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ABSTRACT

To maximize the benefit of research investments to the business firm, research and
development (R&D) related decisions (e.g., selection of research areas) should complement
the firm’s chosen basis for competing in the market. This has been stated by numerous
authors, including Ansoff (1984), who recognizes that the technology and competitive
strategies of a firm should be compatible.

Maidique and Patch (1988) identify six R&D-related decisions made by firms. These
decisions form a technology policy that should round out the firm’s competitive strategy. One
of the most important aspects of- technology policy is the selection of research areas in which
to invest. This dissertation focuses on this selection and examines the correlation between
economic performance and the amount of emphasis placed upon the two selection criteria
identified by Maidique and Patch (i.e., relatedness and opportunity).

To accomplish this task, (1) a decision-making exercise was given to individuals (Chief
Executive Officers and Vice Presidents of R&D) involved in the process of selecting research
areas for firms in the pharmaceutical preparation industry (SIC 2738), and (2) the decisions
of those managers were modelled. Based upon 53 responses received, this dissertation
documents the correlation between Maidique and Patch’s stated criteria for selecting research
areas, namely opportunity and relatedness, and three measures of business economic
performance, namely, return on investment, sales growth, and net income growth. The results
revealed only a small correlation ranging from 0.01 to 0.12. When multiple factors (i.e.,
degree of relatedness of a research area, degree of opportunity of a research area, whether
or not the decision maker possesses a Ph.D. degree, and the primary competitive basis utilized
by the firm) were regressed against the business economic performance indicators and

contrary to Maidique and Patch’s theory, the largest parameter estimate was associated with
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whether or not the person selecting the research areas for investment possessed a Ph.D.
degree. The second largest parameter estimate was associated with the primary basis for

competing utilized by the firm (i.e., low price or product differentiation).
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CHAPTER L INTRODUCTION AND PURPOSE

This dissertation has resulted from the following two general assessments.

1. Technology and business performance are poorly linked by existing strategy literature and
paradigms.
2. Technology can be a valuable competitive weapon if it complements the firm’s

competitive strategy.

Thus, this dissertation examines a topic that is of interest both to the practitioner and
the academician. The practitioner may obtain some insight into the pattern by which
decisions are being made, while the academician will be provided with an expansion of the
existing knowledge concerning the relationship:between technology and competitive strategy,
an expansion that leads to many additional research questions.

This introductory chapter is intended to provide a brief understanding of key concepts,
a summary of the motivation for the study (i.e., applicability), and a general purpose. To
achieve this, the introductory section is arranged into four distinct subheadings: "Strategic
Management Models and Technology,” "Three Elements of Technology," "Technology and
Increasing Competition,” and "Purpose.”" The following chapters comprise a more detailed
literature review (Chapter II), a discussion of the theoretical model (Chapter III), a discussion
of data sources and methodology (Chapter IV), the results of data analysis (Chapter V),

conclusions (Chapter VI) and implications for future research (Chapter VII).

Strategic Management Models and Technology
Schendel and Hofer’s (1979) strategic management process model is typical of

strategic management models in that it does not explicitly identify the points in the strategic
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management process at which one should consider technology. Rather, their model implies
that either technology should be considered in the environmental analysis (and, thus, impact
strategy formulation, evaluation, and implementation, but not goal formulation nor strategic
control) or technology should be considered as a static variable and not considered at all in
the strategic management process. Both approaches result in suboptimization and increased
risk due to utilization of incomplete data.

Like Schendel and Hofer’s model, Pearce and Robinson’s (1988) strategic
management model does not explicitly consider technology. Again, because technology is not
explicit in Pearce and Robinson’s model, any consideration of technology must be
accomplished as part of the environmental analysis. Viewing technology as depicted in the
Pearce and Robinson model, implies that technology should be considered when determining
the company profile (i.e., determining possible goals and objectives with respect to strategy
formulation), analyzing alternative strategies, and selecting the strategy to be implemented,
but not in the actual implementation nor the day-to-day control of the strategy.

Thus, these two strategic management process models reduce the role of technology
to that of a static parameter which impacts only some of the points in the strategic
management process. The lack of adequate consideration of technology by these models
incorrectly implies that technology is of minimal importance to the strategic management
process.

Some strategic management theorists have recognized the importance of technology.
For example, Andrews (1980) argues that technology-related decisions are of singular
importance and must be carefully evaluated. However, that model of strategic management
does not provide assistance in identifying, assessing the impact of, or making the important

technology-related decisions.
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Other strategic management theorists who recognize the importance of technology
include Maidique and Patch (1988), Porter (1985), and Ansoff (1984), all of whom recognize
the critical relationship between a firm’s technology policy and the chosen competitive basis
selected by the firm. Specifically, Maidique and Patch assert that a firm’s technology policy
should be merged with its competitive strategy. They maintain that the firm’s technology

policy is formed when decisions are made concerning the following:

¢ selection of technology areas in which to invest,
¢ level of competence desired and attainable,

¢ preferred sources of technology information,

¢ R&D investment level,

® competitive timing, and

¢ R&D organization and policy.

Maidique and Patch (1988) identify two key decision criteria to consider when
selecting technology areas for investment. The first criterion, internal technological fit, can
be assessed based upon the response to the following question: What technologies are
promising from the perspective of existing or anticipated products? Thus, internal
technological fit is an assessment of how relevant the technology area is to the organization’s
products. The second criterion, external market opportunity, can be assessed based upon the
response to the following question: What technologies have potential for improving product
performance or lowering product costs? Thus, external market opportunity is an assessment
of the potential of a technology area to improve the competitiveness of the organization’s

product(s).




Three Elements of Technology

Burgelman, Kosnik, and van den Poel state that technology "refers to the practical
knowledge, know-how, skills and artifacts that can be used to develop a new product/service
and/or new production/delivery system" (1988: p. 32). Thus, as stated in Industrial Engineering
(1990), a macroscopic view of technology reveals three distinct but interrelated elements:
acquiring the knowledge (research), searching for generic uses of the knowledge
(development), and applying the knowledge to the specific requirements of a business
(engineering).

Note that the National Science Foundation (NSF) definitions associated with research
and development are slightly different. The NSF definition of basic research (i.e., original
investigations for the advancement of scientific knowledge not having specific commercial
objectives) is approximately equivalent to the previously stated definition of research. If the
NSF definitions of applied research (i.e., investigations directed to the discovery of new
scientific knowledge having specific commercial objectives with respect to products or
processes) and development (i.e., technical activities of a nonroutine nature concerned with
translating research findings or other scientific knowledge into products or processes) are
combined, the result is approximately equivalent to the previously stated definition of
development. For simplicity, this research will use the names and definitions of the
technology elements as defined in Industrial Engineering, namely, research, development, and
engineering. Each of the next three paragraphs focuses on one of these elements and
expands upon the preceding definitions.

Research is the search for new scientific facts and is often the source of the
knowledge that predicates activities in the other elements of technology (i.e., development

and engineering). The new knowledge may be applicable to any of the areas of physical,
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biological, or social nature. Furthermore, research is the element of technology that involves
the largest degree of uncertainty because the end result (what is being sought) is least
defined. Thus, research is the technology element with the largest degree of investment risk.
In concluding our general discussion of research, Bylinski’s (1990) assessment should be
restated, namely, that research, although risky, often pays spectacular dividends.

Development uses knowledge of science for the primary purpose of solving generic
problems. In this process, development itself sometimes results in the discovery of new
knowledge, as would be expected of research. As an example of the difference between
research and development, the discovery of the electron may have resulted from "research,”
but the field of electronics was "developed” based upon application of the scientific properties
of electrons.

Engineering refers to the efforts associated with applying the solution derived in the
development process to the specific inputs and requirements of the business. Thus,
engineering is the application of knowledge to a specific business purpose in support of a
particular firm’s competitive strategy. Stated another way, engineering utilizes scientific
knowledge to translate knowledge into useful products and processes.

As stated previously, each element of technology has different purposes and
objectives. Horwitch and Sakakibara (1981) contrast the technology elements of research,
development, and engineering with respect to general objectives, desired organization
formality, and degree of risk. In conclusion, Table 1 summarizes their study on the elements

of technology.

Technology and Increasing Competition
A current trend that amplifies the importance of technology and the efficient use of

resources is the increase in the number of competitors in most markets. Global competition




Table 1. Key Differences in Technology Elements*

*Adapted from Horwitch and Sakakibara (1981).

Technology Element
Desired Level of
organization | uncertainty/
General objective Example formality risk
l; ————|
Research
Discovery of new Identify and correlate Low High
scientific important properties
knowledge of heat transfer
process that can be
used to optimize heat
sink capabilities of
evaporating thin films
Development
Focus scientific Apply properties of Moderate Moderate
knowledge to new | the heat transfer
methods of .process to optimize
strategy support aircraft wing durability
Engineering
Directly support a | Design wing and wing High Low
firm’s selected production facility for
competitive aircraft with increased
strategy via the wing durability
application of
scientific
knowledge
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is one factor resulting in an increase in the number of competitors, an increase that has many
strategic impacts upon a firm.

Corresponding with the increase in the number of competitors is a reduction in
resources to support research. Increased competition results in a decline in the availability
of discretionary funds via a reduction of profit margins; therefore, because research is an
uncertain and risky element of technology, discretionary technology funds are more likely to
be diverted to the less risky elements of development and engineering in an attempt to avoid
the large investment required by research endeavors. This avoidance of research results in
suboptimization as the firm forgoes risks associated with a potentially larger, long-term
advantage for the smaller, more certain, short-term benefits. It is transparent that a declining
investment in research increases the importance of focusing the reduced research resources

on technology areas that will positively impact performance in the market.

Purpose

The formal purpose of this research was to determine the effectiveness of the two
decision criteria proposed by Maidique and Patch (1988), namely internal technological fit and
external market opportunity, to be used in a firm’s selection of research areas. For the
strategic decision of selecting research areas, effectiveness was evaluated on the basis of three
business economic performance measures (i.c., sales growth, net income growth and return
on investment). Data for analysis were obtained from the pharmaceutical preparation
industry and, specifically, from the responses to a questionnaire provided by decision makers
involved in the research area selection process.

Multiple benefits resulted from this research as a result of an increased understanding
of the important variables to consider when firms select research areas in which to expend

their resources. For academicians, this research has led to many potential research areas
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involving the relationship between technology, strategy and economic performance (see
Chapter VII). In addition, this research, while not attempting to show causality, has provided
practitioners with a view of the correlation between the research area selection practices of

the pharmaceutical preparation industry and three key economic performance measures.



CHAPTER II. LITERATURE REVIEW

Many have recognized potential impacts of technology upon strategic management.
Theorists such as Drucker (1980), Porter (1985), and O’Connell and Zimmerman (1979)
discuss some of the specific interrelationships between strategy and technology. However,
most strategic management research on the impacts of technology is less than comprehensive
due to limiting assumptions or scopes. Some examples of the limitations placed on the scope
of strategic management research on technology (and some of the authors performing this

type of research) follow:

¢ technology’s role in inducing innovation (e.g., Kanter, 1983);

¢ manufacturing technology and the strategy formulation process (e.g., Hayes and
Wheelwright, 1984 Wheelwr;ght, 1985);

¢ technology’s vimpact on the degree of vertical integration (Balakrishnan and
Wernerfelt, 1986); and

¢ technology’s impact on existing managerial practices (Jelinek and Goldhar, 1983).

Instead of addressing technology in a macroscopic manner, all of these studies attempt
to look at the impact of technology on a specific aspect of strategy. Thus, any possible
interactions between technology and other areas of strategic importance are ignored. Because
technology is a multidimensional concept that varies with respect to the technology area, a
macroscopic perspective is necessary to determine its effects upon business performance.

While expounding upon his statement that "a critical link between strategy and
technology exists," Kantrow (1983) suggests that technology should not replace any existing
tool but that an attempt should be made to view technology in strategic terms. This is

perceived as the necessary first step in developing an eclectic view of the relationship between
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strategy and technology. As alluded to earlier, no single literature topic exists that provides
the necessary macroscopic view of the interactions between technology and strategic
management. Therefore, this research will view technology in strategic terms by reviewing
some of the germane literature. To accomplish this task, the literature reviewed is applicable

to the following general categories:

¢ technology,

¢ technology and strategy,

¢ technology policy,

¢ strategic decision making,

¢ key perceptions of the decision maker,

¢ assessing the effectiveness of technology, and

¢ organization culture and research.

While some specific literature may arguably be applicable to more than one of the
above subheadings, an attempt was made to place the literature in the most appropriate

section.

Technology

Technology is often incorrectly thought of in such limiting terms as "anything
mechanical” or "something new." Burgelman, Kosnik, and van den Poel state that technology
"refers to the practical knowledge, know-how, skills and artifacts that can be used to develop
a new product/service and/or new production/delivery system” (1988: p. 32). After accepting
this simple definition, technology can be segmented into its three elements: research,
development, and engineering. It can be inferred from the prior definition that technology

depends on knowledge. Thus, we can define "research” as searching for new scientific
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knowledge. The word "practical” in the preceding definition also implies that technology
involves the application of knowledge to a purpose. Thus, "development” is the utilization
of knowledge of science for a generic application. Lastly, the fact that the preceding
definition mentions "new product/service and/or new production/delivery system” implies that
technology can be used to serve a specific purpose. Thus, we can define "engineering” as the
implementation of technology into a specific business with a defined set of inputs and
requirements.

As stated, technology is multidimensional. Thus, technology can not only be viewed
in terms of its three components; it can also be assessed with respect to other factors of
strategic importance, such as turbulence and intensity. Ansoff defines technological
turbulence as "change-ability in an environment characterized by the degree of novelty of
challenges and the speed with which they develop" (1984: p. 486). Ansoff also states that
technological intensity is reflected in six areas: relative investment in R&D, competitive
positioning, product dynamics, technology dynamics, competitive dynamics, and overall
evaluation (1984: p. 110-111).

The turbulence and intensity of the key technology of an industry have many strategic
implications. Porter (1985) is clear in his assertion that a nonturbulent (i.e., stable)
environment favors first movers, because technological turbulence might provide followers
with a competitive weapon necessary to overcome the first-to-market advantage. Lieberman
and Montgomery (1988) identify the three primary advantages to being first mover as (1)
rapidly proceeding down the learning curve, (2) an ability to preempt rivals in the acquisition
of scarce resources, and (3) eliminating costs associated with switching products. All three
are impacted by the turbulence and intensity of the industry’s key technology. Lieberman and

Montgomery also identify the advantages of being a follower or late entrant as the ability to
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"free-ride" on first mover investments, resolution of technological and market uncertainty,
technological discontinuities that may provide new paths for entry, and avoiding certain types
of inertia that make it difficult for the incumbent to adapt to environmental change.

Based upon the works of Porter, sustainability is identified as a third dimension of
technology. Porter defines sustainability as the ability to maintain a technological advantage
because competitors cannot duplicate the technology and/or the firm develops as fast or faster
than competitors can catch up (1985: pp. 182-183). Thus, a firm should consider turbulence,
intensity, and sustainability when evaluating the potential impact technology may have upon
its competitive situation and when evaluating the relative emphasis to place upon research,
development, and engineering.

As stated in Chapter I, research involves more financial risk than development and
engineering. Therefore, when a firm is considering the level of investment to make in

research activities, typical considerations are

¢ whether the technology is turbulent,
e whether the market is technologically intense,
e whether the technology is appropriable, and

¢ the strategic importance of being first-to-market in the particular industry of interest.

Technology and Strategy

Fusfeld and Langlois (1982) state that almost every executive knows of business
successes in which technology has played a dominant role. Intel Corporation, Minnesota
Mining and Manufacturing (3M), Polaroid, and Hewlett-Packard are real-life successes at
turning profits from dreams of technology. However, despite the obvious role of technology

in superlatively successful enterprises, rarely are technology issues included in business




strategy reviews.

In discussing generic technological strategies, Porter (1985) concludes that a clear
linkage between technological strategy and an overall view of industry competition is lacking.
Technology is an important strategic consideration for many reasons, most of which can be
associated with competition in the market. Therefore, the purpose of this section of the
literature review (to show a link between technology and competition in the marketplace) will
be accomplished by discussing some of the critical technology-strategy links. Specifically, only

the following major links between technology and strategy will be discussed in detail:

technology can alter the structure of an industry (Willard and Cooper, 1985);

technology impacts competitive advantage (Porter, 1985); and

technology can represent either an external market opportunity or a threat

(O’Connell and Zimmerman, 1979).

Willard and Cooper (1985) assert that the power of an individual technology as a
competitive variable lies in its ability to alter the industry structure, not on the technology’s
specific scientific merit or its ability to serve market needs per se. If the industry structure
is alterable, then a firm’s assumptions during the strategy formulation process should
anticipate potential changes, especially any changes that could significantly impact the firm.
Thus, because technology can impact the industry structure, an assessment of the key
technology characteristics should be considered in the strategy formulation process.

While the relative importance of technology as a competitive strategy support tool
varies from industry to industry and potentially from firm to firm, technology provides nearly
all firms with opportunities for improvements in their relative competitive positions. Porter

(1980) concludes that this is possible by the ability of technology to alter the industry
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structure. Specifically, Porter concludes that technology can be used by any organization to
alter the relative strengths of the five market forces (competitors, threat of new entrants,
suppliers, customers, and substitute products) to match its internal strengths and to minimize
the vulnerability associated with its weaknesses. An example of a way the strength of each
of the five competitive forces can be altered by technology is shown in Table 2.

Porter (1985) further acknowledges that technological change ranks as one of the
principal drivers of competition in an industry and proposes that technology advancements
could alter the balance among the industry structure. He purports industry structure to be
defined by the relative strengths of the five competitive forces. Porter posits that each of the
forces possesses some relative strength within each industry. The term "relative strength” was
used to imply the degree of control each force has upon the industry competition. Thus, at
any given time the buyers, sellers, competitors, threat of new products, and threat of new
entrants have a certain relative amount of influence over the competition and, thus, on the
success of the strategies of all firms competing within that industry.

O’Connell and Zimmerman (1978) report that technology can represent either a
market opportunity or a market threat. They recognize that technology makes a significant
difference in market-place competition. For example, technology may provide an entrance
to a heretofore excluded market, or technology may lower the entry barriers to the current
industry, thus increasing the threat of new entrants.

Furthermore, although the basis for competing is determined to a large degree by
customers and competitors, technology has been stated to be a significant strategic factor
regardless of the firm’s chosen basis for competing (i.e., price leadership, differentiation, or
focus). Ansoff (1984) also asserts the importance of technology by recognizing the necessity

of developing and integrating a technology strategy with the business and competitive
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Table 2. Examples of Technology Altering Industry Structure *

Market force I Way in which technology can alter relative strength I

Buyers Technology can be used to alter buyer power by
varying the degree of product differentiation.

Competitors Technology can be used to provide a competitive
advantage via a unique capability.

Suppliers Technology can be used to increase (or decrease) a
firm’s dependence upon its suppliers by identifying
alternative raw materials to use.

Substitutes Technology may result in a totally new product that

fulfills the function of an existing product.

New entrants

Technology can be a source of raising (or lowering)
industry entry barriers by increasing the fixed costs of
competing in an industry (e.g., increasing
manufacturing equipment costs).

* Adapted from Porter (1985: pp. 173-175)




16
strategies of all firms. Thus, the importance of technology to competitive strategy is well

documented and is founded in the facts that it

. e can alter the industry structure of any competitive environment,
¢ can impact any firm in a competitive environment,
¢ can impact any competitive strategy, and
¢ is a competitive weapon that a business either chooses to use or is vulnerable to have

used against it (Porter, 1980).

Technology Policy

Maidique and Patch state that "technology is a vital force in the competitive
environment of the modern firm. This is especially so in technology-intensive industries such
as aerospace, computer, chemical, and drug industries” (1988: p. 236). Because technology
is a vital force in the industry structure, the match between technology policy and competitive
strategy is crucial.

- Maidique and Patch also state that a business defines its technology policy when it
makes choices between alternative new technologies, the criteria by which new technologies
are embodied into new products and processes, and the deployment of resources that will
allow successful implementation of the technologies. Specifically, Maidique and Patch (1988)
theorize that the first area a firm must address in forming its technology policy is the selection
of technology areas in which to invest (i.e., in which technologies should we invest?).

In an effort to make their work applicable to all components of technology, Maidique

and Patch list the following two key questions to be asked in the selection of research areas:

1. What technologies are promising from the perspective of the existing or anticipated

products?




2. What technologies provide potential for improved product performance o

product cost?

Maidique and Patch refer to the answer to the first question as the decision-maker’s
assessment of the "relatedness", or internal technological fit, associated with a research area.
Likewise, the answer to the second question is referred to as the "opportunity”, or external
market opportunity, of the research area.

These are consistent with other studies. For example, two of Pake’s (1981) criteria
for research investment are the estimated relevance to a firm’s projected areas of business
interest and the expected results for dollars invested, which Pake refers to as "ripeness” of the
technology area. Note that the first of Pake’s factors could be deemed equivalent to the
Maidique and Patch research area selection criterion termed internal technological fit, while
the second could be associated with the Maidique and Patch selection criterion termed

external market opportunity.

Strategic Decision Making

Schilit and Paine (1988) utilize the concept of strategic decision making as the process
by which decisions are made that impact the performance of the firm and its ability to achieve
goals and objectives. Strategic decision making may occur at any level of the organization,
although the significant premeditated choices are typically made by executives. Decision
criteria are the factors that influence the decision-making process.

While many variations may exist, the strategic decision-making process can be viewed
as involving three steps. The first step is identifying the question to be answered, or problem

formulation. The second step is to identify alternative solutions to the problem given
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resource constraints. Finally, the third step is to actually make a selection among the
alternatives.

In addition to viewing strategic decision making as a three step process, many other
significant observations of strategic decision making have been made. For example, strategic
decisions are those important decisions that match the organization’s capabilities against
threats and opportunities in order to enhance long-term success (Schilit and Paine, 1988).
Also, strategic decisions have a long time frame and an impact on organizational rather than
individual outcomes. Additionally, strategic investment decisions are investment decisions with
major long-term implications for the firm (Barwise, Marsh, Thomas, and Wensley, 1987). All
of these are germane to the selection of research areas for investment.

-Frederickson and Mitchell (1984) describe the strategic decision-making process as

either

¢ a highly rational and proactive synoptic model involving activities such as establishing
goals, monitoring the environment, assessing internal capabilities, searching for and
evaluating alternative actions, and developing an integrated plan to achieve the goals
or

¢ an incremental model that includes a group of incremental processes often offered
as alternatives or, more simply, as a more accurate characterization of how

organizations actually make strategic decisions.

However, Stahl (1989) considers strategic decision making as a synoptic model.
Consistent with Stahl’s work, it is important in this dissertation to distinguish between the
subjective weights of decision criteria and the relative weights of decision criteria. The

subjective weight is the decision maker’s a priori stated importance of a decision criterion.
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The relative weight is the actual weight placed upon each criterion and is determined via
modelling of the decision-makers’ responses to a decision-making exercise.

While Stahl’s approach is based upon the assumption of rational choices, it is
recognized that many authors such as Bower (1970), Allison (1971), Pettigrew (1973),
Mumford and Pettigrew (1975), March and Olsen (1976), and Quinn (1980) have started to
redirect research on decision making and change from its prevailing concern with rational
analytical schemes of intentional process and outcome to a variety of process modes. These
process theories are commonly expressed in the language of bounded rationality,
“incrementalism,” politics and power, and March and Olsen’s (1976) garbage can frame of
reference for considering problem solving.

Specifically, Bower (1970) develops the perspective of strategy evolving through the
various levels of the organization through processes characterized as chains of commitment
leading to eventual confirmation. Phase metaphors describing the life history of investment
proposals from definition to impetus are described in political terms. Top managers are seen
to determine the structural context through which capital proposals will pass and be filtered.
Dutton and Duncan (1987) state that strategic decisions flow out of activities taking place at
multiple levels of the organization. Mintzberg (1978) conceives of strategy as consistency
over time in a pattern of decisions. This approach allows him to distinguish between intended
and emergent strategy and to pinpoint strategies contributed after the fact or, as he puts it,
realized despite intentions.

Empirical process research has made a number of descriptive contributions to the
understanding of strategic decision making and change. Strategic processes are now accepted
as multilevel activities and not just the province of a few, or even a single, key manager.

Hardy and Pettigrew (1985) conclude that outcomes of decisions are not just a product of
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rational or even bounded rational debates but are also shaped in the political interests and
commitments of individuals and groups, the forces of bureaucratic momentum, gross changes
in the environment, and the manipulation of structural context around decisions.

Because resources are limited, every manager faces the dilemma of allocating research
dollars to the area most advantageous to the firm (Link and Tassey, 1987). Link and Tassey
further purport that while selection of research areas is of strategic importance, it generally
defiled any precise prescriptions. In other words, a simple, formulaic approach to decision
making is rarely, if ever, applicable.

Many synoptic management science models for selecting R&D projects have been
proposed (Cetron, Martino, and Roepcke, 1967; Souder, 1972; Baker, 1974; Souder, 1978).
These normative models for R&D project selection utilize approaches that are systematic in
nature. However, each of these synoptic models fails to consider the many important
qualitative factors. Rather, these models are poor adaptations of project selection models to
a more complex concept that relies less on objective data and more on perceptual data.

Many of the ideas and methods of the synoptic (i.e., management science) models are
appropriate when selecting research areas. However, these models apparently do not reflect
the decision-making process being used by managers (Cetron, Martino, and Roepcke, 1967;
Souder, 1972; Baker, 1974; Souder, 1978). Also, this dissertation topic differs from any of the
aforementioned models in that of primary importance is the selection of research areas, not
an individual project.

Decision making in today’s larger corporations is characterized by the fact that the
strategy rarely emerges as a single comprehensive decision made by the managing director or
even one department. Instead, the firm’s strategy is based upon a number of strategic

decisions, each of which has been made by several managers within their areas of
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responsibility (Hegarty and Hoffman, 1987). Thus, if research within an organization is
centralized, the selection of research areas may be largely influenced by, if not totally
determined by, one individual.

It has been recognized that some technology-related decisions are strategic decisions.
Miles and Snow (1978) identify three general types of strategic decisions that must be made
for a firm to adapt to its environment: (1) choices of products and markets; (2) selection of
technologies for supplying, producing, and distributing goods/services; and (3) administrative
choices of structure and management systems.

Strategic decisions have a long time frame and an impact on organizational
performance, rather than merely individual outcomes. Thus, selections of strategic technology
areas are strategic decisions in that R&D requires a great deal of time and expertise in
certain te;:hnology areas. Furthermore, selection of strategic technology areas has been
shown to be correlated strongly with economic performance (Schilit and Paine, 1988).

In an attempt to understand strategy formulation, Shrivastava (1987) states that
strategic decision making fefers to the set of activities performed by organization members
and their associates, from the time they identify and formulate strategic threats or
opportunities until the time they make a formal commitment of organizational resources for
dealing with opportunities or threats.

Thus, selection of research areas is a strategic decision because

e research requires an uncertain amount of time,

¢ research consumes organizational resources,

e expertise in certain technology areas is correlated strongly with economic
performance (Schilit and Paine, 1988), and

¢ industry structure is influenced by technology.
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Hence, an example of a strategic decision in an organization is the decision of where to apply

resources to ensure competence in technology areas.

Key Perceptions of the Decision Maker

Of course, strategic decisions are made by humans. Thus, the knowledge level and
perspective of the decision maker strongly influence the selection of research areas. Because
the degree of Doctor of Philosophy (Ph.D.) is generally associated with training in the art of
performing research, this section discusses some of the literature on the perspectives of
persons possessing the Ph.D. degree that might impact their selection of research areas in a
way not expected of persons not possessing the Ph.D. degree.

Eiduson (1962), in her study of research scientists, finds that researchers have
developed certain ways of thinking and perceiving that tend to be the principles they use
when confronted with unfamiliar and unstructured data. While the researchers typically did
not work in scientific situations or on scientific problems in the same nonstructured way, it
seems that the cognitive intuition researchers display in response to an ambiguous test is also
applied when looking at scientific problems. Further, the researchers are found to respond
to abstract data in a fairly consistent manner. Thus, the way a decision maker perceives
external market opportunity and internal technological fit of research areas is impacted by
whether the decision maker understands the basics of research.

Maslow (1966) establishes some early tenets on the motivations and personalities of
scientists performing research. Maslow states that researchers are interested in the search
for truth and that they deliberately, willingly, and consciously proceed in a systematic manner.
Maslow further discusses the affinity of researchers for dealing with and searching for abstract
knowledge as opposed to persons dealing with and attempting to apply experiential

knowledge. Thus, researchers are characterized as desiring to discover the as yet unknown;
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therefore, there is a basis for them to perceive risk and external market opportunity of

research areas in a consistent manner.
Mendelsohn, Roe, Saunders, Siepert, Kaplan, and Shepard (1963) express specifically

the idea that researchers possess the following traits:

a high degree of autonomy, self-sufficiency, and self-direction;

a liking for abstract thinking;

marked independence of judgement; and

a higher than average willingness to take calculated risks.

These factors are believed to influence the decision-maker’s perceptions of the external
market opportunity and internal technological fit of research areas. Thus, persons with a
corﬁparable understanding of research, such as a group of pe‘rsons possessing Ph.D. degrees,
may view the importance of external market opportunity and internal technological fit in a
reasonably consistent manner.

Pelz (1972) recognizes and states that researchers desire to be problem solvers not
decision makers. The researchers fécognize and understand that much more knowledge is
yet to be discovered, and they are motivated by their curiosity and the challenge. Thus, where
some decision makers may be wary of certain research areas for fear of the unknowns, a
trained researcher should welcome the challenge.

In conclusion, each of the aforementioned studies has found a high degree of
consistency among researchers with respect to their approach to decision making when

confronted with abstract data, their perceptions, their desire to find the as yet unknown, and

their higher than average willingness to take calculated risks.
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Assessing the Effectiveness of Technology
Goodman and Penning (1977) point out that certain key questions must be answered
before assessing any organization’s effectiveness. Specifically, one must answer the following

questions.

‘e What is effectiveness?
e What determines effectiveness?
¢ What time limits should there be for assessing effectiveness?

¢ Is organization survival an alternative to effectiveness?

Effectiveness measures are further confounded by the fact that Perrow (1973) defines
the existence of three particular types of effectiveness studies. Specifically, Perrow states that
effectiveness can be assessed via variable analysis (i.e., changes in variables toward ultimate
goal), gross malfunctioning- analysis (i.., assesses poor performers to identify causes of
failure), and/or revelatory analysis (i.e., who is getting what). Because this study seeks to
relate the degree to which key variables are considered in the selection of research areas to
some business economic performance measure, I will use a variable measure of effectiveness.

Effectiveness measures are valid in this study because the goal is to identify
organizations on a comparative basis (i.e., one organization is more effective than another,
or one organization is more successful at selecting research areas). Perrow (1973) identifies

four decisions that must be made associated with the comparative study of organizations:

¢ the selection of the time period for which effectiveness will be evaluated;
e the arbitrary identification of systems boundaries (difficult for selection of research

areas because many benefits may not be directly attributed to the research

performed);
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e the level of analysis (strategic business unit, corporate, etc.); and

e the identification and moderation of external variables (for this study, industry forces

and product development capabilities).

Venkatraman and Grant (1986) identify that a good effectiveness measure has
construct validity (measures what it is supposed to) and incorporates both operating and
financial performance. Further, Ramanujam and Venkatraman (1987) state that one of the
three basic dimensions of organization effectiveness is relative economic performance. Thus,
organization effectiveness can be measured by economic performance. Thus, economic
performance is a logical measure of research area selection effectiveness.

Venkatraman and Ramanujam (1987) address the measurement of business economic
performahce from a new perspective when they determine that perceptual data obtained from
busiﬁe;s :ma»négers‘ a‘re-stronglyl éorrelatea with objective economic performance measures.
In the study, managers ére asked to rank their organization on three business economic
performanéé dimensions (i.e., s‘ales growth, net incomé growth, and return on investment)
with respect to their major competitoré. Utilizing confirmatory factor analysis, it is shown that
the objectivé measures of the same business economic performance dimensions and the
percepfﬁal measures of the managers are strongly correlated. Thus, the strong degree of
convergence among the measurement methods proved that, contrary to previous research

conclusions, objective measures are not preferable to perceptual evaluations.

Organization Culture and Research
Deal and Kennedy (1982) treat corporate culture as a cohesion of values, myths,
heroes, and symbols that have come to mean a great deal to people who work there. Thus,

organization culture and strategic management are intertwined by their multiple impacts upon
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each other. For example, organization culture impacts power, risk taking propensity,
acceptance of change, and organization structures. Each of these impacts acceptance and
implementation of technology within the organization. Thus, research in the field of strategic
management should not be performed without considering the pertinent organization culture
topics.

When selecting research areas, organization culture will impact the decision-maker’s
propensity to take risks. Thus, it is believed that the organization culture will impact the
degree to which a decision maker is willing to pursue a less related research area if the
external market opportunity is large. However, while this may be an interesting future
research area, the proposed research is attempting to build the foundation upon which
research of that type can be based, namely, confirming that selection of research areas is
correlated with business economic performance.

One of the lessons learned from past studies linking strategy formulation, strategy
selection, and strategy implementation is that this is a political process with its foundation in
power (Pfeffer and Salancik, 1974). In other words, selection of a strategy and supporting
policies is a political process fostered by the uncertain impact of the strategy alternatives
being evaluated. Thus, power of the decision maker may play a role in selection of research
areas.

Pfeffer (1981) states that power is the basis upon which organizational choices are
made. Pfeffer proposes a model that describes how power is used in decision making and
various sources of power, one of which is control of resources. Because the allocation of
research resources is a business decision, one source of power in organizations is the ability
to control the allocation of resources. Thus, the individual who heavily influences the

selection of research areas and, therefore, the allocation of resources is in a position of
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power. In a related study of power and decision making, Pearce and Robinson (1987) discuss
evidence that suggests that Chief Executive Officers (CEOs) provide the primary direction
for strategic decision making through the dominance of their firm’s social systems.

Pfeffer’s (1981) work on power in organizations also discusses assessing personal
power in organizations and conditions for the use of power, both relevant to the selection of
research areas by a firm. Pfeffer concludes that personal power can be assessed through
determinants, consequences, reputations, and representations. In discussing conditions for
the use of power, Pfeffer states that a necessary precondition is a conflict. Pfeffer further
asserts that power is a function of interdependence, scarcity, and disagreements over actions
and consequences. These all are potentially applicable to selecting research areas for
investment.

" ‘Advancements of technology via research- typically necessitate change. Pettigrew
(1975, 1980), Quinn (1980, 1982)," and Kanter (1983) emphasize the role of power and
political processes in managerial strategies for creating change. Kanter describes power skills,
team skills, and change architect skills as necessary for holding change ideas together. Power
skills are used by leaders to persuade others to invest support and legitimacy in new
initiatives. Team skills are necessary to increase the sharing of information, to resolve
inevitable differences, and to generate enthusiasm for a particular change alternative. Change
architect skills are required to design and construct microchanges that are eventually
connected to macrochanges or strategic orientations.

Hence, another aspect of the organization culture that relates to selection of research
areas is the degree to which change is adopted and embraced. Kanter (1985) states that while

the entrepreneurial management necessary to adopt change and the administrative

management necessary to support sustaining operations may conflict, they are both necessary.
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Kanter further asserts that technology has characteristics that require special management
capabilities to deal with uncertainty, knowledge intensity, competition among alternative
courses of action, and boundary crossing. To deal with these requirements, Kanter (1985)
states that firms should stress visionary leadership, patient money, planning flexibility, team
continuity/stability, and interfunctional cooperation.

Link and Tassey (1987) identify several additional organization issues related to
research. Specifically, their study evaluates the research success of two categories of firms
defined by Burns and Stalker (1961): organic and mechanistic. Organic structure firms possess
more open decision-making channels and improved information flows. Conversely, firms
structured mechanistically require a chain of authority for implementation that helps to ensure
a one-way flow of information and effort. Specifically, Link and Tassey determine that firms
with an organic structure are much more successful when pursuing what they term as

"fundamental R&D" than are firms classified as mechanistic.




29
CHAPTER II. RESEARCH MODEL

This chapter develops a model that depicts the relationships between the elements
of technology, the culture and strategy of the organization, the external environment, the
perspective of the decision makers, and the economic performance of the firm. It then

identifies the objectives of this research as well as hypotheses to be tested.

Model

From the previously discussed literature on technology, the relationships between the
three elements of technology can be depicted as shown in Figure 1. Note the serial
relationship between the three elements, with the output of each element serving as input to
a successive one. (Note that the block_’labellyed "Selection of Research Areas" represents all
activities from the selection of research areas' for iﬁvestment through actually performing the
research.)

The answer to Maidique and Patql_l’s first question germane to the selection of
research areas (i.e., what technologies'are promising from the perspective of the existing or
anticipated new product line?) is termed "internal technological fit." Figure 2 depicts the role
of this criterion as a filter. In this perceptual filter, decision makers attempt to evaluate the
match between research areas and their perception of the organization’s strategy and culture.
In addition to assisting in the determination of the internal technological fit of research areas,
the model shows that the organization’s strategy and culture also influence the development
of research results, the engineering of the technology to the specific requirements of the firm,
and the acceptance of the technology during implementation. For example, strategy and
organization culture might impact both the manner in which an organization perceives risk

(e.g., a requirement for a higher degree of internal technological fit of research areas might
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be expected of firms with a low propensity for risk) and the environment in which the results
of research are developed, engineered, and implemented (e.g., organization culture might
cause a reluctance to adopt new technologies).

Similarly, the answer to Maidique and Patch’s second question (what technologies
provide potential for improved product performance or lower product costs?) is termed
"external market opportunity.” The external market opportunity factor is represented in the
model (see Figure 2) as a perceptual filter that attempts to evaluate the match between
opportunities in the external environment and research areas. Considered as part of the
external environment are conditions such as the general economic climate outside of the firm
and the amount of investment capital available. Because the ability to effectively control
these variables in real situations is limited, this study will moderate the impact of variations
in this factor by sampling within a single industry and over a constant, finite time period.

It should be stated here that it is not the actual internal technological fit or external
market opportunity of the research area which influences the decision-maker’s preference for
a research area but, rather, the decision-maker’s perception of the degree of external market
opportunity and internal technological fit. Thus, decision makers with a basis for perceiving
things in a consistent manner, such as those decision makers possessing Ph.D. degrees, should
perceive external market opportunity and internal technological fit in a similar manner.

Figure 3 shows the proposed model for relating the selection of research areas to
economic performance after incorporating the ideas reviewed in the section "Assessing the
Effectiveness of Technology." Thus, the éffectiveness of a firm’s ability to select research
areas can and will be evaluated with respect to a measure of business economic performance.

(Note that the effects of industry forces will be moderated by sampling within one industry.)
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Objectives

The first objective of this research was to verify that the two research area selection
decision criteria were not weighted equally by decision makers and that decision makers
themselves do not fully realize the basis by which they select research areas. The two
decision criteria studied were those identified by Maidique and Patch (1988), namely external
market opportunity and internal technological fit. Associated with each of these two factors
are two values. The first value is the decision-makers’ stated importance of the factor. This
value is obtained by asking the decision maker to state the importance of the factor to the
research area selection process. The second value is the actual importance of the factor as
determined by regressing the attractiveness each decision maker assigned to the various
research areas against the levels of external market opportunity and internal technological fit

possessed by the areas. Specifically, the first group of subobjectives is as follows.

Objective 1a: Verify that, when selecting research areas, the decision-maker’s stated
importance of the external market opportunity factor differs from the
decision-maker’s stated importance of the internal technological fit
factor.

Objective 1b: Verify that, when selecting research areas, the actual importance
decision makers place upon the external market opportunity factor
differs from the actual importance decision makers place upon the
internal technological fit factor.

Objective 1c: Verify that, when selecting research areas, the decision-maker’s stated
importance of the external market opportunity factor differs from the
actual importance decision makers place upon the external market

opportunity factor.
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Objective 1d: Verify that, when selecting research areas, the decision-maker’s stated
importance of the internal technological fit factor differs from the
actual importance decision makers place upon the internal

technological fit factor.

The second objective was to determine if the importance placed upon the internal
technological fit and external market opportunity factors when selecting research areas was
equivalent for decision makers grouped by their perception of their business’s basis for
competing. For example, the importance placed upon internal technological fit may be higher
for decision makers who perceive that their firm is competing on the basis of price as they

seck opportunities for efficient operations. The second group of subobjectives follows.

Objective 2a: Determine if either the stated or actual importance of the external
market opportunity factor varies significantly with the decision-
maker’s pefception of the firm’s basis for competing (i.e., price versus
product differences).

Objective 2b: Determine if either the stated or actual importance of the internal
technological fit factor varies significantly with the decision-maker’s

perception of the firm’s basis for competing (i.e., price versus product

differences).

The third objective was to determine if the relative weights placed upon the internal
technological fit and external market opportunity factors when selecting a research area were
correlated with the educational background of the decision maker. The literature reviewed

indicates that persons possessing a Ph.D. degree approach decision making in a fairly
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consistent manner. Furthermore, a person with a Ph.D. degree is considered to be

knowledgeable of the principles of research. The third group of subobjectives follows.

Objective 3a: Determine if the actual importance of the external market
opportunity factor varies significantly between decision makers
possessing Ph.D. degrees and those not possessing Ph.D. degrees.

Objective 3b: Determine if the actual importance of the internal technological fit
factor varies significantly between decision makers possessing Ph.D.

degrees and those not possessing Ph.D. degrees.

The fourth objective was to examine the relationship between the relative weights of

the two decision criteria and the economic performance of the business.

Objective 4: Determine the relationship that exists between business economic
performance and the importance of each research area selection

factor (i.e., external market opportunity and internal technological fit).

The fifth and final objective was to examine the difference in relative and subjective
weight for each of the two factors (a difference to be referred to as insight into the basis for
decisions) and its relationship to business economic performance. (Note that smaller values
are associated with better insight.) To meet this objective, the arithmetic difference between
the decision-maker’s subjective weight of each factor and his/her relative weight of each factor

will be correlated with the business economic performance indicators.

Objective 5: Analyze the relationship between the business economic performance

and the decision-maker’s insight into the importance of the two

research area selection factors.
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Hypotheses
In this section, observations and general hypotheses are stated. Following each
general hypothesis are associated alternative hypotheses. However, tested in all cases were
the corresponding null hypotheses. Note that individual alternative hypotheses are each
uniquely numbered following the prefix "HA". The null hypotheses which were tested are
listed in Chapter V and are each uniquely numbered following the prefix "HO". (Additional

discussion of the hypotheses may be found in Chapter V.)

Observation: Many corporate-level strategic decisions have been modelled in past studies.
For example, studies have been performed on acquisition decisions (Stahl and Zimmerer,
1984) and joint venture decisions (Porterfield, 1986). In these studies significant differences
were discovered between the subjective and relative weights of the decision criteria.

These studies, which were all ciocéumented by Stahl (1989), have shown that strategic
decision makers are sometimes unaware of the importance they give to key variables when
making decisions. Specifically, if has been shown that a significant difference may exist
between the actual imporfance (i.e., relative weight) placed on the two factors, the mean
stated importance (i.e., subjective weight) of the two factors, and, the mean stated and mean
actual importance of each factor.

Maidique and Patch (1988) theorize that the selection of research areas for
investment should be based upon two decision criteria, namely internal technological fit and
external market opportunity. Maidique and Patch, who refer to the two decision criteria
simply as relatedness and opportunity, state that the relatedness criteria is a measure of how
applicable a reseafch area is to existing or anticipated products, while the opportunity criteria

is a measure of the potential of the research area to have a positive impact in the market.
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Similar to these previous decision-modelling studies, it is believed that decision makers

selecting research areas are often unaware of the importance they are placing upon the

external market opportunity and internal technological fit decision criteria. Thus, it is

hypothesized that a difference will be found (1) between the factors at the mean stated levels

of importance, (2) between the factors at the mean actual levels of importance, and (3)

between the stated and actual importance of each factor.

General hypothesis: The subjective and relative weights placed upon the research area

selection criteria are different.

HAT1:

HA4:

When selecting research areas, the mean subjective weight that decision
makers place on the external market opportunity factor differs significantly
from the mean subjective weight that decision makers place on the internal
technological fit factor.

When selecting research areas, the mean relative weight that decision makers
place on the external market opportunity factor differs significantly from the
mean relative weight that decision makers place on the internal technological
fit factor.

When selecting research areas, the mean subjective weight that decision
makers place on the external market opportunity factor differs significantly
from the mean relative weight that decision makers place on the external
market opportunity factor.

When selecting research areas, the mean subjective weight that decision

makers place on the internal technological fit factor differs significantly from
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the mean relative weight that decision makers place on the internal

technological fit factor.

Observation: Porter (1985) has identified two primary bases for competing in a competitive
market, namely either offering a lower price or offering a favorably differentiated product.
Porter also asserted that firms should select one of these bases for competing and that all of
the strategic decisions made by the firm should complement the selected basis for competing.
Furthermore, Dess and Davis (1984) have shown that firms can be effectively grouped into
firms which emphasize low price as their primary competitive basis and those which emphasize
product differences as their primary competitive basis.

Thus, it is expected that, based upon Porter’s assertion that decisions should
complement the firm’s primary basis for competing, decision makers whose firms are classified
as emphasizing lo§v price as a compet.iti:v‘e decis;oh will place a different level of importance
upon the research aréa selection factors than will decision makers whose firms are classified
as emphasizing product differentiation as the primary competitive basis.

This belief is supborted by much of ‘the literature reviewed in Chapter II, especially
Ansoff (1984) and Porter (1985), which state that all strategic decisions should be consistent
with each other and that decision makers who perceive their firm is competing on the basis
of low price should desire to invest in research areas that are promising from a cost reduction,
or efficiency, standpoint. Correspondingly, decision makers who perceive that their firm is
competing on the basis of product differences will desire to invest in research areas that
present an external market opportunity.

Maidique and Patch (1988) have stated that the two factors of importance when
selecting research areas for investment‘ are relatedness (i.e., internal technological fit) and

opportunity (i.e., external market opportunity). The internal technological fit of a research
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area is a measure of its applicability to existing products or anticipated products. Hence, it

is expected that firms which emphasize low price as their primary basis for competing will

both, state (i.e., subjective weight) and place (i.e., relative weight), more importance upon the

research area selection factor of internal technological fit because they desire to increase the

efficient use of the resources they possess.

General hypothesis: Firms which compete on the basis of low price desire efficiency and,

therefore, place more emphasis upon the internal technological fit factor. Consequently, firms

which compete on the basis of product differentiation place more emphasis on external

market opportunity than do decision makers whose firms compete on the basis of low price.

HAS:

When selecting research areas, the mean subjective weight placed upon the

external market opportunity factor by decision makers whose firms are

- competing on the basis of price is less than the mean subjective weight placed

upon the external market opportunity factor by decision makers who perceive
that their firm is competing on the basis of product differentiation.

When selecting research areas, the mean relative weight placed upon the
external market opportunity factor by decision makers who perceive that their
firm is competing on the basis of price is less than the mean relative weight
placed upon the external market opportunity factor by decision makers who
perceive that their firm is competing on the basis of product differentiation.
When selecting research areas, the mean subjective weight placed upon the
internal technological fit factor by decision makers who perceive that their
firm is competing on the basis of price is greater than the mean subjective

weight placed upon the internal technological fit factor by decision makers
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who perceive that their firm is competing on the basis of product
differentiation.

HAS8: When selecting research areas, the mean relative weight placed upon the
internal technological fit factor by decision makers who perceive that their
firm is competing on the basis of price is greater than the mean relative
weight placed upon the internal technological fit factor by decision makers
who perceive that their firm is competing on the basis of product

differentiation.

Observation: Maslow (1965) recognized that scientists often possess similar characteristics
with respect to motivation and personality. Other researchers, such as Mendelsohn, Roe,
Saunders, Siepert, Kaplan and Shepard (1963) have studied the different manner in which
scientists approach research. In yet another study, decision makers possessing Ph.D. degrees,
based upon their knowledgé of research, were shown to have a different perception of
research risk (Eiduson, 1962). |

In addition, Maidique a;ld Patch ‘(1988) theorize that the selection of research areas
for investment should be based upon two decision criteria, namely internal technological fit
and external market opportunity. Maidique and Patch, who refer to the two decision criteria
simply as relatedness and opportunity, state that the relatedness criteria is a measure of how
applicable a research area is to existing or anticipated products, While the opportunity criteria
is a measure of the potential of the research area to have a positive impact in the market.
Hence, internal technological fit may be thought of as the degree of closeness of a research
area to the expertise the firm currently possesses. Thus, a research area with a high degree
of internal technological fit is hypothesized to be perceived by the decision maker who

possesses a Ph.D. degree as less risky.
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Therefore, it is believed that, due to a combination of their understanding of the
research process, their comfort in performing research related to their area of expertise and
a generally different perception of research risk, decision makers with Ph.D. degrees will
actually place different importance on the internal technological fit criterion than will decision

makers who do not possess Ph.D. degrees.

General hypothesis: Decision makers who possess a Ph.D. degree actually place less
importance upon the external market opportunity and more importance upon the internal
technological fit criteria than do decision makers who do not possess a Ph.D. degree. This
is due to the facts that persons possessing Ph.D. degrees have a different perception of
research risk, and persons possessing Ph.D. degrees possess an interest in a specific stream

of research.

HA9:  The mean relative weight placed upon the external market opportunity factor
by decision makers with a Ph.D. degree is less than the mean relative weight
placed upon -the external market opportunity factor by decision makers
without a Ph.D. degree.

HAI10: The mean relative weight placed upon the internal technological fit factor by
decision makers with a Ph.D. degree is greater than the mean relative weight

placed upon the internal technological fit factor by decision makers without

a Ph.D. degree.

Observation: Technology has been reported to be associated with the economic success of
many firms (Fusfeld and Langlois, 1982). This may occur because, as asserted by Porter

(1985), technology can alter the competitive advantage enjoyed by members of an industry.
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Furthermore, Willard and Cooper (1985) have stated that technology can actually alter the
balance of power of the competitive forces within an industry.

Maidique and Patch (1988) theorize that the selection of research areas for
investment should be based upon two decision criteria, namely internal technological fit and
external market opportunity. It is hypothesized that the economic performance indicators
may vary in accordance with the weight placed upon the research area selection factors.
Thus, the data should reflect a correlation between business economic performance indicators
(i.e., sales growth, return on investment and net income growth) and the importance placed
upon the criteria in the research area selection process.

Even more specifically, firms which place a large amount of importance upon the
internal technological fit factor are believed to be interested in efficiently utilizing their
resources;. Thus, ‘it is logical that the importence blaced- uéen iﬁternal technological fit, which
may be associated with ba reduction in investment capital required, should be positively

correlated with the firm’s return on investment.

General hypothesis: The actual weights placed upon the selection criteria are correlated with

the economic performance of the firm.

HA11l: The bueiness economic performance indicators are not correlated with the
subjective weight that decision makers place on the external market
opportunity factor.

HA12: The business economic performance indicators are not correlated with the
subjective weight that decision makers place on the internal technological fit

factor.
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HA13: The business economic performance indicators are not correlated with the
relative weight that decision makers place on the external market opportunity
factor.

HA14: The business economic performance indicators are not correlated with the
relative weight that decision makers place on the internal technological fit

factor.

Observation: Slovic and Lichtenstein (1971) used a measure termed "insight" to evaluate the
degree to which decision-makers understand the importance of factors to a decision process.
Slovic and Lichtenstein concluded that persons who understand the importance to attribute
to the decision criteria are able to make better decisions than other decision makers. This
is consistent with the later conclusions of Schilit and Paine (1988). Furthermore, many of the
studies documented by Stahl (1989) concern the insight of decision-makers and its impact
upon the effectiveness of the decision process.

Decision makers who do not have insight are believed to select research areas for
investment based more upon instinct and "gut feelings" than upon decision criteria. Hence,
it is believed that decision makers who understand the basis upon which they select research
areas for investment actually have a more positive impact upon their firm’s performance than

do decision-makers who do not.

General hypothesis: Smaller differences in subjective and relative weights of factors are typical

of firms with insight and are, therefore, correlated with higher performing firms.

HAI15: The insight of decision makers into the importance of the external market

opportunity factor is positively correlated with the business economic

performance indicators.
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HA16: The insight of decision makers into the importance of the internal
technological fit factor is positively correlated with the business economic

performance indicators.



CHAPTER IV. METHODOLOGY

Chapter III includes a process model of technology implementation which begins with
the selection of research areas for investment and which concludes with the performance of
the firm being altered. The model hypothesizes that after a research area is selected, the
research will be performed and new knowledge will be discovered that feeds the subsequent
components of technology. The model further depicts that implementation of the technology
occurs after engineering the technology to the specific requirements of the firm. Finally, the
model hypothesizes that the economic performance of the firm is altered. Note that the
necessary initiating event of the entire technology implementation process is the selection of
research areas, the focus of this study.

- This chapter is divided into sections that discuss the variables and measures, research
design, sources of data, target:industry, and planned methods of analysis. The instrument

used to collect the data analyzed is included as Appendix A.

Variables and Measures
To accomplish the previously stated objectives and to test the stated hypotheses, the

following terms were defined and measured as follows.

business economic performance - Venkatraman and Ramanujam (1987) utilize three
perceptual measures of a ﬁrm’s ability to compete as measures of business economic
performance: sales growth, return on investment, and net income growth. Similarly, the
business economic performance in the present study was measured via a perceptual ranking
by the decision makers of the position of their business relative to its major competitors.
As in Venkatraman and Ramanujam’s research, a five-point interval scale ranging from -2

(much worse than competitors) to +2 (much better than competitors), with the neutral
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point of 0 (approximately the same as competitors), was employed.

external market opportunity - One of the independent variables in this research, external
market opportunity, was defined by Maidique and Patch (1988) as the degree to which a
research area appears to have potential to improve product performance or lower product
costs. The external market opportunity variable was experimentally manipulated as an
independent variable and assigned the comparative value of either high, medium, or low.

(This variable is often referred to simply as "opportunity.”)

internal technological fit - The second independent variable in this research, internal
technological fit, was defined by Maidique and Patch (1988) as the degree to which a
research area appears promising from the perspective of existing or anticipated products.
The internal technological fit variable was experimentally manipulated as an independent
variable and assigned the comparative value of either high, medium, or low. (This variable

is sometimes referred to simply as "relatedness.")

competitive basis - Porter (i985) identifies two primary bases for competing: price and product
differentiation. As in the work by Davis and Dess (1984), factor analysis was used to place
the firms of all decision-makers into one of these strategic groups of firms based upon the
decision-maker’s assessment of the importance of 21 strategic variables to their firm’s
performance. The decision-makers used a scale which ranged from 1 (not important at all)
to 5 (extremely important) to evaluate each variable. As in the work by Dess and Davis,
firms were grouped based upon the consistency between the decision-maker’s stated
importance of each of the variables to their firm and the academicians assessment of the

importance of each variable to each of the bases for competing.
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Ph.D. degree - This classifying variable was used as a binary variable by which the data was
categorized on the basis of the decision-makers’ educational background (i.e., holders of
Ph.D. degrees and nonholders of Ph.D. degrees). All decision makers were asked to list

the degrees they possess.

research area attractiveness - The degree to which a research area is supported as an area in
which to invest funds for research. This dependent variable was measured as in the studies
by Stahl (1989) and was collected via the responses to a 10-point interval scale ranging
from O (strongly recommend not funding) to 10 (strongly recommend funding), with 5 as

the point representing no strong feelings toward funding or not funding.

insight - As defined and measured by Slovic and Lichtenstein (1971), insight is the absolute
value of the mathematical difference between the stated importance of a decision criterion
and the actual importance the decision maker places on the decision criterion. The stated
importance of the decision criteria was obtained from the decision-maker’s assessment of

|
the importance of one criterion to the other. The actual importance of both decision
criteria was determined by modelling the decision-makers’ responses to the data collection

instrument.

Research Design

Because the data were collected on two factors with three possible levels each, the
resulting research design is 3 x 3. Thus, the data were collected per the 3 x 3 matrix shown
in Table 3. Note that the two factors were assigned comparative levels as in the work by
Stahl (1988). Thus, each case represents a unique combination of the internal technological

fit factor and the external market opportunity factor.
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Table 3. Internal Technological Fit versus External Market Opportunity

External Market
Opportunity Level

Low | Medium | High

Internal Technological Low Case 9 | Case 6 Case 3
Fit Level Medium || Case 8 | Case § Case 2
High Case 7 | Case 4 Case 1

As in Dess and Davis (1984), firms which utilize a strategy based upon cost leadership
emphasize a certain group of strategic variables while those emphasizing product differences
emphasize another. Thus, the groupivng' of ‘the da-ta wifh réspect to firms which utilize price
or product differences was determined via a strategic grouping of the decision-makers’
responses to the importancéof 21 stratégic variables to their firms performance.

Whethér or not a decision maker possessed‘a Ph.D. degree was determined via an

introductory question (i.e., decision makers possessing the Ph.D. degree were self-identified).

Pilot Test of Questionnaire

Two areas of concern were addressed by performing a pilot test of the data collection
instrument (i.e., questionnaire). The first area of concern involved the obtrusiveness of the
data collection instrument. Verification of the time required to complete the questionnaire
was accomplished through a pilot test of the instrument utilizing managers at the Oak Ridge
National Laboratory (ORNL). Of the 20 ORNL managers asked to participate, responses

were received from 14. The mean time required to complete the questionnaire was 12.1
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minutes, and no manager required more than 27 minutes. Thus, the pilot test alleviated the
concern with the time required to complete the questionnaire.

The second area of concern regarding the data collection instrument, involved the
ability of the decision makers to consistently base their decisions upon the two factors. This
second area of concern was also addressed by analyzing the within rater consistency of the
ORNL decision makers. This area of concern was alleviated by a minimum within rater R?

of 0.72 and a maximum within rater R? of 0.96 for decision makers in the pilot test.

Sources of Data
Data to be analyzed were obtained from managers involved in the selection of

research areas. (Appendix A contains the instrument that was used to collect the data for

_analysis while Appendix B identifies the distribution to which the questionnaire was sent.)

Part I of the questionnaire contains the decision-maker’s stated importance of the two factors
to the research area selection process, the decision-maker’s assessment of their firm’s
economic performance, the decision-maker’s assessment of the importance of 21 variables to
the success of their organization, and, the decision-maker’s assessment of the attractiveness
of nine research areas possessing varying levels of external market opportunity and internal
technological fit.

Part II of the instrument requested information which was believed might be useful
in explaining part of the variance in the data. However, the only data from Part II of the
instrument which was used in the testing of hypotheses was whether or not the decision

maker possessed a Ph.D. degree .
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Target Industry

As previously stated, this dissertation analyzes data from a single industry in an

attempt to minimize noise caused by the market forces. Specifically, the data for this

dissertation were obtained from decision makers in the pharmaceutical preparation industry.

Some key characteristics of the pharmaceutical preparation industry that enhance its appeal

for use in this study follow.

1.

Research within the pharmaceutical preparation industry is common.
Furthermore, and as stated in the Value Line Investment Survey (1991),
performance in this industry is known to be related to successes in research.

Prospects for continued investment in research are excellent.

Research is currently being performed in multiple areas (e.g., microbiology,

chemotherapy, cancer, Acquired Immune Deficiency Syndrome). Therefore,

decision makers are typically faced with decisions related to selecting research

areas for investment.

Products within the industry may successfully compete on the basis of either
price (e.g., generic label drugs) or product differences (e.g., faster pain relief).
This should increase the probability of obtaining the required distribution of
responses to test the hypotheses dealing with the decision-maker’s perception
of their firm’s chosen competitive basis.

Many companies within the industry are organized in a manner consistent with
strategic business unit identity (e.g., prescription drugs, over-the-counter drugs,

generic drugs). This will permit acquiring multiple responses per business.
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S. Based upon the distribution of persons being requested to participate (see
Appendix B), a good distribution of decision makers possessing Ph.D. degrees

to those not possessing Ph.D. degrees was anticipated.

Executives from firms which listed standard industrial classification code 2834 (i.e.,
pharmaceutical preparation) as their primary business and which have a net worth of more

than $500,000 were asked to participate. These firms are identified in Appendix B.

Sampling Procedure

238 questionnaires were mailed to key decision makers (e.g., CEOs, VPs of R&D,
etc.) in the pharmaceutical preparation industry. Responses, which were requested to be
returned within 1-month of receipt, were received from 92. Actions taken to ensure receiving
an acceptable response rate (pre-defined as greater than 20%) included the following: (1) a
follow-up phone call was made to each addressee, (2) addressees were allowed to return their
completed questionnaire by FAX (thus enhancing the: convenience of responding), (3) a
token gift was included- in the mailing of the questionnaire, (4) the study was applicable to
the decision-makers’ responsibilities, and (5) a promise was made to provide each participant
with a summary page of the results. Of the 92 responses received, 39 declined to participate.
The most common reason cited for declining was that participation in surveys violates

company policy.

Methods of Analysis

The intent of this research was not to deduce some formula by which selection of
research areas is reduced to a mere calculation. Rather, it was to relate the research area
selection patterns of business with the impact of those decisions. To accomplish this, the

decision makers completed a decision-making exercise wherein they (1) stated their
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perception of the importance of the two research area selection factors and (2) assessed the
attractiveness of research areas that possess varying levels of those two factors.

Two regression models were constructed. In the first regression model, the subjective
weight (SW) of external market opportunity, the SW of internal technological fit, the relative
weight (RW) of external market opportunity, the RW of internal technological fit the Ph.D.
variable, the insight of internal technological fit, the insight of external market opportunity,
and the competitive basis variable were regressed upon the business economic performance
variable. The second regression model is identical except that the SW of external market
opportunity and the SW of internal technological fit were excluded.

The mathematical model used by Stahl (1989) was utilized. In this model, the
subjective weights are based entirely upon the decision-maker’s stated importance of each
factor to the rescarch area selection process. The decision-maker’s relative weight for each
factor is calculated based upon the decision-maker’s assessment of the attractiveness of
research areas possessing varying levels of each factor.

Specifically, the relative weight was obtained from an analysis of actual decisions and
is calculated mathematically. The relative weight is the actual importance placed upon each
variable in the decision-making process. The results of decisions were modelled, and the
relative weight of the factor was calculated as the standardized regression coefficient of the

variable divided by the square of the multiple correlation coefficient, or

B2
RW. =
1 R2
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Y, = B, (X)) + B, (X2) + .. + B, (X)),

where i = the number of variables,
j = the number of research areas considered,
Y; = the value of the decision,
X; = the normalized value for variable i of candidate j,
B; = the standard regression coefficient or importance attributed to variable i,
R = the multiple correlation coefficient.

The data were grouped and analyzed with respect to three categories: all data within
the industry, whether the decision maker possesses a Ph.D. degree, and the primary
competitive basis used by the firm. The first two of these groupings were accomplished
without special analyses.

To segment the data with regard to competitive basis, of primary importance was
distinguishing which firms emphasized low price from those firms that emphasized product
differentiation. Similar to the previous work by Dess and Davis (1984) wherein firms which
utilized the differentiation strategy were classified appropriately (p=0.001), the firms were
classified on the basis of the decision makers’ assessments of the importance of 21 competitive
variables. The decision makers’ assessments of the importance of the 21 variables were
compared to the importance academicians (Dess and Davis, 1984) stated the variables have
for firms competing on low price and on product differentiation. Note that the firms of
decision makers whose responses did not clearly align with either category of low price or
product differentiation are considered "stuck in the middle" (i.e., committed to neither of the
strategies). Firms which are stuck in the middle are not believed to place any consistent

importance upon decision criteria because they are not committed to either strategy. This
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inconsistency may be related to many unknown factors. Therefore, the data from firms
classified as stuck in the middle were excluded from any tests wherein it was necessary to
distinguish between firms pursuing low price strategies and firms pursuing differentiation
strategies because those firms are not believed to be committed to either strategy.

Table 4 summarizes the grouping of the data and the statistical tests utilized by each

hypothesis.

Table 4. Test Statistics and Data Manipulation Performed To Test 16 Hypotheses

|| Hypotheses | Test Statistic | Data Manipulation Utilized II

HO1, HO2, HO3, | paired t-test | All data were used in testing these hypotheses.
HO4 B . .

HOs5, HO6, HO7, | pooled t-test | The basis for competing emphasized by the

HOS8 decision maker’s firm was determined by grouping
firms on the basis of the decision maker’s stated
importance of 21 competitive variables.

HO9, HO10 pooled t-test | Decision makers were grouped based on their
response to the query regarding whether they had
earned a Ph.D. degree.

HO11, HO12, pooled t-test | All data were used in testing these hypotheses.
HO13, HO14 Three separate regression models were evaluated
using the three various measures of business
economic performance [i.e., return on investment
(ROI), net income growth, sales growth] as the
independent variable.

HO15, HO16 paired t-test | Insight was calculated for each decision maker as
the absolute value of the difference between the
stated subjective weight and the calculated relative
weight for each of the two primary factors.
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CHAPTER V. DATA ANALYSES

This chapter discusses the analysis and interpretation of the data gathered from
decision makers in the pharmaceutical industry. This chapter is comprised of subsections
which provide a summary of the responses to the data collection questionnaire, a discussion
of data manipulation techniques employed during data analyses, results of the testing of
hypotheses, and a regression model in which the variables studied are regressed against the

economic performance of the decision-maker’s firm.

Summary of Responses

This section of Chapter V also summarizes some germane demographic data on the
53 respondents (22% of addressees) who chose to participate. Recall that some of the
hypotheses tested required grouping decision makers with respect to certain attributes.
Among the decision-maker attributes of significance were (1) whether or not the decision
maker possesses a Ph.D. degree and (2) whether or not the decision-maker’s firm emphasizes
price or product differences as a basis for competing in the market. The distribution of
responses received with respect to these areas is listed in Table 5.

Note that the determination of whether a firm emphasizes low price or product
differentiation was accomplished via- a strategic grouping of the decision-makers’ stated
importance of 21 competitive variables to their firms success. A summary table of factor
loadings is given in Table 6 and the resulting strategic grouping is depicted graphically in
Figure 4. Note that the 10 decision makers whose responses to the importance of the 21
strategic variables did not clearly distinguish their firm as emphasizing either low price or

product differentiation are represented in the figure by triangles. Furthermore, these 10 were
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Table 5. Distribution of Responses By Germane Categories

|| Category | Number Received |

Ph.D 21
Non-Ph.D. 32
Price 7
Product Differentiation 36
Stuck In The Middle 10

omitted from any analysis requiring segmentation of the data into competitive basis categories.

Table 6 summarizes the loadings of the variables upon each competitive basis factor.

i

“Table 6. Summary of Factor Loadings of Competitive Variables

Factor Variable Loading

Factor 1: Low Price ' - - | product quality control 0.66
| | operating efficiency 0.58

competitive pricing 0.58

procurement of raw materials 0.56

experienced/trained personnel 0.53

innovation in manufacturing processes 0.50

Factor 2: Product Differentiation | brand identification 0.68
new product development 0.67

forecasting market growth 0.66

advertising 0.59

control of distribution channels -0.48

innovation in marketing techniques 0.40
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Data Manipulation

Prior to analysis, the consistency of responses for each decision maker was assessed.
An internal consistency rating was calculated for each decision maker. The internal
consistency measure (i.e., R?) for each individual’s regression equation simply assessed the
degree of consistency in the decision-maker’s logic. The minimum within rater R* was 0.76,
which was well above the R? of 0.46 derived from testing the beta weights equal to zero
(Stahl, 1989). The mean within rater R? for the 53 respondents was 0.93. Therefore, the
decisions of all 53 respondents were modelled.

Table 7 presents some summary data representing all of the responses received.
Specifically, Table 7 provides the mean within rater R? the mean subjective weights of the
opportunity and relatedness factors, and the mean relative weights of the opportunity and
relatedness factors. Noie that, when selecting research areas, the mean importance decision
makers in the pharmaceutical preparation industry actually place (i.e., relative weight) upon
the external market opportunity factor is greater than the mean importance they place on the
internal technological fit factor. Note that similar results were seen when the decision makers
stated the importance of the two factors.

Data manipulation was required to segment the data with respect to two primary
classification schemes, namely competitive basis (i.e., low price or product differentiation) and
whether or not the decision maker had earned a Ph.D. degree. Determination of whether
or not the decision maker possessed a Ph.D. degree was accomplished via direct inquiry.

However, segmentation with respect to the emphasized competitive basis was more complex.



Table 7. Means* of Responses Received

Individual Subjective Subjective Relative Relative
R? Weight - Weight - Weight - Weight -
Opportunity Relatedness Opportunity Relatedness
0.93 54.7 453 55.8 4.2
*n=2>53
Tests of Hypotheses

In this section, the null hypotheses are stated and the corresponding test results listed

and interpreted.

HO1: When selecting research areas, the mean subjective weight that decision
makers place on the external market opportunity factor does not differ
significantly from the mean subjective weight that decision makers place on

-the internal technological fit factor.

Discussion: This hypothesis is directed at determining whether or not the decision makers
state that the two factors of interest, namely internal technological fit and external market
opportunity, possess significantly different levels of importance (i.e., one factor is stated to

be more important than the other in the selection of R&D Areas).

Results: Table 8 summarizes the data analyzed in evaluating this hypothesis.

Interpretation: Based upon the data summarized in Table 8 and at the 0.10 level of
significance, sufficient evidence was not obtained to reject the null hypothesis. Thus, decision
makers were not shown to state that the two R&D selection criteria possess significantly

different levels of importance.
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Table 8. Comparison of Mean Subjective Weight for Opportunity and the
Mean Subjective Weight for Relatedness

Mean (sd)

SW-Opportunity | 54.7 (20.1) | 1.68 0.10
|| SW-Relatedness | 45.3 (20.1)

*n=353

HO2: When selecting research areas, the mean relative weight that decision makers
place on the external market opportunity factor does not significantly differ
from the mean relative weight that decision makers place on the internal

technological fit factor.

Discussion: This hypothesis is directed at determining whether or not the decision makers
actually place significantly different levels of importance upon the two factors of interest,
namely internal technological fit and external market opportunity when selecting R&D Areas

for investment.
Results: Table 9 summarizes the data analyzed in evaluating this hypothesis.

Table 9. Comparison of Mean Relative Weight for Opportunity and
the Mean Relative Weight for Relatedness

Variable Mean (sd) t- Pr>t
value* | (2-tail)

RW-Opportunity | 55.8 (27.0) | 1.55 0.13
" RW-Relatedness | 44.2 (27.0)
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Interpretation: Based upon the data presented in Table 9 and at the 0.10 level of significance,
sufficient evidence was not obtained to reject the null hypothesis. Thus, decision makers were
not shown to place a significantly different level of importance on the two R&D selection

criteria.

HO3: When selecting research areas, the mean subjective weight that decision
makers place on the external market opportunity factor does not significantly
differ from the mean relative weight that decision makers place on the

external market opportunity factor.

Discussion: This hypothesis is intended to test for a significant difference between the stated
importance of the external market opportunity factor and the actual importance placed upon

the external market opportunity factor in the selection of R&D Areas for investment.

Results: Table 10 summarizes the data analyzed in evaluating this hypothesis.

Table 10. Comparison of Mean Subjective Weight for Opportunity and
the Mean Relative Weight for Opportunity

Variable Mean (sd) t- Pr>t
value* | (2-tail)

SW-Opportunity | 54.7 (20.1) | 0.46 0.65
| Rw-Opportunity | 558 (27.0)

Interpretation: These data are presented graphically in Figure 5. Note that perfect agreement
between relative weights and subjective weights would be represented by the points falling

on a 45-degree line. At the 0.10 level of significance and based upon the data in Table 10,
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insufficient evidence exists to reject the null hypothesis. Therefore, on the average, decision
makers possess good insight of the importance of the external market opportunity factor to
the R&D Area selection process. This can also be expressed by stating that the decision
makers possess a high level of insight of the importance of the external market opportunity

factor in the R&D Area selection process.

HO4: When selecting research areas, the mean subjective weight that decision
makers place on the internal technological fit factor does not significantly
differ from the mean relative weight that decision makers place on the

internal technological fit factor.

Discussion: - This hypothesis is intended to test for a significant difference in the stated
importance of the internal technological fit factor and the actual importance placed upon the

internal technological fit factor when selecting R&D Areas for investment.

Results: Table 11 summarizes the data analyzed in evaluating this hypothesis.

Table 11. Comparison of Mean Subjective Weight for Relatedness and
the Mean Relative Weight for Relatedness

Variable Mean (sd) t- Pr>t
" value* | (2-tail)

SW-Relatedness | 45.3 (20.1)
| RW-Relatedness | 442 (27.0)

*n=353
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Interpretation: These data are presented graphically in Figure 6. Note that perfect agreement
between relative weights and subjective weights would be represented by the points falling
on a 45-degree line. At the 0.10 level of significance and based upon the data in Table 11,
insufficient evidence exists to reject the null hypothesis. Therefore, on the average, decision
makers possess good insight of the importance of the internal technological fit factor to the
R&D Area selection process. This can also be expressed by stating that the decision makers
possess a high level of insight of the importance of the internal technological fit factor in the

R&D Area selection process.

HOS5:  When selecting research areas, the mean subjective weight placed upon the
external market opportunity factor by decision makers who perceive that their
firm is competing on the basis of price does not significantly differ from the
mean subjective weight placed upon the external market opportunity factor
by decision makers who perceive that their firm is competing on the basis of

product differences.

Discussion: This hypothesis is intended to test for a significant difference in the stated
importance of external market opportunity to the R&D Area selection process between
decision makers whose firms emphasize product differences as a competitive strategy and

decision makers whose firms emphasize low price as a competitive strategy.

Results: Table 12 summarizes the data analyzed in evaluating this hypothesis.
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Figure 6. Comparison of the Subjective Weights for the Internal Technological Fit Factor
and the Relative Weights of the Internal Technological Fit Factor (r=0.64)
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Table 12. Comparison of the Mean Subjective Weight for Opportunity Assigned by
Decision Makers Whose Firms Are Competing On Price and the Mean
Subjective Weight for Opportunity Assigned by Decision Makers Whose
Firms Are Competing On Product Differences

Sample - t- Pr>t
Variable Population (n) Mean | value* | (I-tail)

SW-Opportunity | price (7) 40.7 1.93 0.03
" SW-Opportunity | product differences (36) 571

* n = 43 (Note that the 10 firms designated "stuck-in-the-middle" are excluded.)

Interpretation: The 10 firms categorized as stuck-in-the middle, were excluded from this
analysis in order to compare two strategic groups against each other. At the 0.03 level of
significance, the null hypothesis is rejected. When selecting R&D Areas for investment, the
average differencé in t-hc stated weight of the external ‘market opportunity factor between
decision makers whose firms are competing on the basis of low price and decision makers
whose firms are competing on the basis of product differentiation is significantly different

from zero.

HO6: When selecting research areas, the mean relative weight placed upon the
external market opportunity factor by decision makers who perceive that their
firm is competing on the basis of price does not significantly differ from the
mean relative weight placed upon the external market opportunity factor by
decision makers who perceive that their firm is competing on the basis of

product differences.

Discussion: This hypothesis is intended to test for a significant, actual difference in

importance placed upon the R&D Area selection factor of external market opportunity
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between decision makers whose firms emphasize product differences as a competitive strategy

and decision makers whose firms utilize low price as a competitive strategy.

Results: Table 13 summarizes the data analyzed in evaluating this hypothesis.

Table 13. Comparison of the Mean Relative Weight for Opportunity Assigned by
Decision Makers Whose Firms Are Competing On Price and the Mean
Relative Weight for Opportunity Assigned by Decision Makers Whose Firms
Are Competing On Product Differences

Sample t- Pr>t
" Variable Population (n) Mean | value* | (1-tail)

RW-Opportunity | price (7)

" RW-Opportunity | product differences (36) 56.9

* n = 43 (Note that the 10 firms designated "stuck-in-the-middle" are excluded.)

Interpretation: The 10 firms categorized as stuck-in-the middle, were excluded from this
analysis in order to compare two strategic groups against each other. At the 0.05 level of
significance, the null hypothesis is rejected.- When selecting R&D Areas for investment, the
average difference in the actual importance given to the external market opportunity factor
between decision makers whose firms are competing on the basis of low price and decision

makers whose firms are competing on the basis of product differentiation is significantly

different from zero.

HO7:  When selecting research areas, the mean subjective weight placed upon the
internal technological fit factor by decision makers who perceive that their
firm is competing on the basis of price does not significantly differ from the

mean subjective weight placed upon the internal technological fit factor by
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decision makers who perceive that their firm is competing on the basis of

product differences.

Discussion: This hypothesis is intended to test for a difference in the stated importance of
internal technological fit to the R&D Area selection process between decision makers whose
firms emphasize product differences as a competitive strategy and decision makers whose

firms utilize low price as a competitive strategy.

Results: Table 14 summarizes the data analyzed in evaluating this hypothesis.

Table 14. Comparison of Mean SW-Relatedness for Decision Makers Whose Firms
Are Competing On Price and Mean SW-Relatedness for Decision Makers
Whose Firms Are Competing On Product Differences

Sample. |

Variable - Population (n) Meaﬁ
SW-Relatedness | price (7)

" SW-Relatedness prdduét differences (36) 42.9

* n = 43 (Note that the 10 firms designated "stuck-in-the-middle" are excluded.)

Interpretation: The 10 firms categorized as stuck-in-the middle, were excluded from this
analysis in order to compare two strategic groups against each other. The null hypothesis is
rejected. When selecting R&D Areas for investment, the average difference in the stated
importance of the internal technological fit factor between decision makers whose firms are
@mpeting on the basis of low price and decision makers whose firms are competing on the

basis of product differentiation is significantly different from 0.

HO8:  When selecting research areas, the mean relative weight placed upon the

internal technological fit factor by decision makers who perceive that their
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firm is competing on the basis of price is not significantly different from the
mean relative weight placed upon the internal technological fit factor by
decision makers who perceive that their firm is competing on the basis of

product differences.

Discussion:  This hypothesis is intended to test for a significant, actual difference in
importance placed upon the R&D Area selection factor of internal technological fit between
decision makers whose firms emphasize product differences as a competitive strategy and

decision makers whose firms utilize low price as a competitive strategy.

Results: Table 15 summarizes the data analyzed in evaluating this hypothesis.

Table 15 Comparison of the Mean Relative Weight for Relatedness Assigned by
Decision Makers Whose Firms Are Competing On Price and the Mean
Relative Weight for Relatedness Assigned by Decision Makers Whose Firms
Are Competing On Product Differences

Sample . t- Pr>t
Variable .. Population (n) Mean | value* | (1-tail)

RW-Relatedness | price (7) 61.8 -1.73 0.05

" RW-Relatedness | product differences (36) 43.1

* n = 43 (Note that the 10 firms designated "stuck-in-the-middle" are excluded.)

Interpretation: The null hypothesis is rejected. When selecting R&D Areas for investment,
the average difference in the actual importance placed on the internal technological fit factor
between decision makers whose firms are competing on the basis of low price and decision

makers whose firms are competing on the basis of product differentiation is significantly

different from 0.
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HO9: The mean relative weight placed upon the external market opportunity factor
by decision makers with a Ph.D. degree is not significantly different than the
mean relative weight placed upon the external market opportunity factor by

decision makers without a Ph.D. degree.

Discussion: This hypothesis is intended to test for a significant, actual difference in
importance placed upon the R&D Area selection factor of external market opportunity

between decision makers who possess Ph.D. degrees and decision makers who do not possess

Ph.D. degrees.
Results: Table 16 summarizes the data analyzed in evaluating this hypothesis.

Table 16. Comparison of the Mean Relative Weight for Opportunity Assigned by
- - Decision Makers Who Possess A Ph.D. Degree and the Mean Relative
Weight for Opportunity Assigned by Decision Makers Who Do Not

: Sample t- Pr>t
. Variable Population (n) Mean | value* | (I1-tail)
RW-Opportunity | Ph.D. (21) 53.3 0.53 0.30
|| RW-Opportunity | Non-Ph.D. (32) 574
*n=353

Interpretation: Sufficient evidence did not exist to reject the null hypothesis. Thus, the
average difference in the importance placed upon the external market opportunity factor in
the selection of R&D Areas for investment between decision makers possessing their Ph.D.
degrees and decision makers not possessing their Ph.D. degrees is not shown to be

significantly different from zero.
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HO10: The mean relative weight placed upon the internal technological fit factor by
decision makers with a Ph.D. degree does not differ significantly from the
mean relative weight placed upon the internal technological fit factor by

decision makers without a Ph.D. degree.

Discussion: This hypothesis is intended to test for a significant, actual difference in
importance placed upon the R&D Area selection factor of internal technological fit between
decision makers who possess their Ph.D. degrees and decision makers who do not possess

their Ph.D. degrees.
Results: Table 17 summarizes the data analyzed in evaluating this hypothesis.

Table 17. Comparison of the Mean Relative Weight for Relatedness Assigned by
Decision Makers Who Possess A Ph.D. Degree and the Mean Relative
" Weight for Relatedness Assigned by Decision Makers Who Do Not

Sample
. Variable " - Population (n)
RW-Relatednéss | Ph.D. (21) 46.7 -0.53 0.30
" RW-Relatedness | Non-Ph.D. (32) 42.6
*n =253

Interpretation: Sufficient evidence did not exist to reject the null hypothesis. Thus, the
average difference in the importance placed upon the internal technological fit factor in the
selection of R&D Areas for investment between decision makers possessing their Ph.D.
degrees and decision makers not possessing their Ph.D. degrees is not shown to be

significantly different from zero.
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HOI11: The business economic performance indicators are correlated with the
subjective weight that decision makers place on the external market

opportunity factor.

Discussion: If the business economic performance of the firm is indeed influenced by
technology, then the selection of the appropriate R&D Area impacts the economic
performance of the firm. Selection of R&D Areas is a strategic choice that has been
hypothesized to be best made when consideration is given to the external market opportunity

factor.

Results: Table 18 summarizes the data analyzed in evaluating this hypothesis.

Table 18. Correlation of Business Economic Performance Indicators and the
Subjective Weight Decision Makers Place On External Market Opportunity
Pearson Correlation Coefficients/Probability> |R | Under Ho: Rho=0

. | NetIncome | Return On
Variable . | Sales Growth Growth Investment

SW-Opportunity - r 0.12 0.11 0.07
-p* 0.39 0.45 0.61 Il
*n=353

Interpretation: The business economic performance indicators of sales growth, net income
growth, and return on investment were not significantly correlated with the stated importance
that decision makers place upon the external market opportunity factor in the selection of

R&D Areas for investment.
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HO12: The business economic performance indicators are correlated with the
subjective weight that decision makers place on the internal technological fit

factor.

Discussion: If the business economic performance of the firm is indeed influenced by
technology, then the selection of the appropriate R&D Area impacts the economic
performance of the firm. Selection of R&D Areas is a strategic choice that has been
hypothesized to be best made when consideration is given to the internal technological fit

factor.

Results: Table 19 summarizes the data analyzed in evaluating this hypothesis.

Table 19: Correlation of Business Economic Performance Indicators and the Subjective
Weight Decision Makers Place On Internal Technological Fit -
Pearson Correlation Coefficients/Probability> | R | Under Ho: Rho=0

Net Income | Return On
Variable - Sales. Growth - Growth Investment

SW-Relatedness - r -0.12 -0.11

- p* 0.39 0.45 0.61 ||

Interpretation: The business economic performance indicators of sales growth, net income
growth, and return on investment were not significantly correlated with the stated importance
that decision makers place upon the internal technological fit factor in the selection of R&D

Areas for investment.
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HO13: The business economic performance indicators are significantly correlated with
the relative weight that decision makers place on the external market

opportunity factor.

Discussion: If the business economic performance of the firm is indeed influenced by
technology, then the selection of the appropriate R&D Area impacts the economic
performance of the firm. Selection of R&D Areas is a strategic choice that has been

hypothesized to be best made when consideration is given to the external market opportunity

factor.

Results: Table 20 summarizes the data analyzed in evaluating this hypothesis.

Table 20. Correlation of Business Economic Performance Indicators and the Relative
Weight Decision Makers Place On External Market Opportunity -
Pearson Correlation Coefficients/Probability>|R| Under Ho: Rho=0

Net Income | Return On

Variable o Sales - Growth Growth Investment
RW-Opportunity - r 0.06 0.09 0.01
- p* 0.66 0.53 0.96 ||
*n=353

Interpretation: The business economic performance indicators of sales growth, net income
growth, and return on investment are not significantly correlated with the actual importance
that decision makers place upon the external market opportunity factor in the selection of

R&D Areas for investment.
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HO14: Thebusiness economic performance indicators are significantly correlated with
the relative weight that decision makers place on the internal technological

fit factor.

Discussion: 1If the business economic performance of the firm is indeed influenced by
technology, then the selection of the appropriate R&D Area impacts the economic
performance of the firm. Selection of R&D Areas is a strategic choice that has been
hypothesized to be best made when consideration is given to the internal technological fit

factor.

Results: Table 21 summarizes the data analyzed in evaluating this hypothesis.

Table 21. Correlation of Business Economic Performance Indicators and the Relative
Weight Decision Makers Place On Internal Technological Fit -
Pearson Correlation Coefficients/Probability> |R| Under Ho: Rho=0

. | . Net Income | Return On
Variable Sales Growth Growth Investment

RW-Relatedness - r
- p* 0.39 0.45 0.61 ||

Interpretation: The business economic performance indicators of sales growth, net income
growth, and return on investment were not significantly correlated with the actual importance
that decision makers place upon the internal technological fit factor in the selection of R&D

Areas for investment.
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HO15: The insight of decision makers into the importance of the external market
opportunity factor is significantly, positively correlated with the business

economic performance indicators.

Discussion: The knowledge of the importance of external market opportunities to the
selection of R&D Areas for investment is reflected by the difference in the decision makers’
stated importance of the factor and the actual importance given the factor in the decision-
making exercise. An ability to consistently select R&D Areas for investment is reflected by
a high level of understanding of the importance of the factor (i.e., stated importance
approximates the actual importance). Thus, a high level of consistency (i..e., a small difference
between the stated importance of ehernal market opportunity and the actual importance

placed upon external market opportunity) is expected of high performing firms.
Results: Table 22 summarizes the data analyzed in evaluating this hypothesis.

Table 22. Correlation of Business Economic Performance Indicators and the Insight
Decision Makers Possess Of The Importance Of The External Market
Opportunity Factor - Pearson Correlation Coefficients/Probability> |R |
Under Ho: Rho=0

Net Income Return On
Variable Sales Growth Growth Investment

Opportunity Insight - r
- p* 0.17 0.36 0.10 "

*n=>53

Interpretation: The correlation between the business economic performance indicators and
the decision maker’s insight into the importance of the external market opportunity factor is

not statistically significant with respect to the population of data analyzed. However, the
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correlation between insight of the external market opportunity factor and return on

investment is borderline significant (0.10).

HO16: The insight of decision makers into the importance of the internal
‘technological fit factor is significantly, positively correlated with the business

economic performance indicators.

Discussion: The knowledge of the importance of internal technological fit to the selection
of R&D Areas for investment is reflected by the difference in the decision makers’ stated
importance of the factor and the actual importance given the factor in the decision-making
exercise. An ability to consistently select R&D Areas for investment is reflected by a high
level of understanding of the importance of the factor (i.e., stated importance approximates
the actual importance). Thus, a high level of consistency (i.e., a small difference between the
stated importance of internal technological fit and the actual importance placed upon internal

technological fit) is expected of high performing firms.

Results: Table 23 summarizes the data analyzed in evaluating this hypothesis.

Table 23. Correlation of Business Economic Performance Indicators and the Insight
Decision Makers Possess of the Importance of the Internal Technological Fit
Factor - Pearson Correlation Coefficients/Probability> | R | Under Ho: Rho=0

Net Income | Return On
Variable Sales Growth Growth Investment

Relatedness Insight - r
- p* 0.17 0.36 0.09 "
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Interpretation: The correlation between sales growth and net income growth and the decision
maker’s insight into the importance of the internal technological fit factor is not statistically
significant with respect to the population of data analyzed. However, the correlation between
return on investment and the decision-makers’ insight of the internal technological fit factor

is borderline significant (0.09).

Regression of Factors Against Economic Performance

A regression was performed in which the following variables were regressed against
the three measures of the decision-makers’ firm’s economic performance: SW-Opportunity,
SW-Relatedness, RW-Opportunity, RW-Relatedness, Ph.D., and Competitive Basis. The

resulting beta weights are given in Tables 24-26.

Table 24. Parameter Estimates of Variables Regressed Against ROI

Variable 1 Parameter t-value Pr>t |
Estimate
SW-Opportunity 0.01 0.78 0.44
SW-Relatedness -0.01 -0.78 0.44
RW-Opportunity -0.01 -0.51 0.61
RW-Relatedness 0.01 0.51 0.61
Ph.D. 0.28 0.96 0.34
Competitive Basis -0.04 -0.14 0.89

n=>53, R?=0.03, F=0.36, Pr>F=0.83
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Table 25. Parameter Estimates of Variables Regressed Against Net Sales Growth

I Variable Parameter t-value Pr>t |
Estimate
SW-Opportunity 0.01 0.75 0.45
SW-Relatedness -0.01 -0.75 0.45
RW-Opportunity -0.01 -0.33 0.74
RW-Relatedness 0.01 0.33 0.74
Ph.D. 0.61 2.05 0.05
Competitive Basis -0.34 1.09 0.28

n=>53, R?=0.13, F=1.78, Pr>F=0.15

Table 26. Parameter Estimates of Variables Regressed Against Net Income Growth

Variable |- Parameter t-value Pr>t
Estimate

SW-Opportunity 0.01 0.48 0.63
SW-Relatedness -0.01 -0.48 0.63
RW-Opportunity 0.01 0.12 0.91
RW-Relatedness -0.01 -0.12 0.91
Ph.D. 0.26 0.97 0.34
Competitive_Basis -0.08 -0.28 0.78

n=>53, R?=0.03, F-value=0.38, Pr>F=0.82
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Note that the SWs and the RWs are simply the negative values of the respective SW
and/or RW for the other R&D Area selection factor. This is due to the dependency of one
value upon the other. For example, if the SW of opportunity is 40%, then the SW of internal
technological fit musf be 1 - 40%, or 60%.

The variable with consistently the largest parameter estimate was whether or not the
decision maker possessed a Ph.D. degree. The parameter estimates for this variable ranged
from 0.258 to 0.615 across the three economic performance measures. The next largest
parameter estimate was the firm’s primary basis for competing when it was regressed against
net sales growth (i.e., 0.34).

The preceding parameter estimates and the R? values associated with the models when
the variables were regressed against the economic performance measures (i.e., 0.03, 0.03, and
0.13) indicaté ihat either (1) a more‘importa‘mt‘ factor not measured nor controlled by this
study (e.g., ability of a firm to transition from research to development) outweighs the
importance of selecting R&D Areas, or, (2) There is only a weak relationship between

selection of R&D Areas and resulting -economic performance.



CHAPTER V1. CONCLUSIONS

The results obtained in testing the 16 hypotheses within this research provide a high-
level view of the decision-making process in which areas are selected for R&D investment.
In particular, this research has documented the effect of several factors (i.e., basis for
competing, whether or not the decision maker possesses a Ph.D. degree, emphasis placed
upon internal technological fit, and emphasis placed upon external market opportunity) on
that decision-making process. A summary of these general findings is shown in Table 27.

In general, the data have not shown that the emphasis which decision makers place
upon the two research area selection factors proposed by Maidique and Patch (1988) is
significantly related to economic performance. If the authors cited in Chapter II are to be
believed, all of whom-indicated that technology makes a vital contribution to the success of

firms in a competitive market, then one might arrive at one of the following conclusions:

¢ The methodology utilized in this study is flawed.

* Even when testing within an industry, unknown factors which were neither
controlled nor measured in this study can mask the effects of technology on
the economic performance of a firm. (This conclusion would indicate that the
relationship between R&D Areaselection and economic performance is dependent
upon controlling additional factors other than those attributable to industry
effects.)

* The theory proposed by Maidique and Patch is not applicable to the specific

industry studied by this research (i.e., the pharmaceutical preparation industry).

These possible conclusions are discussed further in the following paragraphs.



Table 27. Summary Of Research Findings
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l Factor of Interest General Trend
—————————————————

Competitive Basis of the Firm

Firms classified as emphasizing low price as their
competitive basis, on the average, place more
emphasis upon the internal technological fit factor

when selecting R&D Areas for investment.

Emphasis Placed Upon

Internal Technology Fit

| The emphasis placed upon internal technological fit

does not seem to be correlated strongly with any of

the three economic performance indicators.

Emphasis Placed Upon

- External Market Opportunity

The emphasis placed upon external market
opportunity does not seem to be correlated strongly
with any of the three economic performance

indicators.




With regard to the possibility of a flawed methodology, each segment of the
methodology used within this study has been successfully used to perform past research.
However, there does exist the possibility that the specific data collection instrument was in
some way faulty. A faulty data collection instrument is deemed unlikely due to (1) the
excellent results obtained during pilot testing, (2) the high within rater consistency values
obtained, and (3) the fact that the instrument was modelled after instruments previously used
to collect similar data for decision modelling analyses. However, each of these three could
falsely support the instrument as valid if the decision makers’ attempted to fit their ratings
of the research areas to correspond with their stated importance of the two factors.

The possibility that certain variables might mask the correlation between decision
criteria weights and economic performance was recognized a priori and, therefore, the data
for this study was collected from a single industry in an attempt to control many competitive
variables. Although sampling was performed within an industry where performance is known
to be related to R&D decisions, the manner in which research areas are selected may not
account for a significant variance in the economic performance of firms. For example, the
possibility of a large difference in the ability of firms to develop the results of research into
marketable products is a valid concern. Stating this concern another way, regardless of a
firm’s ability to select research areas, a firm must be able to develop the research findings if
business economic performance indicators are to be impacted.

With regard to the third possible conclusion (i.e., whether or not the theory proposed
by Maidique and Patch is valid within the pharmaceutical preparation industry), two
possibilities exist. The first possibility is that the theory applies but was not considered by

earlier decision makers in the industry. In other words, perhaps the R&D Areas selected in
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earlier years which are impacting business economic performance today, were chosen without
considering these criteria. Thus, the current economic performance indicators do not
correspond to the data collected via the decision making exercise. Secondly, the theory simply
may not apply to the pharmaceutical industry. In other words, the theory may only apply to
industries possessing certain characteristics.

Other subsections of this chapter discuss the conclusions from the tests of grouped
data. Note that the demographics of the responses received were adequate to test all
hypotheses listed in Chapter III. Specifically, 39.6% (21) of ihe responders possessed a Ph.D.
degree while 60.4% (32) did not possess a Ph.D. degree. Also, 13.2% (7) of the responders’
firms were determined to emphasize price as a basis for competing, 67.9% (36) of the
respondersf firms were determined to emphasize product differentiation as a basis for
competing, and .18.9% (10) of ‘the resi)oﬁders’ firms did not group with either strategy and

were, therefore, assumed to be following neither strategy explicitly (i.e., "stuck in the middle").

All Data

When all data was analyzed, a high level of internal consistency was found (i.e., within
rater R?=0.93). This value shows that decision makers, on the average, applied a fairly stable
level of importance to each factor as they listed the attractiveness of the nine R&D Areas
in the decision-making exercise. In addition, the mean relative weights of the two factors and
the corresponding subjective weights of the two factors were not significantly different. This
represents a high level of understanding of each factor’s importance to the research area
selection process, at least as was measured in the data collection instrument.

On the average, decision makers in the pharmaceutical preparation industry both
stated and actually placed more importance upon the R&D Area selection factor of external

market opportunity. However, when data from the entire population were analyzed, the only
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statistic near significant (borderline at 0.10) was that the stated importance of external market
opportunity was significantly different from the stated importance of internal technological
fit. Some possible reasons for no findings of significance among the entire data population

follow:

1. The pharmaceutical preparation industry consists of firms which compete on
the basis of low price and firms which compete on the basis of product
differentiation. This fundamental difference in the competitive strategies of firms
within the industry may have resulted in large standard deviations in the
evaluations of the attractiveness of R&D Areas. This might indicate that Maidique
and Patch’s theory needs further segmentation along some condition (e.g.,
competitive basis) before it is applicable.

2. The two factors, external market opportunity and internal technological fit, need
further segmentation inta sub-elements before effects can be observed. For
example, perhaps the external market opportunity criterion is comprised of multiple
variables, such as number of competitors in the market and the expected sales
revenue of the market, which may mask the effects of each other.

3. The criteria proposed by Maidique and Patch are not factors of importance when
selecting R&D Areas for investment.

4. The theory proposed by Maidique and Patch may not be applicable to the
pharmaceutical preparation industry for some yet to be discovered reason.

5. The methodology utilized may not be applicable to this strategic decision.
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Competitive Basis
When the data are segmented into the two basic categories of competitive strategy
emphasized (i.e., product differentiation and low price), statistically significant differences
were discovered between firms which utilize product differentiation and firms which utilize
low price. In particular, the stated importance of the two R&D Area selection factors and
the actual importance placed upon the two R&D Area selection factors were, on the average,
different for the two groups. On the average, external market opportunity was shown to be
the more important factor to decision makers whose firms emphasize product differentiation
as their basis for competing. Thus, firms that utilize product differences as a basis for
competing are believed to strive to deliver a product to the market that generates a demand
by providing something desired (i.e., extemal market opportumty) Slmllarly, decision makers
whose firms emphas1ze low pnce as thelr basns for competmg stated and actually placed, on
the average, more 1mportance on the R&D Area selection factor of internal technological fit.
Specnﬂcally, these data support the belief that firms that utilize low price as a competitive
basis will strive for efficiency of operatlons énd will, therefore, seek R&D Areas that will
permit dual use of existing resources.
Thus, this research has shown that the selection of research areas is influenced by the
primary competitive basis employed by the decision-maker’s firm. Recall that this was
expected because all strategic decisions are supposed to be made in support of the firm’s

primary basis for competing (Porter, 1985).

Ph.D. vs. Non-Ph.D.
Contrary to what was expected based upon the work of Eiduson (1962), who stated
that researchers perceive research risk differently from non-researchers, no statistically

significant differences were discovered between decision makers who possess Ph.D. degrees
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and decision makers who do not possess Ph.D. degrees. Recall that this result was
unexpected because it was believed that possession of a Ph.D. degree is highly correlated with
an understanding of the research process and it was believed that an understanding of the
research process would facilitate the R&D Area selection process. The fact that no
statistically significant difference was observed in this area may be related to any combination

of the following.

1. The non-Ph.D. decision makers may have obtained, via work experience, a level
of understanding of the research process comparable to that of a person possessing
a Ph.D. degree.

2. Since the data collection instrument was submitted to executives and not persons
currently involved in research, whether or not the decision maker possessed a
Ph.D. degree may be outweighed by the decision-maker’s current focus on the
business aspects of the decision.

3. An understanding of the research process does not assist the decision maker in

the selection of research areas for investment.

The first possible reason listed for no findings of significance between decision makers
who possess a Ph.D. degree and decision makers who do not possess a Ph.D degree appears
logical. The majority of executives completing the questionnaires were VPs of R&D. Hence,
the degree of familiarity with the research process is expected to be extremely high among
all decision makers, whether or not the decision maker possesses a Ph.D. degree, due to the
content of their job responsibilities. In fact, many of the decision makers may have worked

in the R&D organization prior to being promoted to VPs of R&D.
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The second possible reason for not obtaining any significant findings with respect to
whether or not a decision maker possesses a Ph.D degree relates to the possibility that the
executive decision makers may have been in a managerial position for an extended period of
time. Thus, because they currently primarily concerned with non-research, business-related
decisions, they may have changed their decision making traits. Perhaps their current list of
responsibilities have resulted in a new approach to decision making.

The third possible reason for no findings of significance with respect to whether or
not the decision maker possesses a Ph.D. degree is also possible, although thought to be
unlikely. This option suggests that a person’s knowledge of the research process does not
impact the selection of research areas in which to invest. Knowledge of decision areas has

been shown to be highly correlated with an ability to make other strategic decisions.

Decision-Makers’ Insight o o :

Contrary to what was expected based upon the works of Ansoff (1984), Schilit and
Paine (1988), Stahl (1989) and Porter (1985), the amount of insight the decision makers
possessed of the importance of the two key decision criteria was not significantly correlated
with the economic performance of their firms. This finding suggests that either opportunity
and relatedness are not the key decision criteria when a firm in the pharmaceutical industry
is selecting research areas for investment, or, some additional consideration, perhaps the
ability of firms to develop research findings and/or the ability of firms to implement the
products of the development process.

If the first possible explanation is to be accepted, then this study has in fact provided
evidence that opportunity and relatedness are not the decision criteria of importance when
firms in the pharmaceutical industry select areas for research investment. This possibility

leads to two questions, namely:
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(1) What are the important decision criteria when a firm in the pharmaceutical
industry selects research areas for investment? and
(2) If opportunity and relatedness are the important considerations when firms in
other industries select research areas for investment, what characteristics of the
pharmaceutical preparation industry cause other decision criteria to be more

important.

Correlations With Economic Performance

No statistically significant correlation was discovered between the three business
economic performance indicators (i.e., net income growth, sales growth, and return on
investment) and either the stated importance of the two R&D Area selection factors or the
actual importance placed upon the two R&D Area selection factors. Furthermore, no
significant correlation was observed between the amount of insight that the decision maker
possessed of the importance of the two R&D Area selection factors and either net income
growth or sales growth. (The correlation between insight and return on investment was
borderline significant at 0.10)

The possible reasons why the data did not exhibit significant correlations with
economic performance are the same as those provided in the earlier discussion of why no

significant findings were found for the entire industry (i.e., all data).

Applicability to Practitioners

In Chapter I, it is stated that this research would be of interest to both academicians
and practitioners. The primary benefit to academicians is the expansion of an area fertile for
research. The potential benefits to academicians are stated in more detail in Chapter VII

"Implications For Future Research".
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In general, the results of this research may be used by practitioners to increase their
awareness of two key factors to consider when selecting research areas for investment, namely
internal technological fit and external market opportunity. It has been shown that decision
makers whose firms emphasize low price as a competitive strategy tend to emphasize internal
technological fit when selecting research areas for investment. Alternatively, decision makers
whose firms utilize product differences as a competitive basis tend to emphasize external
market opportunity when selecting research areas for investment. Thus, it is believed that
decision makers should attempt to select research areas in a manner which is most supportive
of their firm’s primary competitive strategy.

In addition, a weak correlation has been shown between the importance placed upon
the internal technological fit criterion and the firm’s return on investment. Thus, if a
practitioner’s firm desires to have a high return on investment, then the practitioner should
place more importance upon the internal technological fit factor than they place upon the
external market opportunity factor when selecting R&D Areas for investment. Thus, it is
believed that decision makers should attempt to select research areas in a manner which is
most supportive of their firm’s economic performance goals, especially if the economic
performance goals are measured in terms of return on investment.

However, practitioners should use caution when attempting to draw conclusions from

this dissertation because:

¢ No causal relationship has been shown.

* Due to the low correlation with business economic performance indicators, it is
believed that all factors important to the research area selection process have not
been accounted for. These other factors might include turbulence of the industry’s

primary technology area, number of competitors in the industry, projected change



in industry sales, etc.

e The applicability of this research to other industries is unknown.
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CHAPTER VIL IMPLICATIONS FOR FUTURE RESEARCH

The results of the research documented by this dissertation lead to yet other research
questions surrounding the relationships between technology decisions and strategic
management. These new types of questions can generally be placed into one of the following
general categories: expansion of the scope of this research (i.e., test for consistency between
industries); identification of key determinants of external market opportunity and internal
technological fit (i.c., determine the elements which deem an external market opportunity and
internal technological fit as either good or bad); and examination of other strategic
management of technology decisions.

These potential research areas are discussed in more detail within subsections of this

chapter.

Expansion of Scope

Tﬁe limited generalizability of thig research (i.e., applicable only to pharmaceutical
industry) can be veriﬁe;l by perférming similar research with data obtained from decision
makers iﬁ a different industry. If the results of the research on data collected from a second
industry are consistent with the results obtained in this study of the pharmaceutical industry,
evidence will be provided which suggests that there is no industry effect. |

However, if the results of the research on data from a second industry yield different
results from the pharmaceutical industry, further studies may be warranted to assess the
impact of the five industry forces upon the selection of R&D Areas for investment. For
example, if differences between industries are discovered, expanding the scope to compare

the decision-making practices between industries will lead to the identification of individual
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variables responsible for those differences. This may begin by studying correlation coefficients

of key variables between industries with similar results.

Analysis of Decisions from Firms Grouped as Stuck-In-The-Middle

One of the most intriguing extensions of this research involves further analyses of the
10 firms classified as following neither a low price strategy nor a product differentiation
strategy. Of interest with regard to these 10 firms would be a comparison of their economic
performance to that of firms classified as emphasizing low price and to that of firms classified
as emphasizing product differentiation. Note that Porter (1985) asserted that firms which fail
to adopt either a low price or product differentiation strategy are "stuck-in-the-middie" and
their resulting performance because of their failure to commit to either strategy should be
WOISE.

Another interesting analysis involving the group of firms classified as stuck-in-the-
middle would be a comparison of the mean weights for each factor to both, the mean weights
of the group of firms which emphasize low price and the group of firms which emphasize
product differentiation. The thought here would be that these firm should exhibit less
consistency (i.e., make strategic decisions in a more haphazard manner). This may also be
thought of as simply a new comparison of the mean difference of the insight of each group

into the importance of the decision criteria.

Identifying Key Elements of Factors

After verifying the importance of external market opportunity and internal
technological fit to the R&D Area selection process, the next logical question is "What sub-
elements determine the degree of external market opportunity and the internal technological

fit R&D Areas possess?" In other words, is there a group of variables that are strongly
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correlated with high external market opportunity (e.g., age of primary industry, number of
competitors, sales volume, etc.) and high internal technological fit (e.g., turbulence of key
technology, education level of staff, degree of match with existing products, degree of match
with anticipated products, etc) which can be assessed ?

Furthermore, while the internal consistency of this questionnaire was high, the
comparison of values across decision makers might include some extraneous noise associated
with the individual characteristics of the decision maker. It is believed that identification and
utilization of elements that comprise the internal technological fit and the external market
opportunity might produce more significant results via a reduction in noise and interpretation
errors.

Because the ability of individual firms to control the external market opportunity is
low, identification of elements which are either determinants or predictors of the degree of
external market opportunity is desirable. Knowledge of these elements may provide firms
with additional time within which to respond to opportunities, or, may provide increased
control of their own destiny by controlling sub-elements that influence the external market
opportunity.

If the key sub-elements can be identified, an attempt could then be made to quantify
the optimum magnitude of the investment for R&D Areas. This type of study is a precursor

to optimization of the research area selection process.

Other Technology-Related Decisions

Since the strategic decision-making practices of the research area selection process
of the pharmaceutical preparation industry were efficiently modelled, the methodology utilized
in this research (i.e., decision modelling) has once again been shown to be a useful tool in

analyzing the strategic decision-making habits of executives. The advantages of this
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methodology (i.e., internal consistency is measurable, ethical considerations, and statistical
validity) serve to enhance its power as a research tool.

Because the interrelationships between technology decisions and strategic management
are many, this same tool should be used to study other technology-related decisions, such as
the degree of collaboration with competitors, selection of competitors for collaboration,
influence of social and political factors on technology policy making, and the desired trade-off

between mobility and internal technological fit.
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University of Tennessee
716 Stokely Management Center

Knoxville, TN 37996-0570
May 11, 1992

Distribution (See Appendix B)

Collection of Data for Research

We are presently collecting data for the purpose of analyzing strategic decisions within the
pharmaceutical preparation industry. Specifically, we are examining the selection of research
areas in the pharmaceutical preparation industry.

This research requires that we collect data from decision makers involved in the process of
selecting research areas for investment. Note that we have obtained your firm’s name from
a list of pharmaceutical preparation firms identified as being involved in research and
development. Therefore, we ask that you complete the following questionnaire (or forward
it to a person with more influence over the research areas selected) and return it to me in
the enclosed envelope by June 1, 1992.

A pilot test of the questionnaire revealed that it should require approximately 15 minutes to
complete. -

Upon request, all persons submitting data used in the analysis will be provided with a
summary page of the results. Should you have any questions, please feel free to contact me
via mail to the above address or via telephone to (615) 974-5061.

Very truly yours,

Dr. Michael J. Stahl, Associate Dean for Research and External Affairs
University of Tennessee
College of Business Administration
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SELECTING RESEARCH AREAS FOR INVESTMENT

Instructions
This form should be completed by an individual who has input to his/her

organization’s selection of research areas for funding.

Part L Research Selection Decision-Making Exercise

All R&D areas have been stated to possess two attributes which should be used to
determine their attractiveness for investment, namely external market opportunity and internal
technological fit. Please rank your assessment of the relative importance of these two factors
by allocating 100 points to the two factors (i.e., the sum the points assigned to the two factors
should equal 100). The factor you believe to be more important to the selection of R&D

Areas should be assigned proportionally more points.

1. External market opportunity importance: _____ (The external market opportunity
factor is intended to represent the potential to enhance the attractiveness of products
to customers in the market.)

2. Internal technological fit importance: ____ (The internal technological fit factor is
intended to represent an assessment of the match between an R&D Area and a firm’s
current or anticipated products. Thus, internal technological fit can be considered as
a measure of the R&D Area’s match to an organization’s existing resources and

capabilities.)
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Please assess your business’s performance with respect to your major competitors on the basis

of the following by circling the number most closely resembling your assessment for each

indicator.

3. Sales growth

worse than competitors -
4. Net income growth

worse than competitors -
5. Return on investment

worse than competitors -

2 ..

2 ...

2 ...

-1..0.. 1..2 better than competitors
same as

-1...0.. 1..2 better than competitors
same as

-1..0.. 1..2 better than competitors
same as

Please assess the importance of the following competitive variables to your firms strategy for

competing in the marketplace. A score of 1 to 5 should be assigned to each competitive

variable where a 1 represents not important at all and a 5 represents extremely important.

__new product development
__product quality control
__competitive pricing
__brand identification
__raw material procurement
__specialty products
__advertising

__forecasted market growth

__customer service
__trained personnel
__broad product range
__marketing innovation

__low outside financing

__operating efficiency
__high inventory levels
__refine existing products
__distribution control

_serving specific markets

__compete in high price market segments
__reputation within industry

__manufacturing process innovation
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Please indicate how strongly you would recommend providing funds for each of the

following nine research areas based upon their stated internal technological fit and external

market opportunity characteristics.

Specifically, indicate the degree to which you would support funding the described

R&D areas by circling the number (on the accompanying Likert-scale) that corresponds to

your degree of recommendation. (Note that "0" indicates a strong recommendation not to

fund R&D in the area, "10" indicates a strong recommendation to fund R&D in the area, and

"5" indicates no strong feelings toward funding or not funding.)

Example

A. External market opportunity (High)
B. Internal technological fit (High)

Strongly

Recommend | ----o- | --eoeef rmeme | eoeoen [ oo | oo [ oo | o | I
Not Funding 0 1 2 3 4 5 6 7 8 1

R&D Area 1 Considerations

A. External market opportunity (High)
B. Internal technological fit (High)

Strongly
Recommend | ----o- | --emee [ oeoeee [ omroee [ ammeme | oo [ oo | oo oo [ eoee |
Not Funding 0 1 2 3 4 S5 6 7 8 9 10

Strongly
Recommend
Funding

Strongly
Recommend
Funding



R&D Area 2 Considerations

Strongly
Recommend |

A. External market opportunity (High)
B. Internal technological fit (Medium)

Not Funding 0

R&D Area 3 Considerations

Strongly

A. External market opportunity (High)
B. Internal technological fit (Low)

Recommend |
Not Funding 0

R&D Area 4 Considerations

Strongly
Recommend |

A. External market opportunity (Medium)
B. Internal technological fit (High)

Not Funding 0

R&D Area 5 Considerations

Strongly

A. External market opportunity (Medium)
B. Internal technological fit (Medium)

10

Recommend |
Not Funding 0
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Strongly
Recommend
Funding

Strongly
Recommend
Funding

Strongly
Recommend
Funding

Strongly
Recommend
Funding



R&D Area 6 Considerations

Strongly

A. External market opportunity (Medium)
B. Internal technological fit (Low)

Recommend |
Not Funding 0

R&D Area 7 Considerations

Strongly

A. External market opportunity (Low)
B. Internal technological fit (High)

10

Recommend |
Not Funding 0

R&D Area 8 Considerations

Strongly

A. External market opportunity (Low)
B. Internal technological fit (Medium)

Recommend |
Not Funding 0

R&D Area 9 Considerations

Strongly
Recommend |

A. External market opportunity (Low)
B. Internal technological fit (Low)

Not Funding 0
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Strongly
Recommend
Funding

Strongly
Recommend
Funding

Strongly
Recommend
Funding

Strongly
Recommend
Funding
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Part II. Background Information

Please answer the following questions on the basis of your current organization.
1. Please check the following degrees you possess and identify the field of study in which
each degree was received. (Please identify any degree possessed but not listed in the
other category.)

Field of Study (e.g., engineering)

Bachelor’s

MA

M.S.

M.B.A.

Ph.D.

Other

2. Check whichever of the following is more important to your organization as a means of
attracting customers:
a lower price than your competitors offer on comparable products

_ a favorably differentiated product (i.e., special product features)

3. How many years have you been in your present position?
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Roy L. Cohen, President
A L Labs, Inc.

One Executive Drive

P O Box 1399

Fort Lee, NJ 07024

Michael Bishop, President
Active Organics, Inc.
6849 Hayvenhurst Ave.
Van Nuys, CA 91406

Arthur F. Michaelis, President
Advanced Medical Techs

600 Montgomery Street, 18th Floor
San Francisco, CA 94111

Dilip N. Ravel, Sr. VP Research
Alcon Labs, Inc.

6201 South Freeway

PO Box 6600

Fort Worth, TX 76134

Rolf Rhamstorf, President
Altana, Inc.

60 Baylis Road

PO Box 2006

Melville, NY 11747

Bernard Canavan, President
American Home PDTS Company
685 3rd Avenue

New York, NY 10017

James D. Viscio, President
Anthony PDTS Company
5600 Pech Road

Arcadia, CA 91006

James J. Ascher, President
Ascher B F Company, Inc.
15501 W. 109th Street
PO Box 717

Shawnee Msn, KS 66219
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J. D. Mclntyre, President
Abbott Labs

One Abbott Park Road
North Chicago, IL 60064

H. J. Larsen, Vice President
Adria Sp, Inc.

4272 Balloon Park Road
Alburquerque, NM 87109

Robert A. Cross, Vice President
Alcide Corporation

1 Willard Park

Norwalk, CT 06851

Raj Bhutani, President
ALRA Labs, Inc.
3850 Clearview Street
Gurnee, IL 60031

George J. Sella, Jr., President
American Cyanamide Company
One Cyanamid Plaza

PO Box 17048

Wayne, NJ 07470

Jeffrey E. Jackson, President
American Labs, Inc.

4410 S. 102nd Street
Omaha, NE 68127

James W. Willoughby, M.D.
Antigen Labs, Inc.

30-34 S. Main Street

PO Box 123

Liberty, MO 64068

Lars Bildman, President
Astra Pharmaceutical PDTS
50 Otis Street

Westboro, MA 01581



John Groom, President
Athena Neurosciences, Inc.
800 Gateway Bivd., #F
S. San Francisco, CA 94080

Thomas Mendelsohn, Senior Vice President
Barre-National, Inc.

7205 Windsor Blvd.

Baltimore, MD 21207

Wilbur H. Gantz, President
Baxter Healthcare Corporation
One Baxter Parkway
Deerfield, IL 60015

James R. Tobin, President
Baxter World Trade Corporation
One Baxter Parkway

Deerfield, IL 60015

Charles A. Pergola, Vice President
Beecham, Inc.

1 Franklin Plaza

Philadelphia, PA 19102

Jorge Engel, President
Berlex Labs, Inc.

300 Fairfield Road
Wayne, NJ 07470

Jay Snyder, Vice President of Research
Biocraft Labs, Inc.

92 Rt 46 E

PO Box 200

Elmwood Park, NJ 07407

Kevin M. Reddington, Vice President
Boehringer Ingelheim, Inc.

90 E Ridge

PO Box 368

Ridgefield, CT 06877
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Edwin A. Cohen, President
Barr Labs, Inc.

2 Quaker Road

Pomona, NY 10970

Gerald Bendele, President
BASF K & F Corporation
30 N Jefferson Road
Whippany, NJ 07981

Michael S. Estes, Ph.D., Vice President
Baxter International, Inc.

One Baxter Parkway

Deerfield, IL 60015

Richard S. Jenkins, Vice President
Beach PDTS, Inc.

5220 S. Manhattan

PO Box 13447

Tampa, FL 33611

Thomas Rusillo, President
Ben Venue Labs, Inc.

270 Northfield Road

PO Box 46568

Cleveland, OH 44146

John J. Byrne, President
Berwind Pharmaceutical Service
610 Freedom Business Center
King of Prussia, PA 19406

Edward Fine, President
Biopharmaceutics, Inc.
990 Station Road
Bellport, NY 11713

Lawrence Raisfeld, President
Bolar Pharmaceutical Co., Inc.
33 Ralph Avenue

Copiague, NY 11726



Gordon Solway, President
Boots Co. USA, Inc.

300 Tri-State International
Prairie View, IL 60069

Ronnie D. Carroll, Vice President Dev.

Bristol-Myers Squibb Co.
345 Park Avenue
New York, NY 10154

Maurice Bordoni, President
Cadema Corp.

569 North Street

PO Box 250

Middleton, NY 10940

James Olsen, President
Carolina Medical PDTS Co.
Hwy 264 East By-Pass

PO Box 147

Farmville, NC 27828

Chandrakan Jhaveri, VP Dev.
Central Pharmaceuticals, Inc.
120 E. 3rd Street

PO Box 328

Seymour, IN 47274

Richard C. Remaly, President
Chase Chemical Company LP
280 Chestnut Street

Newark, NJ 07105

David L. Will, President
Chester Labs, Inc.

3208 Dixie Hwy
Erlanger, KY 41018

Steven Ettinger, Vice President
Clay-Park Labs, Inc.

1700 Bathgate Avenue

Bronx, NY 10457

Jim Coyne, President
Botanical Labs, Inc.
1441 W Smith Road
PO Box 1596
Bellingham, WA 98226

David Barry, VP Development Research
Burroughs Wellcome Co.

3030 Cornwallis Road

Research Triangle Park, NC 27709

Alfred Woelbing, President
Carma Labs, Inc.

5801 W Airways

Hales Corners, WI 53132

Bill MacAnally, Ph.D., Vice President
Carrington Labs, Inc.

1300 E. Rochelle Bivd

PO Box 569500

Irving, TX 75062

Stanley L. Wachman, President
Cetylite Indus, Inc.

9051 River Road

PO Box CN6

Pennsauken, NJ 08110

Alexander Guerry, III, President
Chattem, Inc.

1715 W 38th Street
Chattanooga, TN 37409

Richard Barth, President
CIBA-GEIGY Corporation
444 Saw Mill River Road
Ardsley, NY 10502

Ford Hutchinson, President
COMBE, Inc.

1101 Westchester Avenue
White Plains, NY 10604
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John L. Wolf, President
Contract Pharmacal Corporation
160 Commerce Drive
Hauppauge, NY 11788

Larry Kennedy, Vice President
Coopers Animal Health, Inc.
2000 S 11th

PO Box 419167

Kansa City, KS 66102

Roger Schwede, Senior VP Development
Cord Labs

2555 Midway Bivd

PO Box 446

Broomfield, CO 80020

Michael G. Vineyard, President
Cramer PDTS, Inc.

153 W Warren Street

PO Box 1001

Gardner, KS 66030

J. R. Diaz, President
Cyanamid De Argentina SA
1 Cyanamid Plaza

Wayne, NJ-07470

Fred E. Siegel, President
D&F Indus Inc.

987 N Enterprise Street
Orange, CA 92667

Ben Lipps, President
Delmed, Inc.

4090 Pike Lane
Concord, CA 94520

J. R. Rice, President
Drugs Distrs, Inc.
111S.CR 100 E
Bluffton, IN 46714

Arthur Michaelis, President
Controlled Therapeutics Corporation
One Technology Ct

Malvern, PA 19355

Jane Hirsh, President
Copley Pharmaceuticals, Inc.
25 John Road

Canton, MA 02021

Vaughan H. Shalson, President
Cortex Pharmaceuticals, Inc.
15241 Barranca

Irvine, CA 92718

Lonnie L. Smith, President
Cumberland-Swan, Inc.
One Swan Drive

PO Box 129

Smyrna, TN 37167

Branimir Balenovic, President
Cyclo PDTS, Inc.

1922 E 64th Street

PO Box 01557

Los Angeles, CA 90001

Nessim Maleh, President

Danbury Pharmacl, Inc. |
12 Stoneleigh Avenue

Carmel, NY 10512

Edward S. Stone, President
Denison Labs, Inc.

60 Dunnell Lane

PO Box 1305

Pawtucket, RI 02860

E. T. Arington, President
Duramed Pharmaceuticals, Inc.
5040 Lester Road

Cincinnatti, OH 45213



Joseph A. Riina, VP Technical
E-Z-EM De Corporation

7 Portland Avenue

Westbury, NY 11590

Paolo Marrione, President
Erbamont, Inc.

1266 Main Street
Stamford, CT 06902

Alex Bijkerk, President
FERMTECH, Inc.

510 E Union Street

PO Box 1808

West Chester, PA 19382

Stephen Atwood, President
FISONS Corporation

755 Jefferson Road
Rochester, NY 14623

Michael Leiner, Chief Executive Officer

Freshlabs, Inc.
7047 Murtham Avenue
Warren, MI 48092

Joel E. Bernstein, M.D., CEO
Genderm Corporation

425 Huehl Road

Northbrook, IL 60062

William E. Watts, President
General Nutrition PDTS
921 Penn Avenue
Pittsburgh, PA 15222

James T. Welch, Vice President
Giles Chemical Corporation
214 Commerce Street

PO Box 370

Waynesville, NC 28786

Dr. Ernest Mario, Chairman
GLAXO, Inc.

Five Moore Drive

PO Box 12597

Research Triangle Park, NC 27709

David R. Reese, Sr. Vice President
Elkins-Sinn, Inc.

2 Esterbrook Lane

Cherry Hill, NJ 08003

Henry D. Bobe, President
Fermenta Animal Health, Inc.
10150 N Executive Hills

PO Box 901350

Kansas City, Mo 64153

David L. Beens, President
Ferndale Labs, Inc.

780 W Eight Mile Road
Ferndale, MI 48220

Howard Solomon, President
Forest Labs, Inc.

150 E. 58th Street

New York, NY 10155

| James A. Crawford, Vice President

Fujisawa USA, Inc.
3 Parkway North Center
Deerfield, IL 60015

Dr. David Botstein, Vice President
GENENTECH, Inc.

460 Point San Bruno Blvd.

S San Francisco, CA 94080

Geneva Generics, Inc.
2599 W. Midway Bivd
PO Box 469

Broomfield, CO 80020

Sir P. Girolami, President
GLAXO Americas, Inc.
499 Park Avenue

New York, NY 10022

Herbert H. Spoon, President
GYNOPHARMA, Inc.

50 Division Street
Somerville, NJ 08876
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Alexander Marcus, Chairman of the Board Joan Bjeletich, General Manager

Halsey Drug Company, Inc.
1825-1839 Pacific Street
Brooklyn, NY 11233

Dow B. Hickam, President
Hickam Dow B, Inc.
10410 Corporate Drive
PO Box 2006

Sugar Land, TX 77478

V. J. Bauer, President
Hoechst-Russel Pharmaceuticals
Rt 202-206

PO Box 2500

Somerville. NJ 08807

William Kliewer, President
Huntor Group, Inc.

19771 Magellan Drive
Torrance, CA 90502

Bill A. McDonald, Senior Vice President
ICN Pharmaceuticals, Inc. !
3300 Hyland Avenue

Costa Mesa, CA 92626

Randall J. Wall, President
International Medication System, Ltd.
1886 Santa Anita Street

PO Box 3837

El Monte, CA 91733

V. E. Irons, President
Irons V E, Inc.

89 North Avenue

PO Box 296

Natick, MA 01760

Dennis M. Jones, President
Jones Medical Indus, Inc.
11604 Lilburn Park Road
St. Louis, MO 63146

HHCW, Incorporated
2539 152nd Avenue
Redmond, WA 98052

Philip F. Heimlich, Sr. VP Technical
HIMEDICS, Inc.

2830 N 28th Terr

Hollywood, FL 33020

Irwin Lerner, President
Hoffman-La Roche, Inc.
340 Kingsland Street
Nutley, NJ 07110

Suzanne Bissonnette, Vice President
IDL, Inc.

631 E Dania Beach Bivd

PO Box 1425

Dania, FL 33004

M. B. Ingle, President
IMCERA Group, Inc.
2315 Sanders Road

Northbrook, IL 60062

- Bob Sutaria, President

INTERPHARM. Inc.
3 Fairchild Avenue
Plainview, NY 11803

James W. Vitale, President
Jason Pharmaceuticals, Inc.
11435 Cronhill Drive

PO Box 370

Owings Mills, MD 21117

Anders P. Wiklund, President
KABIVITRUM, Inc.

545 Steamboat Road
Greenwich, CT 06830



Michael R. Ashton, President
KALIPHARMA

200 Elmora Avenue

PO Box 6005

Elizabeth, NJ 07202

Sudahakar S. Wagle, Ph.D., Sr. VP
Kremers Urban, Inc.

5600 W County Line Road 96N
PO Box 2038

Thiensville, WI 53092

Martin Judge, President
Lee Labs

2820 N Normandy Drive
PO Box 1658
Petersburg, VA 23805

J. S. Thompson, President
Life Techs, Inc.

8717 Grovemont Circle
Gaithersburg, MD 20877

Kenneth A. Matthews, President
London International U. S. Holdings
Rt 46

Little Falls, NJ 07424

Robert Crisafi, President
Lyne Labs, Inc.

260 Tosca Drive
Stoughton, MA 02072

Cecil Bomar, President
Martin C J and Son, Inc.
606 W Main Street

- Nacogdoches, TX 75961

Robert M. Crandell, President
Mentholatum Company, Inc.
1360 Niagara Street

Buffalo, NY 14213

James M. Sweeney, President
Kendall McGaw Labs, Inc.
2525 McGaw Avenue

PO Box 19791

Irvine, CA 92714

Marc S. Hermelin, CEO

KV Pharmaceutical Company
2503 S Hanley

St Louis, MO 63144

Augustin D. Escobar, Ph.D., Vice President

Lemmon Company
650 Cathill Road

PO Box 630
Sellersville, PA 18960

Robert M. Lohr, President
Lobob Labs, Inc.

1440 Atteberry Lane

San Jose, CA 95131

George Lukacs, President

Lu Chem Pharmaceuticals, Inc.
8910 Linwood

PO Box 6038

Shreveport, LA 71106

Richard D. Johnson, Ph.D., VP
Marion Merrell Dow, Inc.
9300 Ward Parkway

PO Box 8480

Kansas City, MO 64114

J. R. Chiesa, President
McNeil PPC, Inc.

Camp Hill Road, PO Box 776
Fort Washington, PA 19034

Jerry T. Jackson, President
Merck and Company, Inc.
126 E. Lincoln Avenue
PO Box 2000

Rahway, NJ 07065
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Thomas Morrissey, Chairman of the Board David B. Sharrock, President

Mericon Industries, Inc.
8819 N Pioneer Road
Peoria, IL 61615

Miguel Arteche, President
MIKART, Inc.

2090 Marietta Blvd
Atlanta, GA 30318

C. L. Ashby, President
Monticello Drug Company
1604 Stockton Street

PO Box 61749
Jacksonville, FL 32204

Curt Mueller, President
Mueller Sports Medicine, Inc.
One Quench Drive

Pr Du Sac, WI 53578

Milan Puskar, President
Mylan Labs, Inc.

1030 Century Building
Pittsburgh, PA 15222

Scott Rudolph, President
Natures Bounty, Inc.

90 Orville Drive
Bohemia, NY 11716

Glenn A. Oclassen, President
Oclassen Pharmaceuticals, Inc.
100 Pelican Way

San Rafael, CA 94901

Gary V. Parlin, President

Ortho Pharmaceutical Corporation
Rt 202,

PO Box 300

Raritan, NJ 08869

Gary Brennglass, President
Packaging Corporation of America
4633 Downey Road, PO Box 58868
Los Angeles, CA 90058

Merrill Dow Pharmaceuticals, Inc.
10123 Alliance Road

PO Box 429553

Cincinnatti, OH 45242

Klaus H. Risse, President
Miles, Inc.

1127 Myrtle Street

PO Box 40

Elkhart, IN 46514

William J. Morton, President
Morton Pharmaceuticals, Inc.
1625 N Highland Drive

PO Box 8037

Memphis, TN 38108

George D. Behrakis, President
Muro Pharmaceutical, Inc.
890 East Street

Tewksbury, MA 01876

Donald Nevin, President
N-Tech, Inc.

575 Underhill Blvd
Syosset, NY 11791

H. N. Elliott, President

H. W. Naylor Company, Inc.
14 W Main Street, PO Box 190
Morris, NY 13808

Lawrence A. Hicks, President
Organics/La Grange, Inc.
7125 N Clark Street

Chicago, IL 60626

Raymond Sackler, President
P F Labs, Inc.

700 Union Blvd

Totowa, NJ 07512

Russell R. Haines, President
PACO Pharmaceutical Services
1200 Paco Way

Lakewood, NJ 08701



Bruce G. Paddock, President
Paddock Labs, Inc.

3101 Louisiana Avenue N
PO Box 27286

Minneapolis, MN 55427

Michael A. Swit, Vice President
Par Pharmaceutical, Inc.

One Ram Ridge Road

Spring Valley, NY 10977

Norton Rezak, Vice President
Pennex PDTS Company

Eastern Avenue & Pennex Drive
Verona, PA 15147

Vic Micati, Senior Vice President
Pfizer Corporation

435 E. 42nd Street

New York, NY 10017

Richard B. Jenkins, President
Pharmaceutical Associates, Inc.
5220 S Manhattan

Tampa, FL 33611

Mortimer Sackler, President
Pharmaceutical Research Associates
100 Connecticut Avenue

Norwalk, CT 06850

John E. Heine

Pilkington Visioncare, Inc.
810 Kifer Road
Sunnyvale, CA 94086

David E. Collins, President
Plough, Inc.

3030 Jackson Avenue

PO Box 377

Memphis, TN 38112

Mohamed Desoky, President
Quality Formulation Labs
204 Lackawanna Avenue
PO Box 626

West Paterson, NJ 07424

Michael Spero, President
Pan Chem Corporation

1 Washington Avenue
Hawthorne, NJ 07506

Perry Krape, President
PDK Labs, Inc.

65 Air Park Drive
Ronkonkoma, NY 11779

Michael J. Jandernoa, President
Perrigo Company of SC
Frontage Road I-85/Hwy 276
PO Box 1968

Greenville, SC 29605

Henry Modd, President
Pharbita, Inc.

218 Powerville Road
Boonton, NJ 07005

Elio Mariani, VP Dev Research
Pharmaceutical Basics, Inc.
6451 W Main Street

Morton Grove, IL 60053

Max A. Tesler, M.D., CEO
Pharmacontrol Corporation
661 Palisade Avenue

Englewood Cliffs, NJ 07632

Kenneth J. Houle, President
Pioneer Pharmaceuticals, Inc.
209 40th Street

Irvington, NJ 07111

Neil Sherman, Senior VP
Quad Pharmaceuticals, Inc.
6340 La Pas Trail
Indianapolis, IN 46268

Harry Hersey, President

W T Rawleigh Company, Inc.
1501 Northpoint Parkway

W Palm Beach, FL 33407



Philip White, President
REHEIS, Inc.

235 Snyder Avenue
Berkeley Heights, NJ 07922

Robert E. Cawthorn, President
Phone-Poulenc Rorer, Inc.
500 Virginia Drive

Ft Washington, PA 19034

Peter L. Wilson, President
Richardson-Vicks, Inc.
One Procter Gamble Plaza
Cincinnati, OH 45202

John D. Taylor, Sr. Vice President
A H Robins Company, Inc.

1407 Cummings Drive

PO Box 26609

Richmond, VA 23220

Gerald C. Wojta, President
Roxane Labs, Inc.

1809 Wilson Road

PO Box 16532

Columbus, OH 43228

Lori G. Koffman, President
RPS Corporation
American Express Tower
New York, NY 10285

Scott Racklage, President
SALUTAR, Inc.

428 Oakmead Parkway
Sunnyvale, CA 94086

James R. Smith, President
Sanofi Animal Health, Inc.
7101 College Blvd, Suite 610
Shawnee Msn, KS 66210

James W. Warren, President
Reid-Rowell, Inc.

901 Sawyer Road

Marietta, GA 30062

Jon A. Rudbach, Ph.D., V.P. Research
RIBI Immunochem Research, Inc.
553 Old Corvallis Road

PO Box 1409

Hamilton, MT 59840

J. E. Robertson, President
Riker Labs, Inc.

3 M Center

PO Box 33441

St Paul, MN 55101

R. H. Thurman, President

Rorer Pharmaceutical Corporation
500 Virginia Drive

Fort Washington, PA 19034

Clifford W. Messina, President
Royce Labs, Inc.

16600 NW 54th Avenue
Hialeah, FL 33014

Joseph Bevan, Vice President
RVI Acquisition Corporation
1 Far Mill Crossings

PO Box 854

Shelton, CT 06484

Marc Moret, Chairman of the Board
Sandoz Corporation

608 5th Avenue

New York, NY 10020

Aleksander M. Erdeljan, President
R P Scherer Corporation

2075 W Big Beaver Road

PO Box 7060

Troy, MI 48084



Richard J. Kogan, President
Schering Corporation
Galloping Hill Road
Kenilworth, NJ 07033

Sheldon G. Gilgore, M.D., President
G D Searle & Company

5200 Old Orchard Road

PO Box 5110

Stokie, IL 60077

John F. Chappel, President

Smithkline & French International Co.

1500 Spring Garden Street
Philadelphia, PA 19130

Milan Panic, CEO

SPI Pharmaceuticals
3300 Hyland Avenue
Costa Mesa, CA 92626

Jack Craig, President

Standard Homeopathic Company
210 W 131st Street

PO Box 61067

Los Angeles, CA 90061

John R. Gwilt, Ph.D., Vice President
Sterling Drug Company

90 Park Avenue

New York, NY 10016

J. G. Lieberherr, President
SYLAMERICA. Inc.

660 White Plains Road, #400
Tarrytown, NY 10591

Paul E. Freeman, President
SYNTEX USA, Inc.

3401 Hillview Avenue

Palo Alto, CA 94304

William A. Fletcher, President
TAG Pharmaceuticals, Inc.

43 W 42nd Street

PO Box 951, Times Square Station
New York, NY 10036
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Allen S. Kushen, Senior Vice President
Schering-Plough, Corporation

One Giralda Farms

Madison, NJ 07940

Satishhan Patel, President
Sidmak Labs

17 West Street

PO Box 371

Hanover, NJ 07936

Robert P. Bauman, President
Smithkline Beecham Corporation
1 Franklin Plaza, PO Box 7929
Philadelphia, PA 19101

R. M. Furlaud, President
Squibb Corporation

Rt 206 Province Line Road
PO Box 4000

Princeton, NJ 08540

James C. McGee, President
Steris Labs, Inc.

620 N 51st Avenue

PO Box 23160

Phoenix, AZ 85043

Werner Stiefel, President
Stiefel Labs, Inc.
2801 Ponce Del.eon Bivd
Miami, FL 33134

Thomas Hoffmeister, President
SYNTEX Labs

. 3401 Hillview Avenue

Palo Alto, CA 94304

Janis McMillen, Ph.D., Vice President
SYNTRO Vet, Inc.

9669 Lackman Road

Shawnee Mission, KS 66219

George C. Evanoff, President
TAGO, Inc.

887 Mitten Road

PO Box 4463

Burlingame, CA 94010



Michael D. Pierschbacher, Ph.D., V.P.
Telios Pharmaceuticals, Inc.

2909 Science Park Road

San Diego, CA 92121

Paul Craniotes, Vice President
Thompson Medical Company, Inc.
805 3rd Avenue

New York, NY 10022

G. H. Ishler, Vice President
Upjohn Company

7000 Portage Road
Kalamazoo, MI 49001

V. L. Krystofiak, President
Vitamin PDTS Company
1200 W Royal Lee Drive
PO Box 904

Palmyra, WI 53156

Michael F. Nassar, Ph.D., Vice President
Vitatech International, Inc.

2832 Dow Avenue

Tustin, CA 92680

Wendell Wierenga, St VP Research
Warner-Lambert Company

201 Tabor Road

Morris Plains, NJ 07950

Maurice Ovadia, President
West Coast Labs, Inc.

116 E Alondra Blvd
Gardena, CA 90248

L. R. Yates, President
Whitehall Labs, Inc.
685 3rd Avenue

New York, NY 10017

R. H. Klett, President
X-F Enterprises

99 Locust Bend Road
Ephrata, PA 17522
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Steven T. Blackman, President
Thames Pharamacal Company, Inc.
2100 5th Avenue

Ronkonkoma, NY 11779

Harold Tenoso, CEO
Unimed, Inc.

35 Columbia Road
Somerville, NJ 08876

Paul G. Schmidt, VP Research
VESTAR, Inc.

650 Cliffside Drive

San Dimas, CA 91773

Louis E. Kovaks, President
Vitamins, Inc.

200 E Randolph, Suite 7960
Chicago, IL 60601

William B. Benken, President
Walnut Pharmaceutical Company
20510 Earlgate Street

Walnut, CA 91789

John McConney, President
WELGEN Manufacturing
40 Technology Way

PO Box 4000

Coventry, RI 02816

Wilfred J. Larson, President
Westwood Pharmaceuticals, Inc.
100 Forest Avenue

Buffalo, NY 14213

Fred Hassan, President
Wyeth Labs

King of Prussia Road
Wayne, PA 19087

Dennis Treu, Vice President
XTRAMEDICS, Inc.

570 Lake Cook Road, #408
Deerfield, IL 60015



Daniel Sher, President
ZAMBON Corporation
1 Meadowlands Plaza
Rutherford, NJ 07073

Joseph Hines, President

ZILA, Inc.

777 E. Thomas Road, Suite 130
Phoenix, AZ 85014

John H. Klein, President
Zenith Labs, Inc.

140 Legrand Avenue
Northvale, NJ 07647
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