  It may be that exogenous factors 

influence the choice of environment.  This is an interesting question for further study, but 

it is not in the scope of this paper. 

In much of the foregoing discussion, a recurring theme about innovation is one of 

uncertainty, leading to the conclusion that an effective model of innovation must include 

a multi-dimensional approach.  (Uncertainty is defined as unknown unknowns, whereas 

risk is defined as known unknowns.)  One model posited as an aid to understanding is the 

Multidimensional Model of Innovation (MMI) (Cooper, 1998).  This model attempts to 

define the understanding of innovation by establishing three-dimensional boundaries. The 

planes are defined as product-process, incremental-radical, and administrative technical.  

The “S” curve.  Management of Technology (MOT) literature is abundant with 

discussions of the “S” curve; the critical implications of using the “S” curve; and the 

underlying assumptions and key drivers that influence the curve’s shape. 

Generically, the “S” curve is a form of sigmoid curve.  A sigmoid curve, the name 

derived from the eighteenth letter of the Greek alphabet (sigma, σ), is one that is curved 

in two directions and generally follows the shape of the letter “S.” 
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Mathematically, it is a logistic curve that represents an exponential function and is 

used in models of growth processes such as biological evolution or business life cycles.  

It is non-linear and exponential.  The exponential attribute is important.  It suggests that 

the curve is driven by an ever-changing dependency or, more specifically, by a factor that 

represents the “rate” of change. 

Implied in the definition is an expectation of future results that will be a logical 

extension of past performance.  This is an extrapolation feature.  Drivers of the “S” curve 

will place continuous pressure on the curve to perform, based on historical data.  Thus, 

inferences drawn as future projections are merely extrapolations of past performance, 

albeit with a slope characterized by an exponential function.  The logistic nature of the 

curve allows for a slow rate of change in both the earlier and latter stages; while in the 

middle stages, change is significant.  

If the assumption is made that trends are based on the observation that technology 

always follows an exponential process, the inference will be a model that depicts an 

increasing slope, or positive trend.  This may or may not be the case, as there could also 

be a negative slope; this dichotomy will be addressed at a later point.  There is a 

bifurcation that needs to be explored more fully. 

The “S” curve uses initial data to establish a baseline rate of growth.  This 

baseline rate is subsequently used to calculate future rates of growth such as progress at 

various time intervals.  The logistic nature of the curve allows for slope diversity 

(difference in betas); as a practical matter, no two “S” curves will be the same.  However, 

when the dependent variable is characterized by a value of 0 to +1, the curve is most 

useful for analyses of rate of performance, rate of growth, or rate of quality. 
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There are several types of “S” curves in use, and the most common are listed in 

Table 3 along with the scope of the model and the dependent/independent variable types.  

The “S” curves are a form of the logistic regression model.   

 
Table 3 
 
“S” Curve Topology 
 

Parameters  
Technique/Model 

 
Model Use (Scope) 

 
Dependent 
Variable 

Independent 
Variable 

Fisher-Pry  Market adoption  Rate of 
performance or 
change 

Time 

Gompertz  Forecasts of absolute 
technical 
performance  

Unit of analysis Time 

Pearl Curve  Limits of maturing 
technology 
development  

Unit of analysis Time 

Learning Curve  Cost of production 
decreases at a 
predictable rate 

Unit of analysis Time 

 
 

MOT literature tends to focus on the Fisher-Pry Model (Fisher & Pry, 1971).  

Fisher-Pry is a technique generally applied to market adoption inquiries.  The dependent 

variable is the rate of change, while the independent variable is time.  The parameters, 

when measured at an early stage, are used to infer or predict latter stage development 

under the logistic calculation.  In typical use, it is portrayed as being positive in slope.  A 

concern with the predictive power of the technique is encountered when early stage data 

is extrapolated based on too little data.  However, this is overcome with the exponential 

attribute.  Being a sigmoid type of curve, the early stage is characterized by a small rate 
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of change, followed by an exponential expansion of the rate and ending with an almost 

linear configuration at the end of the curve. 

How well does Fisher-Pry model real world situations?  Based on the literature 

(Tushman, 1997; Utterback, 1994), the Fisher-Pry model works extremely well in 

predicting market adoption.  It does not, however, predict the end-of-life of the curve, 

often referred to as technological discontinuity.  Remember that Fisher-Pry uses historical 

data to extrapolate predictions of future exponential growth in the rate of change.  At 

some point in the curve, there is a leveling off of the rate, leading to an almost linear 

status resulting in little or no perceptible rate of change.  Sigmoid curves, as shown 

earlier, can have a positive or a negative slope.  The slope is predicated on historical data; 

thus implicitly, a positively sloped curve will tend to forecast only positive future results.  

Predictability, therefore, is limited. 

Dynamic models.  Utterback (1994) introduces a model (a variant of the “S” 

curve) referred to as Dynamics of Innovation.  He distinguishes between product 

innovation and process innovation as separate but inter-related concepts.  The dependent 

variable is rate of major innovation, and the independent variable is time.  The model 

focuses on time in three distinct phases labeled fluid phase, transitional phase, and 

specific phase.  In comparing the Utterback model to a Fisher-Pry “S” curve, it is clear 

that the models overlap in the fluid/transitional stages for process innovation and in the 

transitional/specific stages for product innovation.  The process innovation curve is 

represented as a normal distribution, while the product innovation curve takes the shape 

of a one-tailed normal curve. 
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The Fisher-Pry model offers only a partial explanation of real-world observations.  

Specifically, Fisher-Pry explains conditions in Utterback’s process-innovation-

fluid/transition phase, but offers no explanation for the later phase.  Similarly, 

Utterback’s one-tailed product innovation curve is a mirror image of the “S” curve, but 

negatively sloped.  It should be noted that the basis for comparison of the dependent 

variables in the two methods differs—the “S” curve uses rate of performance; Utterback 

uses rate of innovation.  Fisher-Pry is predictive of early stages of product innovation; 

however, it does not address the issue of discontinuity, which, in effect, is the end-of-life 

of the curve and the beginning of another curve.   

The key forces interacting on the “S” curve are technology and market influences 

(Schumpeter, 1942; Utterback, 1994).  These forces may be viewed in the context of 

“pulling” or “pushing” effects (Carayannis & Alexander, 1998). 

The innovation process.  An adequate definition for the process of innovation is 

inherently problematic.  The field is nascent, and there seems to be as many different 

definitions as there are researchers.  However, there is sufficient information available to 

evoke a common understanding on many points. 

In understanding the process, one must understand the concept of innovation 

“imperative” as a key driver (Cooper, 1998).  In a competitive environment, managers are 

driven to success, both individually and organizationally.  In order to achieve 

organization success, the manager must do more than develop, implement, and approve 

innovation.  They are compelled to constantly innovate in order to attain success, driving 

the organization to higher levels of innovation diffusion. 
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Identifying innovation as a process as opposed to a discrete event or outcome is 

generally credited to Peter Drucker (Cooper, 1998; Drejer, 2002).  The control of the 

process of innovation is referred to as innovation management.  In this context, 

innovation management is defined by five key activities: (a) technological integration, 

(b) the process of innovation, (c) strategic planning, (d) organizational change, and 

(e) business development {Drejer, 2002}.  Technological integration refers to the 

relationship between technologies and the product of the firm.  The process of innovation 

is the set of cross-functional activities that create and sustain innovation.  

Strategic planning involves the planning of technologies related to the innovation.  

Organizational change comprehends the disruptive nature of innovations on 

knowledge/skill requirements, new markets, new employees, etc.  Business development 

refers to the creation of new markets for the products of innovation.  Innovation is a 

driver of business development and also is driven by it.  This dichotomy is explained as, 

in early stages, innovation causes a disruptive change in the organization by its very 

nature, creating new markets for example. 

As the business evolves, “technology pull” becomes evident.  As competition 

catches up or competitive innovations become evident, the requirement for more and 

more innovation to maintain market position will surface, thus causing the firm to drive 

innovation. 

The innovative process is defined by the correlation of its elements of study 

(Nelson, 1977).  Inventions may be measured, and the R&D process may be studied and 

defined.  Science and invention may be linked, sources of innovation elaborated upon, 

organization factors investigated, the evolution of technology studied, diffusion of 
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innovation measured, and the learning phenomena exposed.  Invention is viewed as 

complimentary, cumulative, and leap-frog (Rosenberg, 1976).   

Complimentary invention is the invention of a new process/product related to an 

existing technology; the invention of the mouse to support computer-human interaction is 

an example.  Cumulative inventions are those that build upon, or “tweak,” an existing 

invention such as a product improvement like the pouring spouts on juice containers.  

Leap-frog invention infers a radical change away from existing technologies and echoes 

discontinuity in markets.  An example of leap-frog invention is the development of DVD 

video technology, which virtually eliminated potential incremental innovation in VCR 

tape technology. 

Product-process boundary.  The product-process boundary concerns itself with 

the end product and its relationship to the methods employed by firms to produce and 

distribute the product.  Incremental-radical defines the degree of relative strategic change 

that accompanies the diffusion of an innovation.  This is a measure of the disturbance or 

disequilibrium in the market.  Technological-administrative boundaries refer to the 

relationship of innovation change to the firm's operational core.  The use of the term 

“technological” refers to the influences on basic firm output, while the administrative 

boundary would include innovations affecting associated factors of policy, resources, and 

social aspects of the firm (Drejer, 2002). 

Innovation and economic policy.  In the United States, economic policy has an 

influence on innovation.  In general, U.S. policy may be categorized as selective targeting 

(Nelson, 1982).  Historically, U.S. policy could not necessarily be labeled as supportive 

of innovation.  Advances have been uneven (disruptive) and slow to influence 
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productivity and relative costs.  This is evidenced by a review of Total Factor 

Productivity (TFP) comparisons. 

TFP was developed by Solow in 1957 as the Growth Theory and has become the 

dominant approach to measuring productivity.  Solow's theorem is that the Productivity 

Residual is uncorrelated with any variable that is uncorrelated with the rate of growth; or, 

in other words, the Productivity Residual is a measure of the shift of the production 

function (increase in efficiency) (Solow, 1988).  TFP considers the traditional inputs to 

productivity of labor and output and adds the dimension of the influence of capital.  TFP 

is often referred to as Solow's residual.  Prior to TFP, measurement of productivity was 

subject to factors that may incorrectly influence the outcome, like a rise in demand or a 

rise in price would cloud the real measurement.  It is interesting to note that the TFP 

calculation is neutral to a rise in demand or a rise in price. 

The TFP residual is considered to be an indicator of R&D performance and, as 

such, can be a measure of the effectiveness of innovation at the industry or national level.  

Many researchers have concluded that TFP residual, as a measure of industry-wide R&D 

effort, is more influential than measuring a single firm (Nelson & Winter, 1982; Solow, 

1988).  The current study is clearly focused on Solow’s model and uses Total Factor 

Productivity (Productivity Residual) as a key component of the Conceptual Model. 

Economic models.  In current economic models, the underlying theme is a 

reinvigoration of how R&D is viewed.  Previously, business literature referred to the 

“old” and “new” economy to describe the evolution of our economic models.  The old 

economy, industry-based, traditionally has been characterized by economies of scale; 

while the new economy, knowledge-based, is considered the economy of networks—as a 
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collaborative network (Shapiro & Varian, 1999).  According to Moore (1996), the 

traditional old economy is defined as a firm going up against its competition, in a win-

lose scenario.  The new economy paradigm may be defined as market creation or co-

evolution in a win-win scenario.  

Foundations of post World War II technology paradigms have been influenced by 

market size, standards, high motivation, and the supply of capital.  From the U.S. 

perspective, there has been a paradigm shift, affecting competitiveness, productivity, and 

innovation.  The key elements affecting this shift are discontinuity, innovation (generally 

reducing overall cost), market demand (technology pull and market push) (Carayannis & 

Roy, 2000), and imports (competitiveness factor) (Diwan & Chakraborty, 1991). 

Business perspective of innovation.  From a business perspective, an innovation is 

perceived as the happy ending of the commercialization journey of an invention, when 

that journey is indeed successful and leads to the creation of a sustainable and flourishing 

market niche or new market.  A technical discovery or invention (the creation of 

something new) is not significant to a company unless that new technology can be 

utilized (market value) to add value to the company through increased revenues, reduced 

cost, and similar improvements in market or financial results.   

This has two important consequences for the analysis of any innovation in the 

context of a business organization.  First, an innovation must be integrated into the 

operations and strategy of the organization so that it has a distinct impact on how the 

organization creates value or on the type of value the organization provides in the market. 

Second, an innovation is a social process, because it is only through the intervention and 

management of people that an organization can realize the benefits of an innovation.  
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Firm perspective.  Firms are composed of value chains.  A typical value chain is 

composed of the elements of inbound logistics, operations, outbound logistics, 

marketing/sales, and service, which is supported by the firm infrastructure composed of 

human resource management, technology development, and procurement (Porter, 1991).  

The excess of revenue minus cost is the profit or margin.  Some comparative models 

expand the chain to include specific business units such as Research & Development, 

Engineering, and Manufacturing. 

For a firm to have sustainable performance, it must effectively manage the 

elements of the value chain that will lead to profits.  For technology-oriented firms, the 

value chain management is more complex than for most firms.  In technology, there is a 

greater degree of risk due to uncertainty.  To explain this complexity, let us compare a 

product firm (oil production) to a technology firm (software development).  In the 

product firm, oil is produced to align to consumption metrics.  As consumption rises and 

falls, the outputs of the product firm must be managed, but there is little overall 

uncertainty.  The market has demanded some level of oil production since the 1850s 

(earlier, if one considers oil for lamps and cooking).  Once a market was created for oil 

production, it remained, essentially undaunted by the introduction of alternate energy 

sources.  Oil production firms may feel reassured that there will be a market for their 

product in the next year.   

Technology firms, on the other hand, must continually create new markets for 

their products.  The software development firm has no expectation that there will be a 

market for their product next year, unless, of course, they create it.  This is the nature of 

the uncertainty faced by the technology firms.  Additionally, technology firms face the 
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further uncertainty of having their markets replaced by alternate technologies (radical 

innovations made by other firms).  Sustainable performance is a function of effective 

management, and strategy development is a basic fundamental of management. 

Managing innovation.  Management of innovation is chiefly concerned with 

strategy (Donnelly, 2004).  Strategy is composed of culture, leadership, architecture, 

decision-making, and execution.  With innovation culture, a key concern is establishing a 

supporting environment.  Culture is the shared beliefs of the firm, that which bridges the 

formal policies and actual performance.  Leadership pertains to an alignment of 

leadership styles (authoritative, democratic, affiliative, coaching, pacesetting, and 

coercive) to the organization requirements.  Depending on the organizational format, the 

relative leadership style should support an innovative culture.  Architecture refers to the 

organization structure.  The structure may be functional (traditional), matrix, or project-

oriented.  Execution refers to the methodology of implementation.  This assumes that the 

culture, organization, and leadership are aligned and leveraged (Donnelly, 2004). 

Firm strategy may be envisioned in the conceptualization of the “Ten Dimensions 

of Innovation Strategy” (Amidon, 2003), which identifies strategies under the idea of 

knowledge management.  Each strategy is defined with a traditional initiative paired with 

alternative initiatives (vertical/diagonal).  The alternative initiatives represent the leading 

edge thinking in innovation and KM theory development. 
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Table 4 
 
Ten Dimensions of Innovation Strategy 
 
 Focus on… Traditional Initiatives Vertical/diagonal Initiatives 
1 Collaborative 

Process 
Company 
Collaboration 
Communities of Practice 
Security  

Community 
Cohesion 
Shared Meaning 
Trust 

2 Performance 
Measures 

Realizing value 
Single Measure 
Dis-alignment 
Get-rich-quick 

Creating Value 
Multiple Measure 
Re-alignment 
Perseverance 

3 Education and 
Training 

Education 
Academic 
National Institutions 

Learning 
Practical 
Innovative Networks 

4 Focus on 
Distributive 
Networks 

Questioning 
Believing 
Persuading 
Intellectual 

Initiating 
Understanding 
Inspiring 
Systems Approach 

5 Competitive 
Intelligence 

Enterprise Size 
Competition 
Product Development 
Business Strategy 

Innovation Capacity 
Collaboration 
Alliance Strategy 
Innovation Strategy 

6 New Products 
and Services 

Manufacturing  
Product Development 
Economy 
Materials Based Product 

Services Sector 
Incubation 
Ecology 
Intelligent Products 

7 Strategic 
alliances 

Self-interest 
Internal Knowledge 

Group Interest 
External Knowledge 

8 Market 
Interaction 

Proactive Marketing 
Print Media 

Interactive Partnerships 
Multimedia 

8 Leadership Direction 
Toleration 
Managing 

Purpose 
Honor 
Helping 

10 ICT Internet as a Promotion 
Passive 
Artificial Assistant 
Productivity Tools 

Internet as a Learning Tool 
Interactive 
Alien Intelligence 
Collaborative Technologies 

Note: Just how the above dimensions are put into place depends on the leadership 
execution of the firm. 
Source: From The Innovation Superhighway: Harnessing Intellectual Capital for Sustainable Collaborative 
Advantage, by D. M. Amidon, 2003, Boston: Butterworth-Heinemann. 
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The issues of managing the resulting disruption are strategic in nature.  The issues 

may be classified into three groups, engineering, entrepreneurial, and administrative 

(Drejer, 2002).  This grouping correlates to the related types of innovation, namely, 

product, process, and administrative innovation: 

• The engineering problem is one of selecting the appropriate technologies for 
proper operational performance.  

• The entrepreneurial problem refers to defining the product/service domain and 
target markets. 

• Administrative problems are concerned with reducing the uncertainty and risk 
during the previous phases. 

 
If a firm chooses not to manage innovation, then innovation is left to pure chance.  

Under chance, R&D is not a fundable business requirement; therefore, no pure research 

or targeted research would be undertaken.  In the framework of innovation, for 

innovation to take place, the first step is the Demand or Catalyst Phase, which serves as 

the key driver of, or key input to, the innovation process (Carayannis & Wetter, 2004).  

The Demand or Catalyst may be interpreted as the ideas or the wants and needs that 

initiate the process, leading to invention.  With the inclusion of commercialization, the 

invention is transformed into innovation.  The decision not to manage innovation is a 

non-legitimate evasion of the key issues.  The decision not to manage innovation will 

effectively remove the decision maker from playing in the game. 

Alternatively, the decision to manage innovation is not a panacea.  There is no 

universal remedy.  Managing innovation is not sufficient; managing it well is required.   

Innovation is the primary management problem of most companies, large 
and small, start-up or mature.  Keeping the ideas flowing into prosperous 
implementation is the name of the management game.  Many inventions 
(they are not innovations) will die or languish, precisely because the 
distribution system does not exist, is broken, or is underperforming.  This 
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distribution system is part of the third stage in the process of innovation 
(i.e., commercialization, application, diffusion, etc.). (Amidon, 2003) 
 
Innovation management is dependent on the synergies between strategy and 

operations.  “The complexity of managing within a global economic system creates a 

dissonance between strategy and operations at multiple levels.  An adjustment on one 

level automatically has an effect on, and is affected by, another” (Amidon, 2003). 

Another view of innovation management would include managing or allocating 

resources to the development of innovation.  Here, resources may mean funding the 

necessary aspects of the innovation process or allocating manpower to Research and 

Development efforts.   

The key component of innovation management is strategy integration.  Innovation 

strategy has at least five main components: (a) resources, (b) understanding of 

competitor’s strategy, (c) understanding of relevant technological development, 

(d) culture of the business unit, and (e) internal entrepreneurialism.  Timing of market 

entry, leader or follower strategy, scope, and rate of innovation may also characterize 

strategies. 

Organizational influences.  The organization is influenced by innovation in 

several ways.  Competition, change, externalities, learning, climate, communications, 

processes, and social interaction of individuals drive creativity (Rolfe, 1999).  While 

innovation is a purposive act, the prime characteristic is uncertainty (Nelson, 1977).  This 

characteristic tends to influence the set of drivers affecting the organization.  In this way, 

as characteristics such as creativity drive innovation, the creativity itself is impacted.  The 
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impact may be positive or negative; thus, the creativity may be changed and strategic 

plans may be ineffectual. 

Knowledge management.  Knowledge management is defined as the leverage of 

relevant knowledge assets to improve efficiency, effectiveness, and innovation.  The 

assets referred to here are the firm’s resources, which may be physical (people, products, 

etc.) or mental (patents, processes, services, etc).  The assets represent the key factors of 

production.  This is important in that the assets become a part of the economics of 

production.  For example, if a firm holds a patent, the asset becomes leverage-able in 

producing profits to the firm.  These profits could be indirectly or directly produced.  

Indirect profits would be based on the production and distribution of a patented product, 

where the patent would create a temporary monopolistic period for the firm, leading to 

profits as compensation for the creation of the innovation.  Direct profits would be 

produced if the firm decided to license a product or service as opposed to producing it 

themselves. 

In our existing economic models, economists place monetary values on hard 

assets, such as equipment and capital goods.  The assignment of monetary values to soft 

assets, such as patents and other Intellectual Property, process, and services, is not as well 

defined currently.  In most cases, the establishment of monetary value on soft assets is a 

developing phenomena, not calculated in or included on balance sheets.  This presents a 

dilemma for researchers.  There is currently no codified structure for inclusion of soft 

assets in a repetitive and reliable model, including retroactive adjustments for historical 

data.  In some instances, soft assets are included in GDP calculations, where and when 
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available.  Missed instances of soft asset valuation are an unknown and would tend to 

limit the reliability of conclusions drawn from GDP data. 

Technology.  Innovation impact may be directed to multiple sectors.  For 

example, Jonash and Sommerlatte (1999) list product/service, process, and business 

innovation as the key impact areas.  Product/service is the development and 

commercialization of hard goods; process is new ways of producing and delivering cost-

time-quality advantages; and business innovation is new models of conducting business 

for competitive advantage.    

Jonash and Sommerlatte (1999) have also provided a model of key success factors 

grouped into four sectors—Alignment-Processes-Skills-Environment—formed around a 

core of Learning, with Strategy, Resources, and Organization as the main directional 

categories of influence.  The Alignment sector is composed of Innovation, Common 

Strategy, Innovation Strategy, and Top Management Support.  The Processes sector is 

composed of Intelligence Gathering, Identifying Customer Needs, and 

Generating/screening Ideas.  The Skills sector is composed of Labor, Cross-functional 

Teams, and core Competencies.  The Environment sector is composed of New Products, 

an Encouraging Environment, Co-located Marketing and Technical Teams, and a clearly 

Identified CTO Role.  According to Jonash and Sommerlatte, the presence of the key 

success factors is a very good indicator of technological performance. 

Technology road map.  A road map is a detailed plan to guide toward a goal.  As 

such, a technology road map is a plan to achieve a technological milestone, an 

advancement of technology, or movement from one state to another. 



 50 

A road map may take many forms, and there is no one fixed format.  Basically, it 

is a detailed prediction of the course of events that are expected to happen within a 

specific technology.   

 
Table 5 
 
Technology Road Map 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 5 is an example of a technology road map prepared by the Semiconductor 

Industry Association (SIA) in 1997, predicting certain specific attributes of computer 

chips in 2-, 4-, 7-, and 15-year time frames.  The attributes predicted consisted of size, 

voltage, power, frequency, and DRAM capacity. 

The road map process is a tool to capture the strategic direction of a technology.  

It communicates to the reader what to expect over time.  The road map process starts with 

an assessment of the current state or a baseline of what exists today.  If used properly, the 

road map will assist in identifying gaps that may exist in the strategy of the firm.  Once 
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identified, the gaps can be managed through a reiteration of the strategic process, circling 

around to identify strategies to close the identified gaps. 

Many software firms use technology road maps, but the tool is not limited to 

industry.  As stated earlier, there are three types of innovation: (a) radical, 

(b) architectural, and (c) incremental.  Radical is signified by a major shift in product 

and/or markets.  Architectural is a reconfiguration of system components.  Incremental 

innovation involves adaptation and refinement of existing products and services.  A 

technology road map is useful in planning each type of innovation.  For example, in the 

case of architectural innovation, the road map is most useful in planning new generations 

of the existing product.  It helps define, at a high level, the key elements of a plan to 

move from one generation of a product to another. 

Technology forecasting is the integration of technology, strategy, and capacity.  

Innovation is considered to be the ability to lower the cost of responding to change in the 

commercial environment (Wallace, 1995); thus, innovation management is considered 

the strategic development of innovation capacity. 

Technology forecasting.  Forecasting, according to Webster’s dictionary, is 

defined as “to calculate or predict some future event or condition, usually as a result of 

study and analysis of available pertinent data.”  In the context of technology forecasting, 

it refers to the prediction of future technology states based on current available data and 

extrapolations of historical case studies.  In this respect, the understanding of historical 

trends, drivers of innovation life cycles (e.g., the “S” curve) such as market push/pull and 

technological push/pull, and other trending measures and concepts such as Abernathy and 

Utterback’s “Dynamics of Innovation” are extremely important (Utterback, 1994).   
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Competitiveness   
 

Competitiveness is the ability to produce goods and services that meet the test of 

international markets and is measured by the national standard of living (U.S. 

Competitiveness Policy Council, 1993).  The scope of competitiveness may be classified 

as geographic or by industry and may be further defined by segment and vertical scope 

(Porter, 1980).   

Segment scope is the method required to meet the needs of different users.  

Segmentation is accomplished through a mix of product features or by utilizing target 

marketing.  Vertical scope employs linkages with users, suppliers, and channels.  

Geographic scope is the range of countries, or clusters of countries, in which a firm 

competes.  Industry scope is defined by the common interrelationships required to 

compete.  The interrelationships may be primary via a shared organization or support 

activities via shared technologies or shared R&D.   

The framework employed to describe the relationships of competition is referred 

to as the Value Chain (Porter, 1985).  A firm is defined as a collection of activities that 

design, produce, market and deliver a product/service.  The Value Chain attempts to 

examine and analyze the activities and how they interact as sources of competitive 

advantage.  A simple Value Chain may contain the elements of R&D-design-production-

marketing-delivery. 

Competitiveness is measurable; comparisons between inter-firm, inter-industry, 

and inter-nation (transnational) can be made.  In the United States, the Competitiveness 

Policy Council uses balance of trade and standard of living as key transnational measures 



 53 

(U.S. Congress, 1993).  These measures are broad and are evaluated in relation to other 

countries, producing an index of global competitiveness. 

Further, competitiveness is defined as enhancing the quality of life and as the 

"capacity for innovation" (Brown, 1996).  The challenges to competitiveness illustrate the 

core issues as (a) navigation from here to there, as in old vs. new economy; 

(b) institutional entropy undermining organizational efficiency; and (c) individual 

estrangement of employees through anxiety and disenchantment (Hamel, 1994). 

Competitiveness may be viewed on multiple levels: (a) firm, (b) industry, 

(c) nation, and (d) transnational.  “As international competition intensifies, the need of 

global competitive advantage is tempered by the needs and wishes of host nations and the 

diversity among their markets” (Doz, 1985).  From a firm's perspective, competitiveness 

may be defined as both positioning for its best defense and influencing in its favor 

(Porter, 1985).  There are six key forces that influence competition: (a) the firm itself, 

(b) suppliers, (c) customers, (d) competitors, (e) potential entrants, and (f) product 

substitutes.  The firm is the central point of interest; inputs to the firm come from the 

suppliers, customers, competitors, potential entrants, and product substitutes.  Each 

influences the firm and, in order, interact and influence each other.  There is a very tight 

integration in the context of competitive forces (Porter, 1985).   

Competitive issues.  Global markets are currently undergoing a shift in the basic 

paradigms related to competitiveness, productivity, and innovation.  This shift affects 

firms, industries, and nations.  One of the fundamental theories assumes that markets 

have reached the limit of incrementalism (operational improvements), and firms must 

reinvent the corporate space they occupy.  “To successfully compete for the future 
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requires the capacity to bring about a revolution in one's industry or market space, which 

in turn requires a revolution in how one creates strategy”(Hamel, 1994).   

The U.S. Competitiveness Policy Council identified six key priority issues of 

competitiveness at the nation (U.S.) level (U.S. Congress, 1993). 

• Saving and innovation:  competitiveness is determined by national 
productivity 

• Education and Training:  the human resources element 
• Technology:  invention-innovation are resources 
• Corporate Governance and Financial Markets: environmental stimulus and 

incentive 
• Healthcare Costs:  a significant influence 
• Trade Policy: trade balance is the key barometer 

 
The Council later identified at least 23 critical technologies for active support, but other 

authors suggest a shorter field of candidates for inclusion in the critical technologies list 

(Brown & Hertzfeld, 1996). 

Materials Optical Biotechnology 

Electronics Energy Biomedical 

Nuclear Plasma Fluid Mechanics 

Manufacturing Technology 

 
Brown further identifies the key elements of national focus. 
 

• Support for scientific investigation  
• Knowledge available and know how  
• Policy environment 
• Educated work force 
• Collaborative networks 
• Open trading system 
• Robust industry environment 
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At the industry level, discrete industries are viewed as collections of related firms.  

The firms may be competitors, suppliers, customers, or complimentors (Porter, 1985).   

Trade groups, usually formed to collectively exert policy and regulatory influence, 

represent industries.  Industries face many challenges, as outlined in the following seven 

key points (Christensen, 1998): 

• Market demand and technology rate may be unequal. 
• Managing innovation parallels resource allocation management. 
• Managing and sustaining innovation sources does not equal success in 

disruptive innovation. 
• Organization capability is specialized 
• Information for decision making under disruptive innovation is lacking 
• Blanket technological strategy may not work 
• Powerful barriers to entry and mobility exist on disruptive technology 

 
Firms are one of the key drivers of competitiveness.  If a corporation/firm is 

uncompetitive and their market position is unsustainable, the result is bankruptcy; if a 

country is uncompetitive, the result is a reduction in standard of living and a devaluation 

of currency (Krugman, 1992).   

The trade balance can rarely be achieved solely through exchange rate 
manipulation or only at a great cost in terms of employment and real income 
growth.  Moreover, it is likely to have negative consequences for productivity 
growth in the home economy unless corrective measures are taken to enhance the 
countries technological capabilities.  Thus even an advanced country cannot 
afford to ignore is international competitive position if it wishes to improve its 
standard of living in the long run.  An efficient manufacturing industry not only 
meets needs of consumers at the lowest level, but generates sufficient net exports 
to pay for a country's required level of imports at a socially desired rate of 
employment, output growth, and exchange rate (long and short term) 
competitiveness. (Howes, 2000) 
 
On the national or transnational level, where nations compete against each other, 

the transfer of technology is a key issue.  Transfer of technology requires a stable 

infrastructure, social attitudes, economic conditions, tariff and other government support, 
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private sector influence, sufficient pent-up demand, and protection (such as patents and 

other Intellectual Property protections).   International firms’, referred to as Multinational 

Corporations (MNC), view of competitiveness is revealed, “As international competition 

intensifies, the need for global competitive advantage is tempered by the needs and 

wishes of host nations and by the diversity among their markets” (Doz, 1985).  Doz 

(1985) also offers key advantages of MNC over purely national firms: 

• Knowledge-based—leveraged shared learning 
• Superior technology 
• Worldwide access to low cost purchases 
• Experience (industrial, marketing) replication 
• Management know how (leveraged) 

 
Paradigms of competitiveness.  Value paradigms may be equivocated to the 

natural sciences, specifically to the study of biology.  The view is that a firm (or industry, 

or nation, or MNC) is the core component of a system, which is comprised of an 

ecosystem, biosphere, society, and business; each being self-contained in the preceding 

element of the system (Moore, 1996). 

 Possibly a better explanation is offered by Diwan (1991).  Foundations of post 

World War II technology paradigms have been influenced by market size, standards, high 

motivation, and the supply of capital.  From the U.S. perspective, there has been a 

paradigm shift, affecting competitiveness, productivity, and innovation.  The key 

elements affecting this shift are discontinuity (technological disruption), innovation 

(generally reducing overall cost), market demand (market pull), and imports 

(competitiveness factor).   

 A more recent explanation of paradigm shifts is explained as co-opetition.  In this 

concept, competition is merged with cooperation (hence, the term, co-opetition) under 
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rules suggested by gaming theory.  Game theory focuses on forming the right strategy 

and decisions under uncertainty, giving weight to the possible outcomes (decisions) of 

other participants.  Participants in the game are competitors and complimentors, 

customers, and suppliers.  The strategy of the game is to anticipate others’ choices and 

react accordingly.  The construct adds to the foundation of game theory by developing 

knowledge of the position of others and linking aspects of competitiveness factors in 

what is termed a Value Net.  The Co-opetition Value Net elements are the firm, 

customers, competitors, suppliers, and complimentors; all are focused on the firm as a 

central theme, with linkages directly to the firm and to each other {Brandenburger, 

1998}.  This is very similar to the Competitive Forces of Porter (1985). 

Foundations of the paradigms are built on benchmarking measures.  The 

following benchmarks establish the basis for enablement of radical innovation (Leifer et 

al., 2000). 

• Implement a system for capturing radical innovation 
• Create a radical innovation cadre (resources) 
• Establish project management teams with a hub of experts 
• Organize and recruit for radical innovation 
• Assess hub performance 
• Understanding the changing rules of R&D 
• Develop a "receiving" capacity within operations units 
• Deploy radical innovation transition teams 
• Create and internal venture capital organization 

 
Competitive strategy.  Strategy may be defined as a careful plan or method or an 

adaptation that serves an important function in achieving evolutionary success.  

Employing this definition under the science and technology perspective, strategy 

becomes those actions that enable a firm (or industry, nation, or MNC) to achieve 
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competitiveness through productivity and innovation.   On the national level, the 

framework for innovation strategy is articulated as (Brown, 1996): 

• Sustainable science base 
• Support of discovery based science 
• Explore synergies with diversity of research base 
• Broad education and narrow training 
• Sustainable technology innovation 
• Alliance formation 
• Benchmarking 
• Identify technology at risk 
• Diversify investment portfolio 
• Creation of investment friendly climate 
• Tax reform 
• Product liability standards 
• Assess antitrust regulations 
• Regulatory reform 
• Investment in education 
• Measurement and performance standards 
• Workplace transitions (school to business) 
• Incentives for lifelong retraining 

 
The Competitive Policy Council (CPC) is a key input to U.S. competitiveness 

policy.  Through its charter, it makes recommendations, which are used as the basis for 

U.S. domestic policy development.  

The CPC was formed under the Omnibus Trade and Competitiveness Act of 1988 

and began work in 1989 in response to the perceived lag in U.S. competitiveness in 

global markets.  The committee made it first report in 1993, and the findings are cited 

throughout this chapter (U.S. Congress, 1993).  By the late 1980s and early 1990s, 

globalization of markets had become a fact of business.  The U.S. has seen a tremendous 

growth in the relative value of GDP, as evidenced by Table 6. 
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Table 6 

Globalization of U.S. Products as a Percentage of GDP 
 

Year 1960 1965 1970 1975 1980 1985 1990 

%GDP 10.6% 10.7% 12.7% 18.9% 25.0% 20.8% 24.9% 

 
 

In developing strategy, a firm must first evaluate its competitive strengths.  

Critical strengths are classified as market position, technological capability, and 

intellectual property.  Strategic choices include integration, responsiveness, and focus 

(Shapiro & Varian, 1999).   

Integration may include local, national or transnational geographies.  Integration 

is defined as specialization across borders or the integration of networks.  Responsiveness 

may also be local, national, or transnational; it refers to business unit operations in 

response to host countries culture and laws.  Responsiveness includes reacting as a 

national firm when, in reality, the true nature of the firm may be as MNC (Doz, 1985).   

The focus of strategy is the utilization of benefits of integration plus the flexibility 

of local/national responsiveness.  MNCs enjoy many benefits of successful strategic 

positions.  Some of the benefits to MNCs include: 

• The underlying economic and technological characteristics of business 
through cost and location factors 

• A set of host country conditions and governmental policies 
• Competitive position of business as opposed to local or national firms 

 
Some of the economic benefits of a MNC strategy include: 
 

• Economies of scale:  centralized production efficiencies 
• Experience:  cost decreases of 15-25% with the doubling of historic 

cumulative production volume 
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• Location:  high versus low factor cost countries (leveraging location) 
• Product differentiation:  real or perceived differences 
• Technology:  R&D experience can be prorated over a larger base 
• Export channels:  larger firms can afford to control sales and delivery 

channels 
• Access to capital:  MNC are more highly valued by investors 

 
The relevant literature suggests that the traditional view of strategy is insufficient.  

Traditional strategic development establishes the foundations of (a) overall cost 

leadership, (b) product differentiation, and (c) focus on a specific market segment.  The 

Context of Competitive Strategy (CCS) replaces this traditional view (Porter, 1991).  The 

CCS strategy development is a method of evaluating strategy against a number of input 

factors, in an attempt to reduce strategy decisions under uncertainty.  The factors 

analyzed are firm position (strength and weakness), industry status (opportunity and 

threats, economic, and technical), personal values of key implementers, and broad social 

expectations.  Each of these factors is categorized as internal focused or external focused; 

the factors both drive the strategy and are driven by the strategy.  

Competitiveness policy.  Policy structure is a key driver of competitiveness, 

productivity, and innovation.  Policy is critical at the firm, industry, and national levels.  

At the transnational level, policy becomes even more critical due to the multifaceted 

nature of the host location, transaction locale, and cross border implications.  Post World 

War II, in the Cold War period, the objective of U.S. policy was militarization of R&D.  

In the post Cold War period, policy has migrated to re-commercialization of R&D 

{Florida & Kenney, 1990}.   Policy considerations must also consider the changing 

nature of work.  Previous models of work consisted of breaking complex tasks into 

simple rote tasks, learning them, and continuously repeating the task (mass production 
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concept).  Under the new paradigm of work, line operations have more responsibility and 

decision-making authority, thus requiring increased levels of training and learning 

(Commission on the Skills of the American Workforce, 1990). 

In the U.S. economy, the U.S. government holds the essential function of the 

source of policy.  The first essential function is one of support for a basic science 

laboratory infrastructure.  This enables the development of basic research, a vital 

component of the innovation process.  The second essential function is support of science 

and technology to satisfy national missions.  The goals are in the form of military or non-

military goals.  Nuclear research is an example where both defense and consumer 

interests would benefit.  Security, health agriculture, energy, and transportation are other 

examples.  The third essential function of government is support for the technological 

infrastructure for innovation.  This encompasses providing basic infrastructure support to 

enable inventions to be converted into innovation.  Patents and copyrights are an example 

(Brown, 1996).  

Another aspect of understanding the foundations of policy making is to look at the 

problems to be solved.  The Competitive Policy Council defined three problematic issues 

in the early 1990s.  “Short-termism” was identified as a key inhibitor to U.S. 

competitiveness.  This can be overcome by increasing the rate of savings, rigorous 

excellence in the manufacturing sectors, and by investors taking a long-term (rather than 

short-term) view of expected returns.  Perverse incentives are also inhibitors: savings 

penalized by tax laws, inadequate linkages of top management performance to long-term 

growth, and lack of incentives in the election systems.  The third problem identified was 

lack of global thinking, evidenced by leadership in global markets and policy initiatives 
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extending across multiple nations (via MNCs).   In 1990, 20% of U.S. firms’ profits 

could be traced to global operations (U.S. Congress, 1994).  

The key policy influences on science and technology in the late 20th century were 

the end of the military/industrial complex, the need to balance budgets, global 

competition, the rise in global innovation, and the rising cost and complexity of R&D 

(Wallace, 1995). 

In order to enable increases in innovation, policy and regulatory themes must be 

supportive of increased competitiveness.  This can be accomplished through high quality 

dialogue, strong independence, and incentives.  High quality dialogue is direct and 

substantial cooperation between industry (firms) and government through devices such as 

industry trade groups.  Strong independence between firms and government can be 

evidenced by ownership and patent rights to R&D outputs.  Incentives may be tax-related 

or other forms of support (Brown, 1996). 

One author has suggested a set of principles to guide U.S. policy: “No single-

track solutions—tax/regulation reform will free capital but there is no guarantee of 

reinvestment in the U.S.; neither government, university or industry can sustain 

innovation independently; and national government must lead (based on quality of life 

benefits)” (Brown, 1996). 

There are six key elements identified for government-university-industry 

cooperation in support of competitiveness, productivity and innovation.  The committee 

on Institutional Cooperation (Brown, 1996) first identified these elements.  These 

elements include (a) expand opportunities, (b) revise graduate programs to support multi-

career paths, (c) educate the public, (d) stabilize commitment support, (e) reduce 
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regulatory and tax disincentives, and (f) modernize research infrastructure.  The first 

three are functional, while the last three exist only under the influence of government. 

To summarize the policy position, the role of government in science and 

technology should be supportive in nature, establishing a serious competitive 

environment, identifying key technologies, enabling the transfer of technology, and 

developing technology infrastructure for key outputs.   

Total Factor Productivity 
 

History.  In 1957, in his influential and important paper on macro-economic 

theory, Solow attempted to offer an “elementary way of segregating variations in output 

per head due to technical change from those due to changes in the availability of capital 

per head.”  What he attempted to do was identify aggregate production function change 

in efficiency caused by technical change as separate from changes due to capital inputs.  

He theorized that the aggregate production function was a product of labor-capital-

technology.  This is based on the earlier works of Karl Marx (“Theory of Value”; 

commodity value is proportional to the input of labor), Adam Smith (Land, Labor, 

Capital), and Joseph Schumpeter (Land, Labor, Capital, and Technology). 

Solow (1957) suggested a theoretical basis for the production function and 

operationalized it in the following form: 
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 Q  =  f ( K,  L,  t )      (1) 

Where:  

 Q = output 

 f = function 

 K = capital input 

 L = labor input 

t = technical change; technical change is used as a shorthand for any type of  

“shift” in the production function.  This may include labor efficiencies, 

capital efficiencies, skill improvement, and many other factors.  This is 

often referred to as the residual. 

This form is used today by post-modern economists and shapes the basic theory 

supporting macro-economics.   

In his 1957 work, Solow studied data from 1909 to 1949.  His data set included 

the percentage of the labor force employed, capital stock, the share of property in income, 

private non-farm GDP per man-hour, and employed capital per man-hour.  The main 

conclusion reached in his study calculated that the doubling, over time, of the gross 

output per hour was attributable to both capital and technology inputs at the rate of 12½% 

for capital inputs and 87½% for technology inputs.  This was the first time that the value 

of technology was calculated as an input to the production function.  Solow’s work 

became known as “Total Factor Productivity” (TFP). 

Definition of total factor productivity.  Solow (1957) defined the phrase “technical 

change” as “shorthand for any type of “shift” in the production function.  Thus, 

slowdowns, speedups, improvements in the education of the labor force, and all sorts of 
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things will appear as technical change.  Prior to Solow, labor inputs and capital inputs 

were used to calculate national performance, and year-over-year growth was a simple 

variance.  These yearly estimates were somewhat volatile and led to many mis-

conclusions.  When Solow introduced his theory, it was then possible to assign specific 

indices to various inputs, which ultimately lead to more accurate conclusions. 

TFP is calculated as a residual—that which remains after labor and capital have 

been identified.  Since it is a residual, it is, by definition, the portion of the growth of 

output that is not explained by the growth of labor and capital. 

TFP, as a concept, has broadened over time.  It is known under a variety of 

names.  The Solow Residual, Productivity Residual, Total Factor Productivity, and 

Multifactor Productivity (MFP) are three names/versions of the same concept.  All four 

labels refer to the residual or unexplained growth in production function inputs (Bureau 

of Labor Statistics, 2007). 

Alternatives to TFP.  It should be noted that not every economist agrees with 

Solow’s (1957) residual theory.  There is an argument that the global economy of recent 

time has suggested a different approach. 

For example, one author suggests that large international income differences and 

variations in saving rates may also influence economic growth, above the rate of 

influence of technical change (Prescott, 1998).  This is somewhat mitigated, however, if 

we return to Solow’s (1957) original concept of how “technical change” is defined. 

It will be seen that I am using the phrase "technical change” as a shorthand 
expression for any kind of shift in the production function.  Thus, slowdowns, 
speedups, improvements in the labor force, and all sorts of things will appear as 
technical change. 
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International comparisons of TFP are somewhat problematic.  Basic metrics used 

in macro-economic calculations in various countries do not sufficiently map to U.S. 

methods, and there is no agreement on a global standard for identifying the many 

underlying components that comprise the TFP calculation.  Inconsistencies in the data 

and data collection methods are challenges in International comparisons of TFP (Aiyar & 

Dalgaard, 2005) 

Another issue concerning TFP reliability is definition bound.  In the U.S. 

methodology, Research & Development is viewed as an expense as opposed to being 

viewed as an investment.  In an accounting sense, an expense is consumed in the period 

in question, and the cost is booked.  An investment is an outlay of cash in the current 

period, but the expense is not booked until a future time period.  From a Research & 

Development perspective, assuming a $10MM expenditure in the current period, if it is to 

be expensed, the entire $10MM will impact the current time period (year 1) with no 

impact on years 2 through 10.  If the $10MM expenditure is to be treated as an 

investment (10-year depreciation), the impact on the current period (year 1) will be only 

$1MM.  In addition, the impact on years 2 through 10 will be $1MM each year.  Table 7 

may show the example more clearly. 
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Table 7 
 
Research & Development Treatment 
 

Year Expense Investment 
Delta 

(Expense minus 
Investment) 

1 $10MM $1MM   $9MM 

2 $0MM $1MM -$1MM 

3 $0MM $1MM -$1MM 

4 $0MM $1MM -$1MM 

5 $0MM $1MM -$1MM 

6 $0MM $1MM -$1MM 

7 $0MM $1MM -$1MM 

8 $0MM $1MM -$1MM 

9 $0MM $1MM -$1MM 

10 $0MM $1MM -$1MM 
 
 
It is clear that modifying the treatment of Research & Development expenditures 

would have a major impact on economic calculations, especially over time.  For example, 

using Table 7, if part of the Research & Development expenditure expense in year 1 is 

moved to year 10, a net present value (NPV) calculation would suggest that the $1MM in 

year 10 is worth something less than face value of $1MM. 

This change in treating Research & Development expenditures from an expense 

to an investment is being pursued aggressively by the U.S. Bureau of Economic Analysis 

(BEA) under a grant from the National Science Foundation (NSF) under the project name 

Research & Development Satellite Account (R&DSA).  Under this project, BEA is 

attempting to recalculate prior years’ Research & Development expenditures to build a 

data set for analysis of trends and implications for modification of Research & 
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Development expenditure data sets.  Once this satellite account is fully established, 

researchers will be able to assess the worth of changing the treatment of Research & 

Development expenditures; in effect moving Research & Development from an expense 

account into an asset account.  The potential impacts of satellite accounts will influence 

GDP and TFP calculations. 

Gross Domestic Product 
 

Definition.  The U.S. Gross Domestic Product (GDP) is calculated by the U.S. 

Bureau of Economic Analysis (BEA) and is comprised of sets of data collected in the 

National Income and Product Account (NIPA) tables.  GDP is the output of goods and 

services produced by labor and property located in the United States.  The GDP data 

elements are calculated using “current dollar estimates,” which are the values in the year 

of record.  If time series comparison is required, an adjustment needs to be made for the 

future/past value (refer to “chained dollars” below).  

When GDP is indexed to a base year for comparative purposes, it is referred to as 

Real Gross Domestic Product (RGDP).  Therefore, Real GDP may be defined as the 

indexed output of goods and services produced by labor and property located in the 

United States.   

Index values are referred to as “chained.”  For calculation of GDP, BEA uses a 

Fisher (Persons, 1921) type of index.  The index allows for a comparison of multiple 

years using a “base” year.  The current base year is generally the year 2000.  Typically, 

the BEA changes the base every few years and recalculates to a new base year.  For 

example, if a component value in 2003 is 10% higher than it was in 2000, an index could 

be created to show 2000 = 100 and 2003 = 110; in effect, a 10% increase.  If, however, 
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inflation between 2000 and 2003 is considered, the net change in value should be 

somewhat less than 10%.  Using a simple 2%-per-year inflation rate, inflation in year 

2003 (4th year) would have increased the nominal value of the year 2000 component to 

approximately 106% of the year 2000 value.  The “real” increase in 2003 compared to 

2000 would be approximately 4% or an index of 104.  Therefore, the same component 

that had a value of 100 in 2000 would have a “real” value of 104 in 2003, not the 10% 

simple delta in value.  This is “chained” indexing. 

Components.  In the annual Survey of Current Business, the Bureau of Economic 

Activity publishes U.S. National Data in a series of NIPA tables (BEA, 2006).  A 

complete listing of the NIPA tables is included below for reference.   

For purposes of this study, the primary data under investigation may be found in 

section (1a) Gross Domestic Product (BEA Table 1.1.5) and section (1B) Real Gross 

Domestic Product, Quantity Index (BEA Table 1.1.3; 2000 =100).   

Section (1a) represents current dollars of GDP for the year in question (Bureau of 

Economic Analysis, 2006). 

1. Domestic Product and Income 
a. Gross Domestic Product (BEA Table 1.1.5) 

i. Personal Consumption Expenditures 
1. Durable Goods (includes autos, auto parts, 

furniture/fixtures, and other) 
2. Non-durable Goods (includes food, clothing, gas, oil, 

energy, and other) 
3. Services (includes housing, home operation, electricity, 

natural gas, transportation, medical care, recreation, and 
other) 

ii. Gross Private domestic Investment 
1. Fixed Investment 

a. Non-residential 
i. Structures 
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ii. Equipment and Software (includes 
information processing hard/soft goods, 
computers, peripherals, and other) 

b. Residential 
2. Change in Private Inventories (farm and non-farm) 

iii. Net Export of Goods and Services 
1. Exports 

a. Goods 
b. Services 

2. Imports 
a. Goods 
b. Services 

iv. Government Consumption Expenditures and Gross Investment 
1. Federal 

a. National Defense (consumption and investment) 
b. Non-defense (consumption and investment) 

2. State and Local Government (consumption and investment) 
b. Real Gross Domestic Product, Quantity Index (BEA Table 1.1.3; 2000 

=100) 
i. Personal Consumption Expenditures 

1. Durable Goods (includes autos, auto parts, 
furniture/fixtures, and other) 

2. Non-durable Goods (includes food, clothing, gas, oil, 
energy, and other) 

3. Services (includes housing, home operation, electricity, 
natural gas, transportation, medical care, recreation, and 
other) 

ii. Gross Private domestic Investment 
1. Fixed Investment 

a. Non-residential 
i. Structures 

ii. Equipment and Software (includes 
information processing hard/soft goods, 
computers, peripherals, and other) 

b. Residential 
2. Change in Private Inventories (farm and non-farm) 

iii. Net Export of Goods and Services 
1. Exports 

a. Goods 
b. Services 

2. Imports 
a. Goods 
b. Services 

iv. Government Consumption Expenditures and Gross Investment 
1. Federal 
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a. National Defense (consumption and investment) 
b. Non-defense (consumption and investment) 

2. State and Local Government (consumption and investment) 
2. Personal Income and Outlays 

a. Personal Income 
i. Compensation of Employees (including wages and salary for private and 

governments) 
ii. Supplements to Wages/Salaries (including employer contributions for 

pensions, insurance, and social insurance) 
iii. Proprietor’s Income (including inventory and adjustments) 
iv. Rental Income (including adjustments) 
v. Personal Income on assets (including interest and dividends) 

vi. Personal Transfer Receipts (including social benefits, pensions, health 
insurance benefits, veteran assistance, and other) 

b. Less Personal Taxes 
c. Equals: Disposable Personal Income 
d. Less Personal Outlays (including consumption, interest payments, and transfer 

payments) 
e. Equal Personal Savings 

3. Government Current Receipts and Expenditures 
a. Tax Receipts (including personal/corporate income taxes, social insurance 

receipts, import and transfer taxes) 
b. Expenditures (including consumption, transfer payments, social benefits, 

interest, and subsidies) 
c. Net Government Savings 

4. Foreign Transactions 
a. Exports of Goods and Servces 
b. Income Receipts 
c. Import of Goods and Services 
d. Income Payments 
e. Transfer Taxes and Payments 

5. Savings and investment 
a. Gross Savings 

i. Net Savings 
1. Net private Savings (including personal, undistributed corporate 

profits, and wage accruals) 
2. Net Governmental savings (including federal and state/local) 

ii. Consumption of Fixed Capital (including private, government, domestic, 
capital account transactions, and net lending or borrowing) 

6. Income and Employment by Industry 
a. Domestic (private industries) 
b. Government  

7. Supplemental Tables 
a. Selected Per Capita Product and Income Series in Current and Chained Dollars 

i. Current Dollars 
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1. Gross Domestic Product 
2. Gross National Product 
3. Personal Income 
4. Disposable Personal Income 
5. Personal Consumption (including expenditures, durable goods, 

non-durable goods, and services) 
ii. Chained (2000) Dollars 

1. Gross Domestic Product 
2. Gross National Product 
3. Personal Income 
4. Disposable Personal Income 
5. Personal Consumption (including expenditures, durable goods, 

non-durable goods, and services) 
iii. Population (mid-period) 

b. Percent Change from Preceding Period in Real Motor Vehicle Output 
i. Real Motor Vehicle Output, Quantity Indexes 

ii. Price Index for Motor Vehicle Output 
iii. Motor Vehicle Output 
iv. Real Motor Vehicle Output, Chained dollars 

Measures. 

Data Sources:  Data inputs to GDP include labor costs (wages), sales, housing, 

insurance, mortgages, interest rates, government tax collections, etc.  Data for these 

components are collected on both the unit and price levels at “current-dollar” estimates.  

Current-dollar data comprises current-dollar gross domestic product, or GDP.  Unit price 

times quantity is the basic formula for estimating the component value.  Other sources of 

data are also used for specific components within the GDP data set.  An example of one 

such source, Gasoline and Oil, is shown below.  The unit data is derived from 

Department of Transportation (DOT), and the price data (average) is derived from the 

Energy Information Administration (EIA). 
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Component Source of Annual Estimate 
Gasoline 
and Oil 

Benchmark years. Physical quantity purchased times average retail 
price: Gallons consumed from the Department of Transportation (DOT); 
information to allocate that total among consumers and other purchasers 
from Federal agencies and trade sources; average retail price from the 
Energy Information Administration (EIA).  

 
 
Adjustments are made to “fit” the data collected into NIPA accounts for consistent 

component reporting.  Some judgment may be encountered and it is generally identified 

and labeled as such.  

Methods:  There are four main methods used for estimating source data 
 
Method Procedure 
Commodity-flow Estimating values based on various measures of output. For example, the 

estimates of personal expenditures on new autos in benchmark years are based 
on data on manufacturers’ shipments from the Census Bureau, and BEA 
adjusts the data for imports and exports. In general, this method is used to 
derive estimates of various components of PCE, equipment and software, and 
of the commodity detail for state and local government consumption 
expenditures and gross investment.

4 
An abbreviated form of this method is 

used to prepare estimates of equipment and software in non-benchmark years, 
and an even more abbreviated form is used to prepare the current quarterly 
estimates of equipment and software. 

Retail Control Uses retail sales data, usually compiled by the Census Bureau, to estimate 
expenditures.

 
It is used to prepare estimates of many subcomponents of durable 

and non-durable goods in non-benchmark years. 
Perpetual Inventory Used to derive estimates of fixed capital stock, which are used to estimate 

consumption of fixed capital. This method is based on investment flows and a 
geometric depreciation formula. 

Fiscal-Year Analysis Estimate annual and quarterly estimates of consumption expenditures and gross 
investment by the Federal Government. The estimates of expenditures are 
calculated by program, that is, by activity for a single line item or for a group 
of line items in the Budget of the U.S. Government. For most programs, BEA 
adjusts budget outlays so that they conform to the NIPAs and classifies the 
expenditures in the appropriate NIPA category—such as current transfer 
payments and interest payments—with non-defense consumption expenditures 
and gross investment that are determined residually. When a fiscal year 
analysis is completed, the detailed array of NIPA expenditures by program and 
by type of expenditure provides a set of control totals for the quarterly 
estimates. 

Source: From Bureau of Economic Analysis, 2006, available from 
http://www.bea.gov/bea/pub/1006cont.htm 
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Once the source data for GDP is collected, it is modified/adjusted and indexed to 

create “real estimates of GDP.”  This modification is an attempt to remove known bias.  

The methods used are clearly identified in the tabular data tables. 

Method Procedure 
Deflation Used for most components of GDP. The quantity index is derived by dividing the 

current-dollar index by an appropriate price index that has the base year—currently 
2000—equal to 100. The result is then multiplied by 100 

Quantity 
Extrapolation 

Uses quantity indexes that are obtained by using a quantity indicator to extrapolate 
from the base-year value of 100. 

Direct Valuation Uses quantity indexes that are obtained by multiplying the base-year price by actual 
quantity data for the index period. The result is then expressed as an index with the 
base year equal to 100. 

Source: From Bureau of Economic Analysis, 2006, available from 
http://www.bea.gov/bea/pub/1006cont.htm 
 
 
Research & Development 
 

Definition.  R&D is composed of three types of activities: basic, applied research, 

and development.  Basic research is conducted to expand scientific knowledge without 

any targeted application.  This type of research is highly theoretical; it may be high risk 

and high cost.  Many basic research projects do not result in invention; many projects fail 

to produce conclusive results or do little more that advance the level of knowledge.  

Market factors do not strongly support basic research due to the risk and potentially broad 

applicability of the results.  This market failure is a key reason that government, 

universities, or nonprofit organizations fund most basic research.   

Applied research is the linkage between science and business.  It is directed 

toward solving some general problem, but may produce several viable options that all 

achieve some aspect of the goal.  
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Development is the innovation piece of puzzle.  Development utilizes the outputs 

of research, either basic or applied, to commercialize the technology.  Whereas most 

research is done in public models, most development is done by private industry. 

This industry includes diverse fields. The most fundamental division of the 
scientific research and development services industry is that between R&D in the 
physical, engineering, and life sciences and R&D in the social sciences and 
humanities. Important areas of research and development in the physical, 
engineering, and life sciences include the biotechnology; nanotechnology; 
pharmaceutical; chemical and materials science; electronics; aerospace; and 
automotive fields.  Important fields of research and development in the social 
sciences and humanities include economics, sociology, anthropology, and 
psychology. (National Science Foundation, 2006) 
 
The following key definitions are from the National Science Foundation (2007):  

“Investment in research and development” refers to those expenses 
incurred to support the search for new or refined knowledge and ideas and 
for the application or use of such knowledge and ideas for the 
development of new or improved products and processes with the 
expectation of maintaining or increasing national economic productive 
capacity or yielding other future benefits. Research and development is 
composed of: 
 
• Applied research is defined as systematic study to gain knowledge or 

understanding necessary to determine the means by which a 
recognized and specific need may be met. 

• Basic research is defined as systematic study directed toward fuller 
knowledge or understanding of the fundamental aspects of phenomena 
and of observable facts without specific applications towards processes 
or products in mind. 

• Development is defined as systematic application of knowledge or 
understanding, directed toward the production of useful materials, 
devices, and systems or methods, including design, development, and 
improvement of prototypes and new processes to meet specific 
requirements. 

 
Research and development (R&D) activities comprise creative work 
undertaken on a systematic basis in order to increase the stock of 
knowledge, including knowledge of man, culture and society, and the use 
of this stock of knowledge to devise new applications. 
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Further definitions are from the U.S. Office of Management and Budget: OMB Circular 
A-110: Uniform Administrative Requirements for Grants and Agreements with 
Institutions of Higher Education, Hospitals, and Other Non-Profit Organizations (Subpart 
A–General, Section 2).  
 

Research and development means all research activities, both basic and 
applied, and all development activities that are supported at universities, 
colleges, and other non-profit institutions. "Research" is defined as a 
systematic study directed toward fuller scientific knowledge or 
understanding of the subject studied. "Development" is the systematic use 
of knowledge and understanding gained from research directed toward the 
production of useful materials, devices, systems, or methods, including 
design and development of prototypes and processes. The term research 
also includes activities involving the training of individuals in research 
techniques where such activities utilize the same facilities as other 
research and development activities and where such activities are not 
included in the instruction function. (National Science Foundation, 2007) 

 
OMB Circular A-133: Audits of States, Local Governments, and Non-Profit 
Organizations (Subpart A–General, Section 105).  
 

Research is defined as a systematic study directed toward fuller scientific 
knowledge or understanding of the subject studied. The term research also 
includes activities involving the training of individuals in research 
techniques where such activities utilize the same facilities as other 
research and development activities and where such activities are not 
included in the instruction function. Development is the systematic use of 
knowledge and understanding gained from research directed toward the 
production of useful materials, devices, systems, or methods, including 
design and development of prototypes and processes. (National Science 
Foundation, 2007) 
 
Components of R&D.  The U.S. National Science Foundation (NSF) compiles 

Research & Development data from a number of sources (U.S. Census, U.S. Federal 

Budget, and U.S. Bureau of Economic Analysis).  

The key definitions used to characterize Research & Development work are 

(a) basic research: the pursuit of new scientific knowledge for commercial exploitation; 

(b) applied research: the application of basic research and/or exiting scientific knowledge 

to products, services, processes, or methods; and (c) development: the methodological 
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use of knowledge, gained from applied or basic research, for the advancement of the 

commercialization of products, services, processes, or methods.   

The monetary units of Research & Development are current dollars and constant 

year 2000 dollars.  Current dollars refers to the valuation at nominal dollar values 

existing in the year the specific data is collected.  Constant dollars refers to the 

application of an index to adjust constant dollars to a baseline.  For example, if the value 

of a given category is $1,000 (current dollars) in 1999 and the value of the index number 

is equivalent to 2%, the constant dollar value of the $1,000 in the year 2000 would be 

$1,020.  The U.S. Bureau of Economic Analysis calculates and publishes an index for 

converting current dollars to constant dollars.  The current index utilizes the year 2000 as 

the baseline for analysis.  The index is commonly referred to as “chained dollars” or 

“chained 2000 dollars.” 

The National Science Foundation uses two broad classifications to sort and 

identify Research & Development expenditures.  The major classifications are performer 

and source of funds.  The performer class refers to the consumer or user of funds.  For 

this category, NSF classifies expenditures by five sub-groupings: (a) federal government, 

(b) industry, (c) academia (university), (d) nonprofit institutions, and (e) federally funded 

research and development centers (FFRDCs).  For the source of funds classification, the 

NSF catalogs expenditures by four different sub-groupings: (a) federal government, 

(b) industry, (c) academia (university), and (d) nonprofit institutions. 

For this research study, the methodology utilizes data tables from the NSF 

classification of performance of funds.  This selection was made based on the construct 

of the proposed research questions.  Performance of funds is preferred, because “funding” 
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implications are to be explored in the hypothesized relationships of the variables under 

study.  Additionally, the monetary unit index of “chained 2000 dollars” is employed in 

the study to allow for consistency in comparison of the longitudinal data (approximately 

50 years of data). 

Research & development and productivity.  Firm success, as measured by 

productivity, has been attributed to a number of factors, the most interesting of which is 

alliances/partnerships.  In a study of over 900 firms in the biotech sector, from 1988 to 

2000: 

. . . success rates of a firm's overall experience, its experience in the relevant 
therapeutic category, the diversification of its experience across categories, the 
industry's experience in the category, and alliances with large and small firms.  
We find that success probabilities vary substantially across therapeutic categories 
and are negatively correlated with mean sales by category, which is consistent 
with a model of dynamic, competitive entry.  Returns to experience are 
statistically significant but economically small for the relatively straightforward 
phase 1 trials.  We find evidence of large, positive and diminishing returns to a 
firm's overall experience (across all therapeutic categories) for the larger and 
more complex late-stage trials that focus on a drug's efficacy.  There is some 
evidence that a drug is more likely to complete phase 3 if developed by firms 
whose experience is focused rather than broad (diseconomies of scope).  There is 
evidence of positive knowledge spillovers across firms for phase 1.  However, for 
phase 2 and phase 3 the estimated effects of industry-wide experience are 
negative, which may reflect either higher Food and Drug Administration (FDA) 
approval standards in crowded therapeutic categories or that firms in such 
categories must pursue more difficult targets.  Products developed in an alliance 
tend to have a higher probability of success, at least for the more complex phase 2 
and phase 3 trials, and particularly if the licensee is a large firm. (Danzon, 2005) 
   
The results of this study indicate that spillovers are important in early stage 

development and less important in latter stage development.  This would imply, and 

coincide with, firm-strategic decisions to spread risk in early stage development and 

maximize profit potential in latter stage development by way of IP protections.  Further, 
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the results indicate a stronger potential for success when alliances are used to overcome 

high risk/cost factors of later stage development. 

Knowledge transfer.  Knowledge may be explicit or tacit.  If it is explicit, it is 

commonly understood (usually codified within documentation) and is transferable—

available for others to use and exploit.  If it is tacit, the understanding is limited and 

subject to incomplete transferability.  However, there is one instance where tacit 

knowledge is transferable.  If the researcher understood the tacit knowledge, and that 

researcher transfers from one firm to another, the tacit knowledge possessed by that 

researcher transfers with him or her.  This situation of tacit knowledge transfer is a part of 

the spillover issue. 

Firms may protect explicit knowledge and, to some extent, tacit knowledge, 

through Intellectual Property (IP) laws—generally available in developed countries.  

Patents are an example of IP laws.  Managers with a firm may opt to protect knowledge 

as Intellectual Property.  There are several methods of protection available.   

Intellectual Property is the output of the components of Human Resources and 

Intellectual Assets.  Human Resources are composed of Know-how, Institutional 

Memory, Skills, and Creativity.  Know-how is the technologically specific set of 

knowledge practices that comprehend the life cycle of the technology in question.  

Institutional Memory refers to the collective knowledge possessed by the institution 

(firm).  Skills are the specific training, talent and ability of the institutional participants 

(researchers, engineers).  Creativity is the cleverness and aptitude of these same 

participants.  Intellectual Assets are composed of Documents, Drawings, Data, Programs, 

Processes, and Inventions.  Documents and drawings refer to written output.  Data is the 
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raw material of Knowledge: customer and product information, customer lists, strategic 

and tactical plans, etc.  Programs, referring to software applications, are the set of code 

configurations that allows the program to operate/function.  Processes are the 

methodologies, methods, and frameworks that an institution utilizes to perform 

transactions.  Inventions are the creation of something new and useful.  Intellectual 

Property (legal construct)—the output of Human Resources (collective brainpower), and 

Intellectual Assets (physical constructs)—is composed of Patents, Copyrights, 

Trademarks, and Trade Secrets.  Patents grant a temporary monopoly for 20 years; the IP 

must be useful, new, and unobvious; formal registration is required.  Copyright protects 

authors for the life of the author plus 70 years; it covers original, tangible, and 

publishable materials.  Trademarks are protection for product brands, logos, and other 

designs; they are granted in perpetuity; Service Mark is a type of Trademark for use in 

services.  Trade Secrets are a recognized form of protection; the requirement includes 

evidence of an attempt to keep the IP as a “secret”; an example of keeping IP as a 

“secret,” or confidential, is non-disclosure agreements (NDA). 

The set of Intellectual Property laws in the U.S. encourages R&D managers to 

choose between the legal constructs, with the best fit decision subject to the strategy and 

goals of the firm.  While patents may offer a temporary monopoly, the filing of a patent 

requires full disclosure of the invention.  Trade Secrets, however, require substantial 

evidence of an attempt to keep the IP as a secret.  Patents require the holder to uncover 

infringements; this could be costly to the patent holder.  Generally, if an IP is complex in 

discovery, a patent is the preferred protection.  If the IP is easily replicable, a Trade 

Secret approach may be more appropriate.  
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Spillovers.  Lead firms, from a technology perspective, improve their performance 

through commercializing their inventions.  This process of innovation, converting 

invention to markets, is not without limitations.  Patents and other IP protections offer 

formal security; however, the nature of knowledge is difficult to quantify and, thus, is 

subject to leakage.  Patents offer a temporary monopoly; the test of the monopoly is 

exercised only after an infringement.  A potential competitor of the lead firm may access 

the public record of the patent, make a slight modification, and develop a competing 

product.  For the lead firm to protect its patent, it must (a) have knowledge of the 

infringement and (b) be willing to defend the patent in court.  This imperfection in 

knowledge and potential cost of litigation may cause the lead firm to fail to adequately 

protect the patent.  To overcome this imperfection in the market, the lead firm may 

strategize to reduce the potential of infringement by initiating agreements with potential 

competitors to limit or control this leakage of knowledge, also referred to as spillovers. 

Knowledge spillovers flow from leader to follower (Jovanovic, 2002).  Many 

firms tend to locate geographically close to other firms in the same industry.  Competing 

firms often show a tendency to cluster in the same geographic region (Ibrahim, 2005).  

This co-location effect facilitates knowledge transfer through interaction of researchers, 

also known as spillovers. 

Empirical results point to the relevance of internal regional factors (R&D 
expenditure and agglomeration economies).  Moreover, the production of 
knowledge appears also to be affected by spatial spillovers due to innovative 
activity (both patenting and R&D) performed in other regions.  Additional results 
show that spillovers are mostly constrained by national borders within less than 
250 km. and that technological similarity between regions also matters. (Moreno, 
2005) 
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In investigating the spillover phenomenon, results have shown that inventors have 

attributed their success to “the environment of their organizations that provided 

opportunities for interaction with other researchers and access to their tacit knowledge” 

(Ibrahim, 2005).  Investment funding in R&D is also geographical in nature.  In an 

extensive study of R&D investment activity in Europe, the researchers “detected positive 

spatial autocorrelation for most sectors” (Bertinelli, 2005).  This result suggests that the 

distribution of R&D investment tends to be geographically relative to the technology 

clusters. 

Innovation may result from both within the firm and from exogenous sources 

(Meagher, 2004).  From within firms, the vehicle to spur innovation may be both explicit 

knowledge and tacit knowledge.  Explicit knowledge sources in the firm are data and 

archives.  Tacit knowledge may result from interactions among the research staff.  

Exogenous sources of knowledge spillovers may also be explicit or tacit.  However, in 

the area of exogenous explicit knowledge, there may be limitations in the form of patent 

and other IP restrictions.  For explicit knowledge spillovers, the knowledge must conform 

to regulatory constraints such as publicly published papers.  Patent filings are public 

record, but the content is protected.  There is a very granular difference in reading a 

patent for understanding as opposed to subsequently using that understanding via 

copying, which, while restricted, is subject to interpretation.  

Spillovers may also act as a conduit for key drivers of productivity.  Since the 

introduction of the construct of Total Factor Productivity in 1957, economic literature 

(growth theory) has emphasized the “spread of competition and technological knowledge 
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as an explanation for productivity growth, with trade, FDI (Foreign Direct Investment), 

and R&D spillovers as their main channels” {López-Bazo, 2006; Solow, 1988). 

Large firms are able to manage spillover effects within their value streams.   In a 

study of Dutch conglomerate Phillips Electronics, measuring patent citations, substantial 

spillover technological knowledge was evident in both large and small firms within the 

spillover network (Verspagen, 1999).  In this study, both a science network and a 

separate technology network were identified.  The science network was comprised of 

university members and the technology network we composed of supplier firms. 

The spillover phenomenon is impacted both by R&D and Foreign Direct 

Investment (FDI); the impact differs based on the position of the technology’s life cycle.  

In a study of firm level data in Taiwan, spillovers were calculated as a ratio.  A 1% 

increase in a firm’s R&D ratio produced a 19.1% to 41.7% increase in the firm’s 

productivity.  Additionally, a 1% increase in a firm’s ratio of FDI produced a 1.4% to 

1.88% increase in productivity (Chuang, 1999).  The implication is that R&D and FDI 

are complementary measures. 

Spillovers are most intense in geographically clustered regions; however, the size 

of the region is not a key determining factor.  National/international competitiveness and 

knowledge-intensive requirements are key factors (Sternberg, 2002). 

Alliances.  The Stevenson-Wydler Technology Innovation Act of 1980 is 

recognized as the framework for the incubation of technology partnerships for increasing 

U.S. competitiveness.  The regulation encourages development and commercialization of 

technology.  The act authorizes both direct funding of private R&D and government-
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partner collaboration.  The Table 8 illustrates a sample of the many U.S. government 

programs. 

 
Table 8 
 
Alliance Road Map 

Program Name 

A
cr
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ym

 Date of 
Inception 

Funding Type 

D
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r 
In

di
re

ct
 

Patents -- 1787 Temporary 
Monopoly I 

I-FFRDC 

U-FFRDC 
Federally Funded R&D 
Centers  
(Industry, University, Non-Profit) 

N-FFRDC 

1940’s Coordinate 
Collaboration 

D 
D 

Research Tax Credits -- 1981 Incentive Tax 
Credits  I 

Government-University-
Industry Cooperative GUI -- Partnership D 

Small Business Innovation 
Development SBIR 1982 Grants D 

SEMATECH -- 1984 Partnership D 
Cooperative Research & 
Development Agreement CRADA 1986 Partnership D 

Advanced Technology 
Program (National Institute of 
Standards and Technology) 

ATP 1988 Grants D 

Manufacturing Extension 
Partnership MEP 1988 Business Advice D 

Partnership for New 
Generation Vehicles PNGV 1993 Partnership D 

 
 

Alliances may take many forms.  The most common research agreements are the 

GUI or Government-University-Industry collaboration; CRADA, the Cooperative 

Research & Development Agreement; and SRP, the Strategic Research Partnership 
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agreement.  When Alliances are formalized, the linkages formed are referred to as 

networks.  Networks are considered to be linked organizations, with shared interests, that 

exchange knowledge (Sakakibara, 2003).  The linkages may be informal or formal; they 

encourage the sharing of resources, transfer of technology, exchange of ideas, exchange 

of communication, and they add to the ability of firms to capture learning.  The linkages 

act as a source for alliance agreement partners.  

Measures of Research & Development. 

Current Dollar Valuation: 

The following approaches use a non-discounted current dollar valuation. 

Cost Approach: Used in valuing tangible and intangible assets.  The estimate is 

the asset replacement cost.  This approach is consistent with the NIPA tables.  The U.S. 

National Science Foundation (NSF) is the source of the data for R&D expenditures.  

Limitations on this approach include the parameters of NIPA classification tables and the 

resulting inconsistencies of some NIPA account classifications.  As a potential limitation, 

replacement costs on intangible assets maybe difficult to calculate. 

Comparable Market Value Approach: Preferred when the market value is 

known and somewhat stable, this approach is preferred when intangible assets are 

involved (like patents, innovations, etc.).  Firm level data is available for assets (tangible 

and intangible).  A limitation is the availability of aggregate data at both the firm and 

industry levels.  The BEA has attempted to use this approach, but with mixed results.  

The limitations lead to variability in the measures, and the outcomes are not stable.  

Suggestions for improving the data collection include using the value of licensing/royalty 
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costs for intangibles such as patents, but this type of approach is inconsistent in that it 

fails to recognize the value of patents that are held for direct income production as 

opposed to patents that are used in licensing arrangements. 

Present Value Approach: This method uses proxy data to estimate the income 

produced by intangibles.  This method has roots in the methods used in U.S. securities 

markets in establishing approximate value for intangibles.  This method is under review 

by the BEA for potential future use in calculating Research & Development value.  

Before this method can be employed, many of the limitations must be better understood.  

Some of the limitations of this method include: 

• Accepted assumptions (based on industry level and firm level research). 
• Discounting rates must be determined; boundaries on income must be 

established (projected income vs. past historical income; gross income vs. net 
income). 

• Associated costs must be identified (will costs of replaced technologies be 
considered as an offset to current production costs; or will incremental-only 
costs be considered).  

• Life span of the intangible (depreciation life). 
 
Real Estimates: 
 

Cost-Based Estimates: This method uses input cost data based on North 

American Industry Classification System (NAICS) industry codes (formerly SIC codes).  

It presents a constant baseline cost for producing Research & Development cost 

estimates.  The limitation of this method is that it does not differentiate between input and 

output of Research & Development; it considers output and input to be equal, leading to a 

net of zero growth to TFP.  Another limitation is that the method does not articulate the 

impact of Research & Development on growth and productivity. 
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Market-Transactions Estimates: This method calculates the current market 

value.  The limitation is that it does not calculate the impact on GDP. 

Present Value Approach: This method utilizes the same input data as the 

Market-Transactions Estimate.  Market prices for Research & Development costs are 

calculated by industry and by NAICS code.  The limitations of this method are generally 

accepted assumptions (based on industry level and firm level research): discounting rates 

must be determined; boundaries on income must be established (projected income vs. 

past historical income; gross income vs. net income); associated costs must be identified 

(will costs of replaced technologies be considered as an offset to current production costs, 

or will incremental-only costs be considered); and life span of the intangible 

(depreciation life).  These limitations are similar to the Current Dollars approach. 

Note: One severe limitation applicable to both Current Dollar and Real Estimate 

approaches (as detailed above) is the existence of spillovers and alliances.  The impact 

they have on R&D Measures may be significant.  Spillovers, which are represented as 

knowledge transfers, are not calculated as a part of the methodology.  There are many 

studies on spillovers and their impact on R&D efficiency.  Alliances, another limitation 

on R&D calculation methods, represent a potential for double counting of R&D 

expenditures. Spillovers and alliances are covered in detail elsewhere in this paper.   

Current State Overview 
 

Science and Technology Indicators.  The National Science Foundation publishes 

various data related to science and technology to give an unbiased view of the state of 

both U.S. and International measures (National Science Board, 2006).  This publication is 

considered a key source of quantitative data.  It is policy neutral and attempts to be as 
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factual as possible in presenting science- and technology-related data.  It makes no policy 

recommendations, but the federal government uses it as support for policy decisions.  

The format of the publication is categorized into seven major topics: 

• Elementary and Secondary Education 
• Higher Education in Science and Engineering 
• Science and Engineering Labor Force 
• Research and Development: Funds and Technology Linkages 
• Academic Research and Development 
• Industry, Technology, and the Global Marketplace 
• Science and Technology: Public Attitudes and Understanding State Indicators 

 
Each topic is organized by presenting the essential facts on the subject with appropriate 

graphics and tables, with a knowledgeable generalist as the target audience. 

From a global perspective, the post World War II international economic picture 

has been evolving at a fast pace compared to historical models.  From the rise of 

capitalism to the seeming dominance of U.S. economic power, from the demise of 

communism to the consolidation of Europe under the governance of the European Union 

(EU), from the disintegration of the Soviet Bloc to the rise of independent former Bloc 

nations, from competition as the dominant modus operandi to the rise of the “co-

opetition” model, the proliferation of computers; the addition of the Internet as a cross-

nation barrier eliminator, to the rise of airline linkage to all major country capitals—all 

have significant influence on what we now call the Globalization of world economies.  

Today, we see the power position of the U.S. economic dominance being challenged by 

China, India, and other previously non-essential economic players.  One of the most 

recent developments is the rise of non-Japanese Asia as a power player in the global 

sphere.  This rapid change in Asian influence has been somewhat detrimental to 
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traditional economic centers such as Europe and the EU.  The emerging world centers of 

Latin America and Africa are poised to make more changes over the next few years. 

International Research & Development expenditures have been expanding.  

Worldwide Research & Development expenditures rose from $377 billion in 1990 to 

$810 billion in 2003 (in current dollars, not adjusted for inflation, not “chained”).  

International governments have increased their support of Research & Development 

expenditures during this period.  In the U.S., however, U.S. federal support of Research 

& Development has not grown correspondingly.  In 1990, the share of U.S. federal 

support of Research & Development was 48%.  In 2001, it was down to 26%.  After 

September 11, 2001, U.S. federal support of Research & Development rose to 31%, 

primarily supported by defense spending increases and Homeland Security spending 

budgets. 
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Figure 2.  Estimated worldwide R&D expenditures: 1990-2003. 
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Figure 3.  R&D expenditures of selected region and countries: 1990-2003. 
 

In the U.S., trends in Science and Technology Indicators include job growth led 

by an increasingly immigrant population, concern over the performance of U.S. students 

in elementary and secondary education, increases in U.S. R&D academic expenditures, 

changes in scientist and engineer workforce, and post 2002 rebounds in U.S. R&D 

performance. 

Job growth led by the increasing immigrant population has helped fuel increases 

in science and engineering occupations.  In 1993, there were 3.3 million employed in 

science and engineering.  By 2003, the figure had grown to 4.6 billion employees, a 40% 

increase in 10 years; this is three times the growth rate in the U.S. workforce as a whole 

for the same period.  Individuals from the UK, Germany, Australia, France, Japan, and 
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Russia led the influx of immigrants.  The following Pareto chart shows the relative 

growth in science and engineering immigrant employment by country for the 1993 to 

2003 period. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Foreign higher education schools in all fields, by country: 2002. 
 
 

Concern over the performance of U.S. students in elementary and secondary 

education is a worrisome trend.  In 2003, the U.S. was ranked 18th on a global scale of 
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literacy scores for 15-year-old students.  Of those countries included in the performance 

ranking, there is a significant representation of immigrant employment from those 

countries in the job growth ranking above (see specifically Germany, Australia, France, 

and Japan). 
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Figure 5. Average science literacy score of 15-year-old students, by country: 2003.
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Increases in U.S. R&D academic expenditures are a much more positive trend.  In 1990, 

academic R&D expenditures were approximately $15 billion.  This grew to $40 billion in 

2003, an increase of 2,605 over 13 years.  The federal portion of R&D spending went 

from 59% in 1990 to 62% in 2003.  The other significant increase came from academic 

(university) spending, which went up by 19% during the period.  In this study, academic 

(university) R&D spending will be analyzed and studied for the potential implications it 

may have in mediating the impact of overall performance on output indicators (Gross 

Domestic Product). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Expenditures for academic R&D by source of funds: 1990-2003. 
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Transformations in the scientist and engineer workforce have seen the number of 

academic researchers involved in R&D (as opposed to teaching) grow.  In 1989, 

approximately 80% of academics with primary focus on R&D received support from U.S. 

federal programs.  In 2003, the figure dropped to 72% of the academics focused primarily 

on R&D; this was despite an increase on overall funding increases for the same period. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Academic S&E doctorate holders receiving federal support for research: 1989 
and 2003. 
 

In 2002 and beyond, U.S. R&D performance rebounded.  Total U.S. R&D 

expenditures in 1990 were approximately $150 billion; this increased to approximately 

$300 billion in 2003, a 100% increase in the 13-year period in current dollars (inflation 
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adjusted to a 55% increase).  This was despite a drop in R&D expenditures in the 2001 to 

2002 timeframe; which is attributable to the dot-com bust of that period. 

 
 
 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 8. R&D expenditures by source of funds: 1990-2004. 
 

How the Literature Informs and Directs this Research 

Research & Development is the root of innovation.  Classically, the works of 

economists like Smith, Schumpeter, and Marx have described innovation.  Their 

theoretical work may be summarized by concept of land-labor-capital-technology and 

entrepreneurism.  Schumpeter added to the discussion by adequately describing 

technological disequilibrium, the disruptive forces of market change. The historical 
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theories developed by these early theorists led to later theories of S curves describing life 

cycles of technology and innovation.  Researchers such as Abernathy, Utterback, and 

Tushman have built on the early theories to add a greater understanding of innovation.  

The S curve allowed for the introduction of phases to the technology life cycle, 

immensely improving the ability to predict a future course of action.  As firms/industries 

pass through early phases of the life cycle, technology moves from invention to 

innovation to market acceptance.  Disruptive forces move existing technologies to the 

graveyard of history, while rewarding technologies that capture market awareness.  

However, the cyclical nature of the technology life cycle can be a double-edged sword, 

cutting in both directions.  A new innovation begins its journey in the same life cycle, 

attempting to become the next disruptive innovation.  This continuous process of 

technology birth, growth, and withdrawal is best summarized by the Hegelian dialectic: 

social order (thesis) is the current state; new social order produces a challenge 

(antithesis); higher-order technology (catalyst) is developed, producing a new status-quo 

(synthesis).   

The literature helps us to understand innovation in other ways.  Frameworks are 

defined in order to help us understand the boundaries.  Measures have been suggested for 

objectively defining innovations.  For example, patents issued, by research & 

development expenditures, or new product features may measure innovation.  Innovation 

may also be measured by soft measures of social benefits or lower prices.  Indirect 

measurement of innovation, by measuring innovations impact, may include such 

economic indices as productivity or growth in economies. 
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From a firm perspective, managing innovation (and the resulting market/profit 

impacts) is of serious concern to management.  Innovation is dependent on invention-

strategy-operations synergies.  Technology is a prime enabler of competitiveness.  As a 

point of note, competitiveness is measured globally by comparing national productivity; 

national productivity is established by a nation’s Gross National Product.  Competitive 

strategy for firms has evolved as innovations have disrupted market synergy.  Words like 

“co-opetition” have evolved to lend understanding to the concept of cooperation between 

competing firms, a management strategy that was avoided prior to the most recent time. 

Economists have attempted to improve the measurement of the technology 

innovation phenomenon.  Concepts like Solow’s residual (known as Total Factor 

Productivity) have been introduced to define the impacts.  Building on the early work of 

Schumpeter on disruptive drivers and the later work of Abernathy on life cycles, Solow 

defined a key measure of technological change—by defining technical change as a shift 

in the production function.  Solow’s residual (technical change) is that which remains 

after labor and capital have been identified and accounted for.  Solow’s residual, or Total 

Factor Productivity, is the main focus of this research effort.   

This study proposes to test the hypothesis that technological investment drives 

growth and performance of the U.S. economy.  It uses the proxies of Total Factor 

Productivity to represent technological inputs and Gross Domestic Product to represent 

growth and performance (output).  It uses data from 1955 to 2002, normalized to a 

baseline of “chained 2000 dollars” in order to properly compare and contrast the 

relationship.  It will employ a test of regression to identify and describe the relationship 

between Total Factor Productivity and Gross Domestic Product.  It also employs a test of 
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mediation, using the Barron and Kenny (1986) methodology with Research & 

Development expenditures as the mediator variable.  Lack of a mediator variable would 

strengthen the case for causality in the relationship between Total Factor Productivity and 

Gross Domestic Product. 
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CHAPTER 3 

RESEARCH THEORY AND METHODOLOGY 

Theoretical Approach 

The Solow Model: The model assumes that GDP is produced according to an 

aggregate production function (Solow 1957).  

The Basic Form of the Solow Model: 
 
 Q  =  f ( K,  L,  t )       (1) 
 
Where:  

 Q = output 

 f = function 

 K = capital input 

 L = labor input 

 t = technical change; technical change is used as a shorthand for any type of 

“shift” in the production function.  This may include labor efficiencies, capital 

efficiencies, skill improvement, and many other factors.  This is often referred to 

as the residual. 

The Solow Model for Neutral Technical Change: “Shifts in the production 

function are defined as neutral if they leave marginal rates of substitution untouched but 

simply increase or decrease the output attainable from given inputs” (Solow, 1957). 
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Q  =  A (t) f ( K,  L )       (2) 
 

Where:  

 A = cumulative effect of shifts over time 

Q = output 

 f = function 

 K = capital input 

 L = labor input 

 t = technical change 

Growth Accounting Methods 

General Growth Accounting: In economic disciplines, the production function 

is generally recognized as: 

 V  =  Ct  +  f ( K, L, R )      (3) 
 
Where: 

 V = real value added (output) 

 Ct = index of non-R&D elements, over time 

 K = Capital 

 L = Labor 

 R = Research and Development 

  

This form builds on Solow’s work; the real value added (output) is the sum of the 

inputs of capital and labor plus research & development.  These inputs are considered 

factors; as a group, the factors are referred to as Total Factor Productivity (TFP). 
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Ct is a Hicks-neutral factor representing inputs that are not research & 

development related.  In aggregate production functions, Hicks-neutral is defined as an 

element that does not impact the choice of other elements.  In this case, the non-R&D 

elements do not influence the choice of, or levels of capital, labor, or research & 

development. 

Time Series Growth Accounting: Growth Accounting measures of output/input 

can be modified for time series data. The following form reflects growth rates.  

(V2-V1) / V1  =  (Ct2-Ct1) / Ct1    α1 (K2-K1) / K1    α2 (L2-L1) / L1    α3 (R2-R1) / R1    

                  (4) 

Where: 

 α1 = factor share of Capital 

 α2 = factor share of Labor 

 α3 = factor share of Research and Development 

V = real value added (output) 

 C = index of non-R&D elements 

 K = Capital 

 L = Labor 

 R = Research and Development 

 T = Time 

Constant/Variable Factor Shares in Growth Accounting: Impact analysis 

studies frequently use a Cobb-Douglass function to explain the effect of research and 

development on growth.  In this method, shares of capital (plus labor, plus research and 

development) are held constant.  The equation below reflects the constant shares. 
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(V2-V1) / V1  -  α1 (K2-K1) / K1  -  α2 (L2-L1) / L1   =  (Ct2-Ct1) / Ct1  +  α3 (R2-R1) / R1   

          (5) 

Where: 

 α1 = factor share of Capital 

 α2 = factor share of Labor 

 α3 = factor share of Research and Development 

V = real value added (output) 

 C = index of non-R&D elements 

 K = Capital 

 L = Labor 

 R = Research and Development 

 T = Time 

Multifactor Productivity Growth 

In equation (5), given the rate of growth of real value add (output) less the growth 

rate of capital and labor, the result is equal to the sum of the contribution external to 

research and development plus the direct contribution of research and development.  This 

is referred to as the growth rate of multifactor productivity. 

(V2-V1) / V1  -  α1 (K2-K1) / K1  -  α2 (L2-L1) / L1  = rate of growth of Multifactor Productivity 

 (Ct2-Ct1) / Ct1  = rate of growth contribution external to research and development 

 α3 (R2-R1) / R1  = rate of growth contribution of research and development    
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Methodology 

Methodological Design 

The planned exploratory study will examine correlation, looking at association, 

direction, and non-spuriousness.  The key methods to be used are multivariate regression 

and mediation testing. 

A time series data set (continuous) will be employed, using approximately 50 

years of U.S. economic data (1955-2002).  The variables are described below along with 

their respective codes. 

For this analysis, the independent variable (IV) chosen is the published TFP data 

(aggregated) (Bureau of Economic Analysis, 2006).  The dependent variable (DV) 

selected is the U.S. Gross Domestic Product (GDP) (Bureau of Economic Analysis, 

2006).   

The author has selected U.S. Research & Development expenditures (National 

Science Foundation, 2006) to test for possible mediation.  Additionally, the sub-

categories of R&D data (sourced by Federal, Industry, University, and Other) may be 

used to further test for mediation.  For example, it is hypothesized that University R&D 

(a sub-component of total R&D) may mediate the relationship (strength of) between TFP 

and GDP, as opposed to total R&D investment. 

To overcome the inequality of the value of a dollar over the time series, all 

variables are indexed to 2000 dollars, using the common index method of “chained 2000 

dollars.”  The “chained” index used is one published by the U.S. BEA. 
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SAS v8.2 was selected as the preferred analysis tool.  All data is considered 

continuous; thus, the Multiple Linear Regression (MLR) technique was selected as 

appropriate.  The SAS procedure of PROC GLM will be used for the MLR test (SAS 

Institute, 2005). 

The process selected for testing mediation is one postulated by Barron and Kenny 

(1986).  The mediation test utilizes the SAS PROC GLM procedure with a control 

variable.  Simple linear regression (SLR) and multiple linear regression {MLR} 

techniques are employed in the process.  An assessment of the impact of the relationship 

is conducted to determine if the control variable weakens the relationship.  If the initial 

relationship is weaker after controlling for the mediator, the conclusion may be made that 

the control variable is a mediator.  Lack of a mediator variable would strengthen the case 

for causality in the relationship.  The Barron and Kenny procedure consists of four steps: 

1. Check for a significant relationship between A and B (SLR). 
2. Check for a significant relationship between A and C  (SLR). 
3. Check for a significant relationship between B and C, after controlling for A  

(MLR). 
4. Check that the relationship between A and C is weaker after controlling for B 

than it is when not controlling for B. 
 

The dependent variable is Gross Domestic Product (GDP); this is a proxy for the 

measure of success at a nation level; the Bureau of Economic Activity (BEA) compiles 

the data. 

The independent variable is Total Factor Productivity (TFP); this is the residual 

used to calculate the impact of technological progress (technical change [Solow, 1957]); 

the Bureau of Economic Activity (BEA) compiles the data. 
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The potential mediator variable is aggregate Research & Development 

expenditures, in total (RandD).  This represents total R&D expenditures, by year, as 

compiled by the National Science Foundation (NSF).  R&D has four key components: 

Industry, University, Government, and Other.  NSF is also the source for the R&D 

component data.  Each of the R&D components has been assigned a variable name in the 

model.  A summary of the potential mediator variable is listed below: 

 Research & Development Expenditures, total (RandD1); source: Federal 
(U.S.) direct funded R&D 

 Research & Development Expenditures, total (RandD2); source: Industry 
direct funded R&D 

 Research & Development Expenditures, total (RandD3); source: 
University direct funded R&D 

 Research & Development Expenditures, total (RandD4); source: Other 
direct funded R&D 

Limitation of the Methodology 

The procedures used in this study are multivariate regression and mediation 

testing.  Regression, requiring continuous variables, tests an independent variable 

(predictor) and a dependent variable (criterion) in a given population (data set).  The 

independent variable must be able to predict the independent variable, and the direction 

may be specified.  When testing the null hypothesis, if we reject the null, we can be 

reasonably certain that the dependent variable can be at least partially predicted by 

independent variable.  There are four criteria for regression (Ott & Longnecker, 2001): 

• If a relationship does exist between the dependent and independent variables, 
it can be characterized by a regression (straight line); the slope of the 
relationship is equal to zero; the relationship is linear. 

• The sampling distribution of the slope is approximately normally distributed. 
From the Central Limit Theorem, we assume that the actual value of the 
dependent variables are normally distributed with mean values falling on the 
regression line and the same standard deviation at all values of the 
independent variable. (Ott & Longnecker 2001) 
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• The error terms of the linear equation are random. They have the same 
variance and are independent of each other and are normally distributed. 

• Random samples. Samples are drawn randomly from a population. 
 

Validity 

An extensive review of the elements of validity of this study was conducted.  A summary 
of validity issues and mitigation is offered below. 
 
Historical: 
Historical is an internal validity threat, and refers to events occurring between 
observations.  While this is considered to have an impact on the data it is view as a low 
impact for the purpose of this study.  Future study is planned to look at the impact of 
various significant historical events that may influence the data, over time.  As an 
example, terrorism events such as 9/11/01 are know to have a influence on GDP – this 
would be one on the many variables that will be included in future multivariate study. 
 
Maturation: 
Maturation is an internal validity threat, and is a function of the passage of time.  It is not 
considered to have a high influence on the data set being used and it is mitigated by the 
used of “chained dollar” indexing. 
 
Testing: 
Testing is a type of internal validity threat, and refers to the effects of testing multiple 
subjects – often referred to as the practice effect.  It is not considered an influence factor 
on the data set being used. 
 
Instrumentation: 
This is an internal validity threat, and refers to the change in calibration of measuring 
tools, observers, scorers and measurement procedures.  While it is acknowledged that a 
data set comprising a fifty year span has many opportunities for instrumentation 
variation, the various data collection organizations (BEA, NSF, etc.) have in place many 
safeguards against instrumentation effects. 
 
 
Statistical Regression: 
Subjects with extreme scores migrate toward the mean.  Given that the data is a time 
series of macro proportions over a fifty-year duration, this internal validity threat is not 
considered to influence the study. 
 
Mortality: 
Mortality refers to attrition of loss of respondents or data points.  Again, this internal 
validity threat classification is not considered important to this study. 
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Selection: 
Selection refers to group content discrepancies or the use of  non-similar groups.   This 
internal validity threat classification is not considered important to this study because 
group consistency is maintained by the data collection organizations over time through 
the use of very detailed operational definitions used in the collection process.  This is 
covered in more detail under the data descriptions.   
 
Intra-Group: 
Intra-group refers to interaction between variables.  This is not considered to be a factor 
in this study. 
 
Generalization: 
Generalization is an external validity threat impacting the ability to predict future results.  
While this is considered a limitation due to the lack of random samples within the 
regression, it is accepted as a limitation subject to mitigation in planned future study.  
This is discussed in greater detail elsewhere in this study. 
 
Constructs (operational elements): 
Constructs refers to the operationalized elements or “recipe” of what is being measured.  
This is considered to have a medium impact to the study. 
 
Statistical Conclusion: 
This refers to the application of statistical conclusions to the results of the study.  It is 
believed that the development of the methodology has been sufficient to mitigate these 
effects in this particular study. 
 
Table 9 
 
Validity Summary 

Validity Review Issue Impact Mitigation 
Historical Yes Low None (addressed in future study) 
Maturation Yes High “Chained” indexing 
Testing No --  -- 
Instrumentation Yes Low Data collection techniques 
Statistical Regression No --  -- 
Mortality No --  -- 
Selection No --  -- 
Intra-group No --  -- 
Generalization Yes Medium None (addressed in future study) 
Constructs (operational 
elements) 

Yes Medium Central Limit Theorem 

Statistical Conclusion Yes Medium Application of Statistical Methods 
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Data Set 

The data set in use is longitudinal, consisting of approximately 50 years of data 

for each of the subject variables (independent, dependent, and potential mediator).  

Therefore, the fourth criterion for regression (random samples) would not be met; the 

data set selected does not consist of random samples. 

One potential mitigation technique is to resolve this discrepancy by using an 

autoregressive technique, like SAS 8.0 Autoregression as the analytical tool.  However, 

mitigation analysis (the second key methodological procedure after regression) has been 

developed and tested (accepted) using regression, not autoregression.  

This poses an interesting dilemma for the researcher.  In order to test for 

mitigation, regression techniques must be used (Baron & Kenny, 1986).  The use of 

autoregression in mitigation analysis has not been developed and tested by other 

researchers; therefore, it cannot be considered as reliable.  For a more conservative 

approach, the researcher has chosen to accept the methodological approach of using 

regression with mitigation analysis.  The lack of random samples, however, will limit the 

generalization.  This is a threat to external validity. 
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Confounding Variables 

 

Earlier in this paper, spurious variables were discussed.  The model developed 

and tested as part of this research uses Research & Development expenditures as a 

potential mediator in testing the relationship between Total factor Productivity and Gross 

Domestic Product.  If the potential mediator is found to mediate the relationship, it is 

possible that the model construct is such that the mediator variable is in fact a 

confounding variable. 

Confounding variables are a special case of spuriousness.  The accepted definition 

of a confounding variable is a simple concept.  “If we undertake to estimate the effect of 

one variable (X) on another (Y) by examining the statistical association between the two, 

we ought to ensure that the association is not produced by factors (Z) other than the effect 

under study.  The presence of a spurious association, due for example to the influence of 

extraneous variables, is called confounding as it tends to confound our reading and to bias 

our estimate of the effect studied” (Pearl, 1998).  The effect is that confounding variables 

are deemed confounding when their effect on a dependent variable cannot be 

distinguished from one another.  Confounding variables may correlate to an independent 

variable, a dependent variable, or both.  Confounding may be associated with the both the 

predictor and the criterion. 

As an example, let us consider a study when subjects from two groups are studied 

to determine a particular outcome, say “improved health”.  The first group is given a 

treatment of a new drug that is expected to improve health, while another group is given a 

placebo (control group).  After the study is conducted and findings are being tabulated, 
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the researchers notice that the control group’s health is as good as or better than the target 

group.  Upon further investigation, it is revealed that many members of the control group 

joined a gym during the study.  The investigators now must determine if the outcome of 

“health” was due to the new drug being tested on the target group or due to the exercise 

routines undergone by the target group.  The exercise was not part of the study model and 

it was introduced, somewhat as an unintended consequence (the control group was 

motivated to help to improve their own health).  Now the researchers have a dilemma.  In 

this simple example, one can understand importance of controlling extraneous variables 

in a study.  Unless the study is conducted as a lab experiment where all extraneous 

variables can be controlled, spuriousness may be introduced. 

If in fact a confounding variable is found, the immediate reaction may be to 

attempt to control for the variable through model structure or other formal mathematical 

treatments.  However, the field of econometrics has wrestled with this problem for many 

years without arriving at an accepted, viable solution.  The problem is rooted in the 

nature of designing a model where all the spurious variables are identified and can be 

controlled for. 

Some considerations around confounding variables: 

1. Unessential variables:  often referred to as “Z” variables, these are variables that 

are spurious to the relationship being tested.  It is the task of study designer to 

include any potential spurious variables in the design so that they may be 

controlled for (also, in certain cases, to eliminate the variable).  The challenge is 

to include the correct variables while not including variables of no interest.  The 

risk to the researcher is that failure to include the correct spurious variables (and 
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to control for) will lead to a false conclusion that there is a causal relationship 

present.  Inclusion of potential spurious variables should be dictated by logic and 

supported by a literature review.  In the case of this research paper, one potential 

spurious variable was identified through logic and literature search.  However, 

there were many more variables identified in the literature.  While these variables 

were not included in this research, it is the intention of this study to expand into 

exploring these other potential spurious variables as part of a future study. 

2. Random assignment of data: one potential mitigating method to avoid 

confounding variables is the random assignment of data.  This method will not 

eliminate a confounding variable but it will minimize the risk.  It is difficult to 

design a study to completely control all spurious variables unless the study is 

conducted in a lab environment.  Even in a lab environment it may not be possible 

to eliminate all spuriousness, but it is more likely that it can be controlled.  In the 

study of interest to this paper, the data is secondary and consists of a time series 

(50 years of GDP is the dependent variable).  Therefore, by design, it is not 

randomly assigned.  The lack of randomness has been considered in the bivariate 

and multivariate calculations and the tenability of lack of randomness has been 

accepted.  Future enhancements of this study plan to utilize autoregressive 

techniques to overcome the lack of randomness, which will address the issue in 

relation to the regression assumptions of viability.  However, autoregressive 

controls will not overcome the lack of randomness from a confounding 

perspective.  This poses a risk to the interpretation of results from this research. 
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3. Confounding variable tests: the simplest solution would be to test for confounding 

variables and control for them or eliminate from the model.  However, 

statisticians have not been able to overcome this issue.  Pearl suggests that 

“confounding variables cannot be easily expressed in the language of probability 

theory, because that theory deals with static conditions, and does not permit us to 

predict, even from a full specification of a population density function, what 

relationships would prevail if conditions were to change, say from observational 

to controlled studies.  Such predictions require extra information, in the form of 

causal or counterfactual assumptions” (Pearl, 1998).  What impact does this have 

on the study being conducted?  Essentially, the researcher cannot use an accepted 

statistical test to identify confounding variables and completely control them with 

a high degree of confidence.  In this study, potential spuriousness has been 

identified through logic and literature review.  One potential spurious variable has 

been labeled as a potential mediator (Research & Development expenditures) and 

the design has incorporated the variable and attempted to control for it via the 

Baron & Kenny approach, as a test for mediation.  The researcher understands the 

bias issue and intends to address this more completely through planned future 

enhancements of the study.  As outlined earlier, the key risk in not properly 

comprehending a confounding variable is one of incorrectly interpreting a 

correlation as a causative link between two variables. The risk to the current study 

is considered acceptable because the current study is not attempting to identify 

causal relationships; rather the goal of the study is exploratory, examining 

correlation, association, direction, and non-spuriousness.  The potential bias of 



 115 

confounding variables is well understood in this study.  As evidence, the 

methodology uses the accepted alternative statistical measure of the Baron & 

Kenny approach to deal with spuriousness. 

There are certain methods commonly in use to control or eliminate confounding 

variables.  Each of the methods has limitations.  Some of the methods in use to modify 

study designs are: 

1. Control Studies:  In this case, known confounding variables are 

included in the model and are applied to both the independent and dependent 

variables being studied.  This is somewhat of a matched pair type of 

experiment.  The limitations inherent in this type of study are the selection of 

appropriate variables and applicability of confounding effects to both 

independent and dependent variables. 

2. Stratification:  In this method, sample data is stratified or sub-

categorized into smaller subsets and analysis is performed on these re-

categorized data sets.  There are many existing and accepted statistical tools 

that perform analysis on stratified data.  The limitation of this method is 

precision/accuracy of the categorization, sample size, category size, 

over/under matching, and consistency. 

3. Cohort Methods:  This method is a form a matching and categorizing.  

Basically, modifications are made to sample data collection techniques to 

admit or exclude data based on confounding tendencies of the variables.  

Limitations are selection of appropriate variables, over/under matching, 

applicability of confounding effects to both independent and dependent 
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variables and precision/accuracy of the criteria for inclusion or exclusion of 

certain data. 

 

The study undertaken in this paper uses a form of control studies (but not 

stratification or cohort methods) as outlined above.  To refresh, the methodology in this 

research paper examines correlation, looking at association, direction and non-

spuriousness.  Key methods used are bivariate/multivariate regression and mediation 

testing.  Regression is initially performed at the bivariate level then tested under 

multivariate conditions.  Mediation techniques are then applied to test for non-

spuriousness.  Mediation is an alternative technique that tests the model and assesses the 

impact of the relationship to determine if the control variable weakens the model 

relationship.    The method test the independent to dependent variables at the bivariate 

level, the potential mediator variable to the dependent variable at the bivariate level, then 

tests for the relationship at a multivariate level when controlling for the potential 

mediator variable; the result is compared to determine if the relationship is weaker after 

controlling for the potential mediator than before.  While the mediator methodology uses 

control variables to test for non-spuriousness, it does not attempt to apply techniques that 

would limit or apply confounding criteria to the model. 
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Significance 

“A theory is more impressive the greater the simplicity of its 
premises, the more different things it relates, and the more 
expanded its area of applicability.” 
Albert Einstein 1949 (Schilpp, 1949). 

 

The question of importance of the study must be addressed to order to inform 

those who may not be familiar with macroeconomics and to define the contribution to 

academic literature.  The twenty first century is very young and it would be difficult to 

cite any breakthrough theories attributable to the current era with out the hindsight of 

history.  However, one can look to the more recent past, the twentieth century, to see 

what theories are considered technological breakthroughs.  Einstein’s theory of relativity, 

Adam Smith’s economic theories, and Schumpeter’s theory of discontinuity are three that 

come to mind.  In particular, Einstein drastically revised Newton’s body of work on 

gravitational theory in his study of quantum physics. 

The time period between Newton’s gravitational work and Einstein’s work was 

over two hundred years.  During this time many relatively unknown researchers were 

able to extend Newton theories, by building on them with sometimes small, incremental 

extensions.  In particular, Einstein cited the work of Heisenberg’s uncertainty and 

Godel’s incompleteness as key building blocks to his own theory of relativity; enabling 

Einstein to leap-frog from gravitational theory to relativity.  The countless incremental 

theoretical advances of unknown researchers may be lost to history, but their impact laid 

a foundation for Einstein. 

Einstein’s work was furthered by many scientists like the physicists Heisenberg 

and Bohr.  In an irony of history, Einstein actually disagreed with these latter scientists 
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(Bohr, Heisenberg and others) who used Einstein’s body of work to further the science of 

physics.  Up to the end of his life, Einstein disagreed with Bohr/Heisenberg and most 

other physicists of the time on the uncertainty principal of quantum physics (also known 

as the Heisenberg theory) which postulates that there is no objective reality other that 

what can be observed.  Einstein’s rebuttal was often expressed as a belief in a God that 

did not shape reality by the throw of dice (Isaacson, 2007). 

The history, as shown above, gives insight to the often repeated axiom in science 

that all research is built upon the shoulders of other researchers.   As a single brick in a 

wall lays the foundation for other bricks to be added; ultimately a wall result.  One theory 

by one researcher, one research experiment conducted, may not lead to a breakthrough 

discovery – but like the brick wall, each brick must be placed in order to support the final 

construction. 

The author is not attempting to compare this research study to the great works of 

luminaries like Einstein, and others as cited.  Rather, the comparison is made to show 

how incremental extensions of knowledge contribute to the foundations of academic 

literature and allow later researches to construct broader theoretical concepts. 

While this study is considered exploratory in nature, the goal is to add to the 

existing knowledge base.  Most technology researchers believe that Research & 

Development expenditures will ultimately produce innovations; innovations, as 

successfully commercialized, will improve the social experience while allowing 

innovators to enjoy economic benefits.  Firm performance will improve.  If a sufficient 

number of firms improve, both the industry and nation will also improve and join the 

innovator in enjoying the benefits (increased performance).  While this belief is generally 
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recognized as true, the research to prove it is somewhat elusive.  Many other studies have 

attempted to identify causality; success has not been achieved.  The author is not 

attempting this study with the belief that causality may finally be proven.  There is no 

aspiration of breakthrough results.  Rather, this study may be viewed, in borrowing an 

analogy from the construction industry, as a building effort.  There is a solid foundation 

(of previous research); the author is attempting to add one more brick to the foundation.  

If this study expands the knowledge base, regardless of the volume, it would be 

considered a success. 
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CHAPTER 4 
 

RESULTS 
 

Organization 
 

The Data and Analysis section is organized by Research Question and aligned to 

the appropriate Hypothesis, as presented in Chapter 1.  To analyze the results, each 

subsection within a given Research Question is organized as to Hypothesis, Procedure, 

Assumptions, Assumption Tenability, Results, and Implications/Conclusions.  Research 

Questions and Hypothesis are repeated, as is, for clarity.  The Procedure section identifies 

all relevant procedures used, in a detail sufficient for other researchers to replicate tests if 

required.  The Assumptions section connects underlying conceptual assumptions to the 

procedures identified.  The Assumption Tenability section associates the tenability, or 

defensible supporting arguments based on standard statistical concepts, with the selection 

of procedures and assumptions used.  The Results section presents, in tabular format, the 

specific test results.  The Implications/Conclusions section interprets the results in a 

meaningful way.  Conclusions are drawn from the interpretation of the results and 

explained in relation to the original hypothesis.  Since the Research Question results 

overlap, in certain instances, with the results applicable to the Baron and Kenny analysis, 

the Research Question results contain commentary applicable to Baron and Kenny 

(specifically, RQ1, RQ2, and RQ4).  Baron and Kenny type analyses that do not coincide 

with Research Questions are listed separately (BK3, BK3a, BK4).   At the conclusion of 

Chapter 4, the Research Question results are categorized in table format and an integrated 

set of conclusions is presented. 
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Data and Analysis 
 

Research Question 1 

Is there a relationship between Total Factor Productivity and Gross National 

Product? 

Hypothesis 1 

H0: β    ≤   0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between TFP and GDP. 

Ha: β   >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between TFP and GDP 

Procedure 1 

A regression test will be performed using SAS 8.2 PROC GLM.  For testing 

Baron & Kenny (B&K), the “A” variable (independent) is TFP and the “C” variable 

(dependent) is GDP.  For B&K Condition 2, significance is determined by regression 

testing with a resulting determination of a discrete outcome (yes/no).   

Assumptions 1 

a) if a relationship does exist between the dependent and independent variables, it 

can be characterized by a straight line, b) sampling distribution of the slope is 

approximately normally distributed, c) the error terms of the equation are random (they 

have the same variance and are independent of each other and are normally distributed) 

and d) random samples. 
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Assumption Tenability 1 

a) assumed, b) from the Central Limit Theorem, when the null is true, we know 

that the actual value of  the dependent variable is normally distributed with the mean 

values falling on the regression line and the same standard deviation at all values of the 

independent variable, c) random samples were not used, and d) random samples were not 

used.  Note: please refer to the discussion of limitations in Chapter 3 under “Limitations 

of the Methodology”; the limitation to tenability is accepted for random samples. 

Results 1 

 n slope st. error r2 

Sample 1 50 2.42911 0.1183962 0.897642 

H0 Ha Test Test Value d.f. Probability Accept Ha 

β    ≤   0 β   >  0 SLR - t 20.52 48 <0.00005 
(halved) 

YES 

 
For the 2-step rule, the probability of <0.00005 is less than the alpha level set 

prior to the analysis (σ =0.05); the direction of the slope is positive (2.42911) and the 

direction of the alternative is positive, so both steps pass the 2-step rule.  If H0 were true, 

we would see a t value (20.52) this large or larger fewer than 5 samples out of 100.  Since 

the probability of <0.00005 is less than the alpha level set prior to our analysis (σ =0.05) 

and the direction is consistent, we reject H0 and accept Ha. 
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Implications/Conclusion 1 

We can be at least 95% confident that the slope is not “0” or negative, and there is 

a positive relationship between TFP and GDP.  For B&K Condition 2, the answer would 

be YES, there is a significant positive relationship between “A” and “C”. 
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Research Question 2 

Is there a relationship between Total Factor Productivity and Research & 

Development expenditures? 

Hypothesis 2 

H0: β    ≤   0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between TFP and 

RandD. 

Ha: β   >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between TFP and RandD 

Procedure 2 

A regression test will be performed using SAS 8.2 PROC GLM.  For testing 

Baron & Kenny (B&K), the “A” variable (independent) is TFP and the “B” variable 

(dependent) is R&D.  For B&K Condition 1, significance is determined by regression 

testing with a resulting determination of a discrete outcome (yes/no).   

Assumptions 2 

a) if a relationship does exist between the dependent and independent variables, it 

can be characterized by a straight line, b) sampling distribution of the slope is 

approximately normally distributed, c) the error terms of the equation are random (they 

have the same variance and are independent of each other and are normally distributed) 

and d) random samples. 
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Assumption Tenability 2 

a) assumed, b) from the Central Limit Theorem, when the null is true, we know 

that the actual value of  the dependent variable is normally distributed with the mean 

values falling on the regression line and the same standard deviation at all values of the 

independent variable, c) random samples were not used, and d) random samples were not 

used.  Note: please refer to the discussion of limitations in Chapter 3 under “Limitations 

of the Methodology”; the limitation to tenability is accepted for random samples. 

Results 2 

 n slope st. error r2 

Sample 1 50 64.5544 3.81524 0.856412 

H0 Ha Test Test Value d.f. Probability Accept Ha 

β    ≤   0 β   >  0 SLR - t 16.92 48 <0.00005 
(halved) 

YES 

 
For the 2-step rule, the probability of <0.00005 is less than the alpha level set 

prior to the analysis (σ =0.05); the direction of the slope is positive (64.5544) and the 

direction of the alternative is positive, so both steps pass the 2-step rule.  If H0 were true, 

we would see a t value (16.92) this large or larger fewer than 5 samples out of 100.  Since 

the probability of <0.00005 is less than the alpha level set prior to our analysis (σ =0.05) 

and the direction is consistent, we reject H0 and accept Ha. 
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Implications/Conclusion 2 

We can be at least 95% confident that the slope is not “0” or negative, and there is 

a positive relationship between TFP and R&D.  For B&K Condition 1, the answer would 

be YES, there is a significant positive relationship between “A” and “B”. 
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Research Question 3 

Is there a relationship between Research & Development expenditures and Gross 

Domestic Product? 

Hypothesis 3 

H0: β    ≤   0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between RandD and 

GDP. 

Ha: β   >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between RandD and GDP. 

Procedure 3 

A regression test will be performed using SAS 8.2 PROC GLM.  Testing of B&K 

is not required for this hypothesis. 

Assumptions 3 

a) if a relationship does exist between the dependent and independent variables, it 

can be characterized by a straight line, b) sampling distribution of the slope is 

approximately normally distributed, c) the error terms of the equation are random (they 

have the same variance and are independent of each other and are normally distributed) 

and d) random samples. 

Assumption Tenability 3 

a) assumed, b) from the Central Limit Theorem, when the null is true, we know 

that the actual value of  the dependent variable is normally distributed with the mean 
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values falling on the regression line and the same standard deviation at all values of the 

independent variable, c) random samples were not used, and d) random samples were not 

used.  Note: please refer to the discussion of limitations in Chapter 3 under “Limitations 

of the Methodology”; the limitation to tenability is accepted for random samples. 

Results 3 

 n slope st. error r2 

Sample 1 50 0.0363728 0.0007628 0.979326 

H0 Ha Test Test Value d.f. Probability Accept Ha 

β    ≤   0 β   >  0 SLR - t 47.68 48 <0.00005 
(halved) 

YES 

 
For the 2-step rule, the probability of <0.00005 is less than the alpha level set 

prior to the analysis (σ =0.05); the direction of the slope is positive (0.0363728) and the 

direction of the alternative is positive, so both steps pass the 2-step rule.  If H0 were true, 

we would see a t value (47.68) this large or larger fewer than 5 samples out of 100.  Since 

the probability of <0.00005 is less than the alpha level set prior to our analysis (σ =0.05) 

and the direction is consistent, we reject H0 and accept Ha. 

 

Implications/Conclusion 3 

We can be at least 95% confident that the slope is not “0” or negative, and there is 

a positive relationship between R&D and GDP.   
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Research Question 3a 

Is there a relationship between University (R&D component) Research & 

Development expenditures and Gross Domestic Product? 

Hypothesis 3a 

H0: β   ≤   0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between RandD3 and 

GDP. 

Ha: β   >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between RandD3 and GDP. 

Procedure 3a 

A regression test will be performed using SAS 8.2 PROC GLM.  Testing of B&K 

is not required for this hypothesis.  The variable of interest is University R&D (RandD3). 

Assumptions 3a 

a) if a relationship does exist between the dependent and independent variables, it 

can be characterized by a straight line, b) sampling distribution of the slope is 

approximately normally distributed, c) the error terms of the equation are random (they 

have the same variance and are independent of each other and are normally distributed) 

and d) random samples. 

Assumption Tenability 3a 

a) assumed, b) from the Central Limit Theorem, when the null is true, we know 

that the actual value of  the dependent variable is normally distributed with the mean 
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values falling on the regression line and the same standard deviation at all values of the 

independent variable, c) random samples were not used, and d) random samples were not 

used.  Note: please refer to the discussion of limitations in Chapter 3 under “Limitations 

of the Methodology”; the limitation to tenability is accepted for random samples. 

Results 3a 

 n slope st. error r2 

Sample 1 50 0.212714 0.00387197 0.984345 

H0 Ha Test Test Value d.f. Probability Accept Ha 

β    ≤   0 β   >  0 SLR - t 54.94 48 <0.00005 
(halved) 

YES 

 
For the 2-step rule, the probability of <0.00005 is less than the alpha level set 

prior to the analysis (σ =0.05); the direction of the slope is positive (0.212714) and the 

direction of the alternative is positive, so both steps pass the 2-step rule.  If H0 were true, 

we would see a t value (54.98) this large or larger fewer than 5 samples out of 100.  Since 

the probability of <0.00005 is less than the alpha level set prior to our analysis (σ =0.05) 

and the direction is consistent, we reject H0 and accept Ha. 

 
Implications/Conclusion 3a 

We can be at least 95% confident that the slope is not “0” or negative, and there is 

a positive relationship between University R&D (RandD3) and GDP.   
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Research Question 4 

Can the relationship in research question #1 be explained by other factors?  Is 

there any potential non-spuriousness (mediation) implication to the relationship? 

Hypothesis 4 

H0: β GDP TFP|RandD  ≤    0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between TFP and GDP, 

when controlling for RandD.   

Ha: β GDP TFP|RandD  >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between TFP and GDP, when controlling for RandD. 

Procedure 4 

A regression test will be performed using SAS 8.2 PROC GLM.  For testing 

Baron & Kenny (B&K), the “A” variable (independent) is TFP, the “C” variable 

(dependent) is GDP and the control variable “B” is R&D.  For B&K Condition 4, 

significance is determined by regression testing with a resulting determination of a 

discrete outcome (yes/no).   

Assumptions 4 

a) if a relationship does exist between the dependent and independent variables, it 

can be characterized by a straight line, b) sampling distribution of the slope is 

approximately normally distributed, c) the error terms of the equation are random (they 

have the same variance and are independent of each other and are normally distributed) 

and d) random samples. 
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Assumption Tenability 4 

a) assumed, b) from the Central Limit Theorem, when the null is true, we know 

that the actual value of  the dependent variable is normally distributed with the mean 

values falling on the regression line and the same standard deviation at all values of the 

independent variable, c) random samples were not used, and d) random samples were not 

used.  Note: please refer to the discussion of limitations in Chapter 3 under “Limitations 

of the Methodology”; the limitation to tenability is accepted for random samples. 

Results 4 

 n slope st. error r2 

Sample 1 50 0.564788 0.1155465 0.986293 

H0 Ha Test Test Value d.f. Probability Accept Ha 

β    ≤   0 β   >  0 SLR - t 4.89 48 <0.00005 
(halved) 

YES 

 
For the 2-step rule, the probability of <0.00005 is less than the alpha level set 

prior to the analysis (σ =0.05); the direction of the slope is positive (0.564788) and the 

direction of the alternative is positive, so both steps pass the 2-step rule.  If H0 were true, 

we would see a t value (4.89) this large or larger fewer than 5 samples out of 100.  Since 

the probability of <0.00005 is less than the alpha level set prior to our analysis (σ =0.05) 

and the direction is consistent, we reject H0 and accept Ha. 
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Implications/Conclusion 4 

We can be at least 95% confident that the slope is not “0” or negative, and there is 

a positive relationship between TFP and GDP when controlling for R&D.  For B&K 

Condition 4, the answer would be YES, there is a significant positive relationship 

between “A” and “C” when controlling for “B”. 
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Baron& Kenny Condition 3 

Is there a significant relationship between B (IV; R&D) and C (DV; GDP), after 

controlling for A (IV; TDP) 

Hypothesis BK3 

H0: β GDP RandD|TFP  ≤    0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between R&D and 

GDP, when controlling for TFP.   

Ha: β GDP RandD|TFP  >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between R&D and GDP, when controlling for TFP. 

Procedure BK3 

A regression test will be performed using SAS 8.2 PROC GLM.  For testing 

Baron & Kenny (B&K), the “B” variable (independent) is R&D, the “C” variable 

(dependent) is GDP and the control variable “A” is TFP.  For B&K Condition 3, 

significance is determined by regression testing with a resulting determination of a 

discrete outcome (yes/no).   

Assumptions BK3 

a) if a relationship does exist between the dependent and independent variables, it 

can be characterized by a straight line, b) sampling distribution of the slope is 

approximately normally distributed, c) the error terms of the equation are random (they 

have the same variance and are independent of each other and are normally distributed) 

and d) random samples. 
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Assumption Tenability BK3 

a) assumed, b) from the Central Limit Theorem, when the null is true, we know 

that the actual value of  the dependent variable is normally distributed with the mean 

values falling on the regression line and the same standard deviation at all values of the 

independent variable, c) random samples were not used, and d) random samples were not 

used.  Note: please refer to the discussion of limitations in Chapter 3 under “Limitations 

of the Methodology”; the limitation to tenability is accepted for random samples. 

Results BK3 

 n slope st. error r2 

Sample 1 50 0.028880 0.00165564 0.986293 

H0 Ha Test Test Value d.f. Probability Accept Ha 

β    ≤   0 β   >  0 SLR - t 17.44 47 <0.00005 
(halved) 

YES 

 
For the 2-step rule, the probability of <0.00005 is less than the alpha level set 

prior to the analysis (σ =0.05); the direction of the slope is positive (0.028880) and the 

direction of the alternative is positive, so both steps pass the 2-step rule.  If H0 were true, 

we would see a t value (17.44) this large or larger fewer than 5 samples out of 100.  Since 

the probability of <0.00005 is less than the alpha level set prior to our analysis (σ =0.05) 

and the direction is consistent, we reject H0 and accept Ha. 

Implications/Conclusion BK3 

We can be at least 95% confident that the slope is not “0” or negative, and there is 

a positive relationship between R&D and GDP when controlling for TFP.  For B&K 
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Condition 3, the answer would be YES, there is a significant positive relationship 

between “B” and “C” when controlling for “A”. 
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Baron& Kenny Condition 3a 

Is there a significant relationship between B3 (IV; University R&D) and C (DV; 

GDP), after controlling for A (IV; TDP) 

Hypothesis BK3a 

H0: β GDP RandD3|TFP  ≤    0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between R&D3 and 

GDP, when controlling for TFP.   

Ha: β GDP RandD3|TFP  >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between R&D3 and GDP, when controlling for TFP. 

 

Procedure BK3a 

A regression test will be performed using SAS 8.2 PROC GLM.  For testing 

Baron & Kenny (B&K), the “B” variable (independent) is R&D3 (University R&D), the 

“C” variable (dependent) is GDP and the control variable “A” is TFP.  For B&K 

Condition 3, significance is determined by regression testing with a resulting 

determination of a discrete outcome (yes/no).   

Assumptions BK3a 

a) if a relationship does exist between the dependent and independent variables, it 

can be characterized by a straight line, b) sampling distribution of the slope is 

approximately normally distributed, c) the error terms of the equation are random (they 
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have the same variance and are independent of each other and are normally distributed) 

and d) random samples. 

Assumption Tenability BK3a 

a) assumed, b) from the Central Limit Theorem, when the null is true, we know 

that the actual value of  the dependent variable is normally distributed with the mean 

values falling on the regression line and the same standard deviation at all values of the 

independent variable, c) random samples were not used, and d) random samples were not 

used.  Note: please refer to the discussion of limitations in Chapter 3 under “Limitations 

of the Methodology”; the limitation to tenability is accepted for random samples. 

Results BK3a 

 n slope st. error r2 

Sample 1 50 0.1788668 0.0094782 0.988066 

H0 Ha Test Test Value d.f. Probability Accept Ha 

β    ≤   0 β   >  0 SLR - t 18.87 48 <0.00005 
(halved) 

YES 

 
For the 2-step rule, the probability of <0.00005 is less than the alpha level set 

prior to the analysis (σ =0.05); the direction of the slope is positive (0.1788668) and the 

direction of the alternative is positive, so both steps pass the 2-step rule.  If H0 were true, 

we would see a t value (18.87) this large or larger fewer than 5 samples out of 100.  Since 

the probability of <0.00005 is less than the alpha level set prior to our analysis (σ =0.05) 

and the direction is consistent, we reject H0 and accept Ha. 
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Implications/Conclusion BK3a 

We can be at least 95% confident that the slope is not “0” or negative, and there is 

a positive relationship between R&D3 and GDP when controlling for TFP.  For B&K 

Condition 3, the answer would be YES, there is a significant positive relationship 

between “B” and “C” when controlling for “A”. 
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Baron& Kenny Condition 4 

Is there a significant relationship between A (IV; TDP) and C (DV; GDP), after 

controlling for B (IV; R&D3 – University R&D). 

Hypothesis BK4 

H0: β GDP TFP|RandD3  ≤    0        

The slope of the population is a straight line that is horizontal or negative, i.e., 

there is no relationship, or there is a negative relationship between TFP and GDP, 

when controlling for R&D3.  Direction will be tested using the 2-step rule. (The 

result of “p” will be divided by 2, and the direction will be confirmed.) 

Ha: β GDP TFP|RandD3  >  0 

The slope of the population is a straight line that is positive, i.e., there is a positive 

relationship between TFP and GDP, when controlling for R&D3. 

Procedure BK4 

A regression test will be performed using SAS 8.2 PROC GLM.  For testing 

Baron & Kenny (B&K), the “A” variable (independent) is TFP, the “C” variable 

(dependent) is GDP and the control variable “B” is R&D3.  For B&K Condition 4, 

significance is determined by regression testing with a resulting determination of a 

discrete outcome (yes/no).  The result of this test is compared to the result of the test of 

the same variables without a control variable.  The absolute value of the slope of AC|B is 

compared to absolute value of the slope of AC; if AC|B is less it is considered “weaker”, 

thus the presence of a mediator is confirmed. 
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Assumptions BK4 

a) if a relationship does exist between the dependent and independent variables, it 

can be characterized by a straight line, b) sampling distribution of the slope is 

approximately normally distributed, c) the error terms of the equation are random (they 

have the same variance and are independent of each other and are normally distributed) 

and d) random samples. 

Assumption Tenability BK4 

a) assumed, b) from the Central Limit Theorem, when the null is true, we know 

that the actual value of  the dependent variable is normally distributed with the mean 

values falling on the regression line and the same standard deviation at all values of the 

independent variable, c) random samples were not used, and d) random samples were not 

used.  Note: please refer to the discussion of limitations in Chapter 3 under “Limitations 

of the Methodology”; the limitation to tenability is accepted for random samples. 

Results BK4 

 n slope st. error r2 

Sample 1 50 0.4339329 0.1133441 0.988066 

H0 Ha Test Test Value d.f. Probability Accept Ha 

β    ≤   0 β   >  0 SLR - t 3.83 47 <0.00005 
(halved) 

YES 

 
For the 2-step rule, the probability of <0.00005 is less than the alpha level set 

prior to the analysis (σ =0.05); the direction of the slope is positive (0.4339329) and the 

direction of the alternative is positive, so both steps pass the 2-step rule.  If H0 were true, 

we would see a t value (3.83) this large or larger fewer than 5 samples out of 100.  Since 
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the probability of <0.00005 is less than the alpha level set prior to our analysis (σ =0.05) 

and the direction is consistent, we reject H0 and accept Ha. 

Implications/Conclusion BK4 

We can be at least 95% confident that the slope is not “0” or negative, and there is 

a positive relationship between TFP and GDP when controlling for R&D3.  For B&K 

Condition 4, the answer would be YES, there is a significant positive relationship 

between “A” and “C” when controlling for “B”.  When comparing the absolute value of 

the slope of AC|B (0.4339329) to the absolute value of the slope of AC (0.897642) the 

result is YES, the value of AC|B is “weaker” than the value of AC; thus the presence of a 

mediator is confirmed. 



 143 

Mediation Test 
 

The test for mediation uses Baron and Kenny’s (1986) Four Step Process consisting 

of the following steps: 

• Check for a significant relationship between A (IV; TFP) and B (IV; R&D) 

{using SLR}. 

• Check for a significant relationship between A (IV; TFP) and C (DV; GDP) 

{using SLR}. 

• Check for a significant relationship between B (IV; R&D*) and C (DV; 

GDP), after controlling for A (IV; TDP) {using MLR}. 

• Check that the relationship between A (IV; TFP) and C (DV; GDP) is weaker 

after controlling for B (IV; R&D*) than it is when not controlling for B. 

*The mediation test will be performed using both total R&D and University R&D 

(a component of R&D) in separate tests. 
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Table 10 
 
Mediation Test Results (R&D) Summarized 
 

C
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r Condition 
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C
od

e 

V
ar

ia
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es
 Pass? Absolute 

Value of 
Slope 

Reference 

1 Significant 
relationship  

AB TFP 
R&D 

YES -- Research Question 2 

2 Significant 
relationship 

AC TFP 
GDP 

YES 2.42911 Research Question 1 

3 Significant 
relationship 

BC|A R&D 
GDP 
TFP 

YES -- Baron & Kenny 3 

4 AC|B 
Weaker 
Than AC 

AC|B TFP 
GDP 
R&D 

YES 0.564788 Research Question 4 

 

Concerning B&K Condition 4, the objective is to check that the relationship between A 

(TFP) and C (GDP) is weaker after controlling for B (R&D) than it is when not 

controlling for B (R&D).  The AC absolute value of the slope is 2.42911, while the AC|B 

absolute value of the slope is .0564788; thus the relationship between A (TFP) and C 

(GDP) is weaker after controlling for B (R&D) than it is when not controlling for B 

(R&D).  This would indicate the presence of a mediator; Research and Development 

mediates the relationship between Total Factor Productivity and Gross Domestic Product. 
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Table 11 
 
Mediation Test Results (University R&D) 

C
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C
od

e 

V
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 Pass? Absolute 

Value of 
Slope 

Reference 

1 Significant 
relationship  

AB TFP 
R&D 

YES -- Research Question 2 

2 Significant 
relationship 

AC TFP 
GDP 

YES 2.42911 Research Question 1 

3 Significant 
relationship 

BC|A R&D 
GDP 
TFP 

YES -- Baron & Kenny 3a 

4 AC|B 
Weaker 
Than AC 

AC|B TFP 
GDP 

R&D3* 

YES 0.4339329 Barn & Kenny 4 

* University R&D 

Concerning B&K Condition 4, the objective is to check that the relationship 

between A (TFP) and C (GDP) is weaker after controlling for B (R&D) than it is when 

not controlling for B (R&D3).  The AC absolute value of the slope is 2.42911, while the 

AC|B absolute value of the slope is 0.4339329; thus the relationship between A (TFP) 

and C (GDP) is weaker after controlling for B (R&D) than it is when not controlling for 

B (R&D3).  This would indicate the presence of a mediator; University Research and 

Development mediates the relationship between Total Factor Productivity and Gross 

Domestic Product. 
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Summary 
 

Conclusions and Recommendations will be addressed in Chapter 5.  For easy 

reference, the Research Question results are summarized in the following table, followed 

by the mediation test findings. 

Table 12 
 
Research Question Summary 
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C
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e 

Variables Accept Ha? r2 

1 β   >  0 AC TFP  
GDP 

YES 0.897642 

2 β   >  0 AB TFP  
R&D 

YES 0.856412 

3 β   >  0 BC R&D  
GDP 

YES 0.979326 

3a β   >  0 B3C Univ. R&D 
GDP 

YES 0.984345 

4 β GDP TFP|RandD  >  0 AC|B TFP GDP 
R&D3 

YES 0.986293 

 

Mediation Test  

The presence of a mediator is confirmed. Research and Development mediates the 

relationship between Total Factor Productivity and Gross Domestic Product.  Separately, 

University Research and Development also mediates the relationship between Total 

Factor Productivity and Gross Domestic Product. 
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Confounding Variable Effect 

 

In earlier discussion confounding variables were introduced.  As part of the 

results analysis, the question must be addressed of the potential presence of confounding 

variables.  Basically, a confounding effect is that confounding variables are deemed 

confounding when their effect on a dependent variable cannot be distinguished from one 

another.  In other words, a relationship may seem to be a causative but in fact may be a 

simple correlation.  Confounding exists when a variable (Z) interacts with variable X and 

Y and exerts an influence on the variables.  Lack of confounding, or as state of “no 

confounding” is attained when all potential spurious variables are unassociated with X 

and the outcome of Y.  If all potential spurious variables are identified and controlled for 

(or otherwise eliminated) in the design of the experiment, a state of “no confounding” 

would be attained.  As noted earlier in this study, there is no confirmed statistical test to 

adequately test for confounding. 

In this research study spuriousness is part of the design and methodology.  One 

potential spurious variable was identified through logic and literature search (Research & 

Development expenditures) and included in the design.  However, there were many more 

variables identified in the literature.  While these variables were not included in this 

research, it is the intention of this study to expand into exploring these other potential 

spurious variables as part of a future study. 

In the context of lab environment based experiment, it may not be possible to 

eliminate all spuriousness; but it is more likely that it can be controlled.  In this research 

paper, the data is secondary and consists of a time series (50 years of GDP as the 
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dependent variable).  The data design is not randomly assigned.  The lack of randomness 

has been considered in the bivariate and multivariate calculations and the tenability of 

lack of randomness has been accepted.  Future enhancements of this study plan to utilize 

autoregressive techniques to overcome the random assignment issue, which eventually 

will address the issue of the regression assumption of validity.  However, autoregressive 

controls will not overcome the lack of randomness from a confounding perspective.  This 

poses a risk to the interpretation of results. 

The research design of this paper has addressed the issue of spuriousness by 

testing using the Baron & Kenny method, which is an accepted alternative measure of 

statistical appropriateness.  Mediation techniques are used to test for non-spuriousness  in 

the model and assess the impact of the relationship to determine if the control variable 

weakens the relationship of interest.    The method tests the independent to dependent 

variables at the bivariate level, the potential mediator variable to the dependent variable 

at the bivariate level, subsequently it tests for the relationship at a multivariate level while 

controlling for the potential mediator variable; the results are compared to determine if 

the relationship is weaker after controlling for the potential mediator than before.  While 

the Baron & Kenny mediator methodology uses control variables to test for non-

spuriousness, it is not a technique that would limit or apply confounding criteria to the 

model. 

Back to the question of the presence of confounding variables.  One surprising 

result of the test conducted was the presence of r2 values fairly close to the value of 1.0.  

The coefficient of determination (r2 values) ranged from 0.856412 to 0.986293, 

considered highly significant in measuring the proportion of error being reduced by 
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knowledge of the independent variable.  However, there is a caveat on this statement.  It 

is possible that the results being presented are not a true associative effect but rather it 

may be due to confounding variables effect.  Since we cannot adequately test for 

confounding, we must be extremely cautions in our interpretation of the results of this 

study. 
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CHAPTER 5 

 
CONCLUSIONS AND RECOMMENDATIONS 

 
Conclusions 

 
In this section, individual conclusions are offered for each Research Question 

presented.  Due to the inter-relationships of the Research Questions, both separately and 

including Mediation testing, a Summary of Conclusions is also offered. 

 

Research Question 1 

The relationship between Total Factor Productivity and Gross National Product 

has been confirmed.  The relationship is significant, with an r2 value of 0.897642, 

indicating that we have a strong coefficient of determination.  The coefficient of 

determination, also known as r2, provides a measure of the proportional reduction in the 

error measure; or the proportion of error that is being reduced by knowledge of the 

independent variable (TFP).  In this case, 89% of the error is being reduced by 

knowledge of Total Factor Productivity 

 

Research Question 2 

The relationship between Total Factor Productivity and Research & Development 

has also been confirmed.  The relationship is significant, with an r2 value of 0.856412, 

indicating that we have a strong coefficient of determination.  While this relationship is 

not as strong as the relationship between Total Factor Productivity and Gross National 

Product, it is considered significant in its own right. 
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Research Question 3 

Research & Development expenditures have also been confirmed as possessing a 

significant relationship to Gross National Product.  The relationship is significant, with an 

r2 value of 0.979326, indicating that we have a strong coefficient of determination.  This 

value is much stronger that the previous relationships between TFP and GDP in Research 

Question 1 and between TFP and R&D in Research Question 2.  It would seem that the 

relationship of R&D to GDP is greater than the original model relationship of TFP to 

GDP.  This indicates a potential improvement in the model. 

 

Research Question 3a 

The relationship between Research & Development expenditures at the University 

level to Gross Domestic Product is confirmed.  The relationship is significant, with an r2 

value of 0.984345, indicating that we have a strong coefficient of determination.  The 

strength of the relationship exceeds that in Research Question 3, which essentially relates 

total R&D to GDP.  This would indicate a similar improvement in the model baseline 

plus an addition avenue for future research; with more that 98% of the error measure 

explained by the independent variable, one could infer that University Research & 

Development  expenditures are a key driver of Gross Domestic Product output. 
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Research Question 4 

The relationship explored in Research Question 4 introduces a multivariate test to 

the set of research subjects.  It evaluates the relationship between Total Factor 

Productivity and Gross Domestic Product while controlling for the additional variable in 

the model – Research & Development.  The relationship is significant, with an r2 value of 

0.986293, indicating that we have a strong coefficient of determination.  This result is 

interesting when contrasted against the result found in Research Question 2, where 

evaluation of the relationship between Total Factor Productivity and Gross Domestic 

Product is performed while not controlling for Research & Development.  The result, 

while not controlling for the spurious variable, is r2 value of 0.856412.  This is much less 

significant.  More on this difference in significance will be covered in the discussion of 

mediation, below. 

 

Mediation Conclusion 

Causal studies evaluate association, direction, and non-spuriousness.  Association, 

or covariance, is based on statistical association; where a change in the independent 

variable leads to a change in the dependent variable.  Direction is based on the logic of 

the relationship; the independent variable precedes the dependent variable.  Non-

spuriousness evaluates a model for influences of secondary independent variables.   

These non-spurious influences may take many forms, one of which is mediation 

(a key subject methodology of this study).  Note: other non-spurious influences may be 

categorized as moderators or suppressors – neither of which is subject of this study.  
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“Mediators explain how external physical events take on internal psychological 

significance.  Whereas moderator variables specify when certain effects will hold, 

mediators speak to how or why such effects occur.  A suppressor variable may be defined 

as those predictor variables which do not measure variance in the criterion measures, but 

which do measure some of the variance in the predictor measures which is not found in 

the criterion measure. They measure invalid variance in the predictor measures and serve 

to suppress this invalid variance.” (Baron & Kenny, 1986). 

In the test of mediation conducted in this study, the first three conditions of the 

Baron & Kenny method passed successfully.  In each case there was a significant 

relationship between the variables studied.   

 

 

Concerning Condition 4 where bivariate and multivariate tests are compared, the 

mediation test successfully passed (indicating the presence of a mediator).  This held true 

when both R&D and the alternate variable of University R&D were used.  The 

relationship between TFP and GDP when controlling for R&D (absolute value of the 

slope is 0.564788) is “weaker” that the relationship between TFP and GDP when there is 

no control variable (absolute value of the slope is 2.42911).  When University R&D 

(absolute value of the slope is 0.4339329) was used as an alternate control variable, the 

results indicated a slightly stronger variance.  Both results indicate the presence of a 

mediator.  As noted in the earlier discussion of mediation in the Methodology chapter, the 

lack of a mediator strengthens causality.  To be clear, it does not prove causality; but it 

Condition 4: Check that the relationship between A (TFP) and C (GDP) is weaker 
after controlling for B (R&D*) than it is when not controlling for B 
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strengthens the case for causality.  In this study, the finding of the presence of a mediator 

will add to the causality debate.  To summarize the findings: the relationship between 

Total Factor Productivity and Gross Domestic Product is mediated by both Research & 

Development expenditures (gross total) and University Research & Development 

expenditures (a subset of total Research & Development expenditures). 
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Summary Conclusions 

The findings of this study are exciting indeed.  All of the original Research 

Questions confirmed the model relationships.  Strength of the relationships varied.  The 

coefficient of determination (r2 values) ranged from 0.856412 to 0.986293, considered 

highly significant in measuring the proportion of error being reduced by knowledge of 

the independent variable. 

Most exciting is the finding is the presence of a mediator, in the relationship 

between Total Factor Productivity and Gross Domestic Product.  Both Research & 

Development and University Research & Development mediate the relationship.  More 

importantly, the mediated relationship provides a road map for future research 

possibilities. 

One critical limitation of interpretation of the study is indicated by the high r2 

values.  One interpretation is that the error has been substantially reduced by knowledge 

of the independent variable.  Another, albeit alternative interpretation is that the variables 

are confounded; thus the error measurement may not be conclusive.  In the absence of an 

accepted test mechanism, the results of this study must be interpreted cautiously. 
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Future Research 

 

The conclusions reached in this study point to a number of potential future 

research paths.  First, the model looked at three variables and tested for non-spuriousness.  

Based on the depth and breadth of studies cited in the literature review, it is possible that 

the model should contain additional variables.  Given that this study found the presence 

of a mediator in the R&D variable (and the University R&D variable), it may be possible 

to use logic to introduce additional variables.  Second, the results may indicate a revision 

of the original model, changing the focus variables to Research & Development 

expenditures (and the various sub-forms) and Gross Domestic Product.  Third, both R&D 

(total) and University R&D were studied.  The both the coefficient of determination and 

the absolute value of the slope showed a slightly more interesting value for University 

R&D.  This may indicate that University R&D should be the main focus.  Other 

components of R&D should also be studied – Federal, Industry, and Other (non-profit).  

These variables may help develop a more precise picture of the multivariable 

relationships.  The fourth potential area of future study would involve an analysis of firm 

and industry level data.  This study uses aggregate data at the nation level.  Firm and 

industry level data may offer better understanding of segmentation of results.  Logic 

supports firm/industry studies as many individual firms/industries are more significantly 

linked to expenditures of R&D than other firms/industries. 
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