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CHAPTER I

INTRODUCTION

1. Introduction

As global competition intensifies, organizations need to enhance their innovation
capabilities. Technological innovations have been determined to be powerful forces for
industrial development, productivity growth, and are the major driving forces for the
economic development of nations (Abernathy and Clark, 1985; Porter, 1990).
Policymakers and business planners in organizations (e.g., government organizations and
private organizations) locate and conduct appropriate methodologies to stimulate,
maintain and increase their innovation capabilities.

In a highly competitive environment, leadership organizations achieve
competitive advantages through acts of innovations (Porter, 1990). Therefore, innovation
is a key role for the future success of organizations. Generally, innovations are R&D’s
output. How are innovations created in R&D? Many scholars accept that innovations are
developed from the cumulative efforts of scientific and technological knowledge
(Malerba, et al, 1997; Teece, 1996; Saviotti, 1995; Van de Ven, 1986, 1993; Ayres,
1988).

Based on two conceptualizations of the process of technological change, creative
destruction and creative accumulation concepts, technology leading organizations and/or

nations and their competitors need to achieve and increase their innovations'. Individuals

' Creative destruction and creative accumulation concepts are discussed by many scholars (Malerba. ct al.
1997. Pavitt and Patel, 1994: Pavitt. 1988, Dosi, 1988).
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or organizations that have more scientific and technological knowledge have better
opportunities to create innovations. However, innovation management is complex. How
can individuals or organizations maintain their innovation capabilities for longer periods?

A great number of literature studies involve innovation processes and/or
innovation systems (Afuah, 1998; Bates, 1995; Abernathy and Clark, 1985; Abernathy
and Utterback, 1978), however, only a few groups of scholars focus on the persistence of
researchers and/or organizations, e.g., Malerba, Orsenigo, and Peretto, 1997; Rappa and
Debackere, 1995; Debakere, Clarysse, and Rappa, 1992; Rappa, Dabakere and Garud,
1992; and Debeckere, Rappa, and Clarysse, 1995. Most of these scholars are interested
in the persistence of researchers in an emerging technology. How is the persistence of
researchers in well-developed technology?

A well-developed technology is an existing technology that has been developed
for many years. During this period of time, other technologies are also being developed.
Some researchers or organizations turn to other technologies, some do not. It is
interesting to study factors that affect the persistence of researchers in an R&D
community. Furthermore, we may learn patterns of a persistence behavior by studying
members’ behaviors in the R&D community.

Such patterns are worth studying because policy makers and business planners in
non-technology leading countries and non-technology leading firms need to know the
patterns as technology followers. When they know more about the patterns, they are able
to set their strategies more appropriately. One may question whether influential factors
of persistence in an emerging technology and a well-developed technology are the same.

It is possible that some of them overlap.
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As an example, we may consider the death factors of thirty-year old men and one-
year old children. Considering the same factor (e.g., disease), children may get Acquired
Immunodeficiency Syndrome (AIDS), a virus (HIV- Human Immunodeficiency Virus) at
birth. Men may get the HIV from their behaviors or blood transfusions, etc. With regard
to different factors (e.g., accidents), though children do not drink and drive cars, they can
be victims of a drunk driver, yet many adults drink and drive cars may or may not cause
accidents. Thus, we see some factors which overlap. Therefore, we are interested in
studying factors that affect the persistence in a well-developed technology.

Scholars use the word “persistence” in a different environment. It depends on
their objectives. Although this dissertation is inspired by the studies of other researchers,
the study is still unique. Therefore, we have to set a frame of “persistence” in our study.

We will examine unexplored facets of persistence.

2. Persistence Defined

Bowen (1987) states that persistence is possible when failure is not obviously
indicated. He also states that ambiguity of the final outcome has several causes. They
may come from: (1) lack of measurability, (2) lack of goal clarity, (3) cognitive limits on
information processing or biases in interpreting feedback, (4) temporal and hierarchical
factors associated with goals, and (5) when negative feedback is combined with positive
feedback.

Polley (1991), on the other hand, employs “persistence” in his study in a case of
receiving only negative feedback, but still continuing to work. His study was used to

create a computer business game to test investor’s persistence. Based on the game’s
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conditions, investor players receive identical funding and feedback since causes of
ambiguity are considered. Therefore, the game still provides “unrealistic” conditions.

Szulanski (1995) uses “stickiness” to investigate barriers to transfer the best
practices inside firms. He states that stickiness is developed from characteristics of
knowledge transferred and from characteristics of a situation. He identifies that
characteristics of the knowledge transferred are: (1) casual ambiguity and
(2) unprovenness. The seven characteristics of the situation are identified as: (1) a source
that lacks motivation, (2) a source that is not perceived as reliable, (3) a recipient that
lacks motivation, (4) a recipient that lacks absorptive capacity, (5) a recipient that lacks
retentive capacity, (6) a barren organizational context, and (7) an arduous relationship
between source and recipient.

Another important condition of persistence is the redundancy of the opportunity
to withdraw or choose an alternative (Brockner and Rubin, 1985). We may consider a
prisoner as not being an example of persistence because a prisoner has no opportunity to
get out of his environment physically. Generally, researchers have choices - to do their
work, to change their field of interest entirely or to quit. Therefore, this condition is
considered to a field observation.

This definition of persistence is stated with Brockner and Rubin (1985); Bowen
(1987); and Szulanski (1995). The only exception is Polley (1991). Persistence in this
dissertation is any decision to continue responding to something after getting feedback.
Persistence measurement is a period of time that one does his/her works/activities in a
given environment. Some scholars use “contribution span” as a persistence measurement

(Rappa, Debackere, and Garud, 1992; Rappa and Garud, 1992). The contribution span is
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defined as the time span between the first and the last literature that one contributes to a
given community.

Staw and Ross (1987) state that determinants of persistence are derived from
psychology, social, and structural factors. In high competitive environment, individuals
or organizations get feedback from a variety of sources. Therefore, many factors may
affect the persistence of researchers or organizations in an R&D community. In order to
clarify our study; we have designed our units of analysis using three levels:

(1) individual, (2) organizational, and (3) national levels.

3. Persistence — A Field Observation

Dunphy, Herbig, and Howes (1996) state that the critical path of a successful
industrial innovation is made up of a number of macro and micro level discriminators®.
This research observes the persistence of individuals, organizations, and nations. We
believe that each unit of analysis has some specific factors that affect the persistence.
Hypotheses are developed in each unit of analysis based on literature reviews.

Generally most researchers who contribute their knowledge to the R&D
community are scientists and engineers working for governmental laboratories,
universities, and private companies in different geographical locations. However, these
scientists and engineers have specific characteristics. They need to be independent,
creative, ambitious, self~motivating and self-managing (Tingstad, 1991; Miller, 1995;

Drucker, 1974). However, some other factors may affect their persistent (e.g.,

technological characteristics and social status).

* Dunphy, Herbig, and Howes (1996) considcr global. national, and industrial as a macro level and firms as
a micro level.
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It is also known that an organization has its own characteristics and environment.
The types of organization and its location may affect its persistence. The presumed
conflict between the researcher’s autonomy and organization’s goals is a theme in R&D
management literature (Badawy, 1991; Whittington, 1991; Gunz and Gunz, 1994;
Debeckere, Rappa, and Clarysse, 1995). The conflicts may affect the persistence of both
researchers and organizations.

A nation consists of people, culture, economic structure, national values,
regulation and history. Ralston, et al. (1995) states that a national culture drives work
values. A government is expected to be the facilitator or inhibitor in a research process
(Hurley, 1997). It has been widely documented that nations have different types and
rates of technological change (Nelson, 1993). Thus, we believe some other national
characteristics may affect the persistence of nations in a given technology.

According to the innovation concept and a process of creative accumulation
concept of technological change, if researchers do not persist in a specific field of
technology, it will affect organizational performance. Management needs answers to
such questions as: How can researchers in the high-tech industries persist in a specific
research topic? What influential factors have motivated these researchers to persist in
their work?

Furthermore, management also needs answers about their organizations in order
to survive in a competing environment. Some interesting questions are: How can
organizations persist to conduct research in a specific technology? What are the
influential factors that affect their organization persistence? Once the management

receives answers, they can set appropriate strategies to improve their innovations.
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This dissertation will study a researcher’s behavior in a high-tech industry. The
Semiconductor Laser Diode technology has been selected as our focus. This technology
has been developed since 1966. Products have been introduced into the market for
almost 20 years®. Semiconductor laser diodes are used in a variety of products such as:
compact disc (CD) players, CD-ROMs for computers, and laser printers. Itis a very
well-developed technology. The semiconductor industry has claimed that it has advanced

at a rapid pace while the industry grew internationally (Almeida, 1996).

4. Research Area

As mentioned earlier, a few groups of scholars are interested in the persistence of
researchers and/or organizations (Malerba, Orsenigo, and Peretto, 1997; Rappa and
Debeckere, 1995; Debekere, Clarysse, and Rappa, 1992; Rappa, Dabekere and Garud,
1992; Debeckere, Rappa, and Clarysse, 1995). Malerba, Orsenigo, and Peretto (1997)
present that an innovative intensity factor affects the persistence of organizations. Rappa
and Debackere (1995) present that an early entrance factor affects the persistence of
researchers. Debekere, Clarysse, and Rappa (1992) present that a network of ongoing
collaboration factor affects the persistence of organizations. Rappa, Dabekere and Garud
(1992) present that a market size factor affects the persistence of organizations.

Most studies are interested in emerging technologies (Rappa and Debackere,
1995; Debakere, Clarysse, and Rappa, 1992; Rappa, Dabakere and Garud, 1992;
Debeckere, Rappa, and Clarysse, 1995). They study whenever a researcher quits from

the R&D community. It is reasonable that policy makers or business planners are

* Sony and Philips have sold CD players to the market in 1982 (Wood, 1995).
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interested in this topic because they can make decisions on whether they will support the
emerging technologies.

This dissertation focuses on the persistence of researchers, organizations and
nations in a well-developed technology. Studying the persistence of researchers in a
well-developed technology enhances our understanding about their behaviors through
their publications. This leads to learning a pattern of persistence of each unit of analysis
in the technology. Since we know the pattern, we can predict their behaviors.

We are interested in using a bibliography database in our study because it
provides rich information entries such as authors, their affiliations, the titles, dates of
their publications and more. Nowadays, many electronic databases are provided in
institutions (e.g., universities and firms). For example, professors and students can use
electronic databases easily and conveniently in universities. There are many types of
electronic databases such as financial databases, bibliography databases, etc. Generally,
though, bibliography databases are used in universities.

We also test the validity of a “bibliotech” technique. The “bibliotech” technique
is a technique that uses bibliography data in order to study more specific topics.
However, bibliography data has a limitation. It does not provide the researchers’age,
their education, financial support for their research and so on. Additionally, there are
many bibliography databases in the market. Each bibliography database has its special
characteristics. For an example, one provides type of publication (treatment) but others
do not.

Some influential factors that affect the persistence of researchers and/or

organizations have been studied in an emerging technology. One may have questions
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about whether all influential factors that affect the persistence of researchers and/or
organizations have been studied. We emphasize that we will study persistence behavior
of members in a well-developed technology. Some of them may overlap each other but
are still different to a certain degree.

When we consider those studies, we find that some factors may affect the
persistence of researchers or organizations in an R& D community. Therefore, can other
factors such as researcher’s motivation, technology characteristics, geographical location,
and/or types of an organization affect the persistence of researchers, organizations and/or

nations?

5. Research Questions
The questions investigated in this research are:

a. Can bibliography databases be used as a tool to study the persistence of
researchers, organizations, and nations in an R&D community properly?

b. What are influential factors that affect the persistence of a researcher in an
R&D community?

c. What are influential factors that affect the persistence of an organization in
an R&D community?

d. What are influential factors that affect the persistence of a nation in an
R&D community?
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CHAPTER I

LITERATURE REVIEWS

1. Scientists and Engineers in Research & Development

Research and Development (R&D) is used to describe a segment of any
organization in which the creative and innovative work is done (Pegels and Thirumurthy,
1996; Miller, 1986; Constant, 1980; Crane, 1972). Generally, not only scientists and
engineers work with R&D projects, but also technicians (assistant scientists or
engineers), associate scientists, programmers, accountants, artists, and management
people (Tingstad, 1991; Miller, 1986). It is known that innovations are R&D outputs.

Scientists and engineers have to work with other professional workers in R&D,
however, it is known that scientists and engineers are the main group in R&D projects.
The other “professional” groups are staff in R&D projects. When scientists and
engineers publish papers, they put only their names in their area literature. Therefore,
this study focuses on scientists and engineers’ behaviors whose names are in their papers
or documents. It is possible that there are technicians or other professionals’ names in the
papers or documents. Our assumption is that all names in the papers or documents are
scientists and engineers’ names.

Scientists and engineers need to be independent, creative, ambitious, self-
motivating and self-managing (Tingstad, 1991; Miller, 1986; Drucker, 1974). Conflicts
occur between the need for freedom on the part of scientists and engineers and the need

for control on the part of an organization (Miller, 1986).
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Van de Ven (1986) states that one of four central problems in the management of
innovation is the human problem of managing attention'. He describes that it is difficult
to convince trigger people (i.e., scientists and engineers) to pay attention to new ideas,
needs and opportunities. A constant free flow of ideas and directions are important
conditions in innovation. Without such a free flow, an organization will lack choices and
options for its future (Jenilek and Schoonhoven, 1990). Therefore, scientists and
engineers need not only good technological instruments, but also better motivation in

order to work efficiently.

2. Information Processing in Science and Technology

How do researchers obtain knowledge? Allen (1988) presents an information
process model in science and technology as presented in Figure 1. In this figure,
scientists in the science system receive information (input) through a variety of methods
(i.e., talk with each other and read the others’ papers). Once they consume information,
they transform and produce their knowledge through their tangible products, e.g.,
scientific papers. In the technology system, engineers must first understand and
formulate a problem confronting them and then select appropriate information through a
variety of methods and resources. Once they solve their problem, they transform and
produce their products — physical hardware in the form of hardware, other products, and

documentation.

! The central problems are (1) human problem of managing attention, (2) process problem of managing
ideas into good currency, (3) structural problem of managing part-whole relationships, and (4) strategic
problem of institutional leadership.

11
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Input System Output

Science
—P
Verbally Encoded Verbally Encoded
Information (papers & Information (papers)
discussion)
Physically Encoded
Information (hardware & other
products)
Technology
4
Verbally Encoded ™
Information (papers &
discussion)
Verbally Encoded

Information (documentation)

Source: Allen, Thomas, “Distinguishing engineers from scientists.” In Managing Professionals in
Innovative Organizations. Ed. by Ralph Katz, Ballinger Publishing Co.. 1988, p.9.

Figure 1: An Information Process Model in Science and Technology.

Allen (1988) also states that the scientist’s goal is a published paper whereas the
engineer’s goal is to produce physical products. We observe that many types of
treatment (i.e., theoretical and new application papers, theoretical and experimental
papers, and experimental and practical papers) are classified in published papers.
Practically, it is difficult to identify the scientist or engineer from examining their
products, especially their papers or documents.

Because of the complexity of R&D, Bhattacharjya (1996) states that, “R&D is not
a homogeneous activity but one that comprises diverse activities such as basic research,

applied research, and development with complex interrelationships amongst them.”
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Therefore, this study use “researchers” instead of “scientists and engineers” in later parts

of the study.

3. An R&D Community

Both products of science and technology systems are published and contributed to
the public. Most papers and documents are published in academic journals, conference
proceedings, and magazines. On the other hand, physical products are mostly patented,
which can take years. Generally, many database providers keep these documents and
papers systematically. However, they do not keep physical products. Therefore, most
products of science and technology systems can be traced.

Once the papers or documents are published or presented to the public in any
media, a group of scientists and engineers, or individuals who are interested in the same
field of knowledge are very likely to study the new literature. This activity is called an
“invisible college” (Ziman, 1987), or a “researcher community” (Rappa and Debackere,
1992).

In this paper, we define an “R&D community” as a group of individuals and
groups or organizations who are committed to solving a set of inter-related scientific and
technological problems by communicating with each other through a variety of methods
(i.e., papers in academic journals, papers in conferences, patents, and e-mail), regardless
of language, culture, organizations or geographic location.

This section reviews theories and concepts that are related to our study on the

Ré&D community. Each theory or concept is reviewed separately in this section.
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3.1 Product Life Cycle Model

A product passes through a number of phases: start-up, rapid growth, maturation,
and decline. Figure 2 illustrates a product life cycle model. The introduction starts from
a market niche. The rate of product penetration is very slow, since the product is new to
the market. When the product is acceptable to many customers, growth occurs in this
period. Profits from the product start in this phase but the rapid growth eventually stops
when the penetration of the product to all potential customers is reached. Profits stabilize
in this phase and the growth of the product declines as new substitute products appear.

The product life cycle model is an important concept although there is criticism
that the model does not describe real observations (Porter 1980). However, the model
helps us understand the nature of products in general. A company has to overcome the
buyer’s inertia so that the product can penetrate and diffuse into the market in the
introduction phase. In a competitive environment, the company must be continuously

aware of the entry of competitors.
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Annual Sales Volume

StartUp  Rapid Growth Maturation Decline Time

Source: Madified from Hayes. Robert H. and Wheelright. Steven C., “Matching process
technology with product/market requirements.” In Reading in the Management of Innovation. Ed.
by Michael L. Tushman and William L. Moore, Ballinger Publishing Co..1988. p.422.

Figure 2: Product Life Cycle Model

This theory can be applied to the R&D community. In the beginning of a new
area of technology, knowledge is lacking and unclear. Only a few researchers are
interested in this area. Therefore, few papers are published during this first period of
time. Once the researchers find new interesting ideas, other researchers will join in the
R&D community, and the amount of literature increases rapidly. When the knowledge
becomes clear and reaches its limitation of applications, the amount of literature remains

constant for a while, then declines as time passes.

3.2 The Dynamics Model of Innovation
The phenomenon of industrial product improvements directly threatened by a new
technology is a common pattern. Utterback and Abernathy (1978) and Utterback (1994)

propose the dynamics of an innovation model. This model is based on historical studies
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of innovations. The model has three phases and explains the pace of innovation over a
period of time. There are two innovations in this model: (1) product innovation and
(2) process innovation. The vertical axis shows product and process innovation rates in
each phase. The horizontal axis shows the period of time.

This model relates to the product life cycle model. Figure 3 illustrates the
dynamic model of innovation. Initially, the product is developed from ideas. Firms have
to focus and develop a product from a stream of ideas. This phase is called a “fluid
phase.” The product is changed frequently and its market is unknown. Firms must use
more effort in this phase. Therefore, researchers have to work hard to define what the
product should be and what customers need. In this phase, the product innovation rate is
high, whereas, the rate of process innovation is low.

When the major product designs and operations are specified, the rate of product
innovation declines but the rate of process innovation increases. This period is called a
“transitional phase.” The firms begin to analyze processes on the factory floor. Inthis
phase, the product and process innovations link more closely with each other. Scientists
and engineers begin to think about how they can produce the product efficiently and

effectively.
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Product Innovation

Process Innovation

Rate of Major Innovation

Source: William J. Abernathy and James M. Utterback, “Innovation Over Time and in Historical
Context.” In Reading in the Management of Innovation. Ed. by Michael L. Tushman & William L.
Moore. 2™ ed.. Ballinger Publishing Company, 1988, p.27.

Figure 3: The Dynamics of Innovation

Once the product is launched into the market, firms should keep improving their
products with both product and process innovations. They will begin to considering more
specific areas such as how to reduce their production costs, how to improve the product
quality, etc. This period is called a “specific phase.” The rate of both product and
process innovations stabilize at a low level.

The dynamics model of innovation theory can also be applied to the R&D
community. Researchers think of new ideas in an area of technology. The necessary
knowledge and possible problems are not yet evident. For instance, their ideas are called
an idea product and their experiments are called experiment products. This stage is the
same as the “fluid stage” in theory. Additionally, there are few researchers in the early

stage. In the “fluid stage,” researchers emphasize their ideas more than their
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experiments. Therefore, the rate of idea products is higher than the rate of experimental
products.

After they gain confidence in the new knowled ge, some researchers try to create
their experiments. The idea will transfer to the experiment. Many researchers are
convinced of the new knowledge by interesting results or ideas. This is the same as the
“transitional stage” in the theory. The rate of idea products decline and the rate of
experimental products increase. When the “specific stage” is reached, there are some
ideas and experiment products in the R&D community. However, the number of ideas
and experiments is limited. Furthermore, the ideas and experiments are extremely

specific.

3.3 The S-Shaped Curve Theory

There is a theory that explains an overall perspective viewpoint of technology
performance from an emerging stage until it disappears or is replaced by another
technology. It is called the S-shaped curve or growth curve theory. The growth curve
represents a loose analogy between the growth in performance of technology and the

growth of a living organism (Martino, 1993).
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Source: Modified from Foster. Richard N.. “Timing Technological Transitions.” In Reading in the
Management of Innovation. Ed. by Michael L. Tushman & William L. Moore, 2™ ed., Ballinger
Publishing Company. 1988. p.217.

Figure 4: The S-Shaped Curve

Technical performance, which is the vertical axis of the graph, is a composite
indicator for two characteristics. It represents both technical characteristics - measured
by any kind of physical measurement: size, power, weight, speed, etc., and economic
characteristics - measured by the market price utilization cost (Metcafe and Saviotti,
1984; Saviotti, 1988). S-shaped curves are used to forecast a given technology as it
approaches its upper limit (Martino 1993).

Figure 4 illustrates the S-Shaped curve. In Figure 4, the curve expresses the idea
that the progress of technological performance tends to flatten out after development. At
period 7;, a technology emerges at the technological performance level p,. During the
period #; to 2, the technology development increases at a high rate until it reaches period
I2. At this point, the technical performance starts to slow down. At 1, stage, the

technology almost reaches its ultimate performance by the laws of nature (Foster, 1986).

19

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The laws establish the maximum performance that can be obtained using a given
principle of operation.

This theory is concerned with the study of the R&D community by considering
the researchers’ knowledge of how to solve a problem in a specific field. Inthe
beginning, it is quite difficult to know what knowledge to use and how to apply it to solve
the problem. He/she may not have enough knowledge and the problem may be a new
one. Once the problem is defined, one studies and becomes acquainted with the problem.
At this stage, one’s knowledge about the topic accumulates rapidly. Finally, one can
solve the problem by using specific knowledge and technology.

After solving the problem with knowledge, he/she can apply or modify that
knowledge to solve other problems. At this time, researcher performance levels are high.
However, the same knowledge cannot be employed to all problems. New problems
require new knowledge to solve. Thus, a person’s former (old) knowledge has limited

applications to the newer problems.

3.4 Substitution Curves

Technological maturity does not imply that innovation has come to the end
(Moenaert, Barbe, and Deschoolmeester, 1990). We consider this concept at the level of
the strategic business unit, not at the level of industry. Firms have to find new methods
to solve new problems. Clark (1983) proposes three possible ways to reversal maturity:

(1) changes in demand preferences, (2) supply-side change in technology, and

20

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(3) changes in prices of substitute or complementary products. If a business unit can
“jump” to a new set of promising technologies, it will begin another S-shape growth
curve.

Adoption of a device using a different principle of operation and/or a different
material means a transfer to a new curve. Frequently, one who is interested in the pace of
a given technology will find that a new technology can be substituted for the old
technology. Figure S illustrates substitution curves. Initially, an old technology
(Technology A) has many advantages such as its performance, reliability, and services
whereas, a new technology (Technology B) is unknown and its performance and
reliability are uncertain. Therefore, the substitution rate of the new technology during
this period is slow.

When the problems are solved, the substitution rate increases. The new
technology (Technology B) becomes a well-known technology. Many advantages are
developed while the old technology (Technology A) becomes obsolete. There will,
however, remain a few applications for the old technology for development by a few

individuals or organizations in specific areas.

echnology B.

I

echnology A.

. l Time

ti ty tz

Figure 5: Substitution Curves
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The substitution curve often exhibits a growth curve as well. The technical
performance of each technical approach is plotted on the same graph. Generally, there
are technical “discontinuities” in the graph. In Figure 5, there are two technologies
(Technology A and B) during the period > to #;. Substitution curves are frequently used
to forecast the substitution of one technology for another technical approach.

This theory can be employed in this study. When a researcher cannot use his/her
old knowledge to tackle a new problem, he/she has to study and accumulate new
knowledge. When, again, the new problem is defined and new knowledge is
accumulated, then he/she can solve the problem. This creates a new S-shaped curve that
is higher on the performance scale than the old one. It means that one’s knowledge is
increased from the past. As long as the researcher maintains an interest in this field,
he/she will gain new ideas and solve new problems. Of course, no knowledge is
absolutely complete.

Researchers usually study and accumulate their knowledge. As we know, it is
difficult to find and study a new knowledge from general classes in academic institutions.
Communication among researchers is an effective way to acquire new knowledge.
Therefore, networking is an important tool to obtain knowledge efficiently. Ifa

researcher does not network, he or she probably will get new knowledge later than others.

3.5 Compatibility and Standardization
Compatibility is an important issue in industrial economies because most products
consist of many parts. The use of interchangeable parts must be considered. Products

must meet certain standards to be compatible. There are four benefits of compatibility:
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(1) network externalities, (2) competitive effects, (3) variety or mix-and-match benefits,
and (4) cost savings (Farrell and Saloner, 1986).

Products can be linked together through their physical or conceptual
compatibility. An obvious example is computer networks that are linked together by
using both hardware and software products. When competing products are compatible,
they will compete with each other based on price rather than on design.

While compatibility limits a variety of designs, it increases the available variety
of mix-and-match purchases. For example, the buyer of a computer system can combine
any CPU, monitor and/or printer since these products have compatibility. Thus,
manufacturers can produce the products in large volumes with reduced production costs.
Another cost saving benefit of compatibility is that it also saves on learning costs. Users
do not have to spend their time and money to learn how to use the products.

To standardize goods, manufacturers have to set standards. In competitive
markets, especially for complementary goods, standards play an important role?.
Standards can lengthen the economic life of products based on larger markets, and
therefore, customers will have more choices to buy goods and they will usually prefer to
buy better ones. Since the products have many components, the quality of the
components affects the performance of the goods. Quality also affects the performance
of firms. Thus, firms have to determine which components to make or buy to ensure the
necessary level of quality.

Standards can reduce the uncertainty of goods performance. If components

provided by others meet the standards and the acceptable level of quality, they will work
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properly. Because multiple standards exist, suppliers or manufacturers have to determine
which standards the customers or end-users need or use and try to produce their goods
and services to meet these standards. From this viewpoint, standards facilitate
competition between firms that use different standards.

Some large firms have developed their technologies for a long time, and therefore,
set their own technological standards. Generally, firms that are located in different
locations have different standards. In the past, firms had to manufacture all components
by themselves. With highly competitive markets, firms must decide which components
they will outsource. Firms and their trading partners have to determine and use the same
standards now more than in the past.

The stability of the standard is not guaranteed. Standards may create uncertainty
in competition. Some firms may have greater control than others over standards. thus,
they are able to determine what standards should be and when standards will change.
However, large firms do not necessarily have more power than small firms. In many
standard industries, network externalities is an important factor (Krickx, 1995).

When standards and network externalities are present, customers prefer to accept,
install, and use the standards widely. Common standards, open standards, and liberal
licensing lead to a larger number of users of new technology. This means that goods can
be produced in mass quantities and cost less at the same performance level. Farrell and
Saloner (1985, 1986) state that the ability to interchange complementary products may be

greater than in the past with dominant standards.

* Complementary goods are individual goods which when put together form composite goods. For
example, a PC should have a monitor and a CPU.
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In fact, the dominant system firm tries to defend its position by improving its
product performances and making it difficult for others to adopt the standards
(Delamarter, 1986). When its owner promotes one technology as a standard, then that
technology is likely to win over other unpromoted technologies (Katz and Shapiro, 1986).
But in some industries, when dominant firms change standards, they may lose some
control over their installed base because they are constrained in their product offerings
(Krickx, 1995).

The compatibility and standardization concept can be applied to this study. When
new knowledge is interesting, many researchers and/or organizations are interested in the
new knowledge. The more they study, the clearer the new knowledge becomes.
Researchers need to know what others did and did not study, as well as the standards and
methods used in the experiments. This phenomenon reduces the uncertainty about the
new knowledge in the R&D community. Furthermore, if the new knowledge is useful
and compatible, researchers benefit from the new knowledge rapidly. The amount of

literature in R&D communities about this technology will increase.

4. R&D Community Model

The R&D community model observes the number of literature papers produced
by researchers as a gauge of activity in a community. In the beginning, the productivity
of researchers is very low because there is a small amount of researchers who are
interested in a specific field. Most researchers do basic research. Although the

productivity is slow, basic knowledge of the R&D community gradually accumulates.
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The researchers communicate frequently. They compete and collaborate with
each other at the same time. Researchers’ knowledge increases and their productivity
also increases. Since applications or products of the technology are interesting,
researchers continue to conduct their research. Researchers’ knowledge increases as long
as they conduct research. When many researchers become interested in the R&D
community, then the amount of literature increases rapidly. During this period, the
amount of application research increases, whereas, the amount of basic research
decreases.

When applications or products of the technology are not interesting anymore,
researchers look for other interesting technologies. The amount of literature reaches its
maximum at some point and then starts to diminish. Though, the amount of both
application and basic research decline, the knowledge of the R&D community does not

decline.
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Figure 6: An R&D Community Model
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5. The Importance of Persistence

The R&D community can sometimes be considered as an “invisible college,”
where researchers can exit from the R&D community at anytime. In the R&D
community, each member helps other members indirectly at the macro level. Itis good
for researchers to persist because they continue to receive new knowledge. Any type of
knowledge such as general ideas, proposed models, or results of experiments are
important knowledge to other researchers. We can determine the amount of knowledge
in an R&D community through the number of members within the community. The
more researchers, the greater amount of knowledge that is contributed to the community.

In the micro level, organizations can take advantage of the R&D community,
thereby, reducing technological uncertainty and avoiding some mistakes. Researchers
can accumulate a variety of scientific and technological knowledge through the R&D
community. Thus, they can manage and conduct R&D effectively and efficiently.

In order to understand the R&D community effectively, we have to study
researchers’ behaviors in the community. An amount of time (i.e., a year) that a
researcher contributes his or her knowledge to the R&D community relates to his or her
accumulation of knowledge. A persistence behavior is selected. This dissertation
focuses on the persistence of researchers, organizations, and nations because we believe
that it enormously affects the level of innovations.

One may have a question about persistence of an organization which may not
relate directly to organizational performance. It is possible that some organizations may
achieve great innovations within a short period of time. They can take advantage of these

for years. However, their competitors will soon make their innovations obsolete if they
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do not continue to develop their technologies. Therefore, persistence of an organization
or nation still relates to its performance and modifications and keeping abreast of other

researchers work in the R&D community.
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CHAPTER III

THEORETICAL FRAMEWORK

1. Introduction

Innovation management is complex, although its objective is simply stated to
keep innovation on-going effectively. Unfortunately, there are conflicts between
researcher’s autonomy and organization’s goals. These conflicts affect researchers’
efficiency and organizational performance. Management needs understand and obtain
answers to questions such, why do researchers pursue the lines of research they do?
What are influential factors that affect the persistence of researchers in their research (at
an individual level)? Additionally, management also needs to know the answer to the
question, what influential factors affect organizational persistence in a given technology
(at an organizational level)?

Technological innovation concerns a number of identifiable macro and micro
level discriminators (Dunphy, Herbig and Howes, 1996). They define macro level as the
national level and micro level as industry and firm levels. This dissertation defines
macro level as a country level and micro level as an individual and organizational levels.
In order to study these problems, we will separately discuss the persistence of researchers
at an individual level and the persistence of organizations at an organizational level in a

given technology.
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2. Review on Motivation Theories

Saciolegical studies of scientific and technological communities have contributed
a great deal to our understanding of the research and development processes. A common
approach is to distinguish between factors that influence individuals or organizations’
decisions, especially whether they are internal and external factors (Stehr and Ericson,
1992; Stewart, 1990). The internal factors are the cognitive and the social needs.
Researchers use their judgement to determine problems that are interesting and tractable
under the state of current knowledge and technique (Rappa and Debeckere, 1995).

Kleinbeck and Schmidt (1990) propose a framework about the process of
translating motivation into actions (Figure 7). They show a relationship between
motives, goals, intentions and observable behavior performance. The persistence of
actions is in an “intentions” block. This means that persistence of actions is required in
order to get the final outcome (the observable behavior performance).

The framework is not appropriate enough to explain the influential factors
affecting the persistence of individuals or organizations in the R&D community.
Because it sometimes lacks feedback from other people or themselves, it is a one-way
process. Satisfaction of individuals or organizations may affect the persistence. Based
on the R&D concept, nothing is completed. Researchers have to develop innovative

works.
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Thierry (1990) presents a cycle of motivation (briefly summarized). The
motivation cycle is illustrated in Figure 8. Although this model is very brief] it illustrates
a basic relationship between motive, behavior, outcome and satisfaction. It is a two-way
relationship. Since the final outcome is done, some degree of satisfaction is archived.
Furthermore, the degree of satisfaction affects the motives and behaviors.

As an example, we may consider a person sets his/her goal to make money, e.g.,
$1M in one year. However, after one year, only $0.8M is made. Will he/she be satisfied
with his/her performance? The answer may be yes/ may be no. If satisfied, then some
factors affecting one’s performance (e.g., economic crisis and high competitive
environment) cannot be controlled. If one is not satisfied, then he/she may have to

change their behaviors in order to achieve the original goal.

MOTIVES | | BEHAVIORS | _p{ OUTCOMES | 5 PERFORMANCE

1 v y

Source: Thierry, Henk, “Intrinsic Motivation Reconsidered.” In Work Motivation. Ed. by Uwe Kleinbeck,
et al., Lawrence Erlbaum Associates, Publishers, 1990, p.28.

Figure 8: Cycle of Motivation (briefly summarized)
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This example refers to two factors that affect the degree of satisfaction: (1) the
external factor (economic crisis and high competitive environment) and (2) the internal
factor (his/her commitment, culture, norm, and values). Based on the literature survey,
we have developed a cycle of a motivation model which will be discussed in the next

topic section.

3. Basic Framework

Generally, individuals or organizations start their careers or work by their intrinsic
motivation and/or extrinsic or “external” motivation'. Intrinsic motivation is considered
as being positive, good, and constructive. On the other hand, extrinsic motivation is
considered to be negative. It shows something is lacking, depleted, and/or eventually
runs out such as financial support, laws, competitive environment and time.

Once individuals or organizations have their motivation, they determine their
goals. Generally, the goals are based on their capabilities and/or expectancies by either
management or by themselves or both. Sometimes, it is possible that the individual goals
are also their organizations’ assigned goals. When determining and setting goals, they
have to consider a set of internal factors such as their capabilities, norms, and culture.
They should also consider a set of external factors such as social culture, competitors,
and/or laws.

Most works have limited resources, such as financial budgets, equipment, and
time. Once individuals or organizations invest, they need to get results. Their investment

may succeed or fail. How do they know whether their investment is successful? They

! Thierry (1990) defines “intrinsic motivation” as somcthing from within from the inner part of the person
that is causing the specific behavior.
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have already set criteria to evaluate whether their investment will be a success. Thus, it is
necessary that goals are measurable. Individuals or organizations must be able to
evaluate their performance through measurable goals.

Generally, goals are considered as a destination. There are many directions or
paths to reach the destination. To achieve their goals, they have to determine their
direction and devote their efforts to achieving their goals. This process takes time,
energy, and other resources. During this period of time, the internal and external factors
also affect this stage. Serious external factors (e.g., economic crisis and natural disaster)
may affect this stage. Furthermore, individuals and organizations may set short-term and
long-term goals. Nevertheless, individuals or organizations have to persist in their works
to accomplish their goals, whether short term or long term.

The output of individuals’ or organizations’ efforts is their performance.
According to the information processing in science and technology shown in Figure 1
earlier, products of technology system are physically encoded information (hardware and
other products) and verbally encoded information (documentation). These products are
the performance of scientists and engineers in the scientific and technology system, as
will be shown in Figure 9.

Most of the hardware and other products are sold to a market. The products are
evaluated by both technology experts and final users. Eventually, the final users
determine whether they will buy this product. Documents (papers and patents) are
published and contributed to the R&D community. The documents also are evaluated by
experts and additional researchers in the same R&D community. Some literature is

awarded and/or recognized.
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Basically, successful products are measured by using market shares and total
sales. A large market share and a large amount of money are successful indicators for an
organization from its business. On the other hand, awards of academic journals or
institutions can be a good reward for documents. Consequently, this positive output
enhances organizations and their researchers to keep doing the work until they reach their
goals.

Sometimes their performance does not go through a “reward” stage because the
overall performance does not live up to the goals and expectations they sought. Not all
inventions are patented and become innovations. Only some literature achieves awards.
The output is negative and/or mixed with positive and negative output. Ambiguity of the
final output occurs. However, since the work is done, individuals or organizations are
still able to achieve some degree of satisfaction.

Organizations/researchers receive feedback from many sources to evaluate their
performance and use this information for their future work. Degrees of satisfaction
depend on a variety of factors such as feedback, expectations, performance, and
environment. The level of their satisfaction affects their motivation, goals, behavior and

performance in their future works. Figure 9 shows the cycle of a motivation model.
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Figure 9: Cycle of a Motivation Model

However, this dissertation focuses only on some elements of the cycle in the
motivation model because of limitations of the bibliographical database. There is no data
available to measure motives, goals, satisfaction, or rewards elements. Therefore, the
study focuses on internal environment, external environment, implementation, and

outcome/performance elements.

4. Individual Persistence Framework

This section discusses six theoretical perspectives contributing to the study of the
persistence of researchers in an R&D community. The study integrates relevant
theoretical concepts from technological network approach, reputation or reward approach

(Badawy, 1988; Manners, et al., 1988), research diversity approach, sunk cost approach
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and technological characteristic approach. The interested factors which may affect
persistence will be described.

The sunk cost approach describes when once an individual or organization has
invested time and money in one research area, they are less likely to switch to other areas.
The technological network approach explains that an individual needs other people to
provide, advice, help, or to work as a team. According to the complexity of their work,
an individual cannot accomplish the job alone. The experimental work approach
explains that researchers who conduct research in laboratories may contribute their
knowledge to an R&D community longer than others. The research diversity, defined as
researchers who conduct research in many disciplines, should facilitate greater
persistence in the R&D community. The fechnological characteristic approach explains
that each technology has its own set of characteristics. Some technologies need more
time and more financial support to develop. The reputation/rewards approach explains
an individual needs recognition from other people. In a highly competitive society,
achieving a basic level of recognition is not enough. An individual needs a higher level
of recognition, i.e. a good reputation among peers, colleagues, and many others. This
leads to persistence for this person’s research to continue. Figure 10 illustrates an

individual’s persistence framework.
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1. Sunk Cost

2. Technological Networks

3. Experimental Work
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4. Research Diversity

5. Technological Characteristics
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Figure 10: An Individual Persistence Framework

4.1 The Sunk Cost Approach

The term “sunk cost” is defined as resources which invest in the past before any
or all of the benefit arise, and then an investor does not take the value of resources as a
cost into their today’s decision-making. The “sunk cost” theory is employed in the
decision-making process. Theoretically, investors do not consider their “past
investment.” Practically, sometimes, it is difficult to follow that theory. Generally,
management is entrapped in their decision making.

Researchers have been studying in a specific field for many years. They invest
their time, energy and any resources to gain knowledge. It is difficult for them to start all

over studying in a new field of knowledge, or to quit the old established field. They have
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to keep going forward in their fields of knowledge. The more scientists and engineers
contribute their knowledge, the more they invest in their knowledge. Thus, we believe
that researchers who publish a greater amount of literature tend to persist in their old

areas of knowledge.

4.2 The Technological Network Approach

Basically, researchers accumulate their knowledge through a variety of methods
(e.g., studying, experimenting) individually. Unfortunately, there are individual
limitations such as time, financial support, and knowledge. Additionally, today’s
scientific and technological knowledge is complicated. Researchers need to have a
variety of resources to overcome their problems effectively, therefore, they collaborate
with other researchers. With this methodology, they can also take advantage of each
others knowledge.

Furthermore, group behavior enhances their members’ behaviors. Lamm and
Myers (1978) state that individuals desire to be socially acceptable. The “social
comparison view” is considered. Some individuals whose performances are below the
group average become aware of their relative position through group interaction. Thus,
they move toward the more socially favored positions.

Generally, researchers work with other researchers who either work in the same
organization or other organizations. In this way, a researcher has his technological
network. The amount of researchers who work with a researcher is considered as a

technological network. We believe that the greater amount of a researcher’s
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technological network will be positive to the persistence of the researcher in the R&D

community.

4.3 The Experimental Approach

Based on the innovation concept, researchers have to accumulate knowledge
continuously. Furthermore, tacit knowledge is very difficult to achieve, and is best
achieved through experiences. Therefore, they have to study and experiment by
themselves. This “tacit stage” enhances the researchers to be experts in specific fields.
Because of the time consuming process, the “tacit stage” also limits their knowledge in
other fields.

Since tacit knowledge can be archived only through experience, researchers who
propose theoretical literature or other types of literature to the R&D community can gain
tacit knowledge because they have studied by themselves. While this is true, there are
some things to consider about experimental literature.

Basically, when a researcher conducts an experiment, there are some controlled
variables. As an example, we may consider a running test of an athlete. Some variables
are controlled such as wind velocity, weather conditions, and distance. Ifthese variables
are not controlled, the athlete’s performance may vary. Some complicated experiments
may have a variety of variables to control. Researchers may separate a big experiment
into smaller experiments. Therefore, they can contribute their knowledge many times.

We may consider other types of literature (theoretical, general review, new
development and practical). Generally, they are contributed in a completed literature.

Additionally, researchers have to set equipment for their experiments. Once the
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equipment is set, they need to use it for awhile. The greater amount of investment, the
greater commitment to conduct experiments they have. We believe that the greater

number of experimental papers a researcher publishes, the longer his persistence.

4.4 The Research Diversity Approach

Based on the “create destruction” conceptualization (or Schumpeter Mark I
model) of technological change, innovation process is an uneven and random process
(Malerba, et al., 1997). Innovation generates monopoly power only for a temporary
period. It is challenged by innovative success of competitors in the following period.
Additionally, the competitors may pounce quickly since the relevant knowledge base is
easily accessible.

Another conceptualization of technological change process is the “creative
accumulation” concept (or Shumpeter Mark I[I model) (Malerba, et al., 1997). This
concept describes that technical knowledge has a strong tacit component and offers a
high specific knowledge to individual organizations and applications. Over time, the
specific, tacit, and cumulative nature of knowledge of the organizations builds higher
barriers to enter. It is very difficult for new innovators to dominate the market in a stable
oligopoly.

Based on both conceptualizations of technological change, Malerba, et al. (1997)
state that disruption of the leading technology requires drastic changes in the relevant
technological paradigm. To achieve the relevant technological paradigm, researchers
have to accumulate a variety of knowledge. Diversity in perspectives can help reduce

uncertainty and resolve ambiguity (Daft and Lengel, 1986).
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A variety of scientific and technological knowledge enhances innovative
opportunity. Thus, a variety of scieniific and technological knowledge may affect the
persistence in the R&D community. We have focused on a variety of areas of technology
that contribute to the R&D community and whether it may affect the persistence of

researchers.

4.5 The Technological Characteristic Approach

Basically, technology has its own characteristics. For example, a semiconductor
technology is a material based technology. Although researchers increase the capability
of a semiconductor through process improvement, when it reaches the ultimate capability
of material, the maximum capability of the semiconductor is also reached. The
researchers have to study how to discover new materials that have better properties than
the old materials.

Generally, material technology is a high investment technology and is a long-term
investment. Management expects to reap benefits in the long term. Scientists and
engineers also have a long-term commitment with the investment. Therefore, our
proposition is the more published papers that are related to material a researcher

publishes, the longer his persistence.
4.6 The Reputation Approach
The self-perception theory is employed. There are three aspects that incorporate

this theory, including traits, competencies and values. First, traits are labels for a variety

of reactions, tendencies, as well as expressing relatively permanent patterns of behavior
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(Cattell, 1965). Secondly, competencies are individual perceptions of skills, abilities,
talent, and knowledge. Thirdly, values are the beliefs about desirable ends that transcend
specific situations, guide selections, or are evaluations of behaviors and events (Schwartz
and Bilsky, 1990).

The “social comparison view” is also given consideration. Individuals usually
evaluate themselves by comparing themselves to others (e.g., their intelligence level
relative to others) or with a fixed standard (e.g., to earn a bachelor degree). Self-
perceptions are determined through interaction with one’s environment. Individuals with
strong self-perceptions are relatively firm in their actions and reactions. On the other
hand, individuals with weak self-perceptions are relatively not firm in their actions and
reactions (Leonard, Beauvais, and Scholl, 1995).

Social identification is defined as individuals who classify themselves and others
into different social categories (e.g., man and researcher). The social identification has a
set role for expectations and the norm which guides the individual’s responsibility.
Responsibility has been suggested to be a critical factor in individual persistence (Staw,
1976). Individuals see themselves differently in each of their roles (Roberts and
Donahue, 1994).

Once individuals develop self-perception, responsibility, and a social comparison
view, they can evaluate themselves through their task and social feedback. Task
feedback can be observed directly from their tasks. Social feedback is difficult to
measure directly. It depends on the individuals’ traits, competencies, and values.
Generally, experts usually get both task and social feedback highly due to their expertise,

e.g., instructor versus full professor in a university.
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We notice that some journals attach researchers’ bibliography with their papers.
Most bibliographies provide backgrounds such as date graduated, university degree
received from, positions and responsibilities, articles written, journals cited, and how
many papers they have contributed to the specific field of technology. Furthermore,
some journals show researchers’ photographs.

Although all kinds of literature are presented with researchers’ names, there is
still a difference. In patent databases, people are hardly interested in inventors’ names.
A patent is used for commercial claims. Usually, the important point is who (the
organization) is the owner of that technological knowledge. In a conference, although a
speaker announces researchers’ names before the presentation, the audience forgets them
soon.

Journals are the most popular media. They are kept systematically whether in
hard copy or electronically. Academic professors and graduate students always use
journal literature in their references. Furthermore, some famous and highly regarded
journals are very tight in their quality of literature. We believe that researchers who
published their literature in journals also present their reputation. The greater amount of
journal literature and the better the journal, the better their reputation. Consequently, we
also believe that the greater amount of journal literature a researcher publishes, the

greater persistence he tends to have.

5. Individual Hypotheses
According to the discussion on the factors influencing individual persistence, six

hypotheses are developed as follows:
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H1. The greater sunk cost a researcher invests, the greater persistence he tends to
have.

H2. The greater technological networks a researcher works with, the greater
persistence he tends to have.

H3. The greater number of experimental papers a researcher publishes, the
greater persistence he tends to have.

H4. The greater research diversity a researcher publishes, the greater persistence
he tends to have.

HS. The more published papers that are related to the technological
characteristics of a researcher conducts, the greater persistence he tends to have.
H6. The greater reputation a researcher acquires, the greater persistence he tends

to have.

6. Organizational Persistence Framework

This section discusses four theoretical perspectives contributing to the study of
the persistence of organizations in an R&D community. The study integrates relevant
theoretical concepts from organizational performance approach, technological strength
approach, geographic location approach, and type of organization approach. Figure 11

illustrates an organizational persistence framework.
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1. Organization’s Commitment

2. Geographic Location

Persistence

3. Technological Capability

4. Types of Organization

Figure 11: An Organizational Persistence Framework

The organization’s commitment approach explores the total amount of literature
of each organization affect to its commitment to the R&D community. The geographical
location approach evaluates the effect of location to the persistence of an organization.
The technological strength approach emphasizes the exploration and technological
capability of an organization. Finally, the organizational type approach explains how the

types of organization affect the persistence of an organization.

6.1 The Organization’s Commitment Approach

Generally, organizations are different. Although they may have the same goals
(e.g., to get the largest market share and to be a technology leader), they have different
types and amounts of resources such as people, knowledge, and financial support.
Therefore, their policies are different. Thus, researchers, who work in different

organizations, are committed to their works differently.
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In a highly competitive environment, organizations are also driven by their
competitors. In order to survive in the competition, they must compete seriously. They
may invest a great amount of money in both equipment and people and many projects
may be planned and implemented. Some projects are long-term investments.
Management is committed to these projects. Consequently, they need to get good results
and survive the competition.

Since this dissertation focuses on the R&D community, we define organizational
performance as a total amount of literature (paper and patents) of organizations that
contribute to the R&D community. It does not refer to the amount of money, which an
organization makes in a period of time.

According to the variety of degree of commitment in each organization, the
performance of organizations also varies. The greater the amount of literature that is
contributed, the greater degree of commitment an organization has. Therefore, we
believe that the greater amount of literature that is contributed, the longer the

organization’s persistence.

6.2 The Geographical Location Approach

Generally, organizations tend to locate near their resources (e.g., raw material,
and people) and markets. They can take many advantages such as reduced transportation
costs, labor, number of customers, etc. In the globalization environment, firms may
establish their companies in other countries for a variety of objectives. One interesting

objective is to get scientific and technological knowledge, in addition to cheaper costs.
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As we discussed earlier, tacit knowledge is difficult to achieve. It requires only
experience. Some organizations take advantage by recruiting experienced people who
may come from competing universities or organizations. Sometimes it is difficult for
these people to move from their cities because they have their families and good
facilities. Therefore, organizations may need to move instead.

The geographic location approach is developed based on many studies (Krugman,
1991; Teece, 1992; Almeida, 1996). Krugman (1991) states that a knowledge-intensive
region relates to industrial firm clusters. Teece (1992) also supports Krugman’s
statement. He comments that the knowledge-intensive regions are attracted to foreign-
based multinationals. Furthermore, once a foreign firm is located in that region, they
contribute their knowledge back to the local technology progress (Ameida, 1996).

Based on the literature survey, organizations tend to locate in a good facility
region. They are able to take advantage of the good facilities. Therefore, we believe that
organizations that are located in a higher density knowledge region positively persist
longer than other organizations that are located in lower density knowledge region.

In common language, density usually refers to the count for the geographic area
(e.g., the number of persons per square mile). Hannan and Carroll (1992) define the
density of an organizational population as the number of organizations it contains. We
follow Hannan and Carroll’s (1992) definition that the density of knowledge means the

number of literature that is contributed by researchers who live in a specific area.
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6.3 The Technological Ability Approach

Generally, organizations acquire scientific and technological knowledge through a
variety of methods (e.g., licensing, reverse engineering). When their scientific and
technological knowledge cannot stay any longer, it becomes obsolete. The organizations
have to buy new technology. This acquiring strategy is not appropriate in highly
competitive environments nor where technologies change rapidly.

Organizations have to develop their scientific and technological abilities. They
may join research with other organizations, called technology alliance strategy, or
develop their laboratories, called in-house R&D strategy. Researchers can develop tacit
knowledge. This strategy enhances their scientific and technological skills.
Consequently, organizations increase their scientific and technological capabilities.

Organizations tend to invest their time and energy in their core competencies.
The term “core competencies” is defined as the collective learning in the organization,
especially how to coordinate diverse production skills and integrate multiple
technologies, and the critical mass of competencies required to permit “delivery of value”
(Prahalad and Hamel, 1990). If organizations have the strength of technological
innovation, they will tend to persist in technological innovations.

Technological strength is measured through patents. A patent is a technological
documentation that an organization registers and claims to be the first inventor and the
owner. The greater amount of patents, the more technological strength an organization
has. This means that scientists and engineers in that organization have a greater ability to

create innovations. We believe that the greater amount of patents, the longer the

persistence.

50

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6.4 The Organizational Type Approach

It is known that organizations have their own characteristics and environment.
For example, they are non-profit (e.g., universities and governmental laboratories) and
profit organizations (e.g., firms). Management is different, therefore, the persistence of
researchers in different types of organizations in the R&D community may be affected.
Researchers who work in an appropriate environment (e.g., universities that allow
researchers to conduct research in any area of R&D) are more likely to persist in the
technology longer than others.

One may argue that researchers who work in good performance firms also tend to
persist in a specific technology longer than the others. He/she may be right, but
considering the conflicts between researcher autonomy and organizational goals, the firm
researchers may have more pressure to switch to other technologies by force. On the
other hand, university researchers usually can conduct their research as long as they are

able to recieve financial support.

7. Organizational Hypotheses
Based on the literature that is discussed, four hypotheses are developed as
follows:
H7. The larger amount of published papers and documents an organization
contributes to the R&D community, the longer persistence it tends to have.
HB. If an organization is located in an area with a high density of knowledge, it
will tend to persist longer than an organization located in an area with a lower

density of knowledge.
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H9. The greater the technological strength an organization has, the longer
persistence it tends to have.
H10. Academic researchers are more likely to persist in the R&D community

longer than other researchers.

8. National Persistence Framework

Differences in national values, culture, economic structures, institutions, and
histories contribute to the competitive advantage of nations (Porter, 1990). This research
explores some evidences that relate to the persistence of a nation in a given technology.
We believe that differences in national values, cultures, technological prerequisites,
histories, and economic structures may relate to national persistence in the R&D
community.

This section discusses five theoretical perspectives that relate to national
persistence in the R&D community. The study integrates relevant theoretical concepts
from knowledge prerequisites, technological infrastructure, sociocultural tendencies, and
knowledge diversity approaches. The hypotheses in this unit of analysis are also
developed, based on the relevant theoretical concepts. Figure 12 illustrates a national

persistence framework.
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Figure 12: A National Persistence Framework

The knowledge prerequisite approach describes why a nation needs to have
knowledge prerequisites. Although knowledge may spillover through a variety of
literature, tacit knowledge is needed. The manpower approach explains how human
resource is important to develop R&D at a country level. The knowledge diversity
approach describes that more knowledge diversity should facilitate greater persistence in
an R&D community. The technological infrastructure approach explains how the
infrastructure affects the persistence of nations in an R&D community. The sociocultural
tendency approach explains how different cultures (e.g., individualism and collectivism)

affect the national persistence. Figure 12 illustrates a national persistence framework.

8.1 The Knowledge Prerequisite Approach
Based on the innovation concept, innovations are developed from the cumulating
of scientific and technological knowledge (Padmore, Schuetze, and Gibson, 1998;

Malerba, et al, 1997; Teece, 1996; Saviotti, 1995; Debackere, Clarysse, and Rappa, 1992;
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Van de Ven, 1986; Ayres, 1986). Additionally, disruption of present technologies
requires drastic changes in the relevant technological paradigm (Malerba, et al., 1997).
In order to secure competitive advantage, nations need knowledge.

Generally, knowledge can be developed by a variety of methods such as licensing,
reverse engineering, patent disclosures and publications, open technical meetings, etc.
Achieving knowledge through these methodologies is easy and quick. However, there is
at least one type of knowledge that is difficult to achieve. It is tacit knowledge. Learning
by doing is an important complement for R&D (Nelson, 1996). Therefore, tacit
knowledge is required.

Tacit, in other words, cannot be coded, it is embodied in a person, and cannot be
reduced to merely a simply derivative. It is not easily applicable. It comes only with
experience. The transfer of tacit knowledge may be slower and more expensive than the
transfer of operating know-how (Scott-Kennis and Bell, 1988). An explicit example is
developing countries sending their scholarship students to study in the US.

As discussed previously, knowledge and skill are important characteristics in
technological change. Knowledge and skill are considered technological prerequisites
(Dunphy, Herbig, and Howes, 1996). Consequently, we will consider the scientific and
technological knowledge that is developed by individuals or organizations in a country in
this approach. We believe that scientific and technological knowledge, developed in a
country, represents some level of knowledge and skill of a nation in a given technology.

In a globalization environment, large enterprises establish their offices throughout
the world. One question is how do we identify nation-based organizations in a country,

e.g., a Japanese company, which is located in the United States. Almeida (1996) states
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that foreign firms use regional knowledge and contribute to local technological
knowledge significantly, therefore, we consider that knowledge is developed in the
United States.

Most governments support R&D projects both directly and indirectly. The
government directly subsidizes R&D projects through university and government
laboratories including human resource development. Sometimes governments support
private firms’ R&D by reducing their income taxes.

To get technological change, there are two stocks of resources: (1) the skills,
knowledge, and institutions that make up a country’s capacity to generate and manage
change, and (2) the capital goods, knowledge, and labor skill required to produce
industrial goods (Patel and Pavitt, 1997). They also state that to develop academic
research capacities, support for postgraduate training, opportunities have made important
contributions to technological accumulation. Therefore, a country that has a greater
amount of knowledge will also have a greater opportunity to develop innovations. Based
on this approach, it may persist in the R&D community much longer than those of other

countries which have a lower amount of knowledge.

8.2 The Technological Infrastructure Approach

Porter (1990) states that a nation’s competitiveness depends on the capacity to
innovate and upgrade. Therefore, the government is expected to play an outstanding role
to support and promote its innovations and upgrade them. Hilpert (1991) states that the
government’s roles are: (1) organizing academic research, (2) organizing markets for new

science-based products, and (3) creating circumstances and providing the incentives
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appropriate for its innovations, e.g., regulation. For example, the research at MIT funded
by the American Defense ministry, became a fundamental position in industrial markets
(Hilpert, 1991).

Dunphy, Herbig, and Howes (1996) emphasize the relationship between the
human infrastructure of a nation and its innowvations. They state that “potential
entrepreneurs need to be given the independence to initiate their ventures.” They assert
that a high level of venture capital available in the United States is the cause of a greater
amount of innovations.

Based on the previous studies, the technological infrastructure can be human
infrastructure, regulation, financial support, etc. This dissertation focuses on the number
of organizations within a nation. We believe that the number of organizations within a
nation represents the relationship among human infrastructure, regulation, and financial
support. Organizations need technological infrastructure. Therefore, the greater number
of organizations within a nation that contribute knowledge to the R&D community may

persist longer than those of other nations.

8.3 The Knowledge Diversity Approach

As discussed in the research diversity in the individual level, the knowledge
diversity is also an important issue in the national level. A nation’s government is
expected to support education and training. Researchers or organizations need to work in
good environments (e.g., regulation, and pension) and facilities (e.g., communication
system, libraries, and other infrastructures). They work legally on a variety of

technological fields.
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Disruption of the old technology requires drastic changes in the relevant
technological paradigm (Malerba, et al., 1997). Hurley (1997) states that creativity
consists of curiosity, motivation, persistence and knowledge. One may have some good
ideas, but may not have the chance to conduct or test the ideas because of the lacking of
good support. A government is considered as the facilitator or inhibitor of the research
process.

A variety of technological fields show some degree of the facility of a nation.
Researchers are supported by their government usually at some level. Consequently, we
believe that the better the support on a research process, the greater amount of
technological fields researchers conduct in a country. They should satisfy and persist in
their work. Thus, we are led to a proposition designed to test a relationship between the

total amount of technological fields and the persistence of nations.

8.4 The Manpower Approach

As we know, manpower is the most important resource in management.
Developed countries have a variety of powerful knowledge and experts which enhance
their economy, whereas, developing countries may lack these things. In highly
competitive environments, firms compete with each other by offering higher salaries and
better benefits to experts.

In our study, manpower refers to the number of researchers who study in a
specific area of knowledge in a country. The amount of researchers in a country has

some relationship with tangible and intangible values (e.g. their incomes and social
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status). Thus, we believe that the number of researchers may relate to their persistence in

an R&D community.

8.5 The Sociocultural Tendency Approach

People have different values and cultures in different countries. Some cultures
are more conservative than others. Ralston, et al. (1993) and Ricks, et al. (1990) state
that a national culture drives values in the workplace. People who have different work
values act differently from the others. Thus, the work values of different countries are
focused in this approach.

Based on the Hofstede study (1980), he constructs contrast work values, which
are individualism/collectivism construct in his study. He identified the United States as
the country highest on individualism. Many scholars develop the Hofstede study’s
framework in their studies (Ralston et al., 1995; Holt, Ralston, and Terstra, 1994;
Maccoby, 1990).

Ralston, et al. (1995) study the effects of the impact of work values in the United
States, Russia, Japan, and China. Holt, Ralston, and Terstra (1994) find that
individualism appears to equate to the Western culture, while collectivism appears to
equate to the Eastern culture. Maccoby (1990) states that “the greater the freedom of the
individual to explore and express his opinion, the greater the likelihood the individual
will develop new ideas.”

Most researchers work with their groups. Researchers’ work values affect their
work. In some cultures, junior researchers have to listen and obey senior researchers.

Sometimes they come up with new ideas, yet they cannot express their ideas freely. If

58

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



they do not like their work environment, they may quit. On the other hand, in some
cultures, researchers feel free to express their ideas. With this environment, a variety of
ideas are proposed. We believe that neither individuals nor organizations may persist

longer in the R&D community than that of other work values.

9. National Hypotheses
We have developed five hypotheses regarding the national scenario in order for
countries to achieve and maintain a greater persistence. They are as follow;
HI11. The greater the knowledge prerequisites that are published by individuals or
organizations in a country, the greater persistence the country tends to have.
H12. The greater amount of manpower that is contributed knowledge to an R&D
community in a country, the greater persistence the country tends to have.
H13. The greater amount of knowledge diversity of a given technology that is
contributed knowledge to an R&D community by individuals or organizations in
a country, the greater persistence the country tends to have.
H14. The greater the technological infrastructure in a country, the greater
persistence the country tends to have.
H15. The higher individualism work value of a country, the greater persistence

the country tends to have.
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CHAPTER IV

METHODOLOGY

1. The Output of an R&D Community

Since this dissertation focuses on an R&D community perspective, we will collect
an R&D community’s output or products. Based on an information processing in science
and technology concept (Allen, 1988), there are three basic outputs: (1) verbally encoded
information (papers), (2) physically encoded information (hardware and other products),
and (3) verbally encoded information (documentation) as shown previously in Figure 1.

Verbally encoded information (papers), which come from the “science” system,
generally consist of academic papers, articles, and conference proceedings. In the
“technology” system, there are two kinds of information: (1) hardware and other products
represent physically encoded information and (2) verbally encoded information which
result in patents.

This dissertation focuses only on verbally encoded information of both systems
(e.g., academic papers, articles, conference proceeding, and patents). Hardware output is
harder to collect and study. On the other hand, verbally encoded information is kept
systematically. We employ a “bibliotech” technique in this study, which we will discuss

more in the next section.
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2. Verbally Encoded Information

2.1 Paper Literature

The use of literature to understand the growth of a field has a long and well-
established tradition. Rappa and Garud (1991) state that Cole and Eales were among the
first serious ones to utilize the published literature in order to quantify the progress in a
field. When they published their study of the development of comparative anatomy in
1917, the two scientists examined nearly 6,500 books and papers to compile their data.
The result was a detailed statistical account of the ebb and flow of research in
comparative anatomy over three centuries. Cole and Eales clearly illustrated the
prevalence and magnitude of cyclical changes in the level of publication activity that
occur in a field over time.

Wilson and Fred are scientists who used the same methodology as Cole and Eales.
They studied the subject of nitrogen fixation by plants in 1935. They put an intuitive
grasp of the value of the literature by adding prediction of future trends in their research.
Recently, literature-based studies of emerging fields of science and technology have
become common (Rappa and Garud 1991, References therein).

Generally, there are two basic types of studies. The first type studies a model of
the growth of technology by measuring annual publication volume. The second type
studies the development of clusters of researchers in a technology by using citations as a
unit of analysis. Actually, both types of literature studies cover a wide range of topics in
science and technology. Recently, patent literature is an interesting literature that many

researchers study.
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Since the literature is a rich source of information, many researchers use the
literature as a source of data about what goes on in the research community. There are
many ways of studying. Mullin (1972) analyzes the literature to take advantage of the
incidence of co-authorship and to understand the communication network that forms
among researchers in a field. Spigel-Rosing (1972) analyzes the literature to identify
individual researchers in order to compare the level of scientific manpower in different
countries (Rappa and Gurud, 1993).

Comroe and Dipps (1976) also analyze the literature to understand the
contribution of long-term basic research to major advance research in clinical medicine.
Rappa and Gurud (1991) use the literature to determine the length of contribution spans
of individual researchers in an emerging technology. Rappa and Gurud (1993) still use
the literature as a source of data to analyze the length of researchers’ association with a
technology to examine persistence behavior.

The pros and cons of using a literature database as a source of communication are
listed below (Yamada 1990):

Pros
- Researchers themselves have generated data.
- Geographically dispersed, mass of researchers can be accessible.
- A data set can be found easily by using key words.
- Not only demographic but also technological information can be obtained from the
title and the abstract.
- The format of data is well established.
Cons
- Information communications are completely ignored.

- The time delay between a progress and a publication might be substantially long in
some cases.
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- - Individuals participating in a community cannot be discovered until he/she
publishes something in the community.

2.2 Conference Proceedings

Scientists and engineers contribute their knowledge not only through published
papers but also in conferences. Some conferences have set reviewers who are authorized
to accept or reject contributions. According to a variety of contributions and a limitation
of time in each conference, the reviewers select or group the contributions. The severer
the review becomes, the more formality results.

By its nature, conferences are an oral expression. Participants have a chance to
respond to each other immediately. They gather information from each other face-to-
face, therefore, a conference is a semi-formal communication form. The conference is
filled in a gap between literature-only (e.g., articles and published papers) and oral-only
communication (e.g., talking and discussion) forms. Participants have documents in hand
and are able to ask questions.

Basically, conferences are set for scientists, engineers, and people interested in
technology. Sometimes we can observe an emerging technology from the title of the
conferences and how often they occur. The title of conferences often has interesting
topics in a specific field. Technology gatekeepers can meet scientists and engineers in
the conferences directly.

How do researchers who do not participate in a conference get knowledge? Some
conferences do not publish their contributions to the public but some conferences do.
Conference proceedings are a type of reprinted contribution. We may consider the Best

Paper Proceedings of the American Academy of Management as an example. The paper
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or conference proceeding is selected from conferences’ contributions. Furthermore,
scientists and engineers not only contribute their knowledge in conferences, but in
articles and academic papers as well. Therefore, we can trace their knowledge through a

variety of media.

2.3 Patents

Patent documents have several advantages as a “technology indicator.” Patents
provide rich information such as the name of the patent’s owner, countries, issue date,
abstract, patent classification of a given technology, references, and figures. Patent
databases are used in many applications. They are rival analysis, technology tracking and
forecasting, identifying important developments, international strategic analysis,
infringement monitoring, and current awareness.

Patent statistical analysis is useful in sketching the “big picture” of activity in a
technology. Because not all inventions are patented, patent analysis should be used as an
additional piece of information to confirm or question technology (Mogee, 1991). We
believe that if scientists and engineers need to contribute their knowledge to R&D
communities, they will find a way to contribute it through a variety of media such as

academic papers, and conference proceeding.

3. Brief Description of the Semiconductor Laser Diode
We choose a semiconductor laser diode R&D community to study the persistence.
Semiconductor laser diode is one of many materials which is able to emit laser. As we

know, the semiconductor is an important material in electronic devices. This material is
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developed and employed for long time. We will briefly describe of the semiconductor
laser diode in this section.

The semiconductor industry is an excellent example of a growing and innovative
industry (Malerba, 1985). There are a variety of major and minor innovations and
technological improvements. The semiconductor industry lies at the core of the
electronics industry. Technological change in the industry has affected technological
change in the computer, telecommunication equipment, electronics consumer goods and
industrial/medical/professional equipment industries. The industry has also become a
strategic industry for international competitiveness.

To achieve the laser operation, a cavity filled with laser medium is prepared. Then
the medium is pumped up by an outside energy source to an excited state. At this state,
the medium will relax its atomic energy by releasing spontaneous radiation (R-Radiation)
and then come down to the ground state. The spontaneous radiation is light (L-Light).
Laser beams have been produced in every color of the rainbow (Hecht and Teresi 1982).

While initial spontaneous radiation passes through the cavity of medium, it
stimulates (S-Stimulate) the other emission (E-Emission). The phase of the stimulated
emission is the same as the first spontaneous radiation. This makes it seem like the first
spontaneous light is amplified (A-Amplify) by the stimulated emission. Prepared
surfaces of the cavity of medium works as high reflective mirrors. The only light, which
is perpendicular to the mirrors, can repeat the pendulum motion from one surface to the
others. Finally, the laser light comes out from the medium.

Materials used to produce the light are as follows (Harry, 1974; Luxon and

Parker, 1985; and Gibiliso, 1989):
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1. Crystal and glass lasers

2. Gas lasers

. Excimer lasers

. Chemical lasers

. Optically pumped gas lasers
. Semiconductor lasers

. Liquid lasers

. The free-electron lasers

. The X-ray lasers.

Ne RN =B e WV I S

Semiconductor laser technology is claimed to be the fastest moving laser
technology in the 1980s. The first commercial semiconductor laser able to emit a
continuous beam at room temperature entered the market in 1975 (Hecht and Teresi,
1982). This technology is one of the core technologies in electronic industries.

One emerging technology in the semiconductor laser field is called optical
information processing. This technology treats data as a form of light rather than as an
electrical voltage or current. It has the potential of faster processing speed compared
with the conventional electronic information processing. We use fibre optics to transmit
signals in optical instrumentation, communication, and laser beams. Fibre optics have
good physical properties. They absorb light in small amounts (Luxon and Parker, 1985).

Three main reasons that caused the success of optical fibre transmission systems are
as follows:

e high modulation rate of the output light
matching of light wavelength to the low loss region of optical fibre
easy maintenance especially for repeaters due to the built-in mirrors at the laser
cavity ends.
Semiconductor laser diodes are also utilized in computers and printers. Using the

optical fibre transmission technology, high-speed data transfer between a central

computer and peripherals including terminals and printers is possible. The low cost and
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the portability of the semiconductor laser diodes are the reasons for this significant
success. This technology is also used in entertainment and image recordings, since a

high-speed data transfer is required in these products.

3.1 A Brief History of Early Development

The first laser diodes were demonstrated at IBM, MIT, and General Electric (GE)
in 1962. They were operated only at cryogenic temperatures in pulses, an ill-suited
condition for commercial applications. Therefore, most researchers focused on how to
improve the physics of laser diode fabrication to operate at room temperature.

Finally, a semiconductor laser diode that can operate at room temperature was
demonstrated by Bell Labs in 1970. Many institutions became interested in researching
laser diodes in the early to mid —1970s. They were IBM, Bell Labs, NEC, NTT,
Mitsubishi, Matsushita, Xerox, Sony, Sharp, Hitachi, Toshiba, Philips, MIT, University
of Illinois, Hewlett-Packard, and the Soviet and American government labs.

Although the semiconductor laser diode could operate at room temperature, it
could only operate for a short time. Additionally, laser diodes were prohibitively
expensive, unreliable, and available only in small quantities. There was also a problem
with how to expand the range of wavelengths of different laser diodes. The researchers
had to overcome both the physical properties of the semiconductor laser diode and its
production problems. Most researchers were optimistic that as the technology became
more understood, these significant problems could be solved.

Research focused on the physical properties driving important performance area

such as output optical power, input electrical power, and light beam characteristics. At
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that time, the researchers often built process equipment themselves. A small company
named Laser Diode Laboratories sold the first laser diodes with a lifetime of 500 hours
(Hecht and Teresi, 1982). To be used in most commercial applications, the lifetime of a
laser diode should be at least ten thousand hours. Therefore, the laser diodes were
expensive. Their cost was more than $1,000 each.

Nowadays, the semiconductor laser diodes can operate at room temperature for
more than ten thousand hours and their prices are relatively inexpensive. The difference
in prices of the semiconductor laser diodes depends on the types of diode lasers.
Regardless of their end-user applications, all diode lasers are decreasing in price. The
price of diode lasers that operate between 700 - 800 nm is only about $1 (Frost &

Sullivan, 1994).

3.2 Fabrication of the Semiconductor Laser Diode

The semiconductor chip has to be placed in a package that connects the diode to
other devices. The package includes heat sink and other components. Since the
semiconductor uses many materials, the diode chip consists of a series of films of
different alloys of gallium (GA), aluminium (AL), and arsenic (AS) deposited on a wafer,
as shown in Figure 13. Following, Figure 14 shows a cut-away of a laser diode in its

package.

68

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



300 um

*-I
Gold —ak "\ % 250 um
electrode
~—GaAs (Zn)
3pum 4——A10_456&0_55A5 (Zn)
== Alg 14Gag ggAs (Zn)

_— ;'\\AIOASGE"O.SSA‘S (Se)
GaAs (Se)

T GaaAs (Te)
(about 100 pum thick)

I\

Cross section of a laser diode chip with the vertical dimension expanded. Elements shown symbols in
parentheses are added in small quantities. The shaded region is where light is emitted. One micron is equal
to one ten thousandth of a centimetre.

Source: Wood, S.C., “The development of Laser Diode at Sony,” Stanford GSB Case. S-OIT-8, 1995, p.3.

Figure 13: Cross Section of a Laser Diode Chip
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The light emitted from the laser diode is shown by the shaded region. Early versions of this package were 9
millimetres in diameter.
Source: Wood, S.C., “The Development of Laser Diode at Sony,” Stanford GSB Case, S-OIT-8, 1995, p.4.

Figure 14: Cut-Away of Packaged Laser Diode
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The manufacturing sequences of a laser diode are provided in Figure 15. The
sequence starts with a round or square wafer approximately 2 cm across. The first step is
called “epitaxy.” The wafer is processed using other tools that add, modify, and pattern
additional, thicker films onto the wafer. Many processes are performed on the intact

wafer to make up the “front-end” process. One wafer can contain about 20,000 identical

laser diodes.
FRONT END (wafer processing) BACK END
: (separation,
packaging, and test)
1 XTI TIITCLYTIILCTSY
\ > e
cpitaxy of multiple deposit and pattern cleave wafer inz_ bars,
thin films in a single additional, less critical and iwen coat and test
chamber films on wafer bars
|

!
T . T

test optical and electrical mount laser diode, dice bars into single
characteristics in fur- attach leads, and seal laser diode chips
naces for hours or days laser diode in package

Wafers are processed in the “front-end” of the sequence, and then cut into diodes and packaged in the
“back-end.”
Source: Wood, S.C., “The Development of Laser Diode at Sony,” Stanford GSB Case, S-OIT-8, 1995, p.4.

Figure 15: Laser Diode Manufacturing Sequence
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The “back-end” process begins with the wafer being cleaved into bars. Each bar
is one-diode wide, and roughly 100 diodes long. Each bar is then coated with film. At
this point, the laser diodes are tested for functionality for the first time. The
malfunctioning diodes are marked. The bar with working diodes is diced into individual
chips. Each diode is mounted on a heat sink and connected to the electrical leads in the
package.

The package is then sealed. At the end of this process, the laser diode is tested
many times to verify electrical and optical characteristics and lifetime requirements. Any
laser diodes that do not pass the test are discarded. The remaining fraction of laser diodes
is the yield of the manufacturing process.

Most of the defects occur in the wafer epitaxy process. The ultimate lifetime and
functionality of the laser diodes are very sensitive to the thickness, composition, and
purity of the different deposited films and to the abruptness of the interfaces between the
films.

A semiconductor laser is a laser produced by a semiconductor material. The
semiconductor material is electrically pumped using a forward-biased p-n diode structure,
and charge carriers injected into a thin active layer providing the optical gain. This
structure does not necessarily require an external cavity, therefore, the semiconductor
laser diode chip is about 100-300 micron in size.

Most diode laser media are fabricated from gallium arsenide (GaAs) and its
derivatives, and from indium phosphide-based compounds (Frost & Sullivan, 1994).
Diode lasers may be categorized according to wavelength: visible (less than 750 nm),

near infrared (750-1,000 nm), and long wavelength (more than 1,000 nm). GaAs-based
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diodes produce lasers with wavelengths between 630-1,050 nm. Indium phosphide
diodes produce lasers with wavelengths between 1100-2,100 nm. Lead salt diodes

produce lasers with wavelengths between 2,500-12,500 nm.

3.3 Development of Some Types of Diode Lasers

Blue diode lasers (ZnSe) are some of the interesting products under development
in the diode market. Blue diode lasers emit at 470 nm, whereas, the red diode lasers emit
at 780 nm. Therefore, the blue diode lasers have shorter wavelengths than the red. It is
an advantage because the shorter the wavelengths they have, the smaller the focal points
they need. Therefore, if the blue diode lasers are developed and used instead of the red
diode lasers, data capacities will increase.

HeNe lasers are used in many detectors and measurement systems. The lasers
emit at 670 nm. Diode lasers, which emit at 670 nm, are not as precise as the HeNe
lasers. Although the diode lasers are not precise, their shorter wavelengths can create
more brightness. Moreover, diode lasers can also generate low-power (1-megawatt)
beams, which are more efficient than HeNe lasers. Therefore, the diode lasers will
substitute for the HeNe lasers.

Tuneable diode lasers such as Ti: sapphire and dye tuneable lasers are competing
with older technologies. These lasers are tuned by means of an external cavity grating.
Therefore, these lasers can tune their wavelengths from 780 nm to 1060 nm. The
tuneable diode lasers have higher reliability and lower cost than the old technologies.
Because of these advantages, the sales of tuneable diode lasers will grow significantly

(Frost & Sullivan, 1994).
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4. Accessing R&D Community Records

The Database for Physics, Electronics and Computing (INSPEC), which is
maintained by the Institution of Electrical Engineers (IEE) of the UK, is selected as a
good resource. INSPEC contains citations with abstracts to the worldwide literature in
computers and control, electronics and electrical engineering, information technology,
and physics. Sources include more than 4,000 journals and more than 2,000 conference
proceedings, books, and reports.

The data for this study was gathered by using these specific keywords: /aser
diode, laser diodes, semiconductor laser, semiconductor lasers, semiconductor junction
laser, and semiconductor junction lasers. The patent database is also gathered by using
the same keywords as the literature database and patent classification, which are
categorized by the United States Patent Office.

One may question why we use the United States Patent database. It is because the
United States is a technology leading country in the semiconductor laser diode. Many
foreign technology leading firms (e.g., Sony and Sharp) have established their
subsidiaries in the United States. Furthermore, the United States legal systems are
powerful in order to protect their patents. Most firms prefer to register their patents in the
United States. We believe that the United States Patent database is a good database to
study the semiconductor laser diode technology.

The study uses a bibliographic software package called ProCite to analyze the
databases. We put literature papers and conference proceedings database and patent

database in the ProCite. The ProCite enables us to index the data by author and by author
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affiliation as well as publication date or any field in a record. Citations can be organized
chronologically.

Since we access data by using a set of keywords, it is possible that some records
are the same. ProCite can identify duplicated records by comparing authors, title, and
date of publication fields. However, we know that some scientists and engineer
contribute their knowledge through a variety of methods in different dates. We then

check the records manually by comparing author and title fields.

5. Data Constraints

As stated earlier, we collect bibliography data by using the INSPEC database. We
find that the database has limitations. The INSPEC database presents only the first
author’s organization. We cannot identify the rest of authors’ organizations. However,
we do not focus on organizations’ manpower. Thus, this limitation does not affect our
analysis.

One may question that the manpower (size) of organization may affect to its
persistence. This may be true. If an organization has a greater number of researchers,
they may conduct their research longer than other organizations. However, it is a
limitation to find organizations’ manpower throughout the world for more than thirty
years.

Some records are not complete. For example, the authors’ affiliations and types
of published papers are not provided, although they are in the same electronic database

and/or recently published. Therefore, we have to eliminate those incomplete records.
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6. Data

We have collected bibliography data beginning in 1966 through 1998 using the
INSPEC. We obtained 52,327 records, which include academic journals, and conference
proceedings. We found that 66 countries contribute knowledge in the semiconductor
laser diode R&D community. The US and Japan are leaders in the R&D community.
They contribute 15,914 (32.313%) and 11,124 (22.587%) records respectively. We also
found that 3, 071 organizations participate in the R&D community. Table 1 shows more

details.

Table 1. Amounts of the literature of semiconductor laser diode R&D community by
country (1966-1998)

No. Country Amount of Literature { Amount of organizations
(papers) (oganizations)
1 Algeria 2 2
2 Argentina 6 4
3 Australia 163 31
4 Austria 171 12
5 Bahrain 7 2
6 Bangladesh 7 2
7 Belgium 287 6
8 Brazil 144 24
9 Bulgaria 66 9
10 Canada 1,062 75
11 Chile 1 1
12 China 1,285 128
13 Cuba 11 2
14 Cyprus S 1
15 | Czechoslovakia 129 17
16 Denmark 280 13
17 Egypt 10 5
18 Finland 157 15
19 France 2,333 154
20 Germany 3,570 308
21 Ghana 1 1
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22 Greece 48 9
23 Hong Kong 89 6
24 Hungary 78 9
25 India 402 63
26 Iran 13 5
27 Iraq 2 2
28 Ireland 122 8
29 Israel 308 18
30 Italy 975 79
31 Japan 11,082 336
32 Jordan 3 3
33 Korea 520 66
34 Luxembourg 1 1
35 Malaysia 14 5
36 Mexico 30 10
37 Morocco 2 1
38 Netherlands 679 35
39 New Zealand 16 9
40 Nigeria 6 3
41 Norway 34 9
42 Oman 2 1
43 Pakistan 11 5
44 Philippines 2 1
45 Poland 335 25
46 Portugal 42 8
47 Qatar 1 1
48 Romania 64 15
49 Saudi Arabia 6 4
50 Singapore 112 4
51 South Africa 17 7
52 Spain 237 28
53 Sweden 408 23
54 Switzerland 598 21
55 Syria 1 1
56 Taiwan 328 26
57 Thailand 6 3
58 Tunisia 2 1
59 Turkey 24
60 UK 3,457 169
61 Uruguay 5 1
62 USA 18,778 922
63 USSR 3,728 284
64 Venezuela 7 2
65 Vietnam 9 3
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66 Yugoslavia 24 10
otal 49250~ f 0 307100

In addition to the US and Japan, we find that there are only 10 countries that have
“contribution shares” of more than 1%. They are Germany (7.105%), UK (7.027%),
USSR (6.753%), France (4.745%), China (2.615%), Canada (2.067%), Italy (1.98%), The
Netherlands (1.381%), Switzerland (1.214%), and (South) Korea (1.015%). Figure 16

shows a “contribution share” from the first ten countries.

1. USA (32.3%)
W2 Japan (22.6%)
O3. Others {12.8.2%)
0O4. Germany (7.1%)
H5. UK (7.0%)

BE6. USSR (6.7%)
M7. France (4.7%)
8. China (2.6%)

M 9. Canada (2.0%)
®10. Italy (2.0%)

Figure 16: Contribution share of the major counties in the semiconductor laser
diode R&D community (1966-1998)

In our patent database, we have collected patent data from the US Patent database
beginning in 1969. We find that there are 22 countries that registered their patents in the

US. We have 3,149 records. There are 506 organizations which registered their patents
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in the US Patent database. However, there are 125 patents from individuals in the patent
database. Since our focus is on organizational units in the organizational level, we have
removed them. Basically, we use a total of 3,143 patents in our analysis. Table 2
provides further details.

In the US Patent database, it should be noted that we classify each country by
using the country field in the patent record. Some subsidiaries that are located in foreign
countries may inform their home-base countries. Although it is possible that some of the
subsidiaries’ patents are innovated in the foreign countries, it is reasonable that the
“mother” firms own the patents. For an example, the US Philips Corporation identifies
its country as The Netherlands (NL). Since the US is a technology leading country, the

Philips Corporation needs to register its patents in the US.

Table 2. The amount of semiconductor laser diode patents of each country in the
US Patent database (1969-1998)

Country. ..~ |Amount of patents |Percentage (%)

Australia 5 0.159
Austria 2 0.064
Belgium 1 0.032
Brazil 1 0.032
Canada 28 0.889
France 65 2.064
Germany 111 3.525
Hungary 1 0.032
Ireland 1 0.032
Israel 5 0.159
Italy 9 0.286
Japan 1557 49.444
Korea 70 2223
Malaysia 2 0.064
Netherlands 52 1.651
Sweden 3 0.095
Switzerland 16 0.508
Taiwan 10 0318
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UK 42 1.334
USA 1164 36.964
USSR 4 0.127
Total:: ST 3149 1 -.100.000

It is interesting that a group of Japanese organizations are the largest group in the
US Semiconductor Laser Diode Patent database (1,557 patents or 49.444%). The US and
Germany are the second and third rank, respectively. The US organizations and
Germany’s organizations have 1,164 (36.964%) and 111 (3.525%) patents respectively.
From both Tables 1 and 2, we may deduce that Japan and the US are technology-leading
countries in the semiconductor laser diode technology.

We find that there are only five countries, besides Japan and the US, which have
“contribution shares” of more than 1% in the semiconductor laser diode US patent
database. They are France (2.064%), Germany (3.525%), South Korea (2.223%), the
Netherlands (1.651%), and UK (1.334%). Figure 17 summarizes the “contribution

shares” of countries in the US Patent database.
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1. Japan (48%)

W 2. USA (37%)

3. Germany (4%)
4. Others (3%)

M 5. France (2%)

6. Netherlands (2%)
W 7. Korea (2%)

08. UK (1%)

Figure 17: “Contribution shares” of countries in the US Patent database (1969-1998)

7. Measurement

7.1 Individual Hypotheses

Dependent Variable

The dependent variable, PERSIST], is the number of years in which a researcher
persists in the R&D community by considering the number of years that have elapsed
from the first to the last publication for each author. For example, if a researcher first
published in 1980 and last published in 1990, the number of years that a researcher

persists in the R&D community would be calculated as eleven years.
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Independent Variables

Hypothesis H1 states that the greater sunk cost a researcher invests, the greater
persistence he tends to have. We consider a researcher’s sunk cost by using the number
of literature that he publishes. Researchers have to invest their time, energy, and other
resources to conduct their research. The number of literature that a researcher published
are counted and put in a COMMIT1 variable.

Hypothesis H2 states that the greater technological networks a researcher works
with, the greater persistence he tends to have. In this dissertation, the technological
network is defined as the number of co-authors that a researcher works with. Basically,
researchers usually work with other researchers. Since R&D is complicated, they can
share and exchange their knowledge, therefore, we count the number of co-authors that a
researcher works with. We then put the number of his co-authors in a NETWK1
variable.

Hypothesis H3 states that the greater number of experimental papers a researcher
publishes, the greater persistence he tends to have. We identify types of published papers
(treatment) such as theoretical or mathematics, general review, new development, and
experimental papers. Thus, we count the amount of experimental papers that a researcher
has published. We put an amount of experimental papers of each researcher in an
EXPERI1 variable.

Hypothesis H4 states that the greater research diversity a researcher publishes, the
greater persistence he tends to have. We consider research diversity by using the number
of class codes that a researcher conducts. Therefore, we count the number of areas (class

codes) of a technology that a researcher conducts and put it in an AREA1 variable.
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Hypothesis HS states that as the more published papers that are related to the
technological characteristics of a researcher conducts, the greater persistence he tends to
have. According to semiconductor laser diode technology’s characteristics, it is a
material-basis technology. Therefore, we count the number of literature that is related to
material and put it in a MTRLI1 variable.

Hypothesis H6 states that the greater reputation a researcher acquires, the greater
persistence he tends to have. As discussed earlier, journals are the most popular resource
that researchers use to study. We count the number of literature that a researcher

publishes in journals and put it in a REPUTE variable.

7.2 Organizational Hypotheses

Independent Variable

We use the same independent variable as an individual independent variable,
since we consider the persistence of organization in the semiconductor laser diode R&D
community. PERSIT2 dependent variable is created. PERSIST2 is the number of years
that have elapsed from the first to the last publication which an organization contributes
its knowledge to the R&D community.

Dependent Variables

Hypothesis H7 states that the larger amount of the literature an organization
contributes to the R&D community, the longer persistence it tends to have. We count the
total amount of papers and patents that an organization contributes and put it in a

TOTAL?2 variable.
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Hypothesis H8 states that if an organization is located in an area with a high
density of knowledge, it will tend to persist longer than an organization located in an area
with a lower density of knowledge. We categorize each area by country. This means that
we count the total number of papers and patents that are published by people in each
country. The figure ts put in a GEOGPH2 variable. This means that organizations that
are located in the same country have the same figure in this variable.

Hypothesis H9 states that the greater the technological capability an organization
has, the longer persistence it tends to have. We consider the total amount of patents that
an organization contributes to the R&D community. The figure is put in a PATENT2
variable.

Hypothesis H10 states that academic researchers are more likely to persist in the
R&D community longer than other researchers. We have categorized organizations into
three groups. They are firms, academic, and governmental laboratory groups. FIRM,
UNIV, and GOV dummy variables are created. For an example, if an organization is a

university, we will put one (1) in a UNIV variable. The rest of them are put zero (0).

7.3 National Measurement

Dependent Variable

A dependent variable of this unit of analysis is the same as the individual and the
organizational units of analysis. We change a dependent variable’s name into
PERSIST3. The PERSIST3 is the number of years that a nation contributes knowledge
to the R&D community. We also make an assumption that any individual or organization

which is located in a country, is considered as a resource of the country where it is
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located. For an example, Sony firms, which are located in the US, are considered as the
US’s firms.

. One may have a question about this assumption. We consider this assumption
seriously. Once foreign firms are set up in a country, they are looking for some
advantages such as marketing, knowledge, and labor. This means that the country has
appropriate facilities and environment. Furthermore, most foreign subsidiaries always
contact and work with local researchers. Almeida (1996) states that foreign firms not
only take advantage, but also contribute their knowledge to ldcal technological progress.

Independent Variables

Hypothesis H11 states that the greater amount of literature that is published by a
nation, the longer persistence the nation tends to have. To measure this hypothesis, we
consider the total number of published papers and patents that are published in a country.
This figure is put in a TOTAL3 variable.

Hypothesis H12 states that the greater amount of manpower in a nation, the longer
persistence the nation tends to have. To measure this hypothesis, we collect the number
of researchers who published papers in a country. One may question about how we
classify Ph.D. students who study in foreign countries. We consider them as researchers
who work in the countries that they study. Researchers cannot conduct their research
without appropriate facilities and environment. We put this figure in a MPOWER3
variable.

Hypothesis H13 states that the greater amount of technological sub-fields of a
given technology, the longer persistence the nation tends to have. To measure this

hypothesis, we collect the amount of technological sub-fields of published papers that
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contribute by individuals or organizations in a country. Technological sub-fields are
provided in class codes field of literature data. This figure is put in an AREA3 variable.

Hypothesis H14 states that the greater number of organizations in a nation, the
longer persistence the nation tends to have. To measure this hypothesis, we collect the
total amount of organizations (e.g., firms, universities and governmental laboratories),
which are located in a specific country. We also employ the assumption that we
discussed in the Hypothesis H11. Foreign subsidiaries are considered as organizations in
a country where they are located. This figure is put in an ORG3 variable.

Hypothesis H15 states that the higher individualism work value in a nation, the
longer persistence the nation tends to have. Since we study the degree of individualism
or collectivism in each paper. The relevant areas of technology or researchers’ name in a
paper may be the same as those of other papers. We divide the total number of relevant
areas of a technology (or technological sub-fields of a specific technology) of the
published papers by the total number of researchers in a country.

For example, Country X has published two papers. There are 4 researchers who
published 10 relevant areas of the technology in the first paper. There are 3 researchers
who published 6 relevant areas in the second papers. Therefore, the figure that we derive
for the country is 2.25 ([(10 / 4) + (6/3)]/2) relevant areas per researcher. The figure is

put in a CULTURE variable.
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8. Contribution to Knowledge

This dissertation builds upon and extends the persistence literature in three ways.
First, it tests the validity of the “bibliotech” technique in order to study the persistence of
researchers in an R&D community. Bibliography data, generally, is used in institutions.
It is easy to access, and provides rich information.

Second, this dissertation constructs new interested variables such as the treatment
of publication and relevant areas of a technology (class codes) that researchers conduct.
These variables cannot be easily taken or derived from questionnaire surveys. This
information is created by publishers and/or some specific associations to classify the
publications and the technology.

Third, this dissertation explores factors that affect the persistence of individuals,

" organizations and nations in the semiconductor laser diode technology. The
semiconductor laser diode technology is a well-developed technology. This dissertation
is an empirical study. Many studies that discuss an international framework usually
propose only ideas without supporting data (see Lynn, Aram, and Reddy, 1997; Lynn,
Reddy, and Aram, 1996; Padmore, Schuetze and Gibson, 1997; Dunphy, Herbig, and
Howes, 1996; Teece, 1994). This dissertation explores some factors with supporting
data. Policy makers and business planners may consider the influential factors with other
studies. We believe that our study may provide some significant evidence to R&D

community.
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CHAPTER V

RESULTS

Before delving into the measurement section, we will briefly examine the
Semiconductor Laser Diode R&D community. This will facilitate a more thorough

understanding of the data.

1. The Semiconductor Laser Diode R&D Community

As mentioned earlier, the semiconductor laser diode is a well-developed
technology. Scientists and their organizations, including their governments, have studied
this technology since 1966. We classify members of the semiconductor laser diode R&D
community into three levels (units): individual, organizational, and national. Each unit is
studied in a later section.

In order to show an overall picture of the semiconductor laser diode R&D
community, we present some figures about the units of analysis in this section. Figure 18
provides the amount of publications published each year from 1966 to 1998. Figure 19
shows the amount of researchers who contributed their knowledge to the semiconductor
laser diode R&D community from 1966 to 1998. The numbers of organization who have
contributed their knowledge to the R&D community is given in Figure 20. Finally,
Figure 21 shows the numbers of nations that have joined the R&D community each year

from 1966 to 1998.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5000
4500 A
4000

3500 ,"J

i

= 3000

§2500 \

el

& 2000 e \

o 1500 roe® \

‘§1ooo o« \l

Z 500 A¢/
0‘.lilx;xx.xx;(xrxlxlrrrlllx  —
S B RN T L PP LI 8IS I 8 3
$ 23 3F ST I222EEE 22

Year

Figure 18: The Amount of Publications in the Semiconductor Laser Diode R&D
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Figure 19: The Amount of Researchers in the Semiconductor Laser Diode R&D

Community (1966 — 1998).
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Figure 21: The Number of Nations in the Semiconductor Laser Diode R&D

Community (1966 — 1998).

89

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




These figures illustrate the same trend. The numbers of publications, researchers,
organizations, and nations in the semiconductor laser diode R&D community increased
from 1966 to 1996. It is interesting that all of the highest points in all of the graphs
occurred in 1996. Then, they abruptly decreased in the next two years (1997 and 1998),
especially, the data of 1998 which declined drastically. Before we study the overall data
further, we must discuss the data in the last two years of this study.

Based on our methodology, we do not consider the data of 1998 because we
understand that there must be a few delays from submitting to publishing. Generally, it
takes about half a year to one year in this process. Since we employ the
“bibliotechnique” in this study, we have to consider this problem. Therefore, we will
take out the data from 1998, but will keep the data from 1997.

From Figure 18 to 21, we observe that all graphs reach their peak in 1996 and
begin to decline in 1997. According to the Product Life Cycle model in section 2.3.1, we
consider that the semiconductor laser diode R&D community is in its maturation stage.
This provides a good opportunity to study its members’ persistence. For the members
persisting in the R&D community, the factors influencing their persistence will be

examined more thoroughly.

2. The Individual Persistence
The first unit of analysis is the individual unit. Although the numbers of
researchers who have contributed their knowledge to the R&D community increase every

year, it is not necessary that the same researcher will contribute his/her knowledge every
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year. Some researchers may quit the R&D community. On the other hand, some may
persist in the R&D community.

In order to study the individual persistence, we set our study framework by
focusing on six interested factors: (/) sunk cost, (2) technological network,
(3) experimental work, (4) research diversity, (5) technological characteristics, and
(6) reputation. As discussed previously, we determined how to measure each factor in

section 4.7.1. Table 3 summarizes how we measure each factor.

Table 3 Measurement of the Six Individual Factors

Factors Measurement
1. Sunk Cost (COMMIT1) 1. a total amount of literature (papers)
2. Technological Network (NETWK1) 2. a total amount of co-researchers who
work with a researcher (persons)
3. Experimental Work (EXPER1) 3. a total amount of experimental literature

that a researcher contributes
(6 types of treatment: A, G, N, P, T, and

X)

4. Research Diversity (AREAL) 4. a total amount of class codes that a
researcher conducts (areas)

5. Technological Characteristics (MTRL1) | 5. a total amount of literature that is related
to material (papers)

6. Reputation (REPUTE) 6. a total amount of literature that is
published on journals (areas/person)

In order to study the factors, we employ linear regression analysis in our study
and thereby develop a regression equation based on the hypotheses. The regression
equation consists of one dependent variable and six independent variables. The equation

is shown in the equation (5.1).
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PERSIST1 = + 3,COMMIT1 + B,NETWKI1 + B3;EXPERLI + B4AREA1 + 3sMTRL1
+ BeREPUTE +8; (5.1)

whereas:

o1 a constant value

B1, B2, ..., Bs: coefficient value of each factor

O1: an error value of the regression

PERSIST1: the individual persistence

COMMIT1: the sunk cost factor

NETWKI1: the technological network factor

EXPERI1: the experimental work factor

AREAL: the research diversity factor

MTRLI: the technological characteristic factor

REPUTE: the reputation factor.

We will first explore our data set by using descriptive statistics. We find that
there are 59,267 researchers in the semiconductor laser diode R&D community. We find
that the mean of PERSIST1 variable is 3 years. On average, a researcher contributed
his/her knowledge in 3.11 papers and 9.33 relevant areas. Table 4 provides the statistical

details.
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Table 4 Descriptive Statistics of the Semiconductor Laser Diode R&D Community:
The Individual Level

Variables Minimum Maximum Mean Std. Deviation
PERSIST1 1 31 3.00 4.19
COMMIT1 1 305 3.11 7.19
NETWK1 0 251 7.68 10.31
EXPERI1 0 240 2.54 5.92

AREA1 0 159 9.33 9.26

MTRLI1 0 253 1.99 4.99

REPUTE 0 251 1.94 5.25

N: 59,267 researchers

Additionally, the statistics in Table 4 found one researcher who has 7.81 co-
authors on average. There is one researcher who published 305 papers over 29 years.
The maximum persistence of the R&D community is 31 years. We also find that on
average, a researcher has published 2.54 (81.67% of 3.11 papers) experimental papers,
1.99 (63.98% of 3.11 papers) material-related papers, and 1.94 (62.37% of 3.11 papers)
journal papers.

We find that 70.65% of the data set (49,250 records) are journal papers. The
percentages of these variables show some degree of relationships among them. One can
estimate that the relationship between COMMIT1 and EXPERI is quite high (81.67%).

We continue to analyze the relationship among these variables in the next section.
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2.1 Correlation Analysis

We have found the relationship among dependent and independent variables in
the last section based on basic information of the descriptive statistics. In order to study
the relationship among the dependent and the independent variables of the model
directly, we employ the correlation analysis technique with our model. The correlation
analysis is a useful tool not only to indicate the relationship among the variables but also
to inspect mullticollinearity in the model.

Since we employ the linear regression analysis in the study, it is necessary to test
the correlation among the variables in the model. According to the linear regression’s
assumption, the least-squares estimators are unbiased and they have the smallest
variances of any estimators. If one or more correlation values in a model are high, they
may violate the assumption, therefore, correlation values should not be high. Table 5

provides the more specific details.
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Table 5 Correlation in the Individual Regression

PERSISTI | COMMITI | NETWKI | EXPERI AREAIL MTRLI REPUTE

PERSIST1 1.000 0.576*** | 0.598*** 0.564%** | 0.680*** | 0.547*** | 0.544%**
(.000) (.000) (.000) (.000) (.000) (.000)

COMMIT! 1.000 0.811*** 0.976*** | 0.779%** | 0.920*** | 0.967***
(.000) (.000) (.000) (.000) (.000)

NETWKI 1.000 0.825*** | 0.794%** 0.767*%% | 0.750%**
(.000) (.000) (.000) (.000)

EXPERI 1.000 0.789%** 0.938*** | 0.938%**
(.000) (.000) (.000)

AREAL 1.000 0.737*** | 0.703%**
(.000) (.000)

MTRLI 1.000 0.887~%*
(.000)
REPUTE 1.000

**%. Correlation is significant at the 0.01 level (2-tailed)
N: 59,291 researchers

In Table 5, we find that the relationship between the dependent (PERSIST1) and
independent variables (COMMIT1, NETWKI1, EXPER1, AREAI, MTRLI, and
REPUTE) is in a positive direction significantly. All correlation values are significant at
the level of 0.01 (2-tailed). This means that the results support our hypotheses
significantly and furthermore, there are other significant relationships as we will discuss
now.

The relationship between COMMIT1 and NETWKI is significant at the level of
0.01. It is shown that a researcher who has published more publications, tends to have

more co-authors. Our finding is also supported by Nonaka and Takeushi’s (1995) study.

95

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



They believe that although new knowledge originates with an individual, the knowledge
is amplified at the group and organizational level. Therefore, researchers who have more
co-authors, tend to publish more publications.

The relationship between COMMIT1 and EXPERLI is significant at the level of
0.01. Itis shown that a researcher who conducts many experiments is likely to publish
many papers. We have found that the percentage of experimental papers in the R&D
community is high (77.45%). This means that most researchers conduct experimental
research in order to gain “tacit knowledge.”

The relationship between COMMIT1 and AREAL is significant at the level of
0.01. Itis shown that a researcher who has a variety of knowledge is likely to publish
many papers. This finding is not a surprising one. Basically, in order to publish more
publications, a researcher has to present unique result to the R&D community.
Therefore, he/she has to have a variety of knowledge.

The relationship between COMMIT 1 and MTRLI is significant at the level of
0.01. Itis shown that a researcher who has conducted research that is related to materials
is more likely to publish many papers. Since the semiconductor laser diode technology is
a material basis technology, a researcher is likely to conduct research related to material
technology.

The relationship between COMMIT1 and REPUTE is significant at the level of
0.01. Itis possible that a researcher who has published in journals is likely to publish
more publications. Itis understood that researchers need recognition among themselves.
The more publications, the better reputation and more recognition he/she achieves.

Journals are the most popular media in the R&D community, especially academic
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journals. Furthermore, some organizations (e.g., universities) use the total amount of
publications of researchers as one of the important criterion to evaluate their researchers’
performance.

The relationships between NETWK1 and EXPER1, AREA1, MTRL1, and
REPUTE are significant at the level of 0.01. It is shown that a researcher who has
conducted experimental research, in a variety of research areas, material-related papers,
or published in journals is likely to have more co-authors. It is possible that some of
his/her co-authors may conduct experiment research. They may propose a variety of
research areas in which they can work together. They also may use materials in their
research. Finally, they need to contribute their knowledge through good, recognized
journals.

The relationships between EXPERI and AREA1, MTRLI, and REPUTE! are
significant at the level of 0.01. It is shown that a researcher who has contributed a variety
of research areas, material-related papers, or published a journal papers, is likely to
conducted experimental research. In experiments, a researcher can control variables and
use a variety of materials in his/her research. Therefore, he/she can conduct a variety of
research areas. Once the experimental research is completed, the researcher tends to
publish in journals.

The relationships between AREA1 and MTRL1, and REPUTEI] are significant at
the level of 0.01. It is shown that a researcher who has contributed material related
papers or published in journals is likely to provide a variety of research areas. Because

material knowledge is a core of the semiconductor laser diode, a researcher has to study
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and employ a variety of materials in research. Once the research is complete, the
researcher tends to publish in journals.

The relationship between MTRLI and REPUTEI is significant at the level of
0.01. It is known that journals, especially academic journals, are the important media to
study what other researchers are doing or have done. When researchers read colleagues’
work, they may be refereed. It is possible that journal papers, contributed by a
researcher, are likely to relate to material because material knowledge is a core
knowledge of the semiconductor laser diode.

The correlation values among the independent variables are quite high. For
example, the correlation between COMMIT1 and EXPER is 0.976 and the correlation
between COMMIT1 and REPUTE is 0.967. As discussed in the previous section, the
relationship among these variables is quite high. High correlation value (s) among
independent variables may cause multicollinearity problems in the model.

We consider the correlation matrix carefully. The multicollinearity may exist in
the individual regression. According to Montgomery and Peck’s (1982) multicollinearity
diagnostics, they propose three methodologies: (1) examination of the correlation matrix,
(2) variance inflation factors (VIF), and (3) Eigensystem analysis of X'X. We will
employ the first and the second diagnostics in our study.

The first diagnostic is a very simple measure of multicollinearity. We inspect the
off-diagonal elements (r;) in the correlation matrix. If variables X; and Xj are nearly
dependent, then a correlation value (l L | ) will be near unity (1). It is quite difficult to
identify how much of a correlation value ( | T | ) is considered as a high correlation.

Practical experience indicates that if any of the correlations exceed 0.95, it is an
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indication that the regression coefficients are poorly estimated because of
multicollinearity (Dietrich, 1999 - interviewed).

We employ the correlation value of 0.95 as a criterion in order to consider
whether the multicollinearity exists in our models throughout the study. We also
consider that one or more higher correlations indicate multicollinearity. As mentioned
earlier, the correlations between COMMIT1 and EXPER (0.976), and COMMIT1 and
REPUTE (0.967) are near unity (1). Therefore, multicollinearty exists in the individual
regression.

The second diagnostic is variance inflation factors (VIF). The VIF can be written
as C; = (1 —R%)™", where R%is the coefficient of determination obtained when x; is
regressed on the remaining p —1 variables and C; is the j* diagonal element of the
correlation matrix. Practical experience indicates that if any of the VIFs exceeds 10,
multicollinearity exists in a model (Montgomery and Peck, 1982).

The third diagnostic is eigensystem analysis of X’X. Characteristic roots or
eigenvalues of X’X. say Ai, Az, A, ..., Aq, can be used to measure mulliticollinearity in the
data. Some analysts employ to use the condition number of X'X, defined as
k = Amax/ Amin. Generally if the condition number is less than 100, there is no serious
problem with multicollinearity. However, if the condition number exceeds 1000, severe
multicollinearity is indicated (Montgomery and Peck, 1982).

We employ the first two diagnostics in our study. When we achieve a correlation
matrix, we first inspect correlation values ( [ rij l ). Ifthere is no correlation value that
exceeds 0.95, we can analyze our model by using linear regression analysis. On the other

hand, if we find one or more correlation values which exceed 0.95, we determine that
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multicollinearity exists in the model. The next problem is how we deal with

multicollinearity.

2.2 Linear Regression Analysis

In order to deal with multicollinearity, we follow Montgomery and Peck’s (1982)
methods. They proposed three methods: (1) collecting additional data, (2) model
respecification, and (3) ridge regression. The first method, collecting additional data, has
been suggested as the best method. However, the additional data should be collected in a
manner designed to breakup the multicollinearity in the data. Unfortunately, this method
is not always possible because of economic constraints or because the process being
studied is no longer available for sampling.

The second method, model respecification, is considered. Since multicollinearity
is caused by two or more highly correlated regressors are used in the regression equation,
some respecification of the equation may lessen the impact of multicollinearity. One
approach is to redefine the regressors. For example, if X, X3, and X3 are nearly linearly
dependent, it may be possible to find some function such as X = X; + X5+ Xj3 that
preserves the information content in the original regressors but also reduces the
multicollinearity. Another approach is variable elimination. For example, if X;, X3, and
X3 are nearly linearly dependent, eliminating one regressor (e.g., X2) may be helpful.
This approach is widely used and often a highly effective technique.

The third method, ridge regression, is a modified linear regression. When the
method of least squares is applied to nonorthogonal data, the estimations of the regression

coefficients are very poor. Ridge regression is developed in order to adjust the poor
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estimation. However, ridge regression is a controversial regression (Montgomery and
Peck, 1982).

When we follow the first and/or the second methods, we can employ linear
regression with our models. However, if we follow the third method, we will employ a
modified linear regression, called ridge regression. We determine to follow the second
method (model respecification) throughout our study because we can employ linear
regression directly. Additionally, we will use variable edimination approach.

We understand that management uses this regression because linear regression
can be interpreted easily. Additionally, ridge regression is a controversial regression
when we find a biased value of the regression. Several authors have proposed procedures
for choosing the biased value. There is no assurance that any method will produce the
optimal biased value (Montgomery and Peck, 1982).

When we modify our model, we employ the linear regression with our model.
We inspect our model to see whether multicollinearity exists by inspecting the VIFs.
Fortunately, we can achieve the VIF of each independent variable by using SPSS.
Therefore, we can modify our models back and forth. Once we find one or more of the
VIFs which exceed 10, we can go back to modify a model. On the other hand, if there is
no VIF exceeding 10 in a model, we assume that multicollinearity does not exist in the
model.

One may question that if we take some variables out, can we prove some of our
hypotheses? The answer is in our methodology. We will group variables which have a
high relationship with each other. When we achieve a coefficient of the representative

variable in the linear regression, the effect of other variables in the same group, to the
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dependent variable will be considered as the same direction and the same amount, as
what a representative variable will do because of their relationships.

Therefore, we reconsider the correlation matrix. We find that a COMMIT1
variable has high correlation values with EXPER1 and REPUTE variables. One of these
variables can represent the other variables because they have a high relationship with
each other. We understand that most researchers are engineers and scientists and they
conduct experiments. Additionally, most researchers need to publish in journals. Itis
possible that the total amount of papers has a high relationship with the amount of
experimental papers and journals.

We use a COMMIT1 variable as a representative variable of these three variables
(COMMIT1, EXPERI, and REPUTE). Therefore, our individual regression is modified.
The new individual regression is shown in the equation (5.2).

PERSISTI = o; + B1COMMIT1 + BoNETWKI + B3AREATI+BMTRL1+6, (5.2)

We then employ linear regression analysis with our model. The results are shown

in Table 6.
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Table 6 Coefficients of the Individual Regression

Variables Beta t Sig. VIF
COMMIT1 .027 3.178 .001 8.281
NETWK1 127 22.357 .000 3.641
AREA1 537 100.959 .000 3.177
MTRL1 .029 3.806 .000 6.598
Constant 12.640 .000

Dependent variable: PERSIST1
An adjusted R-square: 0.473
N: 59,267 researchers

According to the equation (5.2), the linear regression of the individual persistence

is shown in the equation (5.3).

PERSISTI = 0.000 + 0.027 COMMIT1 + 0.127 NETWKI1 + 0.537 AREAI +

0.029 MTRLI1 (5.3)

Since the COMMITI1, EXPERI, and REPUTE variables are in the same group,
we can say that the effect of EXPER1 and REPUTE variables to the individual
persistence (PERSIST1) are considered in the same direction and the same magnitude as
the COMMIT1 does.

It should be noted that reverse causality may consider. There is possibility that
the variable we are treating as “dependent” variable in this study may in fact be

“independent” variable and could be used to predict variables that we are including as
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“independent.” The persistence (PERSIST1) may affect the independent variables such
as COMMIT1, NETWK1, EXPERI1, AREA1, MRTLI, and REPUTE.

For example, it is possible that researchers who persist in the R&D community
are likely to publish a greater amount of papers (COMMIT1). In order to publish papers,
researchers must gain further knowledge, conduct experiments, write a paper, and submit
to publishers. It is a time-consuming process. Basically, it takes about a year to publish
one paper. Therefore, if researchers persist in the R&D community for many years, they
are likely to publish a greater amount of papers.

It is possible that researchers who persist in the R&D community are likely to also
have a greater numbers of co-authors (NETWK1). Most papers are published by many
authors. Researchers need to know what fields of technology their co-authors are
interested in. They also need to learn how to work together which also takes times.
Therefore, if researchers persist in the R&D community many years, they are likely to
have a greater amount of co-authors.

It is possible that researchers who persist in the R&D community are likely to
have greater numbers of experimental work (EXPERI). Experiments, sometimes, need
specific materials and tools or equipment. Researchers have to purchase new things or
modify their old equipment. Furthermore, researchers need time to accumulate their
knowledge. Finally, they need time to conduct their experiments. Therefore, if
researchers persist in the R&D community many years, they are likely to have a great
amount of experimental work.

It is possible that researchers who persist in the R&D community are also likely to

have a greater numbers of research areas (AREA1). Although, researchers have a variety
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of ideas to conduct research, but they cannot conduct all of their ideas at once. This is in
part due to budget or time constraints. Therefore, they conduct their research in limited
research areas. Each research needs times. Therefore, if researchers persist in the R&D
community, they are more likely to have a greater amount of research areas.

It is possible that researchers who persist in the R&D community are likely to
have a greater amount of material-related papers (MTRL1). As discussed earlier, the
semiconductor is a material basis technology. Sometimes, researchers need to use new
composite materials in their research. They have to “make” new materials themselves.
This process is usually a very time-consuming process. Therefore, if researchers persist
in the R&D community, they are likely to have a greater amount of material-related
papers.

Finally, it is possible that researchers who persist in the R&D community are
likely to have a greater amount of journal papers (REPUTE). As discussed previously, to
publish papers in journals take time. Researchers have to edit their papers perhaps
several times to fit within editors’ requirements. Basically, it takes about half year to a
year to achieve the final, camera-ready article for publication or conference proceeding.
Therefore, if researchers persist in the R&D community, they are likely to have a greater
amount of journal papers.

However, these possibilities are not the interest or the focus in this study. We
present these possibilities because some may argue about our findings and be interested
in the reverse causality. We focus on which influential factors affect the persistence of
members in the R&D community. Therefore, we will keep our frameworks and

methodologies.
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We interviewed some researchers who work in the semiconductor laser diode
technology directly and indirectly. According to our interviews, researchers agree that
the technological network and experimental work highly affect their persistence. They
also agree that the research diversity, technological characteristics, sunk cost, and
reputation factors affect their persistence moderately (see index for details).

We summarize that the amount of literature (COMMIT 1), the amount of co-
authors (NETWK1), the amount of experimental papers (EXPER1), the amount of
research areas (AREA1), the amount of material related papers (MTRL1), and the
amount of papers that are published in journals (REPUTE) affect the individual
persistence significantly. Based on the results, the most influential factor is the amount

of research areas. All hypotheses in the individual level are supported.

3. The Organizational Persistence

Consequently, we will study the persistence in the organizational level. As
discussed earlier in section 3.6, we are focused on four interested factors: (/)
organization’s commitment, (2) geographic location, (3) technological capability, and (4)
organizational types. We will also determine how to measure each factor in section

4.7.2. Table 7 summarizes how we measure each factor.
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Table 7 Measurement of the Organizational Factors

Factors Measurement

1. Organization’s Commitment (TOTAL2) | 1. the total amount of papers and patents
that an organization contributes to the
R&D community (papers)

2. Geographic Location (GEOGPH2) 2. the total number of papers and patents
that is published by researchers in a

country (papers)

3. Technological Capability (PATENT2) 3 the total amount of patents that is
registered by any organization in a

country (patents)
4. Organizational Types (FIRM, UNIV, 4. the classification of an organization as
and GOV) either a firm, an academic institute, or a

governmental laboratory

We will follow the individual persistence procedure. Therefore, we develop a
regression equation based on the organizational hypotheses as shown in equation (5.4).
PERSIST2 = «; + B7TOTAL2 + BsGEOGPH2 + BoPATENT2 +

B1o (FIRM + UNIV +GOV) +5, (5.4)
whereas:

alz: a constant value

B7, Bs, ..., Bio: coefficient value of each factor

2 : an error value of the regression

PERSIST?2: the organization persistence

TOTAL?2: the organization’s commitment factor

GEOGPH?2: the geographical factor

PATENT?2: the technological capability factor.

107

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



We explore our data set by using descriptive statistics. We find that there are

3,071 organizations in the semiconductor laser diode R&D community. Table 8 provides

further details.

Table 8 Descriptive Statistics of the Semiconductor Laser Diode R&D Community:

The Organization Level

Variables Minimum Maximum Mean Std. Deviation
PERSIT2 1 33 6.6799 7.9240
TOTAL2 1 2844 16.0788 82.6679
GEOGPH2 0 18778 8019.04 7658.42
PATENT2 0 243 91 8.12

FIRM 0 1 .36 48

UNIV 0 1 45 .50

GOV 0 1 .19 40

N: 3,071 organizations

In Table 8, we find that on average, an organization persists in the R&D

community about 6.68 years and also contributes their knowledge to the semiconductor

laser diode R&D community in about 16 papers. Additionally, on average, an

organization has patented about 1 patent. The percentages of firms, universities,

governmental laboratories that have contributed knowledge in the R&D community are

36%, 45%, and 19%, respectively.
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3.1 Correlation Analysis

The correlation analysis is employed in order to test correlations among the

dependent variable and independent variables in the equation (5.4). Table 9 provides

specific detailed analysis.

Table 9 Correlations of the Organizational Persistence

PERSIST2 | TOTAL2 | GEOGPH2 | PATENT2 | FIRM UNIV GOV
PERSIST2 | 1.000 322%% | _031* 043%* S201%%* | 228%%* | _034*
(.000) (.078) (014) (.000) (.000) (.054)
TOTAL2 1.000 033* S[2%** ~.009 018 011
(.062) (.000) (.592) (.300) (.530)
GEOGPH2 1.000 .000 A50%%% | _240%k* | - 267***
(.994) (.000) (.000) (.000)
PATENT2 1.000 009 S032* 028
(.590) (.069) (.103)
FIRM 1.000 N/A N/A
UNIV 1.000 N/A
GOV 1.000

**x: Correlation is significant at the level 0.01 level (2-tailed)
**: Correlation is significant at the level 0.05 level (2-tailed)

*: Correlation is significant at the level 0.1 level (2-tailed)

N/A: not available
N: 3,071 organizations

In Table 9, the relationship between PERSIST2 and TOTAL?2 is significant at the

level of 0.01. It is shown that when an organization publishes more publications, it tends

to have more persistence in the R&D community. Generally, an organization invests its
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time, manpower and financial supports to achieve advantage knowledge. Once the
knowledge is achieved, the organization employs the knowledge in their business and
receives some revenue. If an organization has a greater amount of publications, the
organization will have greater advantage knowledge. Therefore, they can persist not only
in the R&D community, but also in their business.

The relationship between PERSIST2 and GEOGPH2 is significant at the level of
0.1. However, the direction of the relationship is negative. It is shown that the amount of
publications of an organization that are located in different geographic locations
contradicts with the persistence of the organization. Itis possible that universities, and
governmental laboratories in some countries, e.g., developing countries, may publish a
less amount of publications. However, their governments may support their research.
Furthermore, some of their publications may be published in local journals.

The relationship between PERSIST2 and PATENT?2 is positive and significant at
the level of 0.05. It is shown that organizations that have greater amount of patent are
more likely to persist in the R&D community. Basically, a patent is considered as an
intellectual property, IP, of an organization. Most technology leading organizations, e.g.,
AT&T, Sony, and Toshiba, have a greater amount of patents.

We find that the relationship between PERSIST2 and FIRM2 is (-0.201). The
relationship is in negative ( - ) direction significantly. Whereas, the relationship between
PERSIST2 and UNIV, and GOV are 0.228 and (—0.34), respectively. This means that the
persistence of the firm is less than the persistence of universities (0.228) and

governmental laboratories (-0.034) significantly.
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We understand that most firms focus on markets. A variety of technologies are
employed and have been changed rapidly. Therefore, the persistence of firms should not
be last. On the other hand, academic researchers and government researchers are likely
to conduct their research because of their interests. According to this result, we will use a
FIRM variable as a reference variable in the linear regression.

The relationship between TOTAL2 and GEOGPH2 is significant at the level of
0.1. Itis shown that organizations that are located in a high knowledge density area tend
to publish more publications. We understand that the organizations may take advantage
from the “technology spillover” phenomenon. Their researchers may have a greater
amount of technological networks.

We also find that the relationship between TOTAL2 and PATENT?2 is significant
at the level of 0.01. It is shown that an organization that has its technological capabilities
tends to publish more publication. We understand that once new knowledge is patented,
an organization is more comfortable with contributing their knowledge to the R&D
community. Therefore, we may state that the more patents, the more publications an
organization contributes.

The relationship between PERSIST2 and PATENT2 is significant at the level of
0.05. It is shown that an organization that has greater amount of patents is more likely to
persist in the R&D community. As discussed earlier, a patent is an intellectual property.
Organizations that have a great amount of patents can take advantage in their business.
Therefore, they can survive in the business.and also persist in the R&D community.

The relationships between GEOGPH2 and FIRM, UNIV, and GOV are significant

at the level of 0.01. They are 0.450, (-0.240), and (-0.267), respectively. Itis shown that
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the geographical location factor has a positive relationship with only the firms’ location.
On the other hand, the geographical location factor has inverted relationship with the
universities’ location and the governmental laboratories’ location. Krugman (1991)
states that a knowledge-intensive region relates to industrial firm clusters. This means
that firms are likely to locate in a high knowledge density region. On the other hand,
universities and governmental laboratories are supported by governments. The locations
of these organizations are not necessary to locate in a high knowledge density region.

The relationship between PATENT2 and UNIV is significant at the level of 0.1.
The relationship is negative. It is shown that universities are less likely to patent in the
semiconductor laser diode R&D community significantly. We find that there are 259
organizations that have patented but only 37 universities (1.20% of 3,071 organizations)
have patented. Most academic researchers conduct research because of their curiosity
and knowledge. They may not intend to patent their knowledge as firm researchers need.

Finally, the relationship among FIRM, UNIV, and GOV are not provided because
they are dummy variables which their values are either 1 or O in each record. Therefore,
their relationships are not available.

According to our criterion value (a high correlation value that must exceed 0.95),
we find that no correlation is considered as a high correlation value. The highest
correlation value in Table 9 is the correlation between TOTAL2 and PATENT2. Itis

0.512. However, the figure is lower than the criterion value.
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3.2 Linear Regression Analysis
We employ the linear regression analysis directly with the regression equation

(5.4). The results are shown in Table 10.

Table 10 Coefficients of the Organizational Regression

Variables Beta t Sig. VIF
TOTAL2 334 18.666 .000 1.216
GEOGPH2 .080 4.444 .004 1.225
PATENT2 .052 2.877 .000 1.248
UNIV 259 13.110 .000 1.480
GOV .068 3.474 .001 1.468
Constant 11.161 .000

Dependent variable: PERSIST2
An adjusted R-square: 0.193
N: 3,071 organizations

According to the results in the Table 10, the organizational persistence regression

is shown in equation (5.5).

PERSIST2 = 0.000 + 0.334 TOTAL2 + 0.080 GEOGPH2 + 0.052 PATENT2 +

0.259 UNIV + 0.068 GOV +8, (5.5)

In Table 10, it is shown that the total amount of literature (TOTAL?2), the
geographical location (GEOGPH?2), and the total amount of patents (PATEN2) are

positively associated with the persistence of organization at the significant level of 0.01.
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Additionally, the coefficients of UNIV and GOV are also positive. Since the UNIV and
GOV variables are dummy variables, we interpret the effect of these variables in a
different way.

We emphasize that we use a FIRM variable as the reference variable in the
regression. Therefore, we compare the coefficients of dummy variables with a firm
variable. The interpretation is that other thing being equal, universities and governmental
laboratories have higher persistence of 0.259 and 0.068 times than that of firms,
respectively, at the significant level of 0.01.

Although our hypotheses are supported in the organizational level, it should be
noted that reverse causality may consider. For examples, it is possible that organizations
which persist in the R&D community are likely to publish a great amount of papers
(TOTAL2). Most organizations have specific targets to develop their technologies. They
invest their resources such as money and people. However, it takes time to developed a
new knowledge. Once they achieve their new knowledge, they usually document (patent)
and contribute the new knowledge to an R&D community. Therefore, if organizations
which persist in the R&D community, they are likely to publish a great amount of papers.

It is possible that organizations which persist in the R&D community are likely to
located in the high density of knowledge areas (GEOGPH2). Organizations which have
commitment to survive in their business, always search for better opportunities to take
advantages from their environment. They look for better locations to achieve their goals.
Therefore, if organizations which persist in the R&D community, they are likely to

located in the high density of knowledge areas.
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It is possible that organizations which persist in the R&D community are likely to
have a great amount of patents (PATENT2). Organizations usually patent their new
knowledge. As mentioned earlier, patent is the “intellectual” property. However, in
order to achieve a new knowledge, organizations have to invest their times and other
resources. They have to persist in specific fields of interest in specific R&D communities
in order to accumulate knowledge. Therefore, if organizations which persist in the R&D
community, they are likely to have a great amount of patents.

It is possible that organizations which persist in the R&D community are likely to
be academic institutions. Academic institutions have specific characteristics. Most
academic institutions are supported by their governments. Researchers in academic
institutions can apply financial supports from the governments. They can persist in their
interested fields as long as they need. Therefore, if organizations which persist in the
R&D community, they are likely to be academic institutions.

As discussed earlier in the individual level, we present these possibilities because
some ones may be interested in the reverse causality. However, we are interested in what
influential factors affect the persistence of members of the R&D community. Therefore,
we stick with our frameworks and methodologies.

Based on these results, we summarize that the amount of literature (TOTALZ2), the
geographical location (GEOGPH2), the amount of patent (PATENT2), and the types of
organizations (FIRM, UNIV, and GOV) are affected to the organizational persistence
significantly. All hypotheses in the organizational level are supported.

Malerba, et al. (1997) state that persistence is strongly related to the pattern of

innovative activities. According to our findings, we find that universities and
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governmental laboratories have higher persistence than firms have significantly. This
means that universities and governmental laboratories are good resources that firms can
work with.

Tid and Trewhella (1997) state that universities are the most widely used external
source of knowledge acquisition. They illustrate that pharmaceutical and biotechnology
industries use universities as a critical source of innovation. In the semiconductor laser
diode technology, universities and governmental laboratories are potentially good sources

of innovations.

4. The National Persistence
Finally, we study the persistence at the national level. As discussed earlier in
section 3.8, we will focus on five interesting factors: (1) knowledge prerequisites,
(2) manpower, (3) knowledge diversity, (4) technological infrastructure, and
(5) sociocultural tendency. We also determine how we measure each factor in section 7.3

of chapter ITII. Table 11 summarizes how we measure each factor.
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Table 11 Measurement of the National Factors

Factors Measurement
1. Technology Prerequisite 1. the total amount of papers and patents that
(TOTAL3) researchers and/or organizations in each country

contributes to the R&D community (papers)

2. Manpower(MPOWERS3)

2. the total number of researchers in each country
(persons)

3. Knowledge Diversity(AREA3)

3. the total amount of areas that is contributed by
researchers and/or organizations in each country

(areas)
4. Technological Infrastructure 4. the total amount of organizations in each country
(ORG3) (organizations)
5. Sociocultural Tendency S. an average of the total number of areas of the
(CULTURE) published papers divided by the total number of

researchers in each country (areas/researcher)

We follow the individual persistence procedure. We have developed a regression

equation based on the national hypotheses. The equation is shown in equation (5.6).

PERSIST3 = oz + BHTOTAL3 + Bll MPOWER3+ [3‘3 AREA3 + (314 ORG3 +

+B15s CULTURE +&5

whereas:

o3 : a constant value

Bll, Blla .-

(5.6)

-, Bis: coefficient value of each factor

03: an error value of the regression

PERSIST3: the national persistence

TOTALS3: the knowledge prerequisite factor

MPOWERS3: the manpower factor

AREAS3: the knowledge diversity factor

ORGS3: the technological infrastructure factor
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CULTURE: the sociocultural tendency factor

We explore our data set by using descriptive statistics. We find that there are 66
countries in the semiconductor laser diode R&D community. Table 12 provides more

details.

Table 12 Descriptive Statistics of the Semiconductor Laser Diode R&D Community:
The National Level

Variables Minimum Maximum Mean Std. Deviation
PERSIT3 1 33 17.76 11.17
TOTALS3 1 17621 748.29 252218
MPOWER3 1 18840 897.17 2644.60
AREA3 1 1507 220.12 306.23

ORG3 1 922 46.58 129.66
CULTURE .25 10 1.8519 1.2842

N: 66 countries

In Table 12, we find that a country persists in the semiconductor laser diode R&D
community about 17 years, contributes 748 papers and 220 relevant research areas on
average. The average amount of organizations is 47 organizations. We also find that, on
average, a researcher has proposed 1.85 research areas in each country. The US has the
largest amount of researchers (18,840 researchers, 31.78% of the R&D community) and
who have contributed 17,621 papers (34.80% of the R&D community) to the R&D

community.
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4.1 Correlation Analysis
We also employ the correlation analysis in this unit of analysis in order to test the
relationships among the dependent variable and independent variables in equation (5.6).

The details follow in Table 13.

Table 13 Correlations of the National Persistence

PERSIST3 | TOTAL3 | MPOWER3 | AREA3 | ORG3 CULTURE
PERSIST3 | 1.000 360%** 390%** 666**% | 398%*k* | _35G%**
(.003) (.001) (014) (.001) (.003)
TOTAL3 1.000 976%* 820%*%* | 974%%* | _199
(.000) (.000) (.000) (.109)
MPOWER3 1.000 858%*%% | 997*kx | _)]g*
(.000) (.000) (.077)
AREA3 1.000 859%%% | _290**
(.000) (.018)
ORG3 1.000 -218*
(.078)
CULTURE 1.000

**x. Correlation is significant at the level 0.01 level (2-tailed)

**: Correlation is significant at the level 0.05 level (2-tailed)
*: Correlation is significant at the level 0.1 level (2-tailed)
N: 66 countries

In Table 13, we find that the relationships among PERSIST3 and TOTALS3,
MPWER3, AREA3, ORG3 are positive significantly at the level of 0.01. Based on the
results of the correlation analysis, our hypotheses H11, H12, H13, and H14 are supported
individually. However, the relationship between PERSIST3 and CULTURE is negative

significantly. This means that the result contradicts our hypothesis (H15).

119

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



We find that the relationship between PERSIST3 and CULTURE is -0.356. We
explore that there are 33 countries that have persisted in the semiconductor laser diode
R&D community equal to or more than 20 years. These countries are technology leading
countries such as the US, Japan, the UK, Germany, and France. The mean of the
CULTURE variable of these countries is only 1.4389.

In technology leading countries, researchers may propose a variety of ideas. Due
to a limitation of resources such as time and financial support for each project, they may
confine their research within a limited amount of research areas. They may conduct new
research areas in later projects. Additionally, they may need to conduct many
experiments. Therefore, researchers conduct research within a specific amount of
research areas. Based on this result, we summarize that our hypothesis (H15) is
contradicted.

We find that every variable is significant at the level of 0.01 for all comparisons
with PERSIST3. This is a significant exploration because when developing the
hypotheses, we believed that it should be very positive. Furthermore, there are other
significant findings which we will discuss now.

We find that the relationships among TOTAL3 and MPWER3, AREA3, and
ORGS3 are positive significantly at the level of 0.01. This means that a country which has
a greater amount of researchers, research areas, and organizations is most likely to
publish more publications. However, the relationship between TOTAL3 and CULTURE
is negative and not significant.

We find that the relationship between MPOWER3 and AREA3 is positive

significantly at the level of 0.01. This means that countries that have a greater number of
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research areas are more likely to have a greater number of researchers. Researchers have
limited areas of knowledge. Therefore, countries that have a greater amount of research
areas are more likely to have a greater amount of researchers.

We find that the relationship between MPOWER3 and ORGS3 is positive
significantly at the level of 0.01. Therefore, countries that have a greater number of
organizations are more likely to have a greater number of researchers. Because
management tends to provide equipment, resources and benefits in order to convince
researchers to work, researchers are more likely to work within a good facility in a good
region and with benefits.

However, the relationship between MPOWER3 and CULTURE is negative and
significant at the level of 0.1. This shows that countries that have the greater
sociocultural tendency factor are less likely to have the greater amount of researchers.
We explore that most technology-oriented leading countries have the greatest amount of
researchers.

We find that the relationship among AREA3 and ORGS3 is positive significantly at
the level of 0.01. This means that a country that has the greater amount of organizations
is more likely to have the greater amount of research areas. In organizations, researchers
work in different areas. Therefore, it is possible that a country that has a greater amount
of organizations is also more likely to have a greater amount of research areas.

The relationship between AREA3 and CULTURE is negative and significant at
the level of 0.05. As discussed earlier, though most technology leading countries have

the greater amount of research areas, yet they have lower figures of sociocultural
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tendency value. On the other hand, the rest have higher figures of sociocultural tendency
values and lesser amount of research areas. Therefore, the relationship is inverted.

We find that the relationship among ORG3 and CULTURE is negative and
significant at the level of 0.1. As mentioned previously, most technology leading
countries, which have the greater amount of organizations but have the lower figures of
sociocultural tendency values. On the other hand, the rest have higher figures of
sociocultural tendency values and a lesser amount of organizations. Therefore, the
relationship is inverted.

We find that the correlation values among the independent variables are high in
Table 13. For example, the correlation values between TOTAL3 and MPOWERS3 and
ORGS3 are 0.976, and 0.974, respectively. We, therefore, assume that multicollinearity
exists in the national persistence regression. We cannot employ the linear regression

analysis with the regression directly.

4.2 Factor Analysis

In the Correlation matrix (Table 13), we consider that TOTAL3, MPOWER3, and
ORGS3 variables have a very high relationship with each other. It is possible that
countries which have a greater amount of researchers and organizations may publish a
greater amount of papers. We also notice the relationships among AREA3 with
TOTAL3, MPOWERS3, and ORG3 are quite consistent (0.820, 0.858, and 0.859,
respectively). It is possible that AREA3 may be in the same group as these variables.

We employ factor analysis in order to inspect whether AREAS3 is in the same

group with TOTAL3, MPOWERS3, and ORG3. The result shows that AREA3 should be
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in the same group with TOTAL3, MPOWERS3, and ORG3. The reliability of this group

(alpha value) is good (0.7453). Table 14 offers the results of comparisons.

Table 14: Results of Factor Analysis in National Persistence Model

Variables Factor
TOTAL3 .96978
MPOWER3 .98638
AREA3 91430
ORG3 98616
CULTURE -.31528

Alpha value of TOTAL3, MPOWER3, AREA3, and ORG3: .7453

According to the results of factor analysis, we have to combine four variables
(TOTAL3, MPOWER3, AREA3 and ORG3) into one variable. The technology
prerequisite, the manpower, the knowledge diversity, and the technological infrastructure
may be consider as an environment that enhances researchers/organizations to conduct
research and to persist in the R&D community. We may call this environment
“productivity environment.” Therefore, a new variable that combines the four variables
will be called PROD3.

It is difficult to combine four variables (TOTAL3, MPOWER3, AREA3 and
ORG?3) which have different units of measurement into one. We determine to transform
four units of measurement to Z-scores. To calculate a value of PROD3, we sum the four

Z-scores and divide by four. Therefore, the value of PROD3 is changed to Z-score.
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Furthermore, we also change the data of PERSIST3 and CULTURE variables into Z-

scores. The modified national persistence is shown in equation (5.7).

ZPERSIST3 =a3 + B11 ZPROD3+ ;2 ZCULTURE + +8; 5.7
whereas:

a3 : a constant value

Bi1, Bi2, Bi3 : coefficient value of each factor

83 : an error value of the regression

ZPERSISTS3: the nation persistence (Z-score)

ZPROD3 : the productivity environment factor (Z-score)

ZCULTURE : the sociocultural tendency factor (Z-score)

We will employ correlation regression analysis with the new national model.

Table 15 provides the results of this analysis.

Table 15 Correlations of the Modified National Persistence Model

ZPERSIST3 ZPROD3 ZCULTURE
ZPERSIST3 1.000 A469%** -.356%**
(.000) (.003)
ZPROD3 1.000 _250%
(.053)
ZCULTURE 1.000

*#%: Correlation is significant at the level 0.01 level (2-tailed)
*: Correlation is significant at the level 0.1 level (2-tailed)
N: 66 countries
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In Table 15, the relationship between ZPERSIST3 and ZPROD?3 is a positive
direction and significant at the level of 0.01. This means that countries which have the
greater amount of the productivity environment factor (the greater amount of
publications, researchers, research areas, and/or organizations) are more likely to persist
in the R&D community.

Our finding is supported by Patel and Pavitt’s (1997) study. They state that to get
technological change, there are two resources: (1) the skills, knowledge, and institutions
that make up a country’s capacity to generate and manage change, and (2) the capital
goods, knowledge, and labor skill required to produce industrial good.

The relationship between ZPERSIST3 and ZCULTURE is a negative direction
and significant at the level of 0.01. As discussed previously, we modified the two
variables into Z-scores. However, the relationship between these variables (PERSIST3
and CULTURE) is the same.

We also find that the relationship between ZPROD3 and CULTUTRE is a
negative direction and significant at the level of 0.1. This means that countries which
have a higher amount of sociocultural tendency values are less likely to have a greater
amount of publications, researchers, research areas, and organizations. We find that most
technology leading countries have the greater amount of publications, researchers,
research areas, and organizations, but they have low figures of the sociocultural tendency

values.
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4.3. Linear Regression Analysis
In order to test our model, we employ linear regression analysis with the modified

national persistence model (equation (5.7). The results are shown in Table 16.

Table 16 Coefficients of the Modified National Regression

Variables Beta t Sig. VIF
ZPROD3 407 3.704 .000 1.061
ZCULTURE -.258 -2.349 .022 1.061
Constant .000 1.000

Dependent variable: ZPERSIST3
An adjusted R-square: 0.260
N: 66 nations

According to the equation (5.7), the regression of the national persistence is

shown in equation (5.8).

ZPERSIST3 =0.000 + 0.407 ZPROD?3 - 0.258 ZCULTURE (5.8)

In equation (5.8), it is shown that countries that have the greater amount of
publications, researchers, research areas, and organizations are more likely to persist in
the R&D community at a significant level of 0.01. Although we cannot prove hypotheses
HI11, H12, H13, and H14 individually because we combined them together, the

combination of these variables still affects the national persistence significantly.
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On the other hand, countries that have the greater value of sociocultural tendency
are less likely to persist in the R&D community at significant level of 0.1. This means
that our hypothesis (H15) is contradicted.

According to our research question at the national level, we find that the
productivity environment factor, which includes the technological prerequisite, the
manpower, the knowledge diversity, and the technological infrastructure factors, affects
the national persistency in a positive direction significantly. On the other hand, the
sociocultural tendency factor of the nation affects the national persistence in the negative

direction significantly.

S. Conclusions

Part 1 of this dissertation attempted to test six hypotheses derived from our
framework, an individual persistence framework, as shown in Figure 10. The individual
framework was based on the assumption that a researcher has persisted in the R&D
community because of his/her investment (sunk cost), co-authors (technological
networks), experimental papers (experimental work), research areas (research diversity),
technological characteristics, and journal papers (reputation).

Based on our individual model, there is multicollinearity. We found that the
amount of papers (sunk cost), the amount of experimental papers (experimental work),
and the amount of journal papers (reputation) have a very high relationship with each
other, therefore, we group them together. Thus, we choose the amount of papers (sunk

cost) as a representative factor to put in the linear regression.
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We found that the sunk cost (which includes the experimental work and the
reputation approaches), the technological network, the research diversity, and the
technological characteristics approaches are supported significantly. Furthermore, we
find that the research area factor is the most influential factor affecting the individual
persistency.

Part 2 of this dissertation attempted to test four hypotheses derived from our
framework, an organizational persistence framework, as shown previously in Figure 11.
The organizational persistence framework was based on the assumption that an
organization has persisted in the R&D community because of its commitment
(organization’s commitment), location (geographic location), patents (technological
capability), and types of organization.

All hypotheses are supported by significant statistical results. This means that the
organization’s commitment, geographic location, technological capability, and the types
of organization affect the organizational persistence. The most influential factor is the
organization’s commitment.

Part 3 of this dissertation attempted to test five hypotheses derived from our
framework, a national persistence framework, as illustrated in Figure 12. The national
persistence framework was based on the assumption that a nation has persisted in the
R&D community because of its total amount of papers (technological prerequisites),
researchers (manpower), total amount of research areas (knowledge diversity), total
amount of organizations (technological infrastructure), and its national work value

(sociocultural tendency).
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There is multicollinearity in the national persistence model. We find that the total
a mount of publications (TOTAL3), the manpower (MPOWER3), the knowledge
diversity (AREA3), and the amount of organization (ORG3) factors have a high
relationship with each other. Therefore, we group them together. Furthermore, we
combine these factors into a productivity environment (PROD3) factor.

Based on our findings, the productivity environment (PROD3) affects the national
persistence positively. On the other hand, and the sociocultural tendency factors affects

the national persistence negatively.
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CHAPTER VI

THE SEMICONDUCTOR LASER DIODE R&D COMMUNITY

IN JAPAN AND THE UNITED STATES

It is known that Japan and the US are leading technology countries, especially in
the electronic industry. In the semiconductor laser diode R&D community, both
countries are leaders. Figure 22 shows the trends of the shares of publications by
researchers in Japan, the US, and the others. In the total of 49,250 papers from 1966 to
1998, the Japanese share is 19.31% and the US share ts 35.68%. It is observed that the
US researchers dominated the first stage of the technology development, and that other
countries stabilized more or less in the early 1980’s, but they show small increase in the

mid-1990’s to present.
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Figure 23 Trends of Publications of Japan and the US R&D Community (1966-1998)

Figure 23 shows trends of publications by researchers in Japan and the US from
1966 to 1998. The trends of both countries are similar to the trend of the semiconductor
laser diode R&D community. They gradually increase until reaching their highest point
in 1996, and they began declining in the last two years.

Since Japan and the United States are major players in the semiconductor laser
diode R&D community, it is interesting to study their semiconductor laser diode R&D
communities. We classify our comparison study into three units of analysis. They are

individual, organization, and firm levels. Each level is studied.

1. The Individual Persistence

We will first examine our data set roughly. We find that there are 6,749 Japanese
researchers and 18,840 US researchers in the R&D communities. The Japanese and the

US researchers comprise about 43% of researchers in the semiconductor laser diode R&D
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community. A Japanese researcher has contributed his/her knowledge to the R&D
community about 4.9 years on average. On the other side, a US researcher has
contributed about 2.99 years on average. However, the standard deviation of the
Japanese R&D community is higher than the US R&D community. Table 17 provides

more details regarding our findings.

Table 17: Descriptive Statistics of the Japanese and the US Semiconductor Laser Diode
R&D Communities: The Individual Level

Variables Country Minimum | Maximum Mean Std. Deviation
PERSI Japan 1 31 4.90 5.93
US 1 31 2.99 4.11
TOTALI1 Japan 1 246 5.42 11.15
US 1 305 3.41 9.00
NETWK1 Japan 0 161 10.80 14.61
US 0 251 8.08 11.72
EXPERI1 Japan 0 188 4.49 9.18
US 0 240 2.75 7.39
AREAL1 Japan 0 159 13.03 14.28
UsS 0 122 9.53 9.56
MTRLI1 Japan 0 187 3.47 7.76
US 0 253 2.15 6.19
REPUTE Japan 0 180 3.68 8.16
US 0 251 2.00 6.57

N(Japan): 6,749 researchers
N(the US): 18,840 researchers

In Table 17, we observe that, on average, a Japanese researcher has higher

performance than the US researcher in all variables. The standard deviations of a

Japanese researcher is also higher than US researcher in all variables. We find that the

US R&D community has higher performance than the Japanese R&D community in the

maximum column in most variables, except PERS1 and AREAL.
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We find that a Japanese researcher has persisted 4.9 years in the R&D community
and contributed 5.42 papers, 13.03 research areas, and has had 10.80 co-authors on
average. The Japanese researcher also has contributed 4.49 (82.84% of 5.42 papers)
experimental papers, and 3.47 (64.02% of 5.42 papers) material-related papers. Finally, a
Japanese researcher has published 3.68 (67.89% of 5.42 papers) papers in journals on
average.

On the other hand, the US researcher has persisted 2.99 years in the R&D
community and contributed 3.41 papers, 9.53 research areas, and has had 8.08 co-authors
on average. The US researcher also has contributed 2.75 (80.64% of 3.41 papers)
experimental papers, and 2.15 (63.04% of 3.41 papers) material-related papers. Finally,
the US researcher has published 2.00 (58.65% of 3.41 papers) papers in journals on
average.

Although the Japanese researchers and the US researchers have different
performance in the semiconductor laser diode R&D community on average, the
percentages of factors that we consider are almost the same. This means that the

characteristics of researchers of both countries are alike.

1.1 The F-Test and T-Test of The Japanese and the US R&D Communities

We employ a t-test technique in order to know whether the means of variables of
the Japanese and the US researchers are the same. Furthermore, we also employ the F-
test in order to know whether the variances of variables of the Japanese and the US
researchers are the same. We set a null hypothesis of t-test that the means of variables of

the Japanese and the US researchers are the same. We also set a null hypothesis of t-test
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that the means of variables of the Japanese and the US researchers are the same. Table

18 provides results of the variables explored.

Table 18: Independent Sample Test of the Japanese and the US Semiconductor Laser
Diode R&D Communities: The Individual Level

Variables F-test t-test
F Sig. t Sig.(two —tailed)

PERSIST1 1716.849 .000 28.894 .000
COMMIT1 375.054 .000 14.742 .000
NETWKI1 271.947 .000 15.259 .000
EXPERI1 397.023 .000 15.448 .000
AREALI 817.316 .000 22.379 .000
MTRLI1 359.547 .000 13.927 .000
REPUTE 425.849 .000 16.820 .000

N(Japan): 6,749 researchers
N(the US): 18,840 researchers

In Table 18, we find that the significant values of all variables of the Japanese and
the US researchers in both of the F-test and the t-test are 0.001. This means we can reject
the null hypotheses. Based on our analysis, we can say that the variances and means of
all variables of the Japanese and the US researchers are different at the significant level
of 0.01.

In the Japanese and the US R&D communities, we find that they have contributed
almost 30,000 papers (29,860 papers (academic papers, conference proceeding, and

patents)) from 1966 to 1998. We follow the individual model in section 5.2 but specify
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the data only for Japan and US. Equations (6.1) and (6.2) show the Japanese and US

R&D community models, respectively.

JPERS! = o + 1 JCOMMIT1 + B,JNETWKI1 + B3;JEXPERI1 + B4JAREAL +
BsIMTRL 1+ BcJREPUTE1 +0, 6.1)
USPERS1 = a; + 3iUCOMMIT! + B, UNETWK1 + B;UEXPERI + B4UAREAT +
BsUMTRLI1 + BsUREPUTEL +9, (6.2)
whereas:
a1: a constant value
B1, B2, ..., Bs : coefficient value of each factor
d1: an error value of the regression
JPERS1 and UPERSI: the individual persistence of the Japanese and the US
R&D communities, respectively
JCOMMIT1 and UCOMMIT 1: the sunk cost factor of the Japanese and the US
R&D communities, respectively
JNETWKI1 and UNETWKI: the technological network factor of the Japanese and
the US R&D communities, respectively
JEXPER! and JEXPERI: the experimental work factor of the Japanese and the
US R&D communities, respectively
JAREA1 and UAREAL: the research diversity factor of the Japanese and the US
R&D communities, respectively
JMTRLI1 and IMTRLI: the technological characteristic factor of the Japanese and

the US R&D communities, respectively
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JREPUTEI and UREPUTEL!: the reputation factor of the Japanese and the US

R&D communities, respectively

1.2 Correlation Analysis of the Japanese R&D Community: The Individual Level

We employ the correlation analysis in order to test the relationship among a

dependent variable and independent variables. First, the Japanese R&D community is

tested. The result is shown in Table 19.

Table 19: Correlations of the Japanese R&D Community: The Individual Level

JPERS2 | JCOMMITI | JNEIWKI | JEXPERI | JAREAL TMTRLI JREPUTEI

JPERSI 1.000 0.634%** 0.678%*** | 0.629%** | 0.740*** 0.593*** | 0.611***
(.000) (.000) (.000) (.000) (.000) (.000)

JCOMMITI 1.000 0.861*** | 0.988*** | 0.838*** 0.937*** | 0.981***
(.000) (.000) (.000) (.000) (.000)

INETWKI 1.000 0.862*** | 0.873*** 0.794*** | 0.818***
(.000) (.000) (.000) (.000)

JEXPERI 1.000 0.850%%* 0.932%** | 0.967***
(.000) (.000) (.000)

JAREA1 1.000 0.778%%* | 0.798***
(.000) (.000)

TMTRLI 1.000 0.915%**
(.000)
REPUTE4 1.000

***_ Correlation is significant at the level of 0.01 (2-tailed)
N: 6,749 records

In Table 19, we find that the relationship among the dependent and the

independent variables are in a positive direction. Additionally, all of them are significant
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at the level of 0.01. This means that our hypotheses are applicable with the Japanese
researchers. We also find some significant relationship among the independent variables.

The relationships among JCOMMIT1 and INWETWKI, JEXPERI1, JAREALI,
JMTRLI1, and JREPUTE! are positive and significant at the level of 0.01. It is shown
that a Japanese researcher who has the greater amount of co-authors, experimental
papers, research areas, material related papers, or journal papers is like to publish more
publication.

The relationships among INWETWK1 and JEXPERI, JAREAL, JMTRLI, and
JREPUTEI are positive and significant at the level of 0.01. It is shown that a Japanese
researcher who has the greater amount of experimental papers, research areas, material
related papers, or journal papers is more likely to have the greater amount of co-authors.

The relationships among JEXPER1 and JAREAI, JMTRL1, and JREPUTEI! are
positive and significant at the level of 0.01. It is shown that a Japanese researcher who
has the greater amount of research areas, material related papers, and/or journal papers is
likely to have the greater amount of experimental papers.

The relationship among JAREAI and JMTRL1, and JREPUTEI! are positively
and significant at the level of 0.01. It is shown that a Japanese researcher who has the
greater amount of material related papers, or journal papers is like to have the greater
amount of research areas.

Finally, the relationship among JMTRL1, and JREPUTEI is positive and
significant at the level of 0.01. Therefore, Japanese researchers who have a greater
amount of journal papers is more likely to have the greater amount of material related

papers.
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Based on our correlation criterion value ( | rij [ > 0.95), we find higher correlation
values among independent variables. They are 0.988 (JCOMMIT1 and JEXPER1), 0.981
(JCOMMIT1 and JREPUTE), and 0.967 (JEXPER! and JREPUTE). Therefore, we
consider that multicollinearity exists in the Japanese researcher regression.

As discussed in the descriptive statistics of the Japanese researchers, the
percentages of experimental papers and papers that published in journals of a Japanese
researcher to the total amount of papers that he/she has contributed are high. The

relationship among them are clearly revealed.

1.3 The Linear Regression Analysis of the Japanese and the US R&D
Communities

We cannot employ the linear regression analysis with the Japanese individual
regression directly because of multicollinearity, therefore, we must modify our model.
We observe that JCOMMIT1, JEXPERI, and JREPUTE variables have a high
relationship with each other. We determine to choose JCOMMIT]1 as a representative
variable of these variables. Therefore, the equation (6.1) is modified. The new
regression of Japanese researchers of the semiconductor laser diode R&D community is

shown in equation (6.3).

JPERS1 = o + B, JCOMMIT1 + B JNETWKI + B3 JAREAI+ BJMTRL] +8;  (6.3)

We employ the linear regression analysis with the model. The results are given in

Table 20.
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Table 20: Coefficients of the Japanese R&D Community: The Individual Level

Variables Beta t Sig. VIF
JCOMMIT1 -.058 -2.053 .040 12.218
JNETWKI1 .144 7.523 .000 5.503
JAREAL1 .629 35.332 .000 4.775
JMTRLI1 .044 1.903 .000 8.200
Constant 13.091 .000

Dependent variable: JPERS1
An adjusted R-square: 0.552
N: 6,749 researchers

In Table 20, we find that a VIF of JCOMMIT1 exceeds 10 that we have set as a
critical value. This means that multicollinearity still exists in the model. Therefore, we
have to modify our model again. Since we know that a JCOMMIT1 may cause
multicollinearity, we take this variable out. According to our methodology, we choose a
JCOMMIT1 from a group of three variables JCOMMIT1, JEXPERI], and JREPUTE).
We find another representative variable of the group.

First, we put a JEXPERI variable instead of a JCOMMIT1 variable in equation
(6.3). We employ correlation analysis with the model. The maximum correlation value
in the correlation matrix is 0.942. It is not a high correlation value. Therefore, we
employ the linear regression analysis with the model. Unfortunately, we find that a VIF
of JEXPERI is 14.140. This means that multicollinearity exists in the model.

Second, we put a JREPUTE variable instead of a JEXPER1 variable in equation
(6.3). We employ correlation analysis with the model. The maximum correlation value

in the correlation matrix is 0.818. It is not a high correlation value. Therefore, we
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employ the linear regression analysis with the model. Fortunately, we find that no VIF of
the model exceeds 10. We assume that multicollinearity does not exist in the model. The
final modified regression is illustrated in the equation (6.4).

JPERSI = a; + B{JINETWKI1 + B.JAREAIL+ 33JMTRL1 + B4JREPUTE + §, (6.4)

We employ the linear regression analysis one more time. The result is shown in

Table 21.

Table 21: Revised Coefficients of the Japanese R&D Community:

The Individual Regression

Variables Beta t Sig. VIF
JNETWKI1 127 6.890 .000 5.100
JAREA1 619 35.237 .000 4.650
JMTRLI1 -.009 -417 .667 6.430
JREPUTE .021 .967 334 7.250
Constant 13.865 .000

Dependent variable: JPERS1
An adjusted R-square: 0.552
N: 6,749 researchers

According to the results in the Table 21, the persistence of Japanese researchers of

the semiconductor laser diode R&D community is illustrated in the equation (6.5).
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JPERS1 = 0.000 + 0.127 JNETWKI1 + 0.619 JAREAL1 - 0.009 JMTRL +

0.021 JREPUTE (6.5)

Equation (6.5) illustrates that the technological network (JNETWK1) and the
research diversity (JAREA1) approaches of the Japanese individual model are supported
at the significant level of 0.01. However, the total amount of material related papers
(JMTRL1) and the journal papers JREPUTE) that are published by a Japanese researcher
do not affect his/her persistence significantly.

It is important to emphasize that a JREPUTE variable is a representative variable
of the three variables JTOTALI, JEXPERI, and JREPUTE). Additionally, their
correlation values are in the same direction (positive sign). Therefore, we can interpret

the effect of JTOTAL1 and JEXPERI as a JREPUTE variable does.

6.1.4 Correlation Analysis of the US R&D Community: The Individual Level
The US semiconductor laser diode R&D community is tested and the correlation

analysis is employed, as shown in Table 22.
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Table 22: Correlations of the US R&D Community: The Individual Level

USPERI | COMMIT4 | NETWK4 | EXPER4 | AREA4 MTRLA REPUTE4

USPERI 1.000 0.525%*** | 0.569*** | 0.515*** | 0.675*** | 0.516*** 0.481***
(.000) (.000) (.000) (.000) (.000) (.000)

COMMIT4 1.000 0.8I18*** | 0.982%** | 0.763*** | 0.942%** | 0.974**=
(.000) (.000) (.000) (.000) (.000)

NETWK4 1.000 0.832%** | 0.796*** | 0.774*** 0.762%**
(.000) (.000) (.000) (.000)

EXPER4 1.000 0.774*** | 0.950*** | 0.952%**
(.000) (.000) (.000)

AREA4 1.000 0.738%** 0.684***
(.000) (.000)

MTRL4 1.000 0.914%%*
(.000)
REPUTE4 1.000

*** Correlation is significant at the level of 0.01 (2-tailed)

N: 18,840 researchers

In Table 22, we find that the relationship among the dependent and the
independent variables are in a positive direction. Additionally, all of them are significant
at the level of 0.01. This means that our hypotheses are also applicable with US
researchers. We also find some significant relationships among the independent variables.

The relationships among UCOMMIT1 and UNWETWKI1, UEXPER1, UAREAL,
UMTRL1, and UREPUTEI are positive and significant at the level of 0.01. It is shown
that the US researcher who has the greater amount of co-authors, experimental papers,
research areas, material related papers, or journal papers is more likely to publish more

publications.
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The relationships among UNWETWK1 and UEXPER1, UAREAI, UMTRLI,
and UREPUTEI1 are positively and significant at the level of 0.01. It is shown that the
US researchers who have the greater amount of experimental papers, research areas,
material related papers, or journal papers are also likely to have the greater amount of co-
authors.

The relationships among UEXPERI1 and UAREA1, UMTRLI1, and UREPUTEI
are positively and significant at the level of 0.01. Therefore, the US researchers who
have the greater amount of research areas, material related papers, or journal papers are
more likely to have the greater amount of experimental papers.

The relationship among UAREA1 and UMTRLI, and UREPUTEI are positively
and significant at the level of 0.01. This shows that the US researchers who have the
greater amount of material related papers or journal papers are more likely to have the
greater amount of research areas as well.

Finally, the relationship among UMTRLI, and UREPUTEI is positive and
significant at the level of 0.01. Therefore, it is shown that the US researchers who have
the greater amount of journal papers are more likely to have the greater amount of
material related papers.

In Table 22, we find high correlation values ( l rj | > 0.95) among independent
variables. They are 0.982 (UCOMMIT1 and UEXPERI1), 0.974 (UCOMMIT1 and
UREPUTE), and 0.952 (UEXPER1 and UREPUTE). Therefore, we assume that there is

multicollinearity in the model.
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1.5 The Linear Regression Analysis of the US R&D Community:
The Individual Level
We will further modify the regression that is illustrated in equation (6.2). We
notice that UCOMMIT 1, UEXPER1, and UREPUTE variables have a high relationship
with each other. We choose a UCOMMIT 1 variable as a representative variable of these

variables. The modified regression is shown in the equation (6.6).

UPERSI1 = o; + 81 UCOMMIT1 + B,UNETWKI1 + B3UAREA1+ B4UMTRLI +6; (6.6)

We employ the linear regression analysis with the model as Table 23 illustrates.

Table 23: Coefficients of the US R&D Community: The Individual Regression

Variables Beta t Sig. VIF
UCOMMIT1 -.102 -5.814 .000 10.805
UNETWK1 .102 9.731 .000 3.844
UAREALI .612 65.146 .000 3.073
UMTRL1 .082 5.148 .000 8.892
Constant 7.002 .000

Dependent variable: UPERS1
An adjusted R-square: 0.460
N: 11,840 researchers

In Table 23, we find that a VIF of UCOMMIT1 is 10.805. It exceeds the critical
value (VIF > 10) that we have set. This means that multicollinearity exists in the model.

Therefore, we have to modify our model again. Since we know that the UCOMMIT1
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variable may cause multicollinearity, we remove this variable out. According to our
methodology, we choose the UCOMMIT1 from a group of three variables (UCOMMIT1,
UEXPERLI, and UREPUTE). We will do the same procedure that we did in the Japanese
researcher R&D community.

First, we put the UEXPERI1 variable instead of the UCOMMIT1 variable in
equation (6.6). We employ correlation analysis with the model. The maximum
correlation value in the correlation matrix is 0.950. It is equal to the critical correlation
value. Therefore, we employ the linear regression analysis with the model.
Unfortunately, we find that a VIF of UEXPERI is 13.774. This means that
multicollinearity still exists in the model.

Secondly, we will put the UREPUTE variable instead of the UEXPER1 variable
in equation (6.6). We employ correlation analysis with the model. The maximum
correlation value in the correlation matrix is 0.914. It is not a high correlation value.
Therefore, we employ the linear regression analysis with the model. Fortunately, we find
that no VIF of the model exceeds 10. Based on this evidence, we assume that
multicollinearity does not exist in the model. The final modified regression is illustrated

in the equation (6.7).

UPERSI1 =q, + B;UNETWKI + B,UAREAI+ BsUMTRLI + B,UREPUTE +§; (6.7)

We will employ the linear regression analysis one more time as Table 24 shows.
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Table 24 Revised Coefficients of the US R&D Community: The Individual Regression

Variables Beta t Sig. VIF
UNETWK1 .084 8.178 .000 3.643
UAREAL1 .605 64.508 .000 3.066
UMTRLI1 .010 .693 448 7.203
UREPUTE -.006 -425 671 6.449
Constant 7.909 .000

Dependent variable: UPERS]1
An adjusted R-square: 0.460
N: 18,840 researchers

According to the results in the Table 24, the persistence of Japanese researchers of

the semiconductor laser diode R&D community is illustrated in the equation (6.8).

UPERS1 = 0.000 + 0.084 UNETWKI1 + 0.605 UAREAI + 0.010 UMTRL -

0.006 UREPUTE (6.8)

Equation (6.8) illustrates that the coefficients of the technological network
(UNETWK1) and the research diversity (UAREAL1) factors of the US individual model
support our hypotheses at the significant level of 0.01. However, the total amount of
material related papers (UMTRL1) and the total amount of journal papers (UREPUTE) of
the US researcher do not affect his/her persistence significantly.

It is important to emphasize that a UREPUTE variable is a representative variable
of the three variables (UTOTALI1, UEXPERI, and UREPUTE). Additionally, their

correlation values are in the same direction (positive sign). Therefore, we can interpret
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the effect of UTOTAL1 and UEXPERI as a UREPUTE variable does. This means that
the sunk cost (UCOMMIT1) and the experimental work (UEXPERLI1) factors do not affect
the US individual persistence significantly.

According to equations (6.5) and (6.8), we notice that the individual persistence
regression of both Japanese and US R&D communities are similar. The amount of co-
authors (the technological network factor) and the amount of research areas (the research
diversity factor) affect the individual persistence significantly. Additionally, the amount
of research areas (the research diversity factor) is the most influential factor in both

countries.

2. The Organizational Persistence

Consequently, we compare the organizational persistence in the semiconductor
laser diode R&D community in Japan and the US. We find that 3,071 organizations join
the semiconductor laser diode R&D community. In the Japanese and US R&D
communities, there are 1,258 organizations (40.96% of 3,071 organizations) that have
contributed their knowledge to the R&D community. There are 336 Japanese
organizations (26.70% of 1,258 organizations) and 922 US organizations (73.30% of
1,258 organizations).

Figure 24 shows the trends of the shares of Japanese publications by types of
organizations (firm, university, and governmental laboratory). It is observed that the
trends of each type of organizations are stable in the last two decades. Japanese

universities and firms are major players in the R&D community.
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Figure 24 The Japanese Semiconductor Laser Diode R&D Community:
The Organization Level (1966-1998)

Figure 25 shows the trends of the shares of US publications by types of
organizations (firms, universities, and governmental laboratories). It is observed that the
trend of governmental laboratories seems to be gradually declining. We notice that US
universities are increasing their R&D efforts. Japanese universities and firms are major

players in the R&D community as well.
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Figure 25 The US Semiconductor Laser Diode R&D Community:

The Organization Level (1966-1998)
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We will use the same four interest factors in the organizational persistence used in
section 5.3: (1) organization’s commitment, (2) geographic location, (3) technological
capability, and (4) organizational types. Measurement of each factor is also the same as
described previously in Table 7.

Regression equations of the Japanese and the US semiconductor laser diode R&D
communities are developed based on the organizational hypotheses. The equations are

shown in equations (6.9) and (6.10), respectively.

JPERS2 = a; + BIJTOTAL2 + B2JGEOGPH2 + B3JPATENT2Z2 + B4(JFIRM2 + JUNIV2
+IGOV2) +5; (6.9)
and
USPERS2 = a; + 3{UTOTAL?2 + B,UGEOGPH2 + 3;UPATENT2 + B4(UFIRM2
+ UUNIV2 +UGOV2) +0, (6.10)
whereas:
oz : a constant value
B1, B2, ..., B4 : coefficient value of each factor
82 : an error value of the regression
JPERS2 and UPERS2: the organization persistence of Japanese and US R&D
communities, respectively
JTOTAL?2 and UTOTALZ2: the organization’s commitment factor of Japanese and
US R&D communities, respectively
JGEOGPH2 and UGEOGPH2: the geographical factor of Japanese and US R&D

communities, respectively
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JPATENT?2 and UPATENT?2: the technological capability factor of Japanese and
US R&D communities, respectively

JFIRM2 and UFIRM2: a dummy variable (firm) of Japanese and US R&D
communities, respectively

JUNIV2 and UUNIV2: a dummy variable (university) of the Japanese and US
R&D communities, respectively

JGOV2 and UGOV2: a dummy variable (governmental laboratory) of Japanese

and US R&D communities, respectively

2.1 The F-Test and t-test of the Japanese and US R&D Communities:
The Organization Level
We explore both the Japanese and the US R&D communities in the organization
level roughly by using descriptive statistics. We find that a Japanese firm persists in the
R&D community longer than the US firm on average. Additionally, a Japanese firm
tends to have higher performance in PATENT2 than a US firm. Table 25 provides

further details.
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Table 25: Descriptive Statistics of the Japanese and the US R&D Communities:
The Organization Level

Variables Country Minimum Maximum Mean Std.
Deviation

PERS2 Japan 1 32 7.4345 8.1072

US 1 33 6.4913 8.1138
TOTAL2 Japan 1 1688 28.3810 121.5742

US 1 2844 19.1106 108.6969
PATENT2 Japan 0 161 10.80 14.61

US 0 106 1.03 5.88
FIRM2 Japan 0 1 0.40 0.49

US 0 1 0.66 0.47
UNIV2 Japan 0 1 0.43 0.50

Uus 0 1 0.28 0.45
GOVv2 Japan 0 1 0.16 0.37

US 0 1 0.05 0.23

N(Japan): 336 organizations
N(the US): 922 organizations

In Table 25, although the Japanese R&D community has a higher performance
than the US R&D community, their standard deviation values are also higher than the US
R&D community. US firms have contributed a larger percentage (66%) than the
Japanese firms have (40%) in the R&D community. On the other hand, the Japanese
universities and governmental laboratories have contributed a larger ratio than the US
universities and governmental laboratories.

We also find that the Japanese organizations have persisted 7.43 years in the R&D
community and patented 28.38 patents on average. On the other hand, we find that the
US organizations have persisted 6.49 years and patented only 1.03 patents on average.
One may question that why the Japanese have patented more than the US organizations
while the organizational persistence of both countries differs only in one year. Itis

possible that the Japanese organizations are larger organizations. We have no evidence at
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this stage. However, we will consider about the size of organizations (only firms) in the

next section.
We employ the F-test and the t-test in order to identify whether variances and

means of all variables are the same, respectively. Table 26 provides these details.

Table 26: Independent Sample Test of the Japanese and US in the Semiconductor
Laser Diode R&D Communities: The Organization Level

Variables F-test t-test
F Sig. t Sig.(two —tailed)

PERSIST2 .202 653 1.825 .068
TOTAL2 4118 .043 1.296 .195
PATENT2 68.359 .000 15.259 .005
FIRM2 15.927 .000 15.448 .000
UNIV2 61312 .000 22.379 .000
GOV2 123.434 .000 13.927 .000

N(Japan): 336 organizations
N(the US): 922 organizations

In Table 26, we find that variances of the two variables (PERS2 and TOTAL?2)
from both Japanese and US organizations are the same at the significant level of 0.01.
However, means of PERS2 of both nations are different at the significant level of 0.1,
whereas means of TOTAL?2 of both nations are not different. On the other hand, the rest
of the variables (PATENT2, FIRM2, UNIV2, and GOV) of both nations are different in

variances and means at the significant level of 0.01.
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2.2 Correlation Analysis of the Japanese R&D Community:
The Organization Level
We will choose to review the Japan organizations first. The correlation analysis

will be employed. Table 27 provides the correlation matrix of the Japanese organizations.

Table 27: Correlations of the Japanese R&D Community: The Organizational Level

JPERS2 | JTOTAL2 | JPATENT2 | JFIRM2 | JUNIV2 | JGOV2
JPERS2 1.000 49 % 375%%* —107*% | _173%%* | _091*
(.000) (.000) (.050) (.001) (.097)
JTOTAL2 1.000 429%** 047 1008 ~074
(.000) (.389) (.886) (.179)
JPATENT2 1.000 155%%* | _098* -075
(.004) (072) 171)
JFIRM2 1.000 N/A N/A
JUNIV2 1.000 N/A
JGOV2 1.000

**%: Correlation is significant at the level 0.01 level (2-tailed)
**: Correlation is significant at the level 0.05 level (2-tailed)
*: Correlation is significant at the level 0.1 level (2-tailed)
N/A: not available

N: 336 organizations

The relationships between JPERS2 and JTOTALZ2, JPATENT2, and JUNIV2 are
positive and significant at the level of 0.01, 0.05, and 0.01, respectively. It is shown that
the Japanese organizations that have the greater amount of papers or patents are more
likely to persist in the R&D community. Additionally, Japanese universities are more

likely to persist in the R&D community.
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However, the relationships between JPERS2 and JFIRM2 and JGOV?2 are
negatively and significant at the level of 0.05 and 0.1, respectively. It is shown that the
Japanese firms and governmental laboratories are not likely to persist in the R&D
community. It is possible that most Japanese firms focus their fields of interests
frequently based on their consumers’ need. The Japanese governmental laboratories may
change their research based on financial support or the public’s interests.

The relationship between JCOMMIT?2 and JPATENT?2 is positive and significant
at the level of 0.01. It is shown that a Japanese organization that has patented is likely to
publish more publications. However, the relationships of JCOMMIT?2 with JFIRM2,
JUNIV2, and JGOV2 are not significant.

The relationship between JPATENT2 and JFIRM?2 is positive and significant at
the level of 0.01. Itis shown that a Japanese firm is likely to patent. However, the
relationship between JPATENT2 and JUNIV2 is negative and significant at the level of
0.1. Itis shown that a Japanese university is not likely to patent. The relationship
between JPATENT2 and JGOV2 is not significant.

Finally, the relationships among JFIRM2, JUNIV2, and JGOV2 are not available
(N/A) because they are dummy variables.

We observe that the relationships between JPERS2 and JFIRM2, JUNIV2, and
JGOV2 are —-0.107, 0.173, and —0.091, respectively. This means that the persistence of
Japanese firms is less than the persistence of Japanese universities and governmental
laboratories. Therefore, we use a JFIRM2 variable as a reference variable in the Japanese

regression model.
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Generally, we find that no correlation value is high. Although the relationship
value between JFIRM2 with JUNIV2 is -0.723, these variables are dummy variables in
the regression. When we employ the linear regression, we use JFIRM2 variable as a
based variable. This means that we do not put JFIRM2 in our regression. Therefore, we

employ the linear regression technique directly. The results are shown in Table 28.

Table 28: Coefficients of the Japanese R&D community: The Organizational Level

Variables Beta t Sig.
JTOTAL2 .394 7.793 .000
JPATENT2 229 4.479 .000
JUNIV2 .206 4.126 .000
JGOV2 .034 .693 489
Constant 7.780 .000

Dependent variable: JPERS2.
An adjusted R-square: 0.304.
N: 336 organizations

According to the results in the Table 28, the organizational persistence regression

is shown in equation (6.11) at significant level of 0.01, except the JGOV2.

JPERS2 = 0.000000 + 0.394 JTOTAL2 + 0.229 JPATENT2 + 0.206 JUNIV2 +

0.034 JGOV2 (6.11)

Equation (6.11) illustrates that coefficients of the organization’s commitment

(JTOTAL?2) and the technological capability (JPATENT2) of the Japanese organizations
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support our hypotheses at the significant level of 0.01. Furthermore, the Japanese
universities have higher persistence 0.206 times than the Japanese firms at the significant
level of 0.01. However, the Japanese governmental laboratories do not have higher

persistence than the Japanese firms significantly.

2.4 Correlation Analysis of the US R&D Community: The Organization Level
We will now analyze the US organization R&D community, following the same

procedures that we did in the Japanese organization R&D community. Table 29 provides

more details.

Table 29: Correlations of the US R&D Community: The Organizational Level

USPERS2 | UTOTAL2 | UPATENT2 | UFIRM2 UUNIV2 UuGov2
USPERS2 1.000 365%** .309%** =34 H** 304%%* 107%¥*
(.000) (.000) (.000) (.000) (ool
UTOTAL2 1.000 JT02%+* -.077** 064* 033
(.000) (.:019) (051) (.319)
UPATENT2 1.000 .055* -.071** 025
(.098) (.032) (.444)
UFIRM2 1.000 N/A N/A
UUNIV2 1.000 N/A
uGOov2 1.000

**% : Correlation is significant at the level 0.01 level (2-tailed)

** : Correlation is significant at the level 0.05 level (2-tailed)

*: Correlation is significant at the level 0.1 level (2-tailed)
N/A: not available
N: 922 organizations
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In Table 29, the relationships between UPERS2 and UTOTAL2, UPATENT?2,
UUNIV2 and UGOV?2 are positive and significant at the level of 0.01, 0.05, 0.01, and
0.01, respectively. It is shown that US organizations who have the greater amount of
papers and/or patents are more likely to persist in the R&D community. Additionally, US
universities and governmental laboratories are also more likely to persist in the R&D
community.

However, the relationship between UPERS2 and UFIRM2 is negative and
significant at the level of 0.1. It is shown that US firms are not likely to persist in the
R&D community. Itis possible that the US firms change their fields of interests
frequently based on their consumers’ needs.

The relationships between UCOMMIT2 and UPATENT?Z2, and UUNIV?2 are
positive and significant at the level of 0.01, and 0.1, respectively. It is shown that the US
organizations that have patented are likely to publish more publications. Additionally,
US universities are likely to publish more publications. Most university researchers need
to publish papers because of their competition and evaluation system.

However, the relationship between UCOMMIT2 and UFIRM2 is negative and
significant at the level of 0.1. US firm researchers may change their fields of interest
frequently. Some may not have any interest in publishing papers. Their evaluation
system may be different from the university researchers. However, the relationship of
UCOMMIT?2 and UGOV?2 is not significant.

The relationship between UPATENT2 and UFIRM2 is positive and significant at

the level of 0.01. Tt is shown that the US firms are likely to patent. Firms need to
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achieve new technologies. When their researchers discover important issues, they will

patent their knowledge.

However, the relationship between UPATENT2 and UUNIV?2 is negative and
significant at the level of 0.05. It is shown that the US universities are not likely to patent
their knowledge. They may study only in “Scientific Boundary” (Albridge, 1999).
However, the relationship between UPATENT2 and UGOV?2 is not significant.

Finally, the relationships among JFIRM2, JUNIV2, and JGOV2 are not available

(N/A) because they are dummy variables.

We observe that the relationship between UPERS2 and UFIRM2, UUNIV2, and
UGOV?2 are -0.341, 0.304, and —0.107, respectively. This means that the persistence of
US firms is less than the persistence of US universities and governmental laboratories.

Therefore, we use a UFIRM2 variable as a reference variable in the US regression model.

2.5 Linear Regression Analysis of the US R&D Community:
The Organization Level
According to the correlation matrix in the last section, we find that no correlation
value is too high. Although a correlation value between UFIRM2 and UUNIV2 is -
0.872, but they are dummy variables in the regression. When we employ the linear
regression, we use UFIRM2 variable as a reference variable. This means that we do not
put UFIRM2 in our regression. Therefore, we employ the linear regression technique

directly. The results are shown in Table 30.
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Table 30: Coefficients of the US R&D Community: The Organizational Level

Variables Beta t Sig.
UTOTAL2 214 5.234 .000
UPATENT2 178 4.364 .000
UUNIV2 325 11.035 .000
uGov2 147 5.051 .000
Constant 13.701 .000

Dependent variable: USPERS2.
An adjusted R-square: 0.244.
N: 922 organizations
In Table 30, all beta coefficients are significant at 0.01. According to the results

in the Table 30, the organizational persistence regression of the US semiconductor laser

diode R&D community is shown in the equation (6.12) with significant level of 0.01.

USPERS2 = 0.000000 + 0.214 UTOTAL2 + 0.178 UPATENT2+ 0.325 UUNIV2 +

0.147UGOV?2 (6.12)

The equation (6.12) illustrates that coefficients of the organization’s commitment
(UTOTALZ2) and the technological capability (UPATENT?2) of the US organizations
support our hypotheses at the significant level of 0.01. Furthermore, the US universities
and US governmental laboratories have higher persistence 0.325 and 0.147 times,
respectively, than US firms at the significant level of 0.01.

In the organizational level, the persistence of the Japanese and US organizations

is affected by the organization’s commitment, the technological capability, and types of

159

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



organization factors significantly. The universities and governmental laboratories of both
countries have higher persistence than firms do. According to our hypotheses in the

organizational level, the H7, H9, and H10 are supported based on the evidence.

3. The Firm Persistence

We find that firms play a major role in the Japan — US semiconductor laser diode
R&D community in the organizational level. There are 744 (59.14% of 1,258
organizations) firms in the R&D community. The rest are universities and governmental
laboratories. Since we are only interested in firms that are located in Japan and the US,
we cannot employ some variables (e.g., GEOGPH2, UNIV2, and GOV2) in the
organizational model properly. Therefore, we have to modify the organizational model.

One may suggest that if a firm has unlimited resources such as employees and
good financial support, they may persist in the R&D community longer than others may.
It is possible that a large firm may persist in the R&D community longer than a small
firm. Therefore, we add two more variables, employee (MEN3), and total sales (SALE3)
in a modified organizational model.

We collected data from Corporate Technology Information Services Inc. [488
firms (65.59% of 744 firms in the Japan and the US R&D community)]. There are 92
Japanese firms (67.64% of 136 Japanese firms) and 396 US firms (65.13% of 608 US

firms). The modified model is shown in equations (6.13) and (6.14), respectively.

JPERS3 = o3 + B,JTOTAL3 + B,JPATENTS3 + B;JMEN3 + B4JJSALE3 + &5 (6.13)

and
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USPERS3 = o3 + 3;UTOTALS3 + B, UPATENT3 + 3UMENS3 + B,USALE3 +§; (6.14)
whereas:

o3 : a constant value

B1, B2, ..., P4 : coefficient value of each factor

03 : an error value of the regression

JPERS3 and USPERS3: the organization’s persistence of the Japanese and US

R&D communities, respectively

JTOTAL3 and UTOTALS3 : the organization’s commitment factor of the Japanese

and US R&D communities, respectively

JPATENT3 and UPATENTS3 : the technological capability factor of the Japanese

and US R&D communities, respectively

JMEN3 and UMENS3: the numbers of employees of a firm in 1998 of the Japanese

and US R&D communities, respectively

JSALE3 and USALES3: the total sales of a firm in 1998 (x $1M) of the Japanese

and US R&D communities, respectively

3.1 The F-Test and t-Test of the Japanese and the US R&D Communities
: The Firm Level
We explore the Japanese and the US R&D communities roughly by using
descriptive statistics. We find that a Japanese firm persists in the R&D community
longer than the US firm on average. Additionally, a Japanese firm tends to have higher

performance than a US firm. Table 31 provides more details.
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Table 31: Descriptive Statistics in the Japanese and the US R&D Communities:

The Firm Level
Variables Country Minimum Maximum Mean Std. Deviation
PERS3 Japan 1 32 8.74 8.93

UsS 1 31 5.47 7.24
TOTAL3 Japan 1 1688.00 61.0870 208.9009

UsS 1 2844.00 18.1212 148.4099
PATENTS3 Japan 0 243 15.28 38.35

US 0 106 1.73 8.45
MEN3 Japan 150 331852 29021.71 59058.97

US 1 600000 12436.26 | 47269.51
SALE3 Japan 643.00 142394.00 61718.522. | 138759.74

UsS 0.13 178174.00 3536.1681 | 16272.936

N(Japan): 92 firms
N(the US): 396 firms

In Table 31, we find that Japanese firms have higher performance than the US

firms have on average. One may notice that the minimum sales and employees of the US

firms are only $130, 000 ($0.13 M) and 1 employee, respectively. On the other hand, the

minimum sales and employees of the Japanese firms are $643,000,000 ($643 M) and 150

employees. This indicates that Japanese firms that join in the semiconductor laser diode

R&D community are large firms. However, the Japanese firms have higher standard

deviation values than those of the US firms.

We will employ the F-test and the t-test techniques in order to learn whether

variances and means of variables of the Japanese firms and the US firms are the same,
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respectively. Thus, we have set null hypotheses of variances and means of all variables

of both nations are the same. Table 32 provides the results.

Table 32: Independent Sample Test of the Japanese and US Firms in the
Semiconductor Laser Diode R&D Communities

Variables F-test t-test
F Sig. t Sig.(two —tailed)
PERSIST3 11.614 .001 3.271 .001
TOTAL3 13.647 .000 1.866 .065
PATENTS3 115.208 .000 3.370 .001
MEN3 8.605 .004 2513 013
SALE3 128.767 .000 4015 .000

N(Japan): 92 firms
N(the US): 396 firms

In Table 32, we find that all significant values in the F-test are less than 0.01.
This means that we reject our null hypothesis. We assume that the variances of all
variables of both nations are not the same at the significant level of 0.01. In the t-test
column, we find that means of PERSIS3, PATENTS3, and SALES3 of both nations are not
the same at the significant level of 0.01. The means of TOTAL3 and MENS3 of both

nations are not the same at the significant level of 0.1 and 0.05, respectively.

3.2 Correlation Analysis of the Japanese R&D Community: The Firm Level
We employ the correlation analysis between dependent and independent

variables. Table 33 provides more detail.
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Table 33 Correlations of the Japanese R&D Community: The Firm Level

JPERS3 JTOTAL3 | JPATENT3 | IMEN3 | JSALE3

JPERS3 1.000 G40+ GO1*** TS0%F* | 345%%
(.000) (.000) (.000) (.000)

JTOTAL3 1.000 379%%* T32FRE | A5TRRE
(.000) (.000) (.000)

JPATENT3 1.000 593%F¥ | 285wk
(.000) (.000)

JMEN3 1.000 Gl2***
(.000)
JSALE3 1.000

**%: Correlation is significant at the level 0.01 level (2-tailed)
N: 92 firms

In Table 33, we find that correlation values between dependent and independent
variables are not very high. All correlation values are less than the critical value and
significant at the 0.01 level (2-tailed) such as correlations between JPERS3 with
JTOTAL3, JPATENT3, JMENS, and JSALES3, respectively.

The relationships between JPERS3 and JTOTAL3, JPATENT3, JMENS3, and
JSALES3 are positive and significant at the level of 0.01. This means that our hypotheses
are supported. The Japanese firms that have the great amount of papers, patents,
employees, or total sales are more likely to persist in the R&D community. We will
explore several significant relationships among the independent variables as well.

The relationships between JTOTAL3 and JPATENT3, JMEN3, and JSALE3 are

positive and significant at the level of 0.01. It is shown that Japanese firms that have the
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greater amount of patents, employees, or total sales are more likely to have the greater
amount of papers.

The relationships between JPATENT3 and JMEN3, and JSALE3 are positive and
significant at the level of 0.01. It is shown that Japanese firms that have the greater
amount of employees, or total sales are more likely to have the greater amount of patents.

The relationship between JMEN3 and JSALES3 is positive and significant at the
level of 0.01. It is shown that Japanese firms that have the greater amount of total sales

are more likely to have the greater amount of employees.

3.3 Linear Regression Analysis of the Japanese R&D Community:

The Firm Level

We employ the linear regression technique directly because there is no
mullticollinearity in the Japanese firm R&D community model. The results are shown in
Table 34.

Table 34: Coefficients of the Japanese R&D Community: The Firm Level

Variables Beta t Sig. VIF
JTOTAL3 247 2.238 .028 2.273
JPATENT3 .370 3.849 .000 1.724
JMEN3 231 1.772 .080 3.153
JSALE3 -.063 -.854 395 1.004
Constant 7.581 .000

Dependent variable: JPERS3
An adjusted R-square: 0.533
N: 92 firms
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According to the results in Table 34, the organizational persistence regression is

shown in equation (6.15).

JPERS3 = 0.000 +0.247 JTOTAL3 + 0.370 JPATENT3 + 0.231 JMENS3 -

0.063 JSALES3 (6.15)

The equation (6.15) illustrates that the firm’s commitment (JTOTALS3), the firm’s
technological capability JPATENT3), and the firm’s employees (JMEN3) factors affect
the Japanese firm persistence significantly. However, the total sales (JSALE3) factor

does not affect the Japanese firm persistence significantly.

3.4 Correlation Analysis of the US R&D Community: The Firm Level
We employ the correlation analysis with the US firms in the semiconductor laser
diode R&D community. The following table (Table 35) shows the correlations among

the dependent variable and the independent variables.
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Table 35 Correlations of the US R&D Community: The Firm Level

UPERS3 | UTOTAL3 | UPATENT3 | UMEN3 | USALE3

UPERS3 1.000 319%** A45%%* 374%%% | 336%H*
(.000) (.000) (.000) (.000)

UTOTAL3 1.000 RZvis 205%%% | J[4%**
(.000) (.000) (.000)

UPATENT3 1.000 300%%% | 247%**
(.000) (.000)

UMEN3 1.000 88G***
(.000)
USALE3 1.000

**%: Correlation is significant at the level 0.01 level (2-tailed)
N: 396 firms

We find that correlation values among dependent and independent variables are
not high in Table 35. All correlation values are less than 0.95 and significant at the 0.01
level (2-tailed) such as correlation values between UPERS3 with UTOTALS3,
UPATENT3, UMENS3, and USALE3, respectively.

The relationship between UPERS3 and UTOTAL3, UPATENT3, UMENS3, and
USALES3 are positively and significant at the level of 0.01. This means that our
hypotheses are supported. The US firms that have the greater amount of papers, patents,
employees, or total sales are more likely to persist in the R&D community. We also
explore several significant relationships among the independent variables.

The relationship between UTOTAL3 and UPATENT3, UMEN3, and USALE3

are positively and significant at the level of 0.01. It is shown that US firms that have the
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greater amount of patents, employees, or total sales are more likely to have the greater
amount of papers.

The relationship between UPATENT3 and UMENS3, and USALES3 are positively
and significant at the level of 0.01. The US firms that have the greater amount of
employees or total sales are more likely to have the greater amount of patents.

The relationship between UMEN3 and USALES3 is positively and significant at
the level of 0.01. US firms that have the greater amount of total sales are more likely to

have the greater amount of employee.

3.5 Linear Regression Analysis of the US R&D Community: The Firm Level
We will employ the linear regression technique directly with US firms in R&D

community by using SPSS. The results are given in Table 36.

Table 36: Coefficients of the US R&D Community: The Firm Level

Variables Beta t Sig. VIF
UTOTAL3 -.024 -.357 721 2.297
UPATENT3 .385 5.707 .000 2411
UMEN3 .209 2.166 .031 4.921
USALE3 .061 .647 518 4.776
Constant 13.510 .000

Dependent variable: UPERS3
An adjusted R-Square: 0.255
N: 396 firms
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Table 36 shows that the coefficients of the US firms’ technological capability
(UPATENT?3) and number of employees (UMEN3) support our hypotheses significantly.
This means that these factors affect the US firm persistence. On the other hand, the
firm’s commitment (UTOTAL3) and total sales (USALE3) do not affect to the US firm
persistence significantly.

According to the results in Table 36, the organizational persistence regression is

shown in equation (6.16).

UPERS3 = 0.000 - 0.024UTOTAL3 + 0.385SUPATENT3 + 0.209UMENS3 +

0.061USALE3 (6.16)

In the firm level, we observe that the Japanese firm persistence is affected by the
amount of literature, patents, and employees significantly. On the other hand, the US

firm persistence is affected by the amount of patents, and employees significantly.

4. Conclusions

This chapter attempted to test the differences between the Japanese and US
semiconductor laser diode R&D communities on many levels. We classify our
comparison study into three levels: individual, organization, and firm levels. We employ
frameworks we developed in the study of the R&D community. On each level, we tested
the differences of variances and means of all variables of both countries. Consequently,
we tested the relationship between dependent variable and independent variables of both

countries.
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First, on the individual level, we find that the variances and the means of all
variables of Japanese and the US R&D communities are different significantly. We also
find that the technological network and the research diversity factors affect the individual
persistence of both countries significantly. Other factors do not support our hypotheses
significantly.

Secondly, on the organization level, we find that the variance of PERSIST2 and
the mean of TOTAL?2 variables of both countries are not different significantly.
However, the variances and the means of other variables of both countries differ
significantly. We also find that the organization’s commitment, the technological
capability, the types of organization factors of both countries affect the organizational
persistence significantly.

Finally, on the firm level, we find that the variances and the means of all variables
on this level from both countries differ significantly. We also find that the firm’s
commitment, technological capability, number of employees factors affect to the
persistence of Japanese firms significantly. On the other hand, the firm’s technological
capability and number of employee factors affect the persistence of US firms

significantly.
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CHAPTER VII

CONCLUSIONS

1. Discussion on the Persistence Models

This dissertation is designed to analyze what factors affect the persistence of
members of the semiconductor laser diode R&D community. Members of the R&D
community are classified into three levels: (1) individual, (2) organizational, and
(3) national levels. Therefore, we have proposed three persistence models accordingly:
(1) the individual, (2) the organizational, and (3) the national models. Each model
consists of a set of factors that may affect the persistence. Consequently, each model is
tested.

First, we propose the individual persistence model that consists of the sunk cost,
the technological networks, the experimental work, the research diversity,
the technological characteristics, and the reputation approaches. The model is supported
significantly. This means that all factors in the model affect the individual persistence.

It should be noted that some factors have a higher relationship with other factors.
They are the sunk cost, the experimental work, and the reputation factors. As discussed
earlier, one or more of the higher relationships among the factors (independent variables)
causes multicollinearity. Therefore, we employ model respecification method by

grouping them together. The new individual persistence model is shown in Figure 26.
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Experimental Work

Reputation L

N +
Technological Network Persistence

+

Research Diversity +

Technology Characteristics

Figure 26: An Individual Persistence Model
Secondly, we have proposed the organizational persistence model. The model
consists of the organization’s commitment, the geographic location, the technological
capability, and the types of organization approaches. The organizational persistence
model is also supported significantly. This means that all factors in the model affect the

organizational persistence. The organizational persistence model is shown in Figure 27.

Organization’s Commitment

Geographical Location

Persistence

Technological Capability

Types of Organization

Figure 27: An Organizational Persistence Model
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Finally, we have proposed the national persistence model. The national
persistence model consists of several factors including, the technological prerequisites,
the manpower, the knowledge diversity, the technological infrastructure, and the
sociocultural tendency approaches. Based on the results, mulitcollinearity was found in
the model, therefore some factors are grouped together. They are the fechnological
prerequisites, the manpower, the knowledge diversity, and the technological
infrastructure factors.

We combine the four variables into one variable. A productivity environment
variable is created. Therefore, a modified national persistence model consists of two
independent variables. Based on the results, the productivity environment factor affects
the national persistence positively. On the other hand, the sociocultutral tendency
approach has inverted relationship with the national persistence. The new national

persistence is shown in Figure 28.

Productivity Environment

Technological Prerequisite
Manpower +
Knowledge Diversity
Technological Infrastructure Persistence

Controlled by resources

Sociocultural Tendency /

Figure 28: A National Persistence Model
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2. The Comparison Study of Japan and the US Semiconductor Laser Diode R&D
Communities

We extend our study into specific countries. Since Japan and the US are leaders
of the semiconductor laser diode technology, it is interesting to find out whether the R&D
communities of both countries are similar. We determine to study (compare) R&D
communities of both countries into three specific levels: (1) the individual, (2) the
organization, and (3) the firm levels.

We employ the models we previously employed in the individual level of the
R&D community with the new individual level. We modify the organizational model to
fit with the organizational and the firm model by removing the geographical location
factor and adding two more control variables, the total amount of employees and the total
sales in the organizational, and the firm levels, respectively.

First, we explore the Japanese and the US R&D communities roughly. We find
that a Japanese researcher has a significantly higher performance in all factors (the surnk
cost, the technological networks, the experimental work, the research diversity, the
technological characteristics, and the reputation approaches.) We also find that the
variances and the means of all factors of both countries are different significantly.

Additionally, we find that the technological networks and the research diversity
factors affect to the individual persistence of both Japanese and US R&D communities in
the individual level significantly. However, the other factors do not affect the individual
persistence significantly.

Secondly, we explore the Japanese and US organizations roughly. We find that

the means of the organization’s commitment factor of both countries in the organization
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level are statistically not different. The means and variances of the rest factors (the
technological capability and the types of organization) are statistically different. We
determine that on average, the Japanese organizations have a higher performance than US
organizations. We also find that all factors (the total amount of literature, the amount of
patents, and the types of organizations) affect the organizational persistence of both
countries significantly.

Finally, we focus only on the Japanese and the US firms. We find that the means
and the variances of all factors (the total amount of literature, the total amount of patent,
the total amount of employee, and the total sales) of both countries are different. On
average, we state that the Japanese firms have a higher performance than the US firms
have.

We also find that the fotal amount of literature, the amount of patents, and the
amount of employees factors affect the persistence of the Japanese firms significantly.

On the other hand, we find that only the fotal amount of patents, and the amount of

employees factors affect the persistence of the US firms significantly.

3. Discussions on Research Methods and Future Research

The “bibliotech” technique has been employed in many studies (Culnan, 1986;
Lievrouw, 1989; Woleck and Sanchez, 1993; and Reid, 1997). However, most studies
employ a citation analysis technique. We realized that bibliography databases provide
rich information entries such as authors, their affiliations, their title, and dates of their

publication and other information.
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Therefore, we determine to employ the “bibliotech” technique in our study. We
decide to study the persistence behavior of members of an R&D community. The
INSPEC electronic database is selected. We also study the semiconductor laser diode
R&D community. The INSPEC provides bibliographic data of the semiconductor laser
diode R&D community.

According to the publication procedures, we understand that the publication
process may be delayed. Basically, the publication procedures take a year or more on
average. Therefore, we do not consider the data in 1998, only from 1966 to 1997.
However, we have obtained a great amount of data because of the advantages of new
electronic databases. We receive a significant portion of data and analyze it by this
means.

Based on our methodology, we find that the “bibliotech™ technique can be
employed in our study appropriately. The individual, organizational, and national models
have all been tested. The results show that the models are supported significantly.

Our research is designed to understand what factors affect the persistence of
researchers, organizations, and nations in the semiconductor laser diode R&D
community. Itis a useful study for managers and policy makers in order to conduct their
R&D efficiently.

It is well known that technologies change rapidly. One may have a desire or
interest to know what the market leaders of the semiconductor laser diode are doing.
Technology mapping is another interesting topic. This study leads us to understand the
direction of research areas that the market leaders conduct. Bibliography data is an

appropriate tool for this kind of study.
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It should be noted that reverse causality may consider in the future study. We
have studied influential factors (independent variables) that affect the persistence of
members (dependent variables) of the R&D community. Therefore, it is possible that the
variables we are treating as “dependent” variables in this study, may in fact be
“independent” variables and could be used in predicted variables that we are including as

“independent.”

4. The Validation of Semiconductor Laser Diode Technology

We chose the semiconductor laser diode technology based on three
reasons. First, the semiconductor laser diode is in a semiconductor technology which is
considered to be an excellent example of a growing and innovative industry (Malerba,
1985). Secondly, the bibliographical data in an electronic database is available from
1966 to present. Finally, we have found that Japan and the US are major players in the
semiconductor laser diode R&D community. Therefore, we would like to see some
structures of both countries.

One may criticize that the findings from the semiconductor laser diode R&D
community have only limited external validity. There is a defined need to validate the
findings through a careful analysis of other technology communities. According to our
literature survey, some scholars are interested in the persistence of the individical level
(Rappa and Garud, 1992; Rappa and Debackere, 1995) and in the organizational level
(Debacker, Clarysse, and Rappa, 1994).

Rappa and Garud (1992) study the persistence of researchers in the field of

cochlear implant, which is defined as an emerging technology. They found that the
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legitimacy of the field and the size of the research community affect the persistence of
researchers. However, the group size and group productivity factors are not supported in
their study. A reason might be that the number of cumulative co-authors does not
adequately capture the entire spectrum of collaboration.

Rappa and Debackere (1995) study the persistence of researchers in the field of
neural networks, which is also defined as an emerging technology. They discovered that
early entrants in the field have had unique motivations to enter and to persist in their
chosen field of research.

Debackere, Clarysse, and Rappa (1994) study the persistence of organizations in
the field of transgene plant. The transgene plant is defined as an emerging technology.
They found that, “ the embeddedness and position of an organization in a network of
ongoing collaborations appeared to be strong and positive determinant of its persistence.”
However, the productivity factor as measured by the amount of publications, is not
supported in their study.

This dissertation is a unique study. It can be described by three special reasons.
First, we study the persistence of members of the semiconductor laser diode R&D
community which are categorized into three groups (researchers, organizations, and
nations). Secondly, we have collected a great amount of data (49,250 records). There are
66 countries joined with this R&D community. Finally, no study has the time
comprehensive time of study longer than this study to our knowledge or findings.

Based on our findings, some findings are different from other studies. For
example, we find that the researcher’s technological network, as measured by the

numbers of cumulative co-authors, is supported in the individual level. Furthermore, we
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find that the amount of publications (organization’s commitment) is supported in the
organizational level.

We summarize the persistence studies which are studied by other scholars in

Table 37.

Table 37 Comparison of Persistence Studies of Different R&D Communities

Technology Cochlear Neural Network | Transgene Semiconductor
Implant Plants Laser Diode

Stage of emerging emerging emerging well-developed

technology technology technology technology technology

Focused period | 17 N/A 13 33

of time (yr.)

Demand low low low high

Competition low low low very high

Regulation high high high low

Objective N/A N/A N/A clear

We realize that frameworks for the four studies are different but they focus on the
same topic. These technologies (cochlear implant, neural network, transgene plant, and
semiconductor laser diode) have different characteristics. This research can be extended
to other semiconductor technologies, but is limited to a degree in some technologies such
as biotechnology which requires a long period of study, and has high concern about
regulations, lower competition, and lower demand. Some findings may or may not be the
same. This study not only identifies itself as a unique study, but also extends more

findings in the persistence topic.
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5. Managerial Implications

The present research has practical implications not only for researchers who work
in the semiconductor laser diode R&D community, but also for managers and national
policy makers who are responsible for technological development programs in this
community. The following points should be noted.

We found that the organization’s commitment factor is supported significantly.
Based on our findings, if an organization contributes one more paper to the R&D
community, the persistence of the organization will increase by about four months'. It
should be noted that this is not a statistic interpretation but is provided for an intuitive
understanding. The organization’s commitment factor is the most influential factor that
affects to the persistence of organization.

We also find that the researcher’s sunk cost factor is supported significantly.
Based on our findings, if a researcher contributes one more paper, his/her persistence will
increase eighteen days®. This is also provided for an intuitive understanding. It is also
shown that the total amount of papers factor into how researchers contribute to the R&D
community, which affects their persistence.

Considering "researchers"” as a resource of an organization, if a researcher in an
organization contributes more publications, the organization is more likely to persist in
the R&D community. Not only the researchers benefit, but also the organization as well.

Therefore, managers might encourage their researchers to publish more papers.

! A statistical interpretation is all things being equal, if the total amount of papers that an organization
contributes to the R&D community increases one paper, the persistence of the organization will increase
four months at the significant level of 0.01.

* A statistical interpretation is all things being equal, if a researcher increases one rescarch arca. his/her
persistence will increase eighteen days at the significant level of 0.01.

180

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



However, it should be noted that managers should consider a balance of
"exploration" and "exploitation" of new knowledge. Exploring new knowledge is an
important issue, but also exploiting new knowledge for revenue purposes should be
addressed as well. It is good to be an "inventive" organization, however it is better to be
an "innovative" organization.

We found that the researcher’s technological network factor is supported
significantly. Based on our finds, if a researcher increase his/her co-authors by one
person, he/she will increase his/her persistence for one and a half months’. Additionally,
we also found that the researcher’s research area factor is supported significantly. Based
on our findings, if a researcher increases one research area, his/her persistence will
increase about six months*. This factor is the most influential factor in the individual
level. Again, both of the above findings can be used for further intuitive understanding.

Management should create an environment where their researchers are
enthusiastic to share their knowledge to each other. Furthermore, management should
establish informal groups of researchers that cross organizational boundaries and come
together to discuss their knowledge and practices that the group needs to learn about.
This would encourage researchers to continue their work and/or influence them to
explore new techniques and directions. The organization would therefore benefit from
the researchers sharing their techniques and knowledge.

We found that the geographical location factor is supported significantly. Based

on our findings, if an organization is located in a high density of knowledge, the

? A statistical interpretation is all things being equal, if a researcher increase his/her co-author one person,
his/her persistence will increase one and a half months at the significant level of 0.01.

* A statistical interpretation is all things being cqual, if a rescarcher increases one rescarch area, his/her
persistence will increase six months at the significant level of 0.01.
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organization’s persistence will increase about one month®. The result, though not
statistical in nature, can be used for intuitive understanding. Our findings are also
supported by Mansfield and Lee’s study (1996).

Although new knowledge is considered as a public good, Mansfield and Lee
(1996) found that firms located in the nation and areas where academic research occurs
are significantly more likely to have an opportunity to be among the first to apply the
findings of this research rather than distantly remote firms.

Managers should consider their firms’ location as a factor that affects their
persistence in the R&D community. An example would be that most of the
semiconductor laser diode research tends to be more concentrated in certain geographical
region, e.g., the US and Japan, and usually in more high-tech cities, e.g., Silicon Valley
(USA) and Tokyo (Japan).

We found that the organization’s technological capability factor is supported
significantly. Managers should consider to enhance their researchers to patent their
knowledge. Based on our findings, if an organization increases one patent, the
persistence of an organization will increase eighteen days®. Again, though this is not a
statistical interpretation, it is made available here for intuitive understanding. It should
also be noted that managers should consider the timeframe of "when" to patent because
the patent process may disclose documents. Sometimes, competitors will take advantage

from the new patents.

5 A statistical interpretation is all things being equal, if an organization is located in a high density
knowledge, its persistence will increase one month at the significant level of 0.01.

¢ A statistical interpretation is all things being equal, if the total amount of papers that an organization
contributes to the R&D community increases onc paper, the persistence of the organization will increase
four months at the significant level of 0.01.
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Managers should provide resources such as patent databases, financial support,
and rewards in order to enhance research productivity. By providing these supportive
resources to their researchers, managers will also contribute to the longevity of the
organization.

We found that academic researchers are more likely to persist in the R&D
community longer than other researchers. Based on our findings, academic researchers
have persisted in the semiconductor laser diode R&D community about 1.25 times of
firms’ researchers. This means that academic researchers are potentially a good and
reliable source of knowledge acquisition.

Mansfield and Lee (1996) state that universities play a major role in originating
and promoting the diffusion of knowledge and techniques. It is known that academic
researchers are well-trained researchers. They have both in theoretical knowledge and
tacit knowledge. Therefore, academic researchers are a good and reliable source of

knowledge acquisition.

6. National Policy Implications

According to our study framework, we find several interesting results. These
findings may lead to several implications.

We find that the nation’s productivity environment factor is supported
significantly. The productivity environment factor is a composite factor which includes
the total amount of literature, numbers of researchers, research areas, and organizations

of a nation. Based on our findings, if a productivity environment increases by one unit,
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the nation’s persistence will increase by about five months’. It should be noted that this
is provided for intuitive understanding.

According to characteristics of the productivity environment factor, national
policy makers should consider all four factors. Furthermore, they should consider other
influential factors in individual and organizational levels because they may affect at the
national level. For example, the total amount of literature of a nation is calculated by
summarizing all papers (papers, conference proceedings, and patents) contributed by
researchers or organizations in the nation. Therefore, the following suggestions are
proposed:

1. Policy makers should provide good facilities such as libraries (hardware), and
databases (software) that allow researchers to use them. It is a well-known
fact that researchers consistently use the output of R&D community (papers,
patents, and conference proceedings) to study more of their research interests.
Patents are a good example. In the late 20th century, technology leading
countries forced other countries to establish more patent regulations. Itis
well-known that patents are considered as “trade weapons.” Most developing
countries are learning about the value of having patents, especially within the
last two decades. Of course, they promote and encourage their people to
patent their knowledge, but it can be a very expensive and time-consuming
process sometimes, in some countries. Additionally, some countries have not

provided patent databases to the public yet. Therefore, it is sometimes

7 A statistical interpretation is all things being equal, if the productivity environunent of a nation increases
one unit, the persistence of the nation will increase five months at the significant level of 0.01.
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difficult to obtain good, reliable, and up-todate feedback because of the lack
of these resources.

2 Policy makers should create an environment where researchers are
enthusiastic to share their knowledge with each other such as national or
regional seminars every year. Promotion of research should further generate
and encourage additional papers and conference proceedings. This, as noted
previously, increases the persistence of researchers in the R&D community.

As discussed earlier under the managerial implications, researcher’s technological

network and research area factors are supported significantly. Policy makers should
promote an interdisciplinary policy. The interdisciplinary policy may be employed in a
project evaluation process. This would encourage researchers to look for other
researchers who work in related fields and would be more conducive for them to explore
and work with new people and ideas.

We also found that the researcher’s reputation factor is supported significantly.

Based on our findings, if a researcher publishes one paper in a journal, his/her persistence
will increase by about ten days®. This is also provided for intuitive understanding. We
would like to propose two implications in this topic:

1. Policy makers should offer awards to researchers who contribute the best
papers or patents each year. Generally, most countries do this.

2. Policy makers should provide more channels of reputation. In a highly
competitive environment, many papers are rejected by higher quality journals.

The researchers should have more choices, such as more journals, or

8 A statistical interpretation is other thing being equal, if a researcher increases one journal paper. his/her
persistence will increase ten days at the significant level of 0.01.
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conference proceedings, to contribute their knowledge. As discussed earlier,
the implications of being published, as well as presenting and/or attending
conferences, will offer opportunities for researchers to share their knowledge
as well as learn from others. This promotes diversity in one aspect which may
lead to further investigations/research and also promotes recognition and
acceptance of existing and possibly new research. By researchers obtaining
visibility through publications and presentations, the greater persistence

he/she will have in the R&D community and in their organizations.
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Researcher #1 August 31, 1999
Major Physics, Research University, USA

Researcher’s Persistence

1. Why do you have an interest in the semiconductor laser diode technology?
I can say that it is because of my career, a physicist. Actually I am interested in
atomic. When I was a Ph.D. student, I was interested in Hydrogen atoms. However, |

conduct research that is related to semiconductor for more than ten years now.

2. How do you form your group to conduct a research?

I have six to ten graduate students and two post-doctorate students. We discuss what
we are interested and conduct research accordingly. I also work with ten professors. I
work with them based on common interests, central facilities, and multidisciplinary

interests. [t is a loose organization but effective.

3. What factor(s) do you think may affect your persistence?
My opinion is two things:
1. Good facilities, and

2. Curiosity in my work.
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4. In my models, which factors may affect to researcher’s persistence?

543 21 most — —p least
NETWORK S

EXPERIMENTAL 5

AREAS 4

MATERIALS 3

COMMITMENT 3

REPUTATION (BLANK)

5. Will this technology continue? Why?

Yes, it will. This technology is important in communication. However, semiconductor
technology is an electronic technology. It may have reached its limitation. Based on the
S-curve theory, a new interesting technology is quantum optics, which is a light-photon

base technology.
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Researcher # 2 September 2, 1999
Major Engineering, Research University, USA

Researcher’s Persistence

1. Why do you have an interest to conduct research in the semiconductor laser
diode technology?

Actually, I do not have an interest in this technology. I am interested in the
radiation affect and reliability of microelectronics, ME. My research is steered to
improved quality of microelectronic devices in space. This field is becoming a more
important field. We would like to increase the lifetime of microelectronic devices in
space.

I am interested in this field because of my former career, when I worked at Sandia

National Laboratory. I started to conduct research in this field in 1984 until now.

2. How do you form your group to conduct a research?

At the Sandia National Laboratory, there are three types/levels of projects.
Researchers should conduct research in all levels.

1. Principle Investigator (Individual Investigator)

This type of project is considered as an individual project.

2. Assemble a team in laboratories

This type of project requires many experts to conduct a research in laboratories.

Sometimes, a researcher can form his/her group with permission.
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3. Formally/Informally
Researchers have to work or discuss with other researchers around the world in a

week.

3. What factor(s) do you think it may affect to your persistence in the R&D
community?

There are many factors that may affect to my persistence. They are as follows:

1. The technology is still interesting.

2. Unsolved problem

Many devices are invented and needed to be tested. Technology is changed rapidly.

No one knows exactly which one is the best device.

3. Still get paid

I can say that it is my career and fortunately I still am being sponsored to conduct

research.

4. In my models, which factors may affect a researcher’s persistence?

(blank)

5. Will the technology continue? Why?
Yes, it will. The market is growing. Many communication satellites are launched. We
need long life communication satellites. Of course, we also need long life

microelectronic devices in space.
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Researcher #3 September 3, 1999

Major Physics, Research University, USA

Researcher’s Persistence

1. Why do you have an interest to conduct research in the semiconductor laser
diode technology?

I do not conduct research in this technology directly. My field of interest is related
to the interaction of laser light in materials. When [ was a Ph.D. student, [ was
interested in the nuclear structure of physics. Because nuclear technology is very
complicated, I had to work with large groups of researchers. Additionally, the
technology requires sophisticated equipment. I thought it was perhaps not a good
career choice. I do not want to work within a large group either. Therefore, I

changed my interest field.

2. How do you form your group to conduct a research?
I discuss with my research assistants and my students. Sometimes, I also work
with other professors when I need to use specific equipment that I do not have. For

example, I work with some professors in Italy in nanocrystal metal technology.

3. What factor(s) do you think it may affect to your persistence in the R&D
community?
There are three as follows:
1. Funding:

It is the most important factor.
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2. Scientific Boundary:

I am only interested in R&D in science boundary. I do not want to go into the
engineering boundary. Once I understand the problem that I study in the science
boundary, I will stop my research and find other interesting topics.

3. Curiosity driving force:
I think it is a basic scientist’s sense. If other scientists do not find it

interesting, then I probably won’t either.

4. In my models, which factors may affect a researcher’s persistence?

(blank)

S. Will this technology continue? Why?
Yes, it will. This technology becomes important to the public. Unfortunately, I
think I will conduct research in this field only three to five years. Since I can understand

my problem, [ will stop further research.
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Researcher #4 September 6, 1999
Major Physics, Research University, USA

Researcher’s Persistence

1. Why do you interest in the semiconductor laser diode technology?
There are three as follows:
1. Personal interesting,
2. Funding, and

3. Important to society

2. How do you form your group to conduct a research?

[ have on-going groups. They have been formed for a long time. They are made up
of my students and my colleagues. When I work with my students, [ have to work with
them two to five years until they graduate. When I work with my colleagues, [ work

based on common interests. I can say that it is a loose organization.

3. What factor(s) do you think it may affect to your persistence in the R&D
community?
There are several factors such as:
1. Availability of funds,
2. Awvailability of facilities (such as equipment and manpower), and

3. Student’s working projects
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4. In my models, which factors may affect to researcher’s persistence?

543 21 most ————p least
NETWORK 4
EXPERIMENTAL 3
AREAS 2
MATERIALS 3
COMMITMENT 4
REPUTATION 4

5. Will this technology continue? Why?
Yes, it will. Since semiconductor is based on silicon (Si), there are about four to five
materials that have interesting microstructures, e.g., diamonds. It is interesting to study

their combinations and performance.
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