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PREFACE

R&D teams in the twenty-first century will work on complex problems that
require the input of a variety of disciplines, and often involve collaboration
among specialists located on different continents. Add the business dimensions
of marketing, finance, design, production, and legal assistance, and the manage-
ment of research, development, and innovation is clearly demanding. Even in the
past, R&D professionals rarely were “managed” the way most people think of
management. In fact, when asked, “How do you manage research conducted by
the many faculty members and staff in your school?” a dean at Harvard replied,
“We don’t.” He asked, “Have you ever tried to manage prima donnas?”

Managing R&D organizations and focusing on their productivity and excel-
lence presents unique problems and unusual challenges that are amplified when
the team is dispersed. This uniqueness stems from two basic reasons: (1) the
character of the enterprise, and (2) the type of people involved in R&D.

In the past several decades the manufacturing-based industrial society that
emerged in the nineteenth century has been transformed into an informational
society, and a knowledge economy. As the Nobel Laureate Ken Arrow noted,
“The central economic fact about the processes of invention and research is that
they are devoted to the production of information” (Arrow, 1974, p. 152). The
generation of information requires research; therefore, research is going to be
one of the most important jobs in the society of the future. Just as farmers in
preindustrial society were central players, particularly in periods of famine, so
the researchers will be the central players in the future, especially in the advanced
industrialized economies.

xiii
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In addition to the R&D organizations’ focus on information, the work itself
involves considerable uncertainty since the output can never be predicted per-
fectly from the various inputs used. Ken Arrow stated “even human consciousness
itself would disappear in the absence of uncertainty” (Arrow, 1974, p. I). Uncer-
tainty, therefore, gives R&D enterprises a unique quality, and people involved in
research and development have some unique characteristics. The obvious ones
are postgraduate training and high aptitude. Perhaps, more importantly, peo-
ple working in R&D have been socialized differently from others. This process
occurred during their graduate training, since in order to do well they had to
work autonomously and show some initiative and curiosity. To some degree it
was a self-selection process.

Commenting on managing R&D organizations, an eminent R&D manager
(Keith Williams, Industrial Fellow, Churchill College) stated, “It is more difficult
to manage R&D organizations because of the nature of their activities and people
involved-mostly the people. People are more independent and articulate . . . so
they need to be handled differently.”

How differently? Well as an example, a progressive manager would be well
advised to use few sticks and every available carrot. Also, accepting “odd” behav-
ior and granting considerable autonomy to the researcher are highly desirable.
In Chapter 3 we discuss the Amadeus complex, which reminds us that genius
is associated with behaviors that some people would call immature. The R&D
manager has to learn to tolerate a broad range of behavior from subordinates
and colleagues. In managing an R&D organization, one also has to understand
the ethos of a scientific community with its focus on universalism and sharing
of scientific knowledge. Managing an R&D organization, then, is essentially the
art of integrating the efforts of diverse, creative, intelligent, and autonomous
individuals. Paraphrasing John D. Rockefeller, Jr., good management consists of
showing superior people how to do the work of near-geniuses.

WHY SUCH A BOOK?

This book, as the reader will see from the background of the authors, is a collab-
oration between an engineer/scientist, a social and organizational psychologist,
and a management educator and scholar with a background in science.

Besides the interest and experience of the authors in R&D, which encompasses
managing and directing significant R&D programs, teaching, and writing about
many technical, social, and behavioral issues related to organizations, we feel
R&D is a very important activity of a modern technological society. For R&D,
the United States alone spent over $350 billion in 2007. The important role
R&D plays in the effectiveness of technological innovation, in the profitability
of a business enterprise, and in the economic well-being of a nation, can hardly
be overstated. These and other related science policy issues are explored more
fully in the book.
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Much has been written recently about this country’s loss of competitiveness.
Most of this loss can be traced to the spending pattern of R&D funds, and
the ability to create social and economic value from R&D investment. No one
questions the importance of national defense. The question is: Is the United States
carrying a disproportionate share of this burden? Thus, a word about our science
policy in a book discussing the management of R&D is in order. The managers
of R&D must influence science policy and redirect it in the twenty-first century.

With the end of the Cold war, the need for major defense expenditures is
somewhat lower than it has been. Yet increased global competitiveness requires
even more efficient operations, and the development of such operations requires
research. R&D is a major component required for survival in the world of global
economic competition.

There is evidence (Nadiri, 1980; NAS-NAE, 2006) that return on R&D invest-
ment in industry is higher than on other activities. Some studies showed that the
average return on this investment is 30 to 1. Furthermore, there is evidence
that technology stimulates science (Bondi, 1967), science stimulates technology
(Gibbons and Johnston, 1974), and both stimulate the economy (Freeman, 1982).
A few conclusions about R&D funding and researchers’ productivity are worth
stating at the outset:

1. Basic research is more likely to be supported by government or foundations
than by private enterprises.

2. Some of the cost of basic research is covered by the researcher, because
researchers are people of great talent and dedication who put in considerable
extra time for which they are rarely reimbursed.

3. The most productive researchers do some basic as well as applied research
(Chapter 1).

4. R&D investment in the United States has slipped in recent years, relative to
Japan and Germany, particularly when we examine the non-defense-related
R&D funding.

Looking ahead, U.S. industry will have to continue developing products and
systems for the global industrial society. The unified European market, the North
American market, and the Asian market together will form a world market of over
four billion people interested in products and systems that current R&D might
develop. Corporations that sell only in the United States will be at a disadvantage,
because they will be dividing their R&D costs with only 300 million instead of
4 billion potential customers.

To design a product or a system for a global industrial society, however, will
require familiarity with the needs of the customers and, in turn, will require a
much broader cross-cultural education. People working in R&D will also need
a global perspective on research and innovation and the ability to organize and
manage commercialization activities for international markets.
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This book has resulted from the experiences of the authors in actually manag-
ing R&D organizations, teaching courses in R&D management, and conducting
research in theories of management, cross-cultural organizational psychology,
and organization psychology. Many of the topics are evolving, as new research
brings in new theoretical perspectives. Knowing the needs of physical scientists
and engineers for practical suggestions, rather than reviewing the pros and cons of
various theories, we used our best judgment of what constitutes the most appro-
priate answer to a theoretical controversy, rather than burden the reader with
such controversies. This means that some managers and scholars in the field may
disagree with some of our positions, but that is inevitable in a fast-changing field
where precise answers are rarely available.

FOR WHOM IS THIS BOOK?

This book focuses on ways one can improve R&D organization productivity and
foster excellence in such organizations. Thus, it is written for (a) principal inves-
tigators (P.I.s) and their colleagues and supervisors in research and development
organizations, and (b) faculty members, department heads, and research admin-
istrators at academic institutions. While the profile of such individuals frequently
includes a PhD in a physical, biological, or social science or engineering, what-
ever they learned in behavioral science courses they took has long since been
forgotten. Basically, they have been given the job of managing people without
much training in how to do this. We assume that individuals in such a role will
want to have a short, easily accessible guide to the literature on the best way to
manage a research enterprise or a small research group.

Since the first and second editions of the book were also used for courses
related to R&D management; this third edition has been augmented with new
chapters and new topics to make it more useful as a text. Much of the original
inspiration concerning what topics to cover in the book came from a needs
assessment that David Day and Harry Triandis, of the University of Illinois,
Urbana-Champaign, carried out in R. K. Jain’s laboratory. Over a period of
several months, they spoke to groups of P.I.s about their management problems
in order to assess what they needed to know. Although these P.I.s did not want to
become social psychologists or organizational theorists, they expressed a need to
learn something about the behavioral sciences. The needs assessment determined
that topics such as how to resolve conflicts, how to change attitudes, how to
motivate subordinates, how to design the best work environment, how to make
decisions about priorities, and leadership theory were of the greatest concern and
probable utility to the P.I.s.

In addition, R. K. Jain, as supervisor of many P.I.s, noted that they would do
their job better and get more funds to support their research if they had a broader
perspective about science policy. So, in addition to the “micro” topics identified
in the needs assessment, we have included some “macro” topics that will help the
P.I.s in their search for research funding. University experience as a research dean
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and a dean (R. K. Jain), research related to diversity and cross-cultural issues
(H. C. Triandis), and research related to technological innovation (Cynthia Wag-
ner Weick) provided a stimulus for including chapters focusing on these topics.

In writing this book we have kept principal investigators in mind. However,
there are others—for example, university department heads and research adminis-
trators, consulting engineers, managers responsible for sponsoring research, and
policy-makers concerned with science and technology—who should find the
information presented here of interest. Some reviewers suggested that the book
provides information that is quite relevant and useful to all managers of creative
and rather autonomous personnel.

We will cover some topics that will already be familiar to some readers. To
help the reader go through the book most efficiently and skip sections in the
book of insufficient interest, we provide an introduction and a summary at the
beginning and end of each chapter.

In writing this book we thought of it as opening doors for further study and
discussion. Consequently, at the end of each chapter, we have provided a list
of Questions for Class Discussion. The list of questions can be used for paper
topics, group projects, or homework assignments, as well as for developing case
studies related to R&D organizations.

WHAT THE BOOK IS ALL ABOUT

Managing research, development (R&D), and innovation in organization is to a
great degree the art of coordinating and integrating the efforts of highly trained
and rather autonomous participants. The manager has to provide order, purpose,
and foresight and do this while dealing intelligently with the uncertainty inherent
in an R&D enterprise. It is hoped that discussions and ideas presented in this book
focus on ways one can improve the productivity of R&D organizations and foster
excellence and innovation in such organizations. Based on needs assessment and
the experience of the authors, topics that we thought to be most helpful to R&D
managers and their colleagues, have been covered. As the book outline shows,
the topics range from the motivation of individuals to science policy.

The first and second editions of this book were well received, but the literature
that was covered in the second edition included material only through 1997.
In this third edition we have incorporated literature to 2009. In addition, the
organizations that describe R&D activities in various countries issue new reports
almost every year. This third edition utilizes the most recent reports on the status
of R&D activities in many parts of the world.

In the second edition we added chapters on diversity in R&D organiza-
tions, and emphasized management of increasingly specialized and heterogeneous
teams, which are often spread across continents. In that edition we also added
chapters on the university research enterprise and strategic planning, and included
a discussion of science policy in the Appendix. These topics surely remain
important today. In this third edition, we have updated all chapters to reflect
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contemporary thinking. We have, however, also added chapters, which provide
additional insight into creating value from R&D activities, that is, the process of
innovation. In particular, a chapter has been added on the management challenges
associated with incremental innovation as well as radical innovation. Another new
chapter addresses management of the open and global network of technological
innovation, and focuses on the interrelationships among R&D institutions in the
commercial, government and academic realms.

Chapter 1 develops a typology of R&D activities and the people who engage
in them. What is research and development and what is unique about managing
R&D organizations are discussed. A section examines the question. What to
research? To some extent this is a key question for an R&D manager and for the
organization.

Chapter 2 covers basic elements needed for an R&D organization: people,
ideas, and funds. It examines communication networks and the innovation
process. The discussion of the R&D organizational culture includes avoiding
the “not-invented-here syndrome,” fit of the person and the job, and managing
antithesis and ambiguity. The discussion has implications for the selection of
people in R&D organizations and the shaping of the culture of such organizations.

The key role for a manager is to create a productive and effective R&D
organization, which is the topic of Chapter 3. We ask questions such as, What is
organizational effectiveness? Who are the inventors and innovators? How are new
ideas generated? Formation of the teams and the ethos of a scientific community
that are likely to result in an effective organization are discussed.

Chapter 4 focuses on the design of jobs, careers, and organizational hierarchies
and on keeping researchers as innovative as possible throughout their careers.
Chapter 5 covers influencing people, peoples’ attitude, and how attitudes can be
changed. A behavioral science case and its analysis are also presented. Chapter 6
examines what is relevant about human motivation, with special emphasis on
rewards, communication, and social and organizational structures that are likely
to motivate R&D personnel. It also examines how to develop a sense of control
and community for a research organization.

We have added Chapter 7 in response to the need for a better understanding
of how to deal with diversity in a global society. Joint research projects with
scientists who are different in culture, gender, discipline, organization level, and
function are becoming more common than ever before. As research organizations
become culturally diverse, there is a greater need for dealing with this diversity.

Leadership is the topic of Chapter 8. We examine a number of theories of
leadership and the leadership styles that are likely to be effective in R&D orga-
nizations. Chapter 9 provides a discussion of conflict in organizations. Three
kinds of conflict (within a person, between individuals, and between groups)
are discussed. Conflict is not always undesirable. There is productive as well as
destructive conflict. We explore how to take advantage of productive conflict,
how to reduce destructive conflict, and the ethics that are likely to achieve such
ends in R&D organizations.
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Chapter 10 is on performance appraisal. We make suggestions concerning how
to successfully structure a performance appraisal system in R&D organizations.
To do that, the discussion takes into account the different goals and activities
of scientists and engineers. Monetary rewards, status, and other rewards can
be associated with the results of the appraisal, but some of the dangers of too
close a connection between appraisal and monetary rewards are also explored.
A performance appraisal implementation strategy and examples of performance
appraisal systems at research organizations are presented.

To be effective, an R&D organization must also be successful in technology
transfer, which is the subject of Chapter 11. We ask, What are the stages of such
transfer? What factors affect technology transfer? What is the optimal strategy
for such transfer?

Chapter 12 addresses the strategic, operational and managerial approaches
appropriate to incremental and radical innovation. Innovation processes, and the
roles of the market and marketers, are highlighted. Issues relevant to leading
innovative organizations are also discussed.

Chapter 13 provides the manager with an overview of organizational change,
what goes on in organizational change, and how to evaluate it.

Technological innovation is increasingly accomplished throughout a global
network. Chapter 14 focuses on managing the various interrelationships among
companies, the government and universities. The concepts of open innovation
and regional clusters are also addressed.

Chapter 15 focuses on the university research enterprise. Issues ranging from
the basis for the university research activities and key roles of the academic
institutions in the innovation process are discussed.

Strategic planning has become an important consideration for industrial and
academic organizations with major research and development components. Var-
ious strategic planning elements unique to an R&D organization are presented
in Chapter 16. A process useful in creating and implementing strategy is also
provided.

Finally, Chapter 17 provides a discussion of research and development and
society as well as issues important for developing science policy. It examines
R&D expenditures and their effect on economic development. A discussion of
the need and the level of resource allocation for basic research is included.
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1
R&D ORGANIZATIONS AND
RESEARCH CATEGORIES

Clockmakers were the first consciously to apply the theories of mechan-
ics and physics to the making of machines. Progress came from the
collaboration of scientists—Galileo, Huygens, Hooke, and others—with
craftsmen and mechanics.

Daniel J. Boorstin
The Discoverers

The historic collaboration between scientists and craftsmen to create the clock,
which Boorstin calls “the mother of machines,” represents a rudimentary R&D
organization.

Today the complexity of the technology has created correspondingly complex
organizations, with sometimes hundreds of employees. Many disciplines have to
be coordinated and it’s the manager who brings the many components together
so they can function smoothly, each making an optimal contribution to the R&D
organization. Thus, today, as in the past, progress requires collaboration.

Managing a research and development (R&D) organization is, to a great
degree, the art of integrating the efforts of its many participants. Beyond this, the
manager has to provide order, purpose, and foresight and do this while dealing
intelligently with the uncertainty inherent in an R&D enterprise. Considering the
important role R&D plays in the economic well-being of a nation, the profitabil-
ity of a business enterprise, the effectiveness of a technology-based governmental
agency (e.g., the Department of Defense), and the enormous investment nations
make in R&D activities ($355 billion in the Unites States in 2007), effective
R&D management can have profound and far-reaching consequences. Effective
management, coupled with a vigorous research and science policy, is necessary
for a nation to sustain economic growth, provide a strong national defense at
an affordable cost, and maintain a position of leadership in the international
community. It is therefore important to understand R&D organizations and their
relationship to society. For this reason, the first chapter provides some basic def-
initions of research categories and research organizations and chapter 17 covers

1
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macro issues related to R&D and science policy. This information should be
useful to those who conduct and manage research, and especially to those who
seek funding support for research and who want to develop allies in influencing
science policy.

This chapter first provides a perspective on R&D management and then dis-
cusses research and development definitions and categories. Sections that follow
examine the question: What to research? This is in some respects a key question
for an R&D manager. To what extent, for instance, should the manager allow
basic research to be done in addition to the applied research needed by the orga-
nization? What is the best way to establish priorities among competing research
projects? There are numerous suggestions in the literature on how to do that.
Since a question is often raised as to what is so unique about an R&D orga-
nization management, a discussion of this issue is included in this introductory
chapter.

1.1 HOW INFORMATION CAN BE USED

Some readers may want to take a cursory look at the information presented in
this chapter and keep in mind how some of it may help them. In addition to
having important implications for R&D management, this information has other
possible uses as well. Some examples follow.

As a principal investigator (PI), if you are interested in being involved pri-
marily in basic research, in what kind of an organization should you be seeking
employment? If you’re working in industry you should not be too surprised if
you are required to focus your efforts on “products and profits.” As shown in
Figure 1.1, on the average, 60 percent R&D is focused on product development,
22 percent on applied research, and only about 18 percent R&D is devoted to
basic research. Expenditures on R&D by source and performer are shown in
Figure 1.2.

In this chapter, indeed in this book, we argue that, in a productive and effective
research organization, a researcher should have a mix of activities including basic,
applied, and product development research. Examples of successful organizations
and results of studies conducted are provided to support this assertion. For a
manager of an R&D organization interested in productivity and effectiveness,
understanding this issue is crucial and has important managerial implications. If
we are successful in persuading you to include basic research in your mix of
activities, even if your organization focuses on product development, would you
not use the information in this chapter to persuade corporate decision-makers to
allow this flexibility?

Is there any R&D manager who has not been accused of being unrespon-
sive to customer needs and of focusing on esoteric, nonproductive research
activities? Throughout this book a strong case has been made for customer
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number. Due to rounding detail may not sum to totals.

Figure 1.1. Relative Distribution of U.S. R&D Expenditures by Source, Performer,
and Character of R&D: 2006
(Source: Science and Engineering Indicators 2008, p. 4-15.)

participation in needs assessment and in the innovation process. The issue is
much broader.

Let us consider an R&D organization that works only on those research
needs identified by the customer. Would such an organization not be working
on yesterday’s, or, at best, today’s problems in a very narrow framework? Using
this approach, during World War II, would researchers have been working on big-
ger and better binoculars to detect incoming airplanes rather than on developing
radar?

We propose a two-tier model, which includes an economic index model and
a portfolio model that should overcome some of these difficulties. Further, a
systematic and a conceptual approach for prioritizing potential projects is pre-
sented. Depending on the organizational setting and the decision-makers involved,
this approach provides a crucial mechanism for research project selection and
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Figure 1.2. The National R&D Effort
(Source: http://www.nsf.gov/statistics/seind04/c4/tt04-01.htm (table 4-1). [ Science and Engineering

Indicators, 2004.])

effective decision-making. By being systematic, it also gives psychological com-
fort to the decision-makers.

Oh yes, how about these mundane definitions! Anyone involved in research
knows them, or should know them. Maybe so. Careful reading would show that
there are some key points brought out that are not commonly appreciated. For
example, what really differentiates basic research from applied research? Basic
research is not inevitably unapplied. Differences lie elsewhere. If nothing else,
these definitions may facilitate communication among the various actors involved
in conducting and sponsoring research.
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1.2 A PERSPECTIVE ON R&D MANAGEMENT

The ideas presented in this book focus on ways to improve the productivity
of R&D organizations and foster excellence in such organizations. The book is
primarily aimed at principal investigators, their colleagues, and supervisors. As
indicated, others may also find the information presented here interesting.

In mathematics or physics, most concepts can be readily judged as useful
or worthless. Management concepts, on the other hand, are more difficult to
evaluate. The following example might illustrate the case.

One well-known scientist was recruited to be vice president of a biotechnology
company. In trying to prepare for this important new position he took a course
at the California Institute of Technology on “Managing Research and Develop-
ment.” After completing the course the scientist felt that it had failed to teach
him how to prioritize and manage research projects. On his evaluation he stated
that the course had been “expensive and worthless.” In response to this criticism,
the course program director pointed out that the scientist had “completely mis-
understood the goals of the course.” According to the director, the course was
geared toward planning research and development activities rather than managing
scientists (Wall Street Journal , November 10, 1986).

Managing researchers is one of the most daunting tasks a manager can under-
take. It’s not clear how one plans or anticipates a “scientific breakthrough.” If
this is the case, is there any point in undertaking extensive efforts in strategic
planning or doing any planning at all? Scientists are thought to be dedicated to
ideas and research. However, as shown in Figure 1.1, a majority of the R&D is
devoted to product development and applied research, and less to basic research.
The challenge then is to provide a mix of activities to achieve organizational
goals and sustain the researcher’s motivation and curiosity, which are essential
to scientific breakthroughs and product development.

The effect public policy and management decisions have on the resources
available for R&D is well understood; one also needs to consider and understand
the important role engineers and scientists can and should play in developing
science policy. Of the approximately 595,000 doctoral scientists and engineers
employed in the United States as of 2003, approximately 372,000 work in R&D.
Of the 372,000, it is estimated that about 60,000 work in management of R&D.
The remaining doctoral scientists and engineers are involved in many forms of
professional practice, in addition to the substantial number who teach (184,000).
Those involved in professional services and consulting number nearly 96,000.
Consulting engineers and scientists undertake creative activities that are, in many
ways, responsible for closing the loop between research and development and
application. Table 1.1 shows the primary and secondary work activities of doc-
toral scientists and engineers (note that respondents could choose more than one
category).

A doctorate is a research degree, and the majority of scientists and engineers
with PhDs work in research, development, and teaching. It is significant that
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TABLE 1.1 Employed Doctoral Scientists and Engineers, by Primary
or Secondary Work Activity: 2003

All Fields Science Engineering Health

Total 593,300 468,570 101,500 23,230
Any R&D 371,830 283,660 75,080 13,133
Management, Sales, Administration 241,190 191,540 39,320 10,330
Applied Research 194,380 145,260 39,480 9,640
Teaching 183,650 154,230 20,050 9,370
Basic Research 141,240 127,470 10,660 3,110
Professional Services 95,630 85,750 4,810 5,060
Development 86,330 52,050 32,450 1,830
Computer Applications 56,280 38,380 16,980 910
Design 38,060 20,410 16,990 660
Other 35,700 28,020 6,370 1,310

Source: Characteristics of Doctoral Scientists and Engineers in the United States, Table 16, 2004.

relatively few engineers, as compared to scientists, hold doctoral degrees. In 2003,
101,500 engineers held doctorates but this represented only about 7 percent of all
employed engineers. Among scientists, however, about 23 percent hold doctorates
(Science and Engineering Indicators, 2003 ).

We favor managers of R&D organizations with high-level technical skills,
because studies have clearly shown that where supervisors were rated highest in
technical skills the research groups were most innovative. And where supervisors
did not possess excellent technical skills (but had high-level administrative skills),
the research groups were least innovative (Farris, 1982, p. 340). These findings
in no way minimize the importance of administrative skills, but rather point to
a fundamental need for a supervisor in an R&D organization who possesses
excellent technical skills. Ideally, both kinds of skills should be available to a
manager. Consequently, the role of a scientist∗ in managing R&D organizations
has been and will continue to be an important one.

To make sure we communicate effectively, we must first define some basic
terms. We will do this in the next section.

1.3 WHAT IS RESEARCH AND DEVELOPMENT?

The National Science Foundation (NSF) classifies and defines research as follows
(Science and Engineering Indicators , 2008):

Basic Research . Basic research has as its objective “a more complete
knowledge or understanding of the subject under study, without specific

∗Whenever we are considering engineering, technology, or pure science for the purpose of this book,
the word scientist is used to apply to a person (engineer or scientist) who possesses the technical
knowledge and skills that are essential to the work of an R&D organization.
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applications in mind.” To take into account industrial goals, NSF modifies
this definition for the industry sector to indicate that basic research
advances scientific knowledge “but does not have specific immediate
commercial objectives, although it may be in fields of present or potential
commercial interest.”

Applied Research . Applied research is directed toward gaining “knowl-
edge or understanding to determine the means by which a specific,
recognized need may be met.” In industry, applied research includes
investigations directed “to discovering new scientific knowledge that has
specific commercial objectives with respect to products, processes, or
services.”

Development . Development is the “systematic use of the knowledge or under-
standing gained from research, directed toward the production of useful
materials, devices, systems or methods, including design and development
of prototypes and processes.”

In its publication The Measurement of Scientific and Technical Activities
(1993), the Organization for Economic Co-operation and Development (OECD)
defines some research activities as follows:

Basic research is experimental or theoretical work undertaken primarily to
acquire new knowledge of the underlying foundations of phenomena and
observable facts, without any particular application or use in view. Basic
research analyzes properties, structures, and relationships with a view to
formulating and testing hypotheses, theories or laws. The results of basic
research are not generally sold but are usually published in scientific journals
or circulated to interested colleagues. Pure basic research is carried out for
the advancement of knowledge, without working for long-term economic or
social benefits and with no positive efforts being made to apply the results
to practical problems or to transfer the results to sectors responsible for its
applications. Oriented basic research is carried out with the expectation that
it will produce a broad base of knowledge likely to form the background
to the solution of recognized or expected current or future problems or
possibilities. Applied research is also original investigation undertaken in order
to acquire new knowledge. It is, however, directed primarily towards a specific
practical aim or objective. Applied research develops ideas into operational
form. Experimental development is systematic work, drawing on existing
knowledge gained from research and practical experience that is directed to
producing new materials, products and devices; to installing new processes,
systems and services; or to improving substantially those already produced or
installed.

Research and development covers many of these activities. The OECD defines
R&D as “creative work undertaken on a systematic basis in order to increase the
stock of knowledge of man, culture and society, and the use of this stock of
knowledge to devise new applications.”



8 R&D ORGANIZATIONS AND RESEARCH CATEGORIES

In order to provide functional and understandable definitions for various
research activities, Science Indicators categorizes R&D activities as efforts in
science and engineering as follows:

• Producing significant advances across the broad front of understanding of
natural and social phenomena—basic research

• Fostering inventive activity to produce technological advances—applied
research and development

• Combining understanding and invention in the form of socially useful and
affordable products and processes— innovation

Many United States governmental agencies have categorized research and
development activities to provide a better focus on these activities and, osten-
sibly, to facilitate technology transfer. One such categorization for the U.S.
Department of Defense (DOD) is depicted in Table 1.2. Since DOD accounts
for approximately 60 percent of the federal government’s R&D expenditures,
some understanding of its research program categorization would be helpful to
those seeking research support from the DOD.

1.4 RESEARCH CATEGORIES

Harvey Brooks (1968, p. 46) has suggested a general set of dimensions and
categories of research:

• The degree to which the research is fundamental or applied—for example,
basic research versus applied research and development. The term “funda-
mental” refers to an intellectual structure, a hierarchy of generality, while
the term “applied” refers to a practical objective. It is true that fundamental
research is generally less closely related to practical application, but not
inevitably so.

• The scientific discipline—for example, physics, chemistry, or biology
• The function of the research, or its primary focus—for example, defense,

health, or environment
• The institutional character of research—for example, academic (university),

governmental laboratory, or industrial
• The scale of research or style of research—for example, big science versus

little science
• The extent to which the research is multidisciplinary focusing on a single

class of objects—for example, environment, space science, oceanography,
or requiring multiple disciplines

For planning purposes, Brooks (1968, p. 57) has suggested three broad cate-
gories of research organizations: mission-oriented research, scientific institutional
research, and academic research.
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TABLE 1.2 U.S. Department of Defense Research Program Categorization

6.1 Research: Directed to the Development of Fundamental Knowledge. Includes
scientific study and experimentation directed toward increasing knowledge and
understanding in those fields of the physical, engineering, environmental,
biological—medical, and behavioral—social sciences related to long-term
national security needs. It provides fundamental knowledge for the solution of
identified military problems. It also provides part of the base for subsequent
exploratory and advanced developments in defense-related technologies and of
new or improved military functional capabilities in areas such as communications,
detection, tracking, surveillance, propulsion, mobility, guidance and control,
navigation, energy conversion, materials and structures, and personnel support.

6.2 Exploratory Development: Directed to the Development of New Techniques,
Methodologies, and Criteria . Includes all effort directed toward the solution of
specific military problems, short of major development projects. This type of
effort may vary from fairly fundamental applied research to quite sophisticated
breadboard hardware, study, programming, and planning efforts. It would thus
include studies, investigations, and minor development effort. The dominant
characteristic of this category of effort is that it be pointed toward specific
military problem areas with a view to developing and evaluating the feasibility
and practicability of proposed solutions and determining their parameters.

6.3 Advanced Development: Concerned with Design and Development and Hardware
(Material) Items for Experimentation . Includes all projects that have moved into
the development of hardware for experimental or operational test. It is
characterized by line item projects and program control is exercised on a project
basis. A further descriptive characteristic lies in the design of such items being
directed toward hardware for test or experimentation as opposed to items designed
and engineered for eventual service use.

6.4 Engineering Development: Directed to Testing and Demonstration of New
Techniques or Methodologies, and to Technical Systems Equipment . Includes those
development programs being engineered for service use but that have not yet been
approved for procurement or operation. This area is characterized by major line
item projects and program control will be exercised by review of individual
projects.

6.5 Management and Support: Directed to the Support of Installations for Their
Operations and Maintenance and for the Procurement of Special Purpose
Equipment . Includes research and development effort directed toward support of
installations or operations required for general research and development use.
Included would be test ranges, military construction, maintenance support of
laboratories, operation and maintenance of test aircraft and ships, and studies and
analyses in support of the R&D program. Costs of laboratory personnel, either
in-house or contract operated, would be assigned to appropriate projects or as a
line item in the research, exploratory development, or advanced development
program areas, as appropriate. Military construction costs directly related to a
major development program will be included in the appropriate element.

Source: AR70–9 Army Research Information Systems and Reports, May 1981, NTIS, Spring-
field, VA.
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Mission-Oriented Research Organizations

The term “mission” refers to an objective defined in terms of the long-range goals
of the organization rather than a specific technical objective. Examples of such
organizations include Department of Defense research laboratories and industrial
research laboratories. Such research laboratories are vertically integrated organi-
zations that conduct both basic and applied research and may provide technical
support for operation or manufacturing. While their research may be of the most
sophisticated and fundamental type, it is directed to fulfilling the objectives and
the mission of the organization rather than to the development of science per se.

Scientific Institutional Research Organizations

This covers organizations whose mission is defined primarily in scientific
terms—for example, advancement of high-energy physics or molecular biology.
Such research organizations follow some sort of a coherent program adapted to
changing frontiers in their area of interest.

Academic Research Organizations

Academic research is usually small-scale basic research carried out in academic
departments of universities by students or research associates under the direction
of university professors who also teach.

1.5 WHAT TO RESEARCH

There are few discussions of research funding, research program planning, and
execution that do not include comments about what really ought to be researched.
Governmental agency and industry management hierarchies constantly talk about
the need for a better focus on research programs so that research will meet agency
and organization needs. Users in production departments, operational personnel
in agencies, and consumers often complain about the lack of relevance of the
research program and about the lack of timeliness of research results.

Let us take the case of a research laboratory where sponsors, though quite
satisfied with the research output of the laboratory, nonetheless provided these
kinds of comments about the research program:

• Research takes too long.
• Our need to solve the alternative fuel problem is now, not three years from

now. We just can’t wait for years for researchers to study the problem.
• We need answers more quickly than researchers provide them.
• The research program is too esoteric. We need solutions that are practical.
• Researchers study the problem to death to find a 100 percent solution. What

is wrong with a quicker solution that is not quite 100 percent?
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• This problem seems to go on forever. Five years ago I worked at the Depart-
ment of the Interior. We thoroughly studied the problem of land disposal
of hazardous toxic waste. I thought we solved the problem or at least put
the issues to bed. When asked whose bed and what the results were, the
sponsor did not know.

• We always hear about your previous accomplishments. How about the
future? What can we expect from you next year and the year after? Be
specific.

First and foremost, R&D managers need to understand the sponsor’s perspec-
tive and then develop a strategy for effective communication. Consequently, the
focus of such research is rather “specific,” “commercial,” and “product-oriented.”
For the sponsors to raise questions, as exemplified in the preceding quotes, is to
some degree understandable. Consequently, the response of the R&D manager
or the PI need not be defensive. For basic research, however, issues are likely to
be of a different nature.

How, then, should one respond? One could take each question and provide
extensive documentation to refute the sponsor’s assertion. For example, one could
prove that studying and solving the alternate fuel problem, which was created
through decades of neglect, would take some time. Solutions, especially cost-
effective and environmentally safe solutions, may well take three years, or even
longer, to find. One could also ignore sponsor assertions and go on with the
research activity since the sponsor is not likely to find any other researcher who
could do the work any faster anyway.

Another approach that an R&D manager could utilize would be a two-part
strategy:

• First, empathize with the sponsor’s needs and be responsive in a genuine
manner. This would translate to providing interim solutions, to the degree
possible, for critical problems. Explain to the sponsor the limitations and
uncertainties involved.

• Second, educate the sponsor regarding the nature of the research enter-
prise. Focus on why it is in his or her best interest to follow a systematic,
though time-consuming, process of research and development so that solu-
tions developed are scientifically valid, are appropriate to the problem at
hand, and truly provide a more advantageous solution to the problem than the
existing technology does. This could involve undertaking a mix of research
activities ranging from basic research that might take three to five years, to
applied research that might provide some solutions within one to two years.

What to research is also affected by what our adversaries or competitors are
doing. Some governmental agencies (for example, the Department of Defense)
and some industries (for example, high technology) often are concerned about
being surprised by a technological development by an adversary or competitor.
This is simply because the payoff or effectiveness of the defense establishment of
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a nation, or profitability of an industry, depends on its own capabilities and also on
the capabilities of its adversaries or competitors. New technological developments
of an adversary or a competitor can have a profound effect on the security of a
nation and on the competitive success of an enterprise.

Other questions and issues related to the issue of what to research often include
the following:

• How should user needs be considered?
• Who are the real users?
• How should a comprehensive and responsive research program be formu-

lated?
• How should the tradeoffs between long-range research needs and short-range

or immediate requirements be made?

Many approaches to formulating research programs have been proposed. For
example, Merten and Ryu (1983, pp. 24–25) have proposed dividing an industrial
laboratory’s research activities into five categories:

• Background research
• Exploratory research
• Development of new commercial activities
• Development of existing commercial activities
• Technical services

Schmitt (1985) has discussed generic versus targeted research and market-
driven versus technology-driven research. Shanklin and Ryans (1984) contend
that high-technology companies can make a successful transition from being
innovation-driven to being market-driven by linking R&D and marketing efforts.

A considerable literature is available related to R&D project selection. The
proper approach applicable to an organization would clearly vary depending on
the needs of an organization.

Two criteria seem most important in deciding what to research: (1) What will
advance the science? (2) What do the customers of our research need? Once we
have answered those questions, we need to ask: What are the prospects for a
solution?

There are other considerations that may override them. Other criteria may
apply in the solution of very specific problems. For example, in oil exploration,
safety considerations may be a top research priority. Such problems may have
to be solved regardless of cost because the organization would be wrong to
ignore them. Research needed to protect human health and the environment from
improper disposal of hazardous waste falls in the same category.

One of the most difficult problems is deciding when to abandon a problem
that does not seem to be solvable. There is always the hope that with a few more
months of work the problem will be solved. Yet, one usually has some sense
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of what is likely to happen. If one researcher is sure that the problem can be
solved and no one else is so convinced, it is necessary to determine whether the
one researcher is a “genius” or a “neurotic.” People do get attached to hopeless
causes, and when that happens they exhibit a variety of such symptoms as extreme
tension and the inability to be self-critical. Managers must be sensitive to clues
that indicate that the optimism about a project is unjustified. Since stopping such
a project without destroying the motivation of the scientist is important, some
suggested approaches to achieve this follow.

A manager may agree to give the scientist short deadlines and establish mutu-
ally agreed-upon milestones to ascertain whether tangible progress toward the
goal is being made. If the project indeed is hopeless, lack of project progress
during the milestone review would reveal the problem. In most cases, the scientist
would, on his or her own initiative, agree to drop the project.

Should the scientist still request to continue the project, the manager should
consider allowing the scientist to spend some time (say 20 percent) on the project
and again establish agreed-upon milestones to review progress. If results again are
not very promising and the scientist still perseveres and wants to continue, two
options are possible. One, the manager may direct that the project be stopped.
The other possibility is to still allow the scientist to spend some time on the
project but strip away all support, such as for laboratory equipment, computer
expenses, and technicians. In time the project will fade away.

The manager, however, should not be too surprised when some researchers
supposedly pursuing unpromising theories or projects thought to be nonproduc-
tive in their early stages end up producing promising results. It is good for all
concerned, especially for the manager, to keep in mind that predictions about
the success or failure of research projects are most unreliable. Two examples
come to mind, one dealing with fundamental research and the other with applied
research.

Astrophysicist S. Chandrasekhar was working on the theory of black holes
and white dwarfs. He sought to calculate what would happen in the collapse
of larger stars when they burn out. He theorized that if the mass of a star was
more than 1.4 times that of the sun, the dense matter resulting from the collapse
could not withstand the pressure and thus would keep on shrinking. He wrote
that such a star “cannot pass into the white dwarf stage.” His paper on this theory
was rejected by the Astrophysical Journal , of which he was later to become a
well-respected editor.

As reported in the New York Times (October 20, 1983), Sir Arthur Edington,
rejecting Dr. Chandrasekhar’s theory, stated that “there should be a law of nature
to prevent the star from behaving in this absurd way.” Chandrasekhar was urged
by other scientists to drop his research project because it did not seem very
promising. Dr. Chandrasekhar persisted and in 1983 won the Nobel Prize for his
discovery. His research led to the recognition of a state even denser than that
of a white dwarf: the neutron star. The so-called Chandrasekhar limit has now
become one of the foundations of modern astrophysics.
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As another example, a group of researchers developing a complex environ-
mental impact analysis system and associated relational databases chose to pursue
this research project by using a higher-order computer language instead of the tra-
ditional FORTRAN. They also wanted to experiment using an operating system
developed by the Bell Laboratories. Management attitudes ranged from enthu-
siastic support to tepid support, opposition, and downright hostility. The less
technically knowledgeable managers were opposed; and the further removed they
were from the research group; the more opposed they were to the continuation of
this research project. Because of the creativity of the researchers and with some
degree of support and acquiescence of the management, the project was allowed
to continue in parallel with other activities. On completion the project was one
of the most successful and one of the most widely used systems in the agency. It
received the agency’s highest R&D achievement award and became an archetype
for future systems development research activities.

No one approach for categorizing or organizing research and for identifying the
research needs of an agency or an industrial enterprise may satisfy the complex
and, at times, unique needs of an organization. We propose a two-tier model for
identifying “what to research,” in an effort to develop an approach that provides a
flexible, systematic framework for integrating various requirements that at times
seem in conflict with each other. The model includes an economic index model
and a portfolio model. This two-tier model may apply more readily to mission-
oriented research than to scientific institutional or academic research. Further
discussions of this model follow.

Economic Index Model

Under this model, research needs are defined as those needs designed to improve
the operation or manufacturing efficiency of the organization or the enterprise.
The emphasis is on building a “better mousetrap” to reduce the cost of doing
things. Inputs for such needs come from the users, operation units, and scientists,
as well as from looking at competitive products and operations.

Portfolio Model

Under this model, normative, comparative, and forecasted research needs are
considered. Normative needs are those of the user (a user being the primary
or follow-on beneficiary of the research product). Comparative needs relate
to research needs derived from reviewing comparable organizations, competi-
tive product lines, and related enterprises. Forecasted research needs focus on
trend analysis in terms of consumer or organization needs derived from new
requirements, changed consumer behavior, new technological developments, new
regulations (e.g., environmental, health, and safety regulations), and new opera-
tional requirements. Often the effectiveness of a commercial enterprise or of a
national defense effort depends not only on how well the organization itself does
but also on how well the organization does in comparison with its competitor or
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adversary. Consequently, it is necessary to have effective intelligence concern-
ing the portfolio of a competitor in order to focus properly on comparative and
forecasted research needs.

After defining research needs using these two models, some research projects
would be essentially modifying, adapting, or adopting existing scientific knowl-
edge and would correspond to applied research and development; other research
projects would fill technology gaps and would correspond to basic or fundamental
research.

Inevitably, there are more projects to be researched than there are funds avail-
able. This is a normal and a healthy situation. A model derived from the work
of Keeney and Raiffa (1993), which takes into account multiple objectives, pref-
erences, and value tradeoffs, is suggested for deciding which projects to select
among competing requirements. The main problem in using such an approach is
the tendency on the part of many technical users to quantify items that do not
lend themselves to quantification.

In developing a policy (at higher levels) or in making specific project choices
among competing demands (at lower levels), the decision-maker can assign util-
ity values to consequences associated with each path instead of using explicit
quantification. The payoffs are captured conceptually by associating to each path
of the tree a consequence that completely describes the implications of the path.
It must be emphasized that not all payoffs are in common units and many are
incommensurate. This can be mathematically described as follows (Keeney and
Raiffa, 1993, p. 6):

a ′ is preferred to a ′′ ⇔
∑
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where a ′ and a ′′ represent choices, P probabilities, and U utilities; the symbol
⇔ reads “such that.”

Utility numbers are assigned to consequences, even though some aspects of a
choice are not in common units or are subjective in nature. This, then, becomes a
multiattribute value problem. This can be done informally or explicitly by mathe-
matically formalizing the preference structure. This can be stated mathematically
(Keeney and Raiffa, 1993, p. 68) as:
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where ν is the value function that may be the objective of the decision-maker,
x i is a point in the consequence space, and the symbol � reads “preferred to”
or “indifferent to.”

After the decision-maker structures the problem and assigns probabilities and
utilities, an optimal strategy that maximizes expected utility can be determined.
When a comparison involves unquantifiable elements, or elements in different
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units, a value tradeoff approach can be used either informally, that is, based on
the decision-maker’s judgment, or explicitly, using mathematical formulation.

After the decision-maker has completed the individual analysis and has ranked
various policy alternatives or projects, then a group analysis can further prioritize
the policy alternatives or specific projects. A modified Delphi technique (Jain et
al., 1980) is suggested as an approach for accomplishing this.

After research project selection and prioritization, an overall analysis of the
research portfolio should be made. The research project portfolio should contain
both basic and applied research. The mix would depend on the following:

• Technology of the organization
• Size of the organization
• Research staff capabilities
• Research facilities
• Access to different funding sources

It should be noted that the distinction between basic and applied research can
become rather blurred. What is basic research to one organization can be applied
to another and what is basic one year can be applied the next. Also, given the
same general research project title, different emphases during project execution
can affect the nature of research. As will be discussed below, to maximize R&D
organizational effectiveness, scientists and work groups should be involved in a
mix of basic and applied research.

1.6 EMPHASIS ON BASIC VERSUS APPLIED RESEARCH

We have discussed some research organization categorization and ways of devel-
oping an R&D portfolio. For planning purposes, three types of research orga-
nization categorization were presented. The emphasis on basic research versus
applied research within each organization varies; consequently, there is a cer-
tain amount of conflict. The conflict is due to the fact that basic research is
often dictated by the questions that science is asking. Such research may require
activities that are not compatible with the mission-oriented research that a com-
mercial or government organization is supposed to do. For example, a scientist
while reading a scientific journal may have an insight that requires further exper-
imentation. However, his supervisor may have already asked him to develop a
particular product that meets particular specifications. Obviously the two activ-
ities are incompatible and some of the conflict that occurs within the scientist
is due to the conflict between the need to discover and the requirements of the
organization.

Some quite successful organizations—for example, 3M in Minnesota—have
developed procedures that allow their scientists a certain amount of time to work
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on topics that are of interest to them. What percent of the scientist’s time will be
spent on such topics, and when such activities should take place, are matters of
negotiation between the scientist and his or her supervisor. A successful scientist,
who has had a better track record, may be given more time to discover other
things by pursuing his or her own interest than one who does not have a good
track record.

Pelz and Andrews (1966a) did a study of 1300 scientists in 11 laboratories.
They studied scientists in both industrial and government laboratories and they
used five criteria to identify successful scientists: (1) the judgments of their
peers, (2) the judgments of their boss, (3) the number of papers they published,
(4) the number of patents they were awarded, and (5) the number of reports they
issued. They then conducted intensive interviews to identify what distinguished
the effective from the less effective scientists. One of the findings was that the
more effective scientists did both basic and applied research.

We will return to the study of Pelz and Andrews throughout this book, but
for the time being one basic point that we should keep in mind when thinking
about how to structure research and development organizations is that both kinds
of research are done by the more effective scientists. It is obvious that if a
scientist has an insight while reading a journal that requires an experiment, the
inability to do the experiment will be quite frustrating. It is exactly this point
that indicates that some sort of freedom to experiment should be allowed by
the organization. If reading scientific journals results in frequent frustration, it
is very likely that the scientist will become obsolete by giving up such reading.
Similarly, the organization should encourage its scientists to publish, since this
provides an opportunity for the organization to acquire prestige in the eyes of
the scientific community and also tests the capabilities of the individual scientist
to become effective in relating to the wider scientific community.

It should be remembered that there are over 8,000 journal articles published
every day in the sciences. Thus the output of any particular individual is a minute
contribution to a very large pool of activity. However, the fact that a person has
made a contribution essentially “buys” the ticket that allows him or her to interact
with other scientists, to learn from them, and to discover what they are currently
doing.

1.7 WHAT IS UNIQUE ABOUT MANAGING R&D ORGANIZATIONS?

R&D organizations are different from other organizations because of the peo-
ple working in such organizations, the ideas that are generated, the funds or
research support that are obtained, and the culture of the organization. These
four elements—people, ideas, funds, and culture—are the basic elements of an
R&D organization and are discussed in detail in the next chapter. A brief review
of each element as related to an R&D organization’s uniqueness follows.
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People

People in R&D organizations normally would have graduate training and rela-
tively high aptitude. They are socialized during their graduate training to work
autonomously and show considerable initiative.

An anecdote will help convey more clearly what is special about R&D per-
sonnel. The famous German scientist Hermann Helmholtz put a sign up on his
lab: “Do not disturb.” This was all that his students and collaborators were able
to see for a month. After some 30 days Helmholtz emerged with an important
new theory that eventually led to the development of radio and television (related
in Boring, 1957).

Ideas

Ideas in an R&D organization are generated through a unique communication
network (discussed in the next chapter) and facilitated by the ethos of a scientific
community (discussed in Chapter 3).

Funds

In general, funding sources for R&D organizations are different from those for
any similar large enterprise. For example, in the United States about 28 percent
(2006) of funds for R&D are provided by the federal government. The federal
government spends over three times as much on basic research as does industry.
Even for academic institutions, the majority of research funding support, 61
percent (2006), is derived from the federal government. This funding support,
coupled with research productivity benefits that accrue to society at large rather
than the individual or the sponsoring organization, gives R&D organizations a
unique characteristic.

Culture

The culture of an organization relates to both objective and subjective elements.
For an R&D organization, objective elements such as research laboratory facilities
and equipment and office buildings are different from those of other organiza-
tions. Subjective elements such as rules, laws, standard operating procedures and
unstated assumptions, values, and norms for an R&D organization are also dif-
ferent. For example, scientific discoveries, whatever their source, are subjected
to impersonal judgments, and scientists often participate in organized skepticism
and critically evaluate scientific ideas and discoveries. This permeates all aspects
of an organization’s function. Management decisions affecting individuals are
thus critically evaluated and questioned by the researchers. After attending a
senior management conference, a newly assigned deputy administrator of a fed-
eral research organization stated that he had never worked in an organization
where people were so vocal and where management decisions were reviewed
and discussed as openly and fully.
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The culture and other elements vary from one R&D organization to another;
however, as a group, R&D organizations generally possess unique characteristics.

1.8 SUMMARY

We first pointed out that the essence of R&D management is the coordination of
the activities of many individuals. An effective R&D organization should have a
mix of research activities that are both basic and applied. The chapter provided
definitions of terms such as basic and applied research and development, and it
reviewed proposals for a system of categories of research. One key issue is “What
to research?” A model that deals with this question was presented. Finally, we
examined what is unique about managing R&D organizations. One unique aspect
is the need for the intricate coordination of people, ideas, funds, and culture. In
the next chapter we discuss these elements and their coordination further, and
the rest of the book is concerned with how a manager can be most effective and
lead an organization that will be most productive.

1.9 QUESTIONS FOR CLASS DISCUSSION

1. How much R&D is too much for a corporation? When is it not enough?

2. How much R&D is too much for a country? When is it not enough?

3. Define and compare basic and applied research, and development.

4. How much basic research is desirable in what kind of an R&D lab?

5. Using an actual case of a government, industrial, or academic research lab-
oratory, develop a systematic procedure and a short-term and long-term
research plan.
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ELEMENTS NEEDED FOR
AN R&D ORGANIZATION

The basic elements required for an R&D organization are (1) people, (2) ideas,
(3) funds, and (4) cultural elements. These four basic ingredients have to be
coordinated with skill by the management of R&D organizations in order to
achieve high productivity and excellence. In this chapter we will cover some of
the introductory topics concerning these basic elements. In later chapters we will
focus more specifically on the task of coordinating and managing.

It is obvious that the most important element is creative people. Such people
have the bright ideas and skills to do research and then translate research results
into useful products. However, these people must be organized into structures
that permit effective cooperation. In doing so it is important to keep in mind that
certain mixes of people work better than others. To ensure a smoothly functioning
organization, one needs unstated assumptions, beliefs, norms, and values—in
other words, an organizational culture that will favor creativity and innovation.
Last, but not least, one needs funds.

2.1 PEOPLE

Scarpello and Whitten (1991) have identified four different personality traits
relevant to engineers:

• Creative Type. Creative types are idea generators, comfortable with abstract
problem solving and have a preference for working alone.

• Entrepreneurial Type. Entrepreneurial individuals are more likely to take
and manage risk while giving the profitability of a product or project high
priority.

20
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• Analytical Type. Analytical people do well with complexity and prefer to
have order and organization while also avoiding risk.

• Development Type. Development-oriented personalities tend to gravitate
toward team projects and maintain high energy levels while cooperating
with others.

Recognizing the personalities of employees helps to match the interests of
the organization with the interests of the individuals, thus creating a productive
workforce.

People who are most likely to succeed in an R&D organization are analyt-
ical, curious, independent, intellectual, and introverted and enjoy scientific and
mathematical activities. Such people tend to be complex, flexible, self-sufficient,
task-oriented, and tolerant of ambiguity. They have high needs for autonomy
and change and a low need for deference (Winchell, 1984). In their study of
2,157 researchers at nine different organizations Debackere, Buyens, and Van-
denbossche (1997) found that R&D professionals respond better to a “knowledge
ladder” system, rather than one based on a “traditional” managerial hierarchy.
R&D professionals tend to be less interested in promotion within the organiza-
tional hierarchy and more interested in being recognized for the competence and
expertise in their fields. R&D organizations should recognize the need to reward
researchers on the basis of their technical competence and expertise, and how
these contribute to the organizations’ overall R&D process.

A person with a graduate degree probably already has many of the previ-
ous attributes listed. Other important attributes, however, may be lacking. For
example, it is necessary to scrutinize very carefully a person’s tolerance for
ambiguity and need for autonomy and change.

People with internal standards and self-confidence are highly desirable,
because in many cases research can be very discouraging. The person who is
not easily discouraged and is sure of his or her goals and how to reach them
is more likely to persist. Interaction with peers is also essential, since most
new ideas are generated not by reading the literature but by talking with others
who are working on similar problems. Finally, and this is admittedly cynical, a
successful scientist needs to be able to tolerate what he or she might consider
“bad management.” The kind of person who gets upset too easily if the manager
is insensitive to his or her needs may not be able to deal with a research
environment. Most managers are technical people, interested in research rather
than in managing others, so they are likely to do a less than optimal job. But
there is a saving grace: Research has shown that people are surprisingly tolerant
of poor supervisors! (Clifford E. Jurgensen, 1978).

Another desirable attribute is internal locus of control. This is the tendency
to think that the causes of events are internal (e.g., ability, hard work) rather
than external (e.g., help from others, luck). Research has shown that internals
are better than externals at collecting information and at deciding for themselves
about the correct course of action (for a review, see Spector, 1982).
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Creativity is, of course, highly desirable. Unfortunately, there are few reliable
and valid tests for this attribute. However, previous creativity is a good predictor
of future inventiveness.

Friedman (1992) identified primary activities performed by R&D managers
at different supervisory levels. Forty-eight tasks that managers stated they spent
the most time on were factor analyzed. Three primary activities were identified:
project management, personnel , and strategic planning. Strategic planning was
rated as requiring significantly higher levels of logical reasoning, originality,
fluency of ideas, communication skills, and resistance to premature judgment
than was required for the other two primary activities. Strategic planning in R&D
organizations has become an important activity; this is outlined in Chapter 16 of
this text, “R&D Organizations and Strategy.”

In summary, an effective scientist needs to be an individualist (Allen, 1977)
who has internal standards, self-confidence (Pelz and Andrews, 1966b) and per-
sistence; and who works in the right organizational environment. It is important
to stress that even the most creative person will be a failure if the environment
is not right. One can think of the analogy of a rectangle. The area of the rect-
angle depends on the size of both its sides. Similarly, creativity depends on the
attributes of both the person and the environment. If either one is missing, cre-
ativity can be zero. An R&D manager has to be able to integrate the activities of
diverse, autonomous, and talented people and must do well in handling activities
associated with R&D project management, personnel, and strategic planning.

2.2 SPECIALIZATION

The question of specialization is also related to both person and environment.
Some people enjoy specialization, while others prefer to be generalists. Some
environments encourage and some discourage specialization. The literature sug-
gests that successful R&D personnel are not overspecialized. They are interested
in several topics and are able to talk with others about their problems with ease.
Specialization can be tolerated in the early stages of a career, but later there is a
need for broader interests and the ability to talk constructively with a wide range
of colleagues.

In selecting people who have such attributes, the manager can look for
specific behaviors. For example, the kind of person who tolerates answers
such as “probably,” “approximately,” and “perhaps” is likely to be tolerant of
ambiguity.

Finally, when selecting members of an R&D team, it is desirable to look
for managerial talent. Since such talent is generally rare among highly technical
people, when it occurs it should receive some special attention. While techni-
cal competence is of the utmost importance in managers of R&D organizations,
the ability to deal with people is especially desirable. They should therefore be
selected over their peers who are equally technically competent but lack inter-
personal skills.



2.3 STAFFING 23

One more criterion should be kept in mind in putting together the R&D team:
It is desirable to choose a diverse workforce. It needs entrepreneurs, project
leaders, gatekeepers, coaches, public relations people, and others (Roberts and
Fusfeld, 1981). One should consider the mix of people, as well as the fact that
conditions do change and what is popular today may not be popular or fundable
in 10 years. With a sufficient mix it is possible to survive during periods of
radical change in the environment of R&D organizations.

Diversity in R&D organizations is another crucial issue. Chapter 7, “Dealing
with Diversity in R&D Organizations,” presents key issues related to this topic.

2.3 STAFFING

Managers often say, “People are our most important resource.” Indeed, in an R&D
organization, highly trained, able, and motivated researchers provided with well-
equipped laboratories are essential. Excellent and productive R&D organizations
are all characterized by such assets.

In staff selection and staff development, some social issues, such as equal
employment opportunity and biases against certain ethnic groups and women,
are examined briefly in the chapter on diversity. These are important issues and
there is clear and ample historical evidence of such biases. These biases first man-
ifest themselves in the way people raise their children or in the initial counseling
received in high school. They continue during interviews for the first job and
also when decisions are made concerning pay, staff development, and promotion
to higher administrative and executive level positions. Other staffing issues such
as need identification, interviewing, selection, placement, staff development, pro-
motion, and pay are quite important but occur in R&D organizations just as in
manufacturing organizations and are therefore already covered in the standard
personnel literature. For this reason they will not be discussed here.

Staffing decisions traditionally have emphasized academic prowess and per-
formance in interviews. However, experience shows that academic ability alone
is not always correlated with success at an organization. Therefore the selection
of new employees should also take into consideration the attitudes, behaviors,
personalities, and biographical details of an individual. Staffing selection needs
to be done in collaboration with the people who are going to work with them.
They are the ones who are most critical and the most involved. Furthermore,
once they have participated, they will have some commitment to making that
person a success in the organization. A work team interview is a good way to
accomplish this.

The discussion here will focus primarily on the types of skills an R&D orga-
nization needs to facilitate the innovation process. These skills are categorized
into three major areas:

• Support staff
• Technicians
• Research staff
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Support staff includes such functions as financial management, contracting,
technical editing, reference library work, typing, and other clerical duties.

Technicians include laboratory technicians, fabricators of experimental mod-
els, computer technicians, and laboratory and field experimental support staff.

Making support staff and technicians true members of the team, along with
the research staff, is crucial for the success of the innovation process. They make
a significant contribution to the innovation process, and their contribution needs
to be recognized. Clockmakers were the first to apply scientific theories to the
making of machines. Innovations came as a result of the collaboration among
scientists, craftsmen, and mechanics. This collaboration, which was necessary
for innovation centuries ago, is still required today. It is not uncommon for a
clever technician to think of ways to set up an experiment or collect field data
more efficiently, or for other support staff to facilitate administrative activities
associated with the innovation process, thus saving time and effort. Often, the
project sponsor’s first contact is with the support staff (e.g., the receptionist or the
secretary), and many technical assistance activities are handled by the technicians
working closely with the user or the customer. Because of the crucial role support
staff and technicians play in the innovation process, recruiting, training, and
motivating them are quite important.

The entire staff needs to become integrated, as the following true story sug-
gests. Not long ago, a professor of psychology at the University of Illinois used
fruit flies as part of an experiment in behavioral genetics. Several generations
of fruit flies had been developed to obtain the particular type needed for the
experiment. Then one evening a janitor opened the laboratory windows. The
resulting draft killed the fruit flies, thus inadvertently destroying several years of
the professor’s work! Obviously, had the janitor understood the significance of
the work, he would not have opened the windows.

A similar disaster to an experiment occurred on an oceanographic ship. The
crew and the scientists did not get along. One of their disagreements concerned
what should be placed in the refrigerator—the scientists’ specimens or beer.
After six months of collecting specimens in the Pacific, the scientists discovered,
to their horror, that the crew had thrown the specimens overboard and put the
beer into the refrigerator!

For the research staff , more than idea-generating personnel are needed.
Other critical functions involve entrepreneuring (marketing), communicating,
gatekeeping, coaching, and project leading or supervising (Roberts and Fusfeld,
1981, p. 25). There is some overlap among these functions, and an individual
can perform more than one of them.

2.4 IDEAS

For idea-generating, the personnel needs to be technically competent in one or
more fields and have the ability to conceptualize. They must be comfortable with
abstract thinking and have a real interest in R&D.
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In an R&D organization one finds that some people are particularly good
at projecting beyond the obvious and thus generating ideas. To foster an idea-
generating environment it is important to allow new ideas to be presented without
immediately making judgments about their soundness. A group of researchers
was once asked to present its ideas regarding some new research initiatives.
After listening to the ideas, the managers quickly gave their comments and told
the participants why the ideas were not particularly sound and thus could not
be considered further. Participation in presenting new research decreased rapidly
and after the initial two or three research presentations no one had anything more
to offer. The research team finally disbanded because of low morale. Managers
should not be too hasty to relegate ideas to the wastebasket.

Successful entrepreneuring or marketing requires individuals with the abil-
ity to sell or market new ideas to others and obtain resources for R&D projects.
These individuals should be technically competent, possess a wide range of inter-
ests, and be energetic and willing to take risks. Entrepreneuring has some other
important implications for organizational control and for organizational change.
An organization that obtains much of its funding through the entrepreneuring
activities of its research staff has to allow for more autonomy than others. Initiat-
ing new directions in research requires considerable participation by the affected
research staff. A case in point is the type of research conducted at universities
where much of the research funding is generated by individual faculty members.
Consequently there is a strong tradition of faculty autonomy and dominance in
academic institutions.

An important function in a laboratory is that of key communicator (Chakrabarti
and O’Keefe, 1977). A key communicator reads the literature in the field, par-
ticularly the “hard” papers, and talks frequently with outsiders and insiders in
the laboratory. Chakrabarti and O’Keefe studied three government laboratories
and found that about one-seventh of the professional staff could be described as
doing that. Key communicators helped in a number of ways by providing desired
information to others, locating written sources, participating in the generation of
ideas, putting people in contact with each other, ending the search for nonexist-
ing research in a particular area, evaluating ideas, offering support, selling a new
idea, briefing key decision-makers about recent developments in the field, and
making contacts both outside and inside the laboratory to promote an idea. Key
communicators were in supervisory positions only half the time. Such people,
when identified, deserve an increased personal budget to facilitate travel, release
time, formal recognition, and special training and encouragement, since they are
invaluable for a laboratory.

Related to the idea of key communicator is the idea of a gatekeeper, or of
a person in a “boundary-spanning role” (Keller and Holland, 1975). Keller and
Holland tested the hypothesis that such people might suffer from role conflict and
role ambiguity and might be dissatisfied with their positions. Their data suggested
that boundary-spanning activity did not produce much conflict, and was even
positively correlated with job satisfaction with co-workers, pay, and promotions.
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However, it was negatively correlated with satisfaction with supervision. Thus,
on the whole, this is a useful role that does not adversely affect those in it.

Also related to the role of key communicator is the role of “champion in
product innovation” (Chakrabarti, 1974). Such individuals are technically com-
petent, know both the company and the market are aggressive, and are politically
astute.

For gatekeeping,∗ individuals should possess a high level of technical com-
petence, be personable and approachable, and enjoy contact with people and
helping others. These individuals should keep themselves informed of related
developments outside the organization via journals, professional conferences,
and personal contacts. Gatekeeping is an informal role. Formalizing this role
by assigning it to an individual or group would undermine the very purpose it
is supposed to serve. In an R&D organization an individual with a high level of
technical competence who has contacts with the wider scientific community and
the appropriate personality frequently assumes this informal responsibility. Many
times one hears a statement such as, “If you have a question about acoustics,
check with Dr. X; he can tell you what is the latest.” Often the supervisor acts
as a gatekeeper, especially for locally oriented projects, which will be discussed
later in this section.

It is clear from what was stated above that there is a controversy about the
extent to which gatekeepers or key communicators should be identified and
rewarded. One view is that formalizing the role will undermine it; the other
view is that by encouraging and rewarding the role these key functions could be
done even better. We are inclined toward the latter view, but without too much
emphasis on the singling out of the individual. Rather, top management might
provide some extra travel allowances, some extra encouragement, and some more
rewards without formally identifying the position of a key communicator or gate-
keeper. It is the offering of support for the activity that is needed rather than a
formalization of the role.

One can also make the case that it is not so much how well the role is
carried out but how the environment in which the role is carried out is structured
that determines the effectiveness of gatekeepers (Davis and Wilkof, 1988). In a
bureaucratic organization the best gatekeeper will fail; in an organic organization
a moderately good gatekeeper will be effective. As Davis and Wilkof put it:
“Most R&D groups long ago discovered that they cannot effectively operate
with such a bureaucratic arrangement. They found that the restrictions and loss
of autonomy inherent in the mechanistic structure stifled individual creativity and
led to a sense of indifference and alienation, especially among those on the lower
rungs of the organizational ladder” (p. 51).

In an organic organization, professionals are recognized for their expertise, and
not for their position in the organizational hierarchy. That means that an expert

∗The gatekeeping concept is further discussed in Section 2.7, “Communication Networks,” and
in Chapter 11, “Technology Transfer.” A gatekeeper essentially links the organization to external
information sources.
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at the lowest level of the organization may be heard as much as a nonexpert
at the top of the organization. The corporation is viewed as an individual/team
initiative system within which ideas are bought and sold, packaged, organized,
and implemented. Status is based on technical competence. Top honors go to those
who generate, package, and sell ideas. Management screens ideas to ensure their
compatibility with overall corporate objectives.

The organic form of organization encourages every team member to be a gate-
keeper. Instead of identifying gatekeepers, the organization supports the function
of gatekeeping for all team members. Thus, gatekeeping is the rule, not the
exception. With more gatekeepers there is a higher probability of tapping broader
sources of information. Information is transferred across project lines. There is a
relatively egalitarian structure and highly participatory project management, and
the emphasis is on the group’s “collective intelligence.” It is the group that might
assign the role of gatekeeper to a particular member, for a particular topic. Group
meetings are important vehicles for information transfer.

Webb’s (1992) study of relationships between management structures, firm
performance, and innovation suggested that managers move away from author-
itarian styles and toward an organic, egalitarian style. Egalitarian practices are
more effective than authoritarian management since they decrease the fear of
failure while boosting innovation, decrease deadlines while promoting flexibility,
and increase participation of managers and engineers in strategy.

For coaching , individuals should be in a more senior position in the organi-
zation, be good listeners and helpers, and be technically competent enough to
develop new ideas. They should provide encouragement and guidance and should
act as sounding boards for others in the research group. Those coaching should
have access to higher-level management within and outside the organization and
be able to buffer the projects from unnecessary organizational constraints. These
individuals should have the ability to coach the members of the research team in
a way that will enable them to develop their talents.

Project leading or supervising and coaching have some overlap and can often
be accomplished by the same person. Project leading calls for individuals who
are able to plan and organize the various project activities and can ensure that
administrative and coordination requirements are met. They should have the abil-
ity to provide leadership and motivation and be sensitive to the needs of others.
They must be able to understand the organizational structure, both formal and
informal, so that they can get things done and balance the project goals with
organizational needs. They should be interested in a broad range of disciplines
and be able to handle multidisciplinary issues.

Clearly, as a manager in an R&D organization moves up in the organization,
technical skills play a less direct role, while other skills such as human relations
and administrative and conceptual skills become increasingly important.

As stated earlier, studies have clearly shown that research groups whose super-
visors had high technical skills were the most innovative. On the other hand, those
groups that had supervisors who did not possess high technical skills, but were
in turn rated highest in administrative skills, were least innovative (Farris, 1982,
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p. 340). Thus, the importance of an R&D supervisor’s technical skills cannot
be overemphasized. This is especially pertinent for organizations interested in
productivity and excellence. Experience shows that an individual who does not
have the training, the appreciation, and, indeed, the aptitude for science and
technology is not likely to provide the necessary visionary leadership in an orga-
nization based on science and technology.

Creative people are likely to have good research ideas, but good ideas also
come from communication with others. There is considerable research suggesting
that communication patterns should be structured so that people can be stimulated
by others who do similar work.

In R&D laboratories, Allen (1977 p. 63) indicated that only a small percentage
(11–18.5 percent) of all idea-generating information comes from the scientific
literature. However, the scientific literature can be used for purposes other than
generating ideas, such as problem definition at different stages associated with the
total research process. But even in the problem definition stage, personal contacts
provide more than five times the number of messages supplied by written sources
(Allen, 1977, p. 65). Therefore, communication through personal contacts is a
crucial aspect of the innovation process.

In the next sections, related items—defects in human information processing,
fads in science, communication networks, and the innovation process—will be
discussed.

2.5 DEFECTS IN HUMAN INFORMATION PROCESSING

Biased reasoning is very common among humans. This could be of special
interest as related to scientists and engineers. Nisbett and Ross (1980) reviewed
extensive laboratory work indicating the shortcomings of human information pro-
cessing. For example, they showed that humans persist in adhering to a theory
when the number of exceptions to the theory exceeds the number of confirmations
(Nisbett and Ross, 1980, p. 15). Data are influenced by theory, and sometimes
adherence to the theory precludes observations of blatantly contradictory data
(Nisbett and Ross, 1980, p. 89). People make erroneous generalizations from
small samples of data, not realizing the unreliability of small data sets. People
make many errors in judging covariation and in making predictions.

Most humans are confident that they see the world objectively. In fact, the way
they see it depends on both what is in their environment and what is inside them
(their emotions, hopes, memories, frames of reference, the parts of their culture
they have internalized). Humans construct the way they see the world (Berger and
Luckmann, 2006; Taylor, 1998) and often use cognitively simple self-deceptions
to build it. Thus, those who see the world differently often reject the others as
biased (Pronin, Lin, and Ross, 2002), “stupid,” or even “crazy” (Rokeach, 1964).
The illusion that they see the world realistically is called “naı̈ve realism” (Pronin,
Lin, and Ross, 2002). In fact, humans do not realize how often they engage in
wishful thinking.
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In short, humans use self-deceptions rather frequently (Triandis, 2008). Self-
deception occurs because we often see the world the way we would like it to be
rather than the way it is. We tend to select information that is consistent with
their hopes, desires, expectations, needs, theories, culture, ideology, or frame of
reference, and avoid information that is inconsistent with our theories, ideologies,
stereotypes, prejudices, prior schemata, or frames of reference.

The human environment is filled with positive, negative, and ambiguous infor-
mation. Humans prefer to sample the positive and often ignore the negative
information; thus they have self-deceptions that allow them to see the world the
way they want it to be rather than the way it is.

Schopenhauer stated that all truth passes through three stages: first it is
ridiculed, then violently opposed, and finally accepted as self-evident. This
sequence reflects three kinds of self-deception. In the first stage the perceiver
holds the self-deception that the “truth” is already well known and the new
theory is obvious nonsense and must be ridiculed. Evidence consistent with the
new view is ignored (it is unpleasant). In the second stage, the perceivers have
the self-deception that “the truth” is already well known (again evidence that
supports the new view is ignored) and the new theory, which differs from the
“truth,” is dangerous and therefore must be eliminated. In the third stage the
perceivers have the self-deception that they knew the theory all along, and there
is nothing new in it. The belief “I knew this all along,” which ignores the reality
that the person did not know it until recently, fits the definition of self-deception,
by focusing on the pleasant (I knew it) and ignoring the unpleasant (I did not
know it).

Cognitive illusions are of many kinds. For example, in one study (Rosenthal
and Jacobson, 1992), randomly chosen teachers were told that their pupils had
unusual potential for intellectual growth. Eight months later these pupils showed
significantly greater gains in IQ than did the remaining children who had not
been singled out for their teachers’ attention. In short, the researchers created
a “reality” that was entirely in the heads of the teachers, but it had important
consequences for their pupils.

People see patterns in random data. They often see what they wish to see,
and believe what they wish to believe, which of course is the essence of self-
deception. People attribute to others characteristics that they themselves have
(e.g., if they are angry they see other people as angry). People make biased
estimates of the beliefs and habits they share with others. The so called “False
Consensus Effect” (Kruger and Clement, 1994) results in their thinking that others
share their beliefs to a much greater extent than is in fact the case.

In R&D it is particularly important to have objective analysis of research find-
ings. As described in Chapter 3, Section 3.8, “Ethos of a Scientific Community,”
participating in organized skepticism and publishing research findings so others
can analyze and replicate results to confirm the findings, among other things,
assist in markedly minimizing biased information processing.
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2.6 FADS IN SCIENCE

A French physicist by the name of René Prosper Blondlot believed that he had
“discovered” N-rays. This occurred very soon after Roentgen had discovered X-
rays. He became a member of the French Academy, and received several awards
and a large salary raise (Gratzer, 2000). When the American physicist Wood
could not replicate Blendot’s experiment, the most prestigious French physics
journal rejected his paper. The paper was eventually published, and the world
of physics learned that N-rays were not “real,” but Blendot went to his grave
believing that he had discovered them. The rejection of the paper by the French
journal is a case of self-deception. The editor of this journal did not want to
accept negative information about an “important” French discovery.

Another example from physics was presented by Richard Feynman (Nobel
Prize, 1965) in a commencement address at the California Institute of Technology
in 1974. He mentioned that the famous physicist Robert E. Millikan measured
the charge of an electron slightly incorrectly, because he used the incorrect value
for the viscosity of air. Subsequently, for many years physicists who obtained
a different value fooled themselves by questioning their own work , while the
ones who found a similar value did not look into their own work very closely.
In other words, when our perception of “reality” fits our expectations we do not
question our percepts, but when it does not fit our expectations we tend to question
our work.

Numerous fads identified in physics include the “capturing of electrons” (in
the 1920s and early 1930s), Alison’s “magneto-optical” effect, and the tale of
“polywater.” In most cases the effect was produced by a cause of barely detectable
intensity, and was of a magnitude close to the limit of detectability. Criticisms
were met with ad hoc excuses, and the ratio of supporters to critics rose up to
50 percent and then fell to oblivion (Gratzer, 2000, p. 80).

Gratzer (2000) provides amusing descriptions of Mesmer’s argument about
“animal magnetism,” of the theory that crystalline mineral deposits are generated
by electric discharges, and the tale of London’s Electrical Society whose members
believed that “electrified water” possesses remarkable invigorating and curative
properties.

Gurvich, a Soviet scientist, “discovered” “mitogenic radiation.” Gurvich stated
that the tips of onion roots were a source of radiation. He further asserted that
cancer could be detected with mitogenic radiation, and his “discovery” was taken
up in clinical laboratories throughout Russia. He even received the Stalin Prize.
A reviewer concluded, “To mislead lesser men he had first to mislead himself”
(Gratzer, 2000, p. 41).

Even intellectual giants, such as Nobel Prize winners, are susceptible to self-
deception. For example, in 1914 the Manifesto of 93 German Intellectuals stated,
“It is not true that Germany trespassed neutral Belgium . . . . It is not true that
the life and property of a single Belgian citizen was injured by our soldiers . . . .
It is not true that our troops treated Louvain brutally.” In fact, historians report
that Germany did trespass, some Belgians were killed, and the library of the
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University of Louvain was burned, so that there is now a plaque at that library
thanking the Rockefeller Foundation and several universities for the help received
after the war to reconstitute it. The signers of the declaration were the top intel-
lectuals in the world at that time. They included Max Planck, who developed
quantum theory, which is considered as important as Einstein’s theory of rel-
ativity; Wilhelm Roentgen, who discovered X-rays; and Wilhelm Wundt, who
established the first psychological laboratory in the world.

In retrospect, one can ask: How could these intellectual giants, sitting in
their universities, know what German soldiers did? Obviously they had no direct
evidence. They just projected their hopes, desires , and needs , the definition of
self-deception . They even stated in their manifesto that Germany was the land
of Goethe, Beethoven, and Kant and could not possibly have done what it was
accused of having done. But self-deception is perfectly understandable when a
country is at war. War increases stress, stress increases cognitive simplicity, and
the probability of self-deception.

2.7 COMMUNICATION NETWORKS

Considerable knowledge relevant to R&D activities is not always found in books.
Many ongoing R&D activities are not documented in literature for some time.
Generally, the written material is static and is a limiting medium for communi-
cation, while personal contacts allow one to exchange ideas, analyze data more
quickly, and obtain information that is more relevant to the research project
concerned.

Because of the complexity of technological problems and the importance of
analyzing and synthesizing relevant technical information, verbal communication
plays an important role in modern-day R&D activities. Research has consistently
demonstrated a linkage between high-performing individuals and projects and an
extensive pattern of verbal communication (Tushman, 1988). Many new ideas
are obtained while talking with people who do similar work. Sometimes talking
with one person on Monday and another on Tuesday allows two apparently
unrelated fields of research to merge in one’s mind and leads to a new insight.
Personal contacts and verbal communication therefore provide an efficient and
effective communication medium within and between research and development
communities.

The pattern of communication, however, depends on the nature of research
activities. These research activities can be divided into three main areas: research
projects, development projects, and technical service projects (Tushman, 1988).

Research Projects . These involve work oriented toward developing new
knowledge and concepts.

Development Projects . These are directed toward using existing scientific
knowledge to address specific product problems. Generally, these types
of projects correspond to technological or experimental development.



32 ELEMENTS NEEDED FOR AN R&D ORGANIZATION

Technical Service Projects . These involve solving a specific technical problem
using well-known stable technologies.

Based on a study (Tushman, 1988) that compared and contrasted the com-
munication networks of high- and low-performing research, development, and
technical service projects, some patterns of communication activities were iden-
tified that are associated with high-performing projects. These patterns, as related
to project types, are described here.

High-performing research projects showed extensive and decentralized com-
munication patterns. People talked to many others and there were no rules
prohibiting exchanges of ideas. Direct contacts and gatekeepers were used to
acquire information from professional areas outside the firm. Within the firm,
contacts were directed toward individuals who could provide effective feedback
and evaluation. Projects were strongly connected to universities and profes-
sional societies. In general, there was less reliance on supervisory direction and
more on individual initiative and peer decision making and problem solving
(Tushman, 1988).

High-performing development projects focused on communication patterns
directed toward operationally oriented areas (how to get things done; what works,
when) both within and outside the firm. Communication outside the firm was
moderate and was mediated more often by gatekeepers than in the case of
research projects. While there were some direct contacts within the firm, the
supervisor mediated much of the communication. There were also widespread
and direct communications with the user—for example, marketing and manufac-
turing (Tushman, 1988).

High-performing technical service projects showed supervisor-dominated
communication patterns both within and outside the firm. Communication
outside the firm focused on suppliers, vendors, and customers. Communication
within the firm related to marketing and manufacturing. In general, the
supervisor served as a mediator for all external information sources, and there
was more supervisory-dominated decision-making and problem-solving than in
research or development projects (Tushman, 1988).

Experience shows that in the development and technical assistance projects of
an organization there is an evolution of language, concepts, and values unique
to the types of projects undertaken and, at times, unique to the organization
itself. This local language and other characteristics make communications with
the outside—that is, beyond the organization project boundary—difficult and
prone to bias and misunderstanding (Tushman, 1988). Since communication
external to the project (both within and outside the organization) is essential
for high-performing projects, the acquisition of information can best be han-
dled via “boundary-spanning individuals” whom Tushman calls “gatekeepers.”
A gatekeeper then is an individual who links the project to external information
sources. Three types of gatekeepers (technology, marketing/manufacturing, and
operations) are described in Chapter 11, “Technology Transfer.”
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Gatekeepers in an organization perform an informal but crucial function. Oth-
ers working on the project have to feel sufficiently secure and comfortable
psychologically to approach gatekeepers with their questions without fear of
adverse consequences or personal evaluation (Katz and Tushman, 1981, p. 109).

To encourage gatekeeping, individuals performing this function can be
rewarded without being given any formal title or status to their activity.
Technology gatekeepers can be easily recognized since they are high technical
performers and are able to interact harmoniously with others. For locally
oriented projects, first-line supervisors act as gatekeepers for about 50 percent
of the cases (Allen, 1977, p. 163).

A study was conducted to investigate the managerial roles and career paths
of gatekeepers (Katz and Tushman, 1981, p. 103). A follow-up study five years
later showed that almost all gatekeeping project leaders had been promoted up
the managerial ladder. In contrast, for the nongatekeeping project leaders, only
one-half of the promotions were up the managerial ladder. The authors con-
cluded, “This implies that higher managerial levels (in a technology-based R&D
organization) demand strong interpersonal as well as technical skills” (Katz and
Tushman, 1981, p. 103).

Allen and colleagues (1979, p. 707) suggest that, contrary to some earlier
conclusions, the technology gatekeeping role is important for applied research
and development projects where the technology is complex and external sources
of information are relevant to the project concerned. For basic research projects
and for technical assistance projects, this role is not as critical. In the case of basic
research, the problem is universally defined and contacts are best handled directly
by the researcher working on the project. In the case of technical service projects,
the technologies are well understood and stable; consequently, the organization
is capable of providing the needed information internally.

Clearly, the main purpose of the communication network is the organization
and processing of information. Also, as discussed above, different R&D activi-
ties require different communication networks. R&D managers, recognizing the
importance of communication for the innovation process, should facilitate this
process. Tushman (1988) suggests that:

1. The amount and pattern of communication within the project must match
the information processing requirements of the research project.

2. The project must be linked to interdependent areas within the firm.
3. The project must be linked to external sources of information through direct

contacts or through the gatekeepers.

To facilitate internal communication (within the work group and interdepen-
dent areas within the firm), one must pay attention to the architecture of the
workplace and to ways in which socialization takes place. One commonly hears
stories of how a scientist thought of an idea while having tea or coffee with a col-
league. Americans joke about the sanctity of the British tea breaks. Maybe there
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is something to their tradition. Sir William Hawthorne of Cambridge University
once remarked that institutionalizing (or encouraging) tea breaks or similar social
interaction in an R&D organization is quite beneficial; such activities are not
common in the United States but they should be fostered.

The effects of office architecture and the nonterritorial office on communica-
tion have been investigated by Allen (1977). In managing an R&D organization,
it is important to recognize the need for internal and external communication for
the innovation process. A manager should facilitate this process to the degree
that resources and organization policies permit. Questions are often raised by
upper management as to why it is necessary to have researchers participate in
technical conferences and symposia. An R&D manager should be able to justify
these activities on the tangible contribution such activities make to the innovation
process.

2.8 THE INNOVATION PROCESS

An invention is an idea, a concept, a sketch, or a model for a new or improved
product, device, process, or system. Inventing is the creation of new knowledge
or new ideas.

The innovation process is the integration of existing technology and inventions
to create a new or improved product, process, or system. Innovation in the eco-
nomic sense is accomplished through the first utilization and commercialization
of a new or improved product, process, or system.

Various technology-based organizations look at the overall innovation process
differently. In a general sense, the innovation process includes (1) identifying
the market need or technology opportunity, (2) adopting or adapting existing
technology that satisfies this need or opportunity, (3) inventing (when needed),
and (4) transferring this technology by commercialization or other institutional
means.

The innovation process integrates project need, invention and development,
and technology transfer. Ideas and concepts are generated in each of these three
major stages; the innovation process is accomplished when these three stages
culminate in the utilization and commercialization of a new or improved prod-
uct, process, or system. Project needs and what to research were discussed in
Chapter 1. Technological innovation is discussed in this chapter, as well as in
Chapters 12 and 14. Technology transfer is a key issue in the innovation process,
and is more fully discussed in Chapter 11.

2.9 FUNDS

While this topic is so obvious that it could be skipped, we have included it for
balance. Funds are needed for personnel, equipment, office and laboratory space,
libraries, computers, travel, supplies, and so on. This is not the place to discuss
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research budgets and the like. We wish only to make sure that the reader keeps this
element in mind when thinking of the four equally important elements required
by an R&D organization. It is important to emphasize the fact that conducting
research requires considerable resources. It is indeed an expensive activity. To
maintain research excellence, it is necessary to attract talented scientists and have
well-equipped laboratory facilities. None of this is probable without sufficient
funding support.

Economic Trends for R&D Funding

Since 1980 private industry’s share of investment in R&D has steadily increased
while government’s share is on the decline. This can create a new set of con-
cerns for technical managers. Because the private sector has a larger share of
R&D investment, schedules and budgets may be monitored more closely and
researchers may be forced to produce specific outputs with fewer resources. Fed-
eral research funding provided flexibility and autonomy to researchers to explore,
create, and invent. Rigid structure of industry funded projects could cause moral
and motivational issues among employees and because of this management must
be prepared to realize this impact (Dougherty and Hardy, 1996).

Organizations that are successful in the transfer of their research outputs are
more likely to generate customer support for future research. This is particu-
larly true for applied research and development projects. In a way, the steps in
the innovation process discussed in the preceding section provide a link to the
customer or the sponsor via need identification and technology transfer.

One is always seeking ways to test user acceptance of research output and to
determine organization effectiveness. Seeking funds for research can be one way
to test the market and user response to the research output, and thus determine
organization effectiveness.

Consider the following problem facing an R&D organization.

A premier private university experiences a substantial decline in the number
of U.S. citizens applying to its graduate program in the school of engineering.
Applications are down 55 percent. Factors such as high starting salaries for
baccalaureate degree holders, rising cost of graduate training, and high oppor-
tunity cost of staying in the graduate school contribute to this decline. Increased
competition from state universities offering quality graduate training at merely
25 percent of the private university tuition and a widespread impression that the
private university is difficult to get into and lacks the many extramural social
activities normally available at large state schools have contributed to that uni-
versity’s problem. Since much of the research at a university is conducted by
graduate students with guidance from faculty, lack of graduate students makes
it difficult for the university to obtain funding for research and to maintain
research facilities.

Clearly, external factors beyond the immediate control of an R&D organization
often affect funding support.
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2.10 A CULTURE FOR R&D ORGANIZATIONS

Culture is the human-made part of the environment. It consists of objective ele-
ments (e.g., research laboratories, equipment, office buildings, office furnishings)
and subjective elements (rules, laws, values, norms). Among the most important
elements of culture are the unstated assumptions concerning “the way things get
done in this lab.” Some of these assumptions become salient only when they are
challenged—for example, is safety more important than production all the time?
In some labs it is and in others it is not. The importance of cultural elements
surfaced with the 2007 recalls of Chinese manufactured consumer goods such as
pet food, toys, toothpaste, lipstick, and seafood.

One way of thinking about organizations is to conceptualize them as informa-
tion processing systems (Daft and Weick, 1984). When the information that must
be processed has certain attributes, the structure of the organization must match
that type of information. For instance, Keller (1994) studied 98 R&D project
groups with a longitudinal design and found that the effective teams showed a
match between the structure of the information being processed and the structure
of the organization. The more that the tasks the team had to do were nonroutine
(i.e., involved radically new technology), the more the successful research teams
were capable of processing large amounts of information (e.g., there was much
interpersonal contact, permeability of group boundaries, and opportunities for
informal, face-to-face communication).

Some organizational cultures are more effective than others. A culture that
emphasizes innovation behavior (e.g., where people agree with “creativity is
encouraged here” and disagree with “this place seems to be more concerned with
the status quo than with change”) and has high-quality supervisor–subordinate
relations (i.e., permits high levels of autonomy and discretion for innovation) is
likely to be more effective than a culture that does not encourage innovation
(Scott and Bruce, 1994). Furthermore, competitiveness is often not desirable. For
example, one experiment compared competitive (the highest producer gets all
the reward), individualistic (to each according to contribution), and cooperative
(equal share of the reward) conditions for building a tower. Participants randomly
assigned to these three conditions had building blocks of different colors, so their
contributions could be identified. Dependent variables included number of blocks
placed, number of falls of the towers (often due to sabotage), and so on. The
major finding: The highest productivity occurred in the cooperative condition. Of
course, we do not know whether a team in a research lab working on some project
behaves like a group of college students building a tower. Nevertheless, for at
least some situations these findings must be applicable (for details see Rosen-
baum et al., 1980). Competitiveness is certainly an aspect of some organizational
cultures and this experiment questions its desirability.

Other aspects of organizational culture worth noting are hard work, people
emphasis, status emphasis, participative climate, tolerance for disagreement, and
frequent rewards. Emphases such as these are best communicated through man-
agement actions rather than words (Schneider, Gunnarson, and Niles, 1994). A
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laboratory that provides a sense of community, encourages the loyalty of cus-
tomers, and pays attention to detail is likely to have members who are concerned
about the satisfaction of customers (such as the funding agencies that provide
contracts to the laboratory) and who will be willing to contribute to every aspect
of the laboratory’s success.

A word about each of the aspects of organizational culture follows. One can
see greater emphasis on hard work in some labs than in others. In some labs,
people work hard and very long hours and usually take work home. There is no
time for chatting. In other labs, people chat a lot and stop their tasks when it
is time to go home. In labs with “people emphasis,” the lab comes to a stop if
something significant happens to one of its members.

Work and achievement are generally valued more in individualist than in
collectivist cultures. In the latter cultures social relationships have priority, and
when work interferes with relationships it is likely not to get done (Stone et al.,
2008).

Status emphasis is evident when titles, formal dress, or formal language are
used. Participation is an important component if people are asked to contribute
their ideas and to discuss major decisions, if they have some autonomy in those
decisions.

Tolerance for disagreement can be seen when there is frank discussion and
when plans are critically evaluated no matter where they come from, whether
from top management or from a lowly researcher. In some labs, rewards, recog-
nition, and bonuses are frequent. It seems obvious that these qualities, with the
exception of status emphasis, are desirable, but to what extent is every lab at an
optimal point on these dimensions?

The point about allowing disagreement deserves special emphasis. When
important decisions are made, people often seek others who agree with them.
They avoid or reject those who disagree with them. These tendencies result
in groupthink (Janis, 1982) and in major mistakes. One of the most striking
examples cited by Janis concerned a number of the decisions of the National
Security Council (NSC) during the Vietnam conflict. Despite their own better
judgment, some of the NSC members who personally opposed certain policies
contributed to unanimous decisions. A more recent example is provided by
the unwillingness or inability of highly trained economists to recognize the
economic risks of unsustainable economic growth in the housing sector.

People often feel unjustifiably optimistic about the way their research plan will
turn out, they do not give sufficient weight to signals that something is wrong,
they reject those who criticize their plans or their accomplishments, they censor
themselves when they feel critical about actions of their team members, and they
select their critics so as to receive a favorable review of their work. All of these
behaviors are aspects of groupthink. Groupthink leads to poor performance.

To avoid groupthink, one needs to bring fresh perspectives into the group. That
means tolerating those who disagree—the gadflies. It is even better to appoint a
devil’s advocate whose role it is to shoot down research designs, to reject drafts
of papers, and to warn about disasters that could result from a particular course
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of action. In the case of very important projects, having several teams tackle
the problem from different angles is not duplication. It is the best way to find a
solution.

Finally, in the case of important decisions it is useful to allow a day or two
between the decision and the start of the project, as well as to review the decision
from other perspectives before committing major resources.

Experience shows that a manager has to watch out more for subservient
researchers than for unruly ones. When critical analysis of a manager’s pro-
posals is not made early, much is lost. When suggestions made by the manager
are taken as commands without discussion and analysis, research excellence is
bound to suffer. Related to the groupthink phenomenon is the Not-Invented-Here
syndrome, discussed later in this chapter.

The extent to which some R&D units within an organization are considered by
the scientists a good place to work (i.e., its internal reputation) defines the unit’s
culture. A study of 10 science-based organizations employing 1500 scientists
was conducted (Jones, 1994). A climate of innovative work and good working
conditions had the highest correlation with good internal reputation. Thus, for
effective R&D organizations, a manager needs to foster a climate of innovation
and good working conditions.

Jabri (1992) found that scientists who perceived that the tasks assigned to
them were appropriate collaborated more with team members, expended more
effort on the tasks, and showed more innovation on the job. Job satisfaction and
performance were positively correlated when the task allocation was perceived
as appropriate, but satisfaction and performance were unrelated when the tasks
were seen as low in appropriateness.

2.11 NOT-INVENTED-HERE SYNDROME

The Not-Invented-Here (NIH) syndrome is defined as the tendency of a stable
research group to believe it possesses a monopoly of knowledge in its field,
thereby rejecting new ideas from the outside (Katz and Allen, 1982). As dis-
cussed previously, communication with the wider scientific community, with
other researchers within the organization, as well as with the user community,
and marketing personnel within the organization is crucial for a successful and
effective innovation process.

As the members of the research group work together longer, the group natu-
rally forms a stable and cohesive project team. Individuals try to organize their
work environments in a manner that reduces the amount of stress and uncer-
tainty they must face (Katz and Allen, 1982). Project members then begin to
work comfortably with each other and separate themselves from external sources
of technical information and influence by reducing their communication level
with the outside community.

It is important to note that it is not a mere reduction in this communication
level that causes performance to deteriorate. More importantly, it is the project
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team’s tendency to ignore and become increasingly isolated from sources of
information and ideas that makes a crucial difference (Katz and Allen, 1982,
p. 16). As we discussed previously, communication patterns and the need for
communicating with outside groups vary according to the nature of the research
and development effort. When research and development organization groups are
inflicted with NIH, overall performance will suffer. In such cases, research teams
will fail to pay sufficient attention to new advances and information within the
relevant external scientific community, technical service groups (as opposed to
R&D groups) will fail to interact among themselves, and development project
members will fail to communicate with individuals from other parts of the orga-
nization (for example, the user community, manufacturing, marketing) (Katz and
Allen, 1982, p. 16).

To ensure an effective and productive R&D organization, appropriate strate-
gies need to be developed to circumvent and eliminate the NIH syndrome. In
a general sense, the strategy needs to focus on keeping the individual research
group members from reaching a complacent state—that is, finding ways of desta-
bilizing and energizing the research groups within the organization. Some of the
following activities might be helpful:

• Movement of new employees to the research groups.
• Active participation of outside researchers in the research group. This can

be attempted by bringing in visiting professors and scientists from other
organizations, by establishing a close relationship with premier research
universities, and by bringing in graduate students to work with other tenured
researchers in the organization.

• Encouragement of the research scientists to interact with the wider scientific
community by participating in research seminars, scientific meetings, and
professional society meetings.

• Encouragement and facilitation of interaction between development groups
(product and process development engineers) and marketing, manufacturing,
and user groups.

• Encouragement of interaction of members of technical services groups.
• Establishment of a sabbatical leave program. Though widely practiced in

academic institutions, such programs are often looked at with a jaundiced eye
by some research and development organizations. Clearly, implementation
of a sabbatical leave program in an R&D organization requires consider-
able resources. Those individuals who are intellectually able to function at
the cutting edge of technology in research and are able to provide tech-
nical leadership for an R&D organization would benefit immensely from
the sabbatical leave program. Investing in such programs is well worth
the cost.

• Give time to employees to explore their research interests.
• 3M, Hewlett-Packard, and IBM all utilize this practice and have seen

improvements in morale and technological innovation.



40 ELEMENTS NEEDED FOR AN R&D ORGANIZATION

Sabbatical leaves can be used to develop a new course or to pursue some
new line of research. It provides an opportunity for scientists to (a) take part in
scholarly activities and research that they would not be able to do during the
normal course of activities and (b) interact with a scientific community outside
their normal circles. Perhaps, to make the sabbatical program useful to the orga-
nization as well as to the individual, the individual should be given new roles
and responsibilities to complement the sabbatical leave objectives.

Group members could present “new ideas,” technologies, and perspectives
acquired outside the laboratory to the group on a regular basis. Experience shows
that some of these activities fade away after a while and that a mechanism
to stimulate interest in them is necessary. Inviting sponsors of other interested
research groups and rewarding such activities may further stimulate participation
and interest.

2.12 FIT OF PERSON AND JOB

A word should also be said about the fit of people and environment. A person
whose abilities match the demands of the job will be most satisfactory to the
organization. If the job makes greater demands than the person’s ability, the
individual feels unable to cope; if it makes too few demands, the individual
becomes restless and bored. A close match between the individual’s needs and
the job’s ability to satisfy these needs leads to job satisfaction. To some extent
an individual’s needs reflect expectations. People are most satisfied if the job
provides what they expect the job to provide. There is empirical research showing
that satisfaction is maximal when there is a match between expectation and
realization. If one gets more than is expected, it can be dysfunctional. It is a bit
like receiving a $100 Christmas gift when one expects a $10 gift. Of course,
when the expectation is higher than the realization, the person is disappointed or
angry, and the effect on job satisfaction is most severe.

It is a good idea to pay attention to the match between personal attributes and
organizational cultures. Some people are more competitive than others and feel
comfortable in a competitive organizational culture. Similarly, one can analyze
each of the dimensions of organizational culture just mentioned to see if the
individual would fit that culture.

Some R&D organizations compensate their employees with bonuses and profit
sharing rather than with high wages. This is fine for achievement-oriented risk-
takers, but more conservative individuals will dislike this method of compen-
sation. Gostick and Christopher (2008) note the importance of finding a match
between personal attributes and organizational cultures in their book The Lev-
ity Effect . A corporate culture naturally attracts the right people and repels the
wrong ones. Kalleberg (2007) reports that there can be many reasons for mis-
matches: skills and qualifications, geographical or spatial location, temporality
and time preference, inadequate earnings, and conflicts between work and family
lives. Taking into account the needs, interests, values, and expectations of all
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parties involved will help prevent dissatisfaction, stress, underutilization of the
workforce, and substantial financial loss.

2.13 CREATIVE TENSIONS: MANAGING ANTITHESIS
AND AMBIGUITY

When uncertainty is tolerated and accepted, creativity and innovation occur most
easily within an organization. Organizations in which innovation is truly valued
have a higher tolerance for failure and also emphasize the importance of collabo-
ration in decreasing levels of uncertainty (Glynn, 1996). The following are other
ways in which a healthy R&D workplace can be fostered.

• Feedback. Management needs to give performance feedback to help scien-
tists and engineers see the value of their work and understand their purpose.

• Change Tasks. It is important to alter the nature and increase the complexity
of tasks at hand. Challenging and important tasks make technical profes-
sionals take on more responsibility for their work while also giving them a
sense of self worth.

• Open Envirnoment. Creating an environment where active exchanges of
information can take place among team members is crucial to providing
continuous learning and also makes people feel as though they are part of
the same team.

For a manager in an R&D organization, creativity and innovation may not
flow freely, and many questions related to the work environment arise. Answers
to these questions are inconsistent and ambiguous. Examples of such questions
are as follows:

• In general, what kind of climate in an R&D organization is conducive to
technical accomplishment, excellence, and productivity?

• What is the optimum degree of freedom versus control?
• What should be the balance between basic research, applied research, devel-

opment, and technical assistance?
• Should the scientist be isolated?
• How about the communication network? What is optimum in an R&D orga-

nization?
• To what degree is the specialization of a researcher important?

Pelz and his colleagues studied 1300 scientists and engineers in 11 research and
development laboratories, 5 industrial laboratories, 5 government laboratories,
and 7 departments in a major university. Their findings shed light on some of
the preceding questions. Based on this study, it was concluded that scientists
and engineers were more effective when they experienced a “creative tension”
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between sources of stability or security on the one hand and sources of disruption
or challenge on the other (Pelz and Andrews, 1966b). This study indicates that
achievement often flourishes in the presence of factors that seem antithetical.

Specifically Pelz and Andrews found the following:

1. Effective scientists and engineers in research and development laboratories
engaged in both applied and basic research, as well as a wide range of R&D
activities (e.g., serving on review panels, providing technical services).

2. Effective scientists were intellectually independent and self-reliant; they
pursued their own ideas and valued their freedom, but they also interacted
vigorously with their colleagues. They did not avoid other people.

3. In the first decade of their career the effective scientists spent a few years on
one main project, but they did not overspecialize. They developed several
skills that they used well in the next decade.

4. Mature scientists were interested both in probing deeply and in pioneering
in new areas.

5. The best work occurred in environments that were not too tightly con-
trolled, provided enough of a challenge as well as adequate security, and
did not impose rigid goals of the organization on the scientists. Moderate
coordination, allowing individual autonomy, usually resulted in finding the
best solution. But effective scientists were strongly influenced by a variety
of internal and external sources, including concerns about the goals of the
organization.

6. The most effective scientists were those that influenced key decision-
makers of the organization, but whose goals were highly coordinated with
the goals of the organization.

7. High performers received personal support and stimulation from their col-
leagues, but differed from their colleagues in technical style or strategy.
In other words, they had complementary talents with their colleagues, and
they were well respected and supported by them.

8. R&D teams change over time. As they get “older” they become more and
more interested in narrow specialization and less and less interested in
broad pioneering. The most useful teams are at a “group age” that has not
yet become too interested in narrow specialization and has lost interest in
broad pioneering.

9. Effective older teams had members who preferred one another as collab-
orators, but remained intellectually combative and used different technical
strategies.

Thus, in designing organizational cultures for R&D laboratories it is desir-
able to review some dimensions identified by Pelz and Andrews (1966b). They
emphasize balance between several extremes. It is not desirable to spend all of
one’s time on applied or on basic research; a mixture of the two is more effective.
One should not emphasize extreme self-reliance in a lab; one also needs some
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interdependence. One should not overemphasize specialization; one needs to be
good at many things. Supervisors should not provide too much structure; the sub-
ordinate needs some autonomy. Research scientists must find a balance between
their personal research goals and those of the organization. Projects should not
be too long or too short; a three-year project is often optimal.

Jobs, particularly in research, should be designed so that they provide oppor-
tunities for autonomy, since research personnel is high on this need. They must
also provide significance; that is, people should have the sense that what they are
doing is important for the organization, for themselves, for the profession, and
for society. Finally, jobs should provide feedback.

There is research suggesting that people who are in a good mood are more
creative than people who are in a neutral mood (Isen et al., 1985). Mood can
be manipulated by having people think pleasant thoughts for a period of time.
This experiment was done with college students and requires replication in a
research setting, but it is certainly worth trying to put people in a good mood if
possible.

Stimulation by others requires that people be able to communicate easily. In
some studies the elimination of physical barriers helped in the operation of R&D
laboratories.

A desirable organizational culture allows employees to have a sense of control.
In some experiments, those without control became depressed. One increases the
sense of control of employees by allowing them to participate in decisions that
affect them, such as when to start work, what to study, and when to study
it. Management by objectives is desirable since it enables the supervisor and
subordinate to sit down periodically and agree on milestones, goals, or values.
This review in turn allows for feedback, and it also allows for discussion of
why the goals were not reached and for congratulations when they were attained.
Cultures that reward frequently are more effective than cultures that do not. That
does not mean that one should get rewarded for every success. Rather, there
should be uncertainty about getting a reward. However, when something major
has been achieved, the reward should be extremely probable.

Goals must be set in such a way that they are specific and difficult, but
attainable. There is research showing that this combination of goal attributes
results in maximal motivation. This research will be reviewed in Chapter 6,
“Motivation in R&D Organizations.”

Companies such as John Deer, eBay, and Johnson and Johnson have achieved
success in evoking loyalty and passion from their employees. Their leaders, argue
Govindarajan and Bagchi (2008), utilize the emotional infrastructure we obtain
from our families. The infrastructure consists of the following:

• Proximity: Leaders who are accessible to their employees
• Rich Communication: Leaders who respond appropriately to questions while

eliminating rumors and allowing for multi-channel communication
• Myths and Rituals: Bonds and relationships that are built by communicating

myths and rituals
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• Bonding Trough Adversity: Organizational crisis that bring people together
• Support Networks: Supportive networks that keep bonds strong within a

company
• Shared Vision: Leaders who share the long-range vision with employees so

everyone is aligned
• Exclusivity: Development of an invisible, self administered code of conduct

and benefits

This emotional infrastructure confers a competitive advantage on those orga-
nizations able to create and sustain it.

A good R&D culture will accept failure. When all experiments come out as
expected, this indicates that the research is too conservative. “If you do not have
several failures, you are not doing a good job” should be the way R&D man-
agers talk to their subordinates. Open communication (open doors), acceptance
of suggestions, and the assumption that there is always a better way and that the
better way does not constitute a criticism of the employee are important values
and perspectives for the R&D manager.

The organizational culture should stress a win–win orientation in resolving
conflict. This orientation involves looking for a creative solution that will satisfy
both sides in an argument. Chapter 9 on conflict will discuss this approach more
thoroughly.

2.14 DEVELOP A CLIMATE OF PARTICIPATION

Participation is the right climate for the management of R&D laboratories. Partic-
ipation makes especially good sense in the case of the management of research.
Lawler (1991) argues that it makes sense in any organization, but the kinds
of factors that make it desirable are found in particular abundance in R&D
laboratories.

Lawler makes the point that participation means moving rewards, knowledge,
power, and information flow to the lowest possible levels of an organization. He
states, “My prediction is that for participative management to be effective it must
put power, rewards, knowledge, and an upward and downward information flow
in place at the lower levels of an organization. Limited moves in this direction
will, according to this view, produce limited or no results.” Thus, he criticizes
many of the proposed panaceas of contemporary U.S. management (such as
quality circles, the employee survey feedback, job enrichment, work teams, union
management teams, quality-of-work-life programs, gainsharing, and the new-
design plants) as doing only some of the job and so achieving only part of the
results. In his last chapters, he describes the kind of organization that he sees
as optimally participative and successful in the way it deals with organizational
change.

The most important point made by Lawler is that there must be congruence
between the management actions in the areas of power, reward, knowledge,
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and information flow. If a management method reduces the level of decision
making in one of these ways but not the others, the effect would be much less
desirable than if all four attributes (power, rewards, knowledge, information)
were to change together.

The management philosophy that should characterize participative manage-
ment is as follows:

• People should be treated fairly and with respect.
• People want to participate (this is particularly true in the case of highly

educated samples, such as researchers).
• When people participate, they accept change.
• When people participate, they are more committed to the organization.
• People are a valuable resource because they have ideas and knowledge.
• When people have an input in decisions, better solutions are developed.
• Organizations should make a long-term commitment to the development of

people because that makes them more valuable to the organization (this is
particularly true in R&D organizations).

• People can be trusted to make important decisions about their work activities.
• People can develop the knowledge to make important decisions about the

management of their work activities.
• When people make decisions about the management of their work, the results

are high satisfaction and organizational effectiveness.

This perspective requires an organizational structure that has very few levels.
A structure comprised of a director, a manager level, and researchers organized in
functional or disciplinary groups, is sufficient. The fundamental grouping should
be organizational units that are responsible for a particular product or customer or
research area. People should be able to identify with their work group. Each unit
should serve some customer and receive feedback about customer satisfaction.
Members of the unit should know precisely what the budget is and how it is
being spent. They should know what is expected of them from various customers
(e.g., funding agencies). They should receive feedback concerning their success in
satisfying these customers. Ideally, information about the performance of the unit
should be available at frequent intervals. Widespread use of computer networks
has improved feedback.

The physical layout of the work group should be egalitarian, safe, and pleasant.
The same informal dress should be worn by all. The physical layout should create
team boundaries.

2.15 SUMMARY

The management of R&D organizations is quite challenging. It is difficult to coor-
dinate numerous individuals who are socialized to work autonomously. However,
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one cannot leave them totally alone, since the organization has goals that its per-
sonnel must meet. It is hard to get ideas, funds, and the right climate at the right
time and place in order to produce a top-quality research product.

In a real sense the job of the R&D manager is to create the right climate
for research. A first-rate researcher, in the right climate, with adequate funding,
is likely to come up with important ideas. But providing the right culture is
complex. A manager must select people, match them with jobs, match them into
teams, do team building, and help develop norms, roles, and standard operating
procedures that will result in high levels of innovation. An organization must
be developed that will allow people to be maximally creative. Rewards must be
provided so that people will be motivated to work hard and to seek excellence.
The manager must know how to lead, how to reduce conflict, and how to get
maximum advantage from the resources that are available.

In this chapter we examined rather superficially, and at an introductory level,
the people, ideas, funds, and culture that are required for excellence in R&D
organizations. In the subsequent chapters we will focus in greater depth on the
very same topics and will also examine how to evaluate people and how to
determine a laboratory’s success. Technology transfer and satisfaction of the
laboratory’s clients are among the outcomes that are measurable and provide
clues about the success of the laboratory. We will examine also how a manager
can evaluate change in organizations and essentially learn to manage the culture
of the R&D organization.

2.16 QUESTIONS FOR CLASS DISCUSSION

1. Discuss the kind of organization (bureaucratic versus organic) that is likely
to be the most desirable in many R&D labs.

2. Define the gatekeeper in R&D labs. What are the functions associated with
gatekeeping? How can these functions be performed best?

3. What is organizational culture? How can one develop an effective organiza-
tional culture for an R&D lab?

4. Discuss participation in decision making in R&D labs. What are the limits
(too much; too little)?

5. Develop case studies in your organization in which you consider issues
related to:

• Staffing
• Communication networks
• Not-Invented-Here syndrome
• Creative tensions



3
CREATING A PRODUCTIVE
AND EFFECTIVE R&D
ORGANIZATION

In Chapter 2 we introduced the four key elements required for an effective R&D
organization. In this chapter we will continue our discussion of these elements,
emphasizing in greater depth those aspects that we believe are especially related
to organizational effectiveness.

The productivity of an industrial operation usually includes the quantity of its
output and its quality. However, in an R&D organization, many units of output
are intangible and subjective in nature. Productivity also needs to relate to the
objectives and goals of the organization. Consequently, to focus comprehensively
on R&D productivity, the concept of “organization effectiveness” is proposed.

Organization effectiveness is a vector that includes quantifiable and nonquan-
tifiable outputs and reflects the quality and the relationship of outputs to broad
organizational goals and objectives. Organization effectiveness has a one-to-one
correspondence to the general concept of productivity, but it also includes items
not always included in productivity—for instance, quality and utility (i.e., rele-
vance to organization objectives). Using this definition, if an organization is very
effective, it is very productive, and if it is not very effective, then it is not very
productive. Not only should an organization be productive, but it needs to be
viable over a considerable period of time. This in turn requires that members be
satisfied with the organization.

3.1 ORGANIZATION EFFECTIVENESS

Effectiveness can be determined by a number of different criteria. Table 3.1
lists some criteria that may be used; the reader will think of others. To some

47
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TABLE 3.1 Criteria of Organizational Effectiveness in R&D Laboratoriesa

Criterion Measurement Instrument

Quantity of output Numbers of reports, publications, new products
Quality of the work Number of patents obtained, number of times

publications of lab members are quoted, number of
refereed publications per member of lab

Increases in the size of
organization

Obtaining more research funds

Absenteeism Number of persons out of the total work force who are
absent without a valid excuse on an average day
(counted inversely)

Level of stress Measured with physiological indexes, number of visits
to hospital, frequency of peptic ulcers, etc. (counted
inversely)

Level of job satisfaction Measured with a standardized questionnaire, such as the
Job Descriptive Index. Components: satisfaction with
pay, supervisor, organization or company, job,
co-workers, working conditions

Pride in the organization Feelings of pride measured via questionnaires
Congruence of individual

and organizational goals
The extent individual goals are consistent with goals as

they are reflected in employee and management
statements

Profits Direct profits or return on investment studies where
returns are determined from implementation of
research products

a A good case can be made for each organization developing its own criteria of effectiveness through
participation of organization members in a debate that considers (1) different criteria, (2) how they
should be measured, and (3) how they should be weighted. Such a debate has the advantage of
involving the key members of the organization in the development of its goals. They become com-
mitted and ego-involved. The criteria that need to be debatsed are listed in Table 3.1. Other criteria
might be suggested during these debates.

extent, the type of R&D organization will determine the criteria. The criteria
listed in Table 3.1 are self-evident, but some comments are needed concerning
the congruence of individual and organizational goals and the use of profit as a
criterion.

First, consider the congruence of individual and organizational goals. If the
individual’s activities are quite consistent with the activities and goals of the
organization, this will result in a better organization than one in which individuals
try to do “their own thing” and are not really concerned with what happens to
the organization.

Next, consider profit. For a profit-oriented organization, revenues or earnings
may provide a good measure of its productivity or effectiveness. However, for
a research organization (or a nonprofit organization), other measures are needed.
Nevertheless, a good way to integrate individual and organizational goals is to
pay some bonus based on total organizational performance.
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International Business Machines Corporation (IBM) is regarded as a leader
in its industry for a variety of reasons. Out of 35,000 total research laboratories
in the United States, IBM has set “the gold standard for turning research into
corporate profits” (Feder, 2001). In 2000 IBM was awarded 2,922 patents in
the United States, which was 43 percent more than second place NEC of Japan.
Through patent licensing they have been able to generate $1.7 billion in fees. John
Seely Brown, the former director of the Xerox Palo Alto Research Center, noted
that IBM is the research center other company’s benchmark themselves against.
IBM invests heavily in research and development, which provides new product
innovations to keep itself ahead of competitors. They attribute their profitability
to the corporate culture, specifically through the fellows program. Being a “fel-
low” is a prestigious position within the company and brings financial bonuses
and freedom in research. IBM also has a flair for public relations, helping to
get their name out and be viewed as a technological pioneer. Linking mone-
tary rewards to company profitability has also proved worthwhile in motivating
employees.

In summary, R&D organization output measures can be subjective or objective,
discrete or scalar, and quantitative or nonquantitative, and there can also be
qualitative aspects associated with them. The relationship of output measures to
organizational goals must also be included. An interesting categorization of output
measures in terms of result, process, and social indicators has been proposed by
Anthony and Young (2002).

Different organizations (governmental, commercial, and educational) will
weigh the available criteria differently. It may be a useful exercise for the key
teams of a lab to devote some time to a discussion of how the various criteria
should be weighted. Agreement on how to do that is likely to increase the
congruence of individual and organizational goals, and possibly reduce role
conflict within the organization. Of course, in pure research the publication
criterion is weighted more heavily, and in applied research the product that
has been invented or developed is the key output that must meet certain
specifications. These specifications themselves can be stated as criteria (e.g.,
product should cost less than a certain amount, should weigh less than a certain
amount, should have certain performance characteristics, and so on). Sessions
that are devoted to goal clarification and how specific criteria will be used to
determine their attainment by the individual or the organization will take time,
but will be of great value in creating a good climate of cooperation within the
organization.

Commenting on organization effectiveness, Blake (1978, p. 260) suggests that
the criterion for evaluating the effectiveness of an R&D organization should be
the record of its success or failure in meeting its objectives. He recommends
a set of questions that would form a basis for determining R&D organization
effectiveness:

• Are project cost schedules met?
• Are project time schedules met?
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• Are time schedules kept that show both original estimated costs and actual
costs of the projects?

• Are records kept that show both the estimated completion time and actual
completion time for the projects?

• Is there clear delineation between overruns and cost increases caused by
change in the scope of the projects or other proper causes?

• Is there significant scientific fallout?

Szakonyi (1994) proposes ten R&D activities and six operating levels to mea-
sure organizational effectiveness. The proposed activities are as follows:

1. Selecting R&D
2. Planning and managing projects
3. Generating new product ideas
4. Maintaining the quality of the R&D process and methods
5. Motivating people
6. Establishing cross-disciplinary teams
7. Coordinating R&D and marketing
8. Transferring technology
9. Fostering collaboration between R&D and finance, and

10. Linking R&D to business planning

These activities are evaluated in terms of their level of operation. The six
proposed levels are as follows:

1. The issue is not recognized.
2. Initial efforts are made toward addressing the issue.
3. The right skills are in place.
4. Appropriate methods are used.
5. Responsibilities are clarified.
6. Continuous improvement is underway.

The proposed activities and levels of operation can be modified to suit orga-
nizational needs. This approach can be used as a diagnostic tool to identify
deficiencies and ways to improve organization effectiveness.

Clearly, there are a number of ways of looking at organization effective-
ness. Viewing organization effectiveness, and thus productivity, as a vector, the
following relationship is proposed:

Productivity = Effectiveness = Output × Quality
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Output Measures

Output has three categories: process measures, result measures, and strategic indi-
cators. A quantitative or a qualitative measure can be assigned where possible;
and these measures, where appropriate, relate to organizational objectives. Further
description of these proposed measures follows.

Process Measures. These measures are process-oriented and relate to activities
carried out by an organization or its subunit; they also relate to short-term, day-
to-day activities of the organization. Some examples in a research organization
may be

• Number of times technical assistance was provided to an operational unit
• Number of responses sent to enquiries from outside scientific or internal

units
• Number of visitors to the organization
• Number of administrative types of actions handled

Result Measures. These would be tangible, measurable outputs expressed in
terms of an organization’s objectives and goals. Some examples are:

• Number of technical reports published
• Number of refereed papers published
• Number of patents generated
• Number of major innovations developed and adapted for commercialization
• Dollar amount of external research grants obtained
• Return on R&D investment

Strategic Indicators. These indicators would focus on long-term and strategic
aspects of the organization. Examples include:

• Reputation of the research organization
• Ability to attract highly qualified scientists
• The degree of customer (sponsor organization) satisfaction with research

output
• Stability of research funding
• Ability to attract research support for new high-risk research projects
• Job satisfaction level of the employees

It is clear that there are many ways in which one can assess the effective-
ness of an organization. Thus, when thinking of an effective organization we



52 CREATING A PRODUCTIVE AND EFFECTIVE R&D ORGANIZATION

should include all the variables because any one of them is likely to be biased or
contaminated by extraneous factors. Any one criterion could be biased because
of the way it is confounded with other variables of which we are not aware, or
because the way it is measured may not be as accurate as possible. On the other
hand, if we utilize many criteria and there is some degree of convergence across
these criteria, then we are reasonably sure that we are dealing with a meaningful
overall criterion (e.g., the weighted sum of the above-mentioned criteria), which
can be used as a means of assessing the effectiveness of an organization.

3.2 WHO ARE THE INVENTORS AND INNOVATORS?

Individual capabilities, availability of resources to pursue research and develop-
ment, and the ethos of a scientific community are all relevant to understanding
inventors and innovators and the milieu in which they are likely to create and
invent. The following are some ideas related to creativity and the characteristics
of inventors.

Creativity

To invent or to innovate requires creativity. A very good account of creativity is
given by Barron (1969), who discusses the majority of the tests that are available
that purport to measure creativity. These tests do not specifically focus on R&D
personnel; however; the attributes are those that Barron and others have discov-
ered in their research with creative people. In doing the study, Barron and others
obtained nominations of creative people from different professions and studied
these individuals. They found a number of attributes frequently associated with
creativity. Of the more than 30 attributes, the significant ones are:

• Conceptual fluency (that is, being able to express ideas well and to refor-
mulate the ideas as one proceeds)

• The ability to produce a large number of ideas quickly
• The ability to generate original and unusual ideas
• The ability to separate source (who said it) from content (what was said) in

evaluating information
• The ability to stand out and be a little deviant from others
• Interest in the problem one faces
• Perseverance in following problems wherever they lead
• Suspension of judgment and no early commitment
• The willingness to spend time analyzing and exploring
• Genuinely valuing intellectual and cognitive matters

Research on creativity (Freiberg, 1995) indicates that the most creative scien-
tists are those who had creative mentors. For example, most Nobel Prize winners
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have studied under previous laureates or had people around them who inspired
them. Native intelligence is important, but it must match the scientist’s social
world.

Psychologists argue that the larger the talent pool from which a person comes,
the higher the intelligence. Thus, we can expect that the most intelligent people
would be found in China (population 1.3 billion) and India (with 1.1 billion).
But these countries have relatively few Nobel Prize winners because the social
environment is not optimal. To be creative, one must be surrounded by creative
people.

A study of creativity in molecular biology laboratories found that social inter-
action was a major factor. Psychologist Kevin Dunbar, who did that study, put it
this way: “One person might provide one premise, another might provide another
premise, and the third person might draw a conclusion from the two premises”
(Freiberg, 1995, p. 21). An additional factor was the extent that people in the
laboratory used analogies and metaphors. Laboratories that use these devices a
great deal had the most creative scientists.

Finally, research finds that to be creative one must think differently from
the way others think. That means that the more one uses past knowledge—for
example, spending a lot of time examining the literature—the less likely one
is to be creative. One could even say, without too much exaggeration, “Expose
yourself to the literature only superficially, to make sure that you are not rein-
venting the wheel. Then work on the problem first, try to solve it without looking
too much at what others have written, and after you solve it read the literature
very thoroughly to place your solution into a scholarly context.”

Sternberg and Lubart (1995, p. 2) ask the question, What exactly is a creative
person? They argue that it is a person who generates many ideas that are relatively
novel, appropriate, and of high quality. Creativity is domain-specific. Research
has shown that children who were unusually good at one domain (writing, art,
music, crafts, science, performing arts, public presentations, and so on) were
usually not especially good in others. In a study of 2,400 eminent Western creators
in various fields between the years A.D. 850 and 1935, there were few examples
(17 percent) of eminence in more than one field (e.g., painting and sculpture)
and only 2 percent of examples of eminence in unrelated fields (painting and
philosophy).

Age is related to creativity rather differently. For example, mathematicians
make their major contributions early in their careers; social scientists do so much
later, and philosophers are usually quite late in reaching their peak.

Older people are not as creative as younger scientists, but that is not because
they are no longer able to generate new ideas, but because they are distracted by
competing activities—administration, writing letters of recommendation, attend-
ing ceremonies where they get awards, giving large public lectures, and so on.
They also are not inclined to take risks to the same extent as younger scientists.

What is valued as creative in one historical period or in one culture is not
always seen as creative in other historical periods or cultures. For example,
Confucius defined creativity as taking what is already known and improving it
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a little. In the West, on the contrary, we value revolutions and major shifts in
perspective and would not call Confucius’ recommendations creative.

The Creative Person and Creative Work

The attributes of the creative person include doing what others think is impossible;
being a nonconformist; being unorthodox; questioning societal norms, truisms,
and assumptions; and being willing to take a stand. The creative person questions
basic principles to which everyone subscribes.

Sternberg and Lubart (1995) argue that there are six personal resources nec-
essary for creative work:

1. Intelligence. An I.Q. of less than 120 (average of American university
students) is not helpful in generating new ideas, but one does not need a
huge I.Q. in order to be creative.

2. Knowledge. One needs to know what others have done on the subject,
but one does not have to know everything. In fact, if one tries to know
everything, one is likely to spend all available time reading the literature
rather than coming up with new insights.

3. Thinking style. Questioning what others think is true, thinking about what
is unusual, profound, and important. “Creativity is 99 percent perspiration
and 1 percent inspiration” means that the person thinks a lot.

4. Personality . To be creative, one must be willing to take chances. One
must also be willing to be ridiculed, because many creative ideas strike
ordinary people as stupid or crazy. They also shake the status quo. For
example, before the theory that bacteria cause infections was developed,
Ignaz Semmelweiss, a Hungarian physician-researcher, suggested that
patients in maternity wards might be dying because of germs on the
unwashed hands of physicians. This idea was ridiculed even after he had
demonstrated that by his strict hygiene measures he had reduced maternity
ward mortality rate dramatically. It also helps not to be arrogant, because
arrogance reduces the chances that others will accept the idea. Another
attribute is that creative people like to create their own rules for getting
things done.

5. Motivation . Creative people have high energy and produce a lot. They are
task-focused and absorbed in what they do. They are in love with what
they do. They are not 8-to-5 employees; they work night and day on their
problem. Since they produce a lot, some of what they produce has some
chance of being valuable. People who produce little have a very low chance
of producing something valuable. It is only by trying a lot of experiments
that it is possible to determine how they will come out.

6. Be in the Right Environment . We already made that point above. Creative
people need supervisors who leave them alone or who help them find the
best work conditions. For example, some people are more creative when
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they are with others, but the majority are most creative when they are alone.
A wise supervisor can detect what conditions are best for the particular
scientist and will arrange for those conditions to occur most of the time.

These six attributes have to have a minimal value for a person to be creative,
but every one of them does not have to be at an extremely high level. People
can compensate for being low on one by being high on another aspect.

Can Creativity Be Developed?

Sternberg and Lubart (1995) argue that creativity can be developed. They rec-
ommend teaching people a few principles:

1. Learn to redefine problems. Don’t just accept what you’re told about how
to think or act (p. 285).

2. Look for what others do not see. Put things together in ways that others
don’t; and think about how past experiences, even ones that may initially
seem irrelevant, can play a part in your creative endeavors (p. 286).

3. Learn to distinguish your good from your poor ideas, and pay attention to
their potential contribution (p. 286).

4. Don’t feel that you have to know everything about a domain in which you
work before you are able to make a creative contribution (p. 286).

5. Look at the large picture.
6. Persevere in the face of obstacles, take sensible risks, and be willing to

grow (p. 287).
7. Do what you really love.
8. Find environments that reward you for what you love to do (p. 288).
9. You can compensate for what you do not have. For instance, a person who

does not have all the knowledge might be able to compensate by being
extra-intelligent or by being in an extra-helpful environment.

10. Learn that the major obstacle to creativity is not the environment, but the
way you look at the environment.

Creative Phases

Creativity has phases (Sternberg and Davidson, 1996): first preparation (the
problem is defined and goals are diffuse, but there is a general direction), then
incubation (different ideas float in one’s subconscious until they join together
in a new way of thinking), and finally production (one generates a lot of ideas,
does a lot of experiments, and thinks of many different ways of looking at a
problem). An insight that suddenly provides a new perspective may come after
the incubation. At some point in this sequence, one has to switch from gener-
ating ideas and insights to criticizing them. One has to select the idea that is
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to be sold to the scientific community. That means that criticizing, improving,
extending, condensing, sifting, combining, correcting, and testing are all impor-
tant ingredients of creativity. It is just that they must come at the right time,
after the ideas have been generated. During the criticism phase, it is important
to talk with others to see how acceptable the insight or ideas will be to different
audiences.

As mentioned briefly in the previous chapter, an interesting study by Isen and
colleagues (1985) suggests that people can become more creative if they are in a
“good mood.” Subjects were randomly assigned to experimental groups (where
manipulations of good mood were provided) and to control groups (where a
neutral or negative mood was created). The mood manipulation was achieved
by asking the subject to give associations to specific words. For the positive
mood, the words were positive; for the negative mood, they were negative. The
experimenter then scored the extent to which the associations were “unusual.”
Previous work has shown that creativity is higher when people make unusual
associations. Standardized norms were available to obtain an objective measure
of “unusualness” (e.g., if a response is frequently given by similar samples, it is
not unusual). Thus, if the study were generalized to R&D laboratories, it would
seem that managers in such laboratories must be particularly concerned when
their subordinates suffer from poor morale. Such a condition may be particularly
detrimental to creativity.

Characteristics of Inventors and Innovators

Views on characteristics of inventors and innovators naturally vary. Commenting
on inventors and innovators, McCain (1969, p. 60) has suggested that the amateur
scientist is nearly extinct and that formal training is almost a prerequisite for
inventions and new scientific concepts. The individual normally has spent a very
substantial amount of time and effort absorbing existing knowledge in his or her
particular discipline while obtaining a graduate degree. These individuals tend to
be above average in intelligence, as measured by ordinary testing methods.

However, even these highly trained, intelligent individuals with backgrounds
in a scientific discipline are not very likely to make any substantial new contri-
butions. Armstrong (1994) posits the reason for this is “the PhD paradox,” which
points out that engineers and scientists obtain their PhDs and, while doing so,
become overly specialized.

Education and aptitude then form the first signaling mechanism in identifying
inventors and innovators. Among this select group, however, only a small propor-
tion will produce many inventions and innovations. Empirical studies (Charpie,
1970, pp. 7, 17) further suggest other characteristics that contribute to innova-
tion. Focusing on the individual, some characteristics of a successful inventor
and innovator are as follows (Charpie, 1970, p. 7):

• Strong technical background
• Able to deal with things rather than people
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• Fluency in discussing ideas rather than handling processes in a formal orga-
nization

• More at home with technical products than with marketing problems
• Inclined to be disdainful of the professional judgments of others
• Committed to innovative concepts and product notions

Recall, as discussed earlier, the distinction between inventors (basic research)
and innovators (applied research). At the University of Sussex, United King-
dom, 29 pairs of similar innovation projects were examined. In each pair, one
project was successful and the other less so. There were clear differences within
pairs that fell into a consistent pattern of successes. The characteristics of a suc-
cessful innovator and the related organization structure that was implied can be
summarized as follows (Twiss, 1992):

• Successful innovators are seen to have a much better understanding of user
needs.

• Successful innovators pay much more attention to marketing .
• Successful innovators perform development work more efficiently than those

who failed, but not necessarily more quickly.
• Successful innovators make more effective use of outside technology and

outside advice (even though they perform much of the work in-house).
• The responsible individuals in their successful attempts are usually more

senior and have greater authority than their counterparts who fail. This
could be because of the successful individual’s previous record.

None of these factors can be taken in isolation, but clearly, individuals working
together on a research and development project who exhibit these characteristics
are likely to show a higher degree of success. In rare instances, however, key
people are able to successfully bridge the gap between fields such as science and
technology by possessing the characteristics of key inventors and core scientists
(Sternitzke, Bartkowski, Schwanbeck, and Schramm, 2007).

Characteristics of inventors and innovators discussed here cannot be measured
precisely, and they represent a rather subjective evaluation of human capabili-
ties, behavior, and accomplishments. Consequently, any rigid formalization of
these characteristics is likely to lead to their misuse and thus be counterproduc-
tive. For example, many individuals without extensive formal education or other
characteristics mentioned here have made important contributions to inventions
and innovations in the past and they will continue to do so in the future.

Wainer and Rubin (1969) studied 51 technical entrepreneurs who founded
and operated R&D companies. They checked whether the personality of these
entrepreneurs predicted company success—that is, company growth. They found
that those who were most successful were high in need for achievement. Such
people like to compete with a standard of excellence, and they have many fan-
tasies in which they accomplish something especially important. They usually
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take moderate risks, they are high in taking individual responsibility, they are
interested in the outcomes of what they do, and they are able to delay immedi-
ate rewards so as to get larger rewards later. In addition, the researchers found
that the most successful of the entrepreneurs in this sample were moderate in
need for power (wanting to be the boss). Those who were moderate in need for
achievement but high in need for affiliation (wanting to be with people) were also
relatively successful. This suggests that an entrepreneur who is good in getting
help from others can also succeed, even if his or her need for achievement is not
extremely high.

3.3 ODD CHARACTERISTICS OF INVENTORS AND INNOVATORS

Rosovsky (1987) raised the question, Is there any substance to the theory that a
significant proportion of scholars possess difficult and childish personalities—that
is, the Amadeus problem? While it is not prudent to generalize on personality
traits, many R&D managers would agree with this assertion. In the film Amadeus ,
Mozart was characterized as infantile and fundamentally boorish. While his
behavior was atrocious, his musical gifts were divine. A manager may have to
deal with the Amadeus problem or complex when a researcher displays excep-
tional scientific talent but is a difficult, inconsiderate, and unpleasant person to
work with.

Some inventors and innovators—men and women of science—are the essence
of modesty and kindness. Many of them, however, are not likely to be so char-
acterized. Few have the fine human qualities of Einstein or Sir Hermann Bondi
(a distinguished physicist whom Jain knew while a Fellow at Churchill College,
Cambridge University). Many inventors and innovators have well-developed egos
and incredible hubris. Some cases described below will give the reader a better
understanding of the problem.

Let us take the case of Wolfgang Pauli at the Institute for Advanced Study,
Princeton University. Pauli, of course, was a brilliant physicist, discoverer of the
“Pauli Particle,” and inventor of the “Exclusion Principle,” which is one of the
pillars of new physics. Pauli used to put people down at physics conferences
whenever presenters were not being clear or correct according to his own think-
ing. This once happened to Robert Oppenheimer at a seminar in Ann Arbor,
Michigan (Regis, 1987, p. 196). While Oppenheimer was lecturing he covered
the blackboard with equations. All of a sudden, Pauli jumped up, grabbed an
eraser, and cleaned the whole blackboard off, saying it was all nonsense!

Pauli’s uncontrolled behavior continued 20 years later when Frank Yang was
lecturing at the Institute for Advanced Study on the topic of gauge invariance
(Regis, 1987, p. 196). Yang, a Nobel laureate, had barely started when Pauli
interrupted him with a question: “What is the mass of this particle?” Yang replied
that it was a complicated problem and that he had not come up with a definite
answer yet. Pauli retorted that this was not a sufficient excuse. Yang, who was a
model of politeness and reserve, was so stunned that he had to sit down and collect
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himself (Regis, 1987, p. 196). Pauli did not feel that he had done anything wrong;
instead he thought that it was Yang who was not responding appropriately. Pauli
left a note in Yang’s mailbox suggesting that Yang had made it almost impossible
for Pauli to talk to him after the seminar.

Pauli was not a modest person. He often complained to his colleagues that he
was having a hard time finding new physics problems to work on, because he
knew too much (Regis, 1987, p. 196).

There is also the case of Kurt Godel, the brilliant logician, probably the greatest
since Aristotle, who was also at the Institute for Advanced Study. Godel published
his work on general relativity in 1949 and at the Institute he was regarded as
utterly profound and inexpressively deep (Regis, 1987, pp. 47 and 63). This great
logician and mathematician, however, believed that his food was being poisoned
and that his doctors were trying to kill him. He died of malnutrition.

Edward Wilson, a world renowned evolutionary biologist, wrote about his
experiences with James Watson, the co-discoverer of the structure of DNA. Wil-
son stated that when Watson was a young man in the 1960s, “I found him the
most unpleasant human being I had ever met.” And at the biology department
meetings at Harvard, “Watson radiated contempt in all directions” (Wilson, 1994,
p. 42). Wilson further commented that Watson did not acknowledge his presence
as they passed in the hallways and Watson was “supremely self-possessed and
theatrically condescending” (Wilson, 1994, p. 43). Wilson praised Watson for
his great discovery and his brilliance and credited Watson’s unpleasant and hos-
tile behavior toward him as responsible for redoubling his own energies in the
evolutionary area.

3.4 RESEARCHER’S RELATIONSHIP WITH MANAGEMENT
AND PEERS

Many researchers have a rather negative view of managers or directors of research
organizations. As an example, at the Institute for Advanced Study, the famous
physicist Oswald Veblen suggested that the Institute did not need a director.
Instead, he proposed that the institute should have a rector, who would not have
any power or authority to hatch forward-looking plans or schemes or develop
any new institutional policy (Regis, 1987, p. 128). Some scientists at the institute
joked that a good director should be “a little stupid” so that he would not come
up with new ideas that might change the status quo of the institution. When
Oppenheimer was being considered for the position of the director of the institute,
some scientists advanced the truly shocking notion that perhaps the faculty could
manage quite well on its own with only an administrator to manage business
affairs. Later on when Oppenheimer became the director of the institute, he quite
seriously suggested that the Institute could probably run quite well without a
faculty (Regis, 1987, p. 129)!

One of the directors of the Institute for Advanced Study stated that many of the
scientists claimed that they wanted to be free of routine administrative matters
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so they could focus their energies on research and scholarship. The director
suggested that they did not mean a word of it. Although they want opportunities
for research and scholarship, they also want managerial and executive powers
(Regis, 1987, p. 38).

Power sharing is essential in an R&D organization. Yes, researchers do, in
fact, want to share the managerial and executive authority with the admin-
istrative structure. Researchers, in particular, want to share those aspects of
managerial and executive authority that affect their research activities. Naveh
(2007) explains that the relationship between formalization, referring to struc-
ture and stability, and discretion , referring to spontaneity, affect research aspects
such as technical proficiency, project duration, and project team size. There-
fore some level of power sharing needs to be implemented between all parties
involved.

On the other hand, researchers need to understand that accountability and some
administrative duties also go with such power sharing. This simply cannot be
avoided. In sharing these powers, researchers will have to do some administrative
work, meet scheduled deadlines, listen to the views of others, compromise where
there are differing views, and not engage in guerrilla warfare after the decisions
are taken.

Some of the negative views that researchers have about management are based
on their experiences with organizations. As of 1998 nearly 90 percent of Fortune
500 companies emphasized formal initiatives based on structure, stability, and
following rules when running R&D projects (Naveh, 2007). There are cases at
universities and research organizations where the administrative structure seems
to grow at a proportionally higher rate than the size of the research group or
faculty. As an example, when Oppenheimer was the director at the Institute of
Advanced Study, he did not spend all of his time running the place. He even
used to do some actual research. He had only one secretary, a business manager,
and another administrative person. A few years after he left, the institute had
an associate director and several assistants and secretaries (Regis, 1987, p. 285).
The size of the administrative staff seems to grow geometrically and thus many
scientists in R&D organizations and faculty members at universities feel that the
administration lives for itself while research and teaching activities become side
issues. Managers would be well advised to look periodically at the administrative
structures in their own offices and question the necessity for every job.

3.5 FORMATION OF TEAMS

There are many attributes that need to be considered when forming a team. The
work of Pelz and Andrews (1966b) has already indicated that effective teams are
characterized by the support of members for one another’s work, great respect
for other members, and complementary skills, strategies, and approaches. Respect
requires similarity in level of ability, as well as similarity in basic attitudes and
values. Yet team members must have varied skills and specific attitudes that are
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different and complementary. For example, they may all be top-level scientists
with similar values toward autonomy, yet differ in their disciplines and in their
attitudes toward specific methods of data collection. Empirical support for this
point has been obtained in laboratory studies (Triandis et al., 1965), indicating
that creativity was highest when team members were similar in their abilities but
different in their specific attitudes.

Research is increasingly becoming interdisciplinary and many of the research
teams include members from different disciplines and cultures. That creates prob-
lems of coordination, but may also increase creativity. Including team members
who are multicultural may increase creativity. As Leung and colleagues (2008)
argue, multicultural experience can contribute to creativity because it enables
people to (a) broaden the range of accessible ideas and concepts, (b) recognize
that the same form can have different functions, (c) destabilize established asso-
ciations, (d) increase their readiness to seek out ideas from diverse sources, and
(e) build greater cognitive complexity.

Similarity in ability is important because it is undesirable for people to look at
their co-workers as being intellectually too different. A person feels uncom-
fortable with co-workers who are either “dummies” or “geniuses,” and thus
cooperation will suffer. At the same time, complementarity is desirable for many
personality attributes. For example, a person who would like to dominate a team
can get along much better with people who like to be dominated than with oth-
ers who also want to be in charge. A person who is talkative gets along better
with those who like to listen. A diversity of viewpoints on how to approach a
research project and different skills concerning its actual operation may result in
a better research project (Janis, 1972). If members of the team are too different,
cooperation will suffer; if they are too similar in perspective, groupthink may
result (see Chapter 2).

What is the optimal team number? There is research suggesting that five is
the best number for a discussion group. However, McComb, Green and Compton
(2007) imply that there is no set number. Rather the level of flexibility found
within a team affects staffing quality. In larger groups, people feel they do not
have enough time to present their ideas, the leader becomes more autocratic and
monopolizes the available time, and competing subteams may develop. Smaller
groups often lack a definite leader, and they may not develop clear goals or may
not have enough different perspectives to avoid groupthink.

The effectiveness of a team depends on the quality of the people in it and
the coordination of its activities. However, how these variables impact on team
effectiveness depends on the task. There are three types of tasks that need con-
sideration:

Divisible versus Unitary Tasks . Divisible tasks can be done by different
people—for example, checking the references in a reference list (one
could divide the checking across as many clerks as there are pages of
references to be checked). Unitary tasks cannot be divided—for example,
understanding this paragraph.
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Maximizing versus Optimizing Tasks . Maximizing tasks have a criterion with
no limit—for example, find as many references as you can. Optimizing
tasks have a criterion with an optimal level—for example, determine how
much space you need for this project (too much space is wasteful and too
little results in an ineffective project).

Disjunctive versus Conjunctive Tasks . In disjunctive tasks, if one member has
the correct solution, the others will necessarily agree—for example, the
root of a quadratic equation. In conjunctive tasks, every member must
agree—for example, in a jury or in a committee in which everyone has
veto power.

In disjunctive tasks, if the probability that one member has the correct solution
is P , and the probability that no one can solve the problem is Q , where Q =
1 − P , the theoretical probability that the group will solve the problem is 1 −
Qn , where n is the number of members. Clearly, the more members you have,
the better the group’s chances of being successful. In the case of conjunctive
tasks, the opposite is true. A solution is more likely if the group is small than if
the group is large.

Incidentally, empirically, groups do less well than the theory (Pg = 1 – Qn)
predicts, primarily because there are losses in efficiency that occur when peo-
ple discuss various solutions. Similarly, in divisible tasks, one would expect n
people to produce n times the output of one person, but empirically this does
not happen. The group often produces less. This lack of individual responsibil-
ity, called “social loafing,” results when there is no clear identification of each
person’s output. Usually when one can identify the output of each individual,
social loafing is small or nonexistent. Finally, unitary tasks are better done by
individuals than by groups.

Osborn (1979) advocated the use of “brainstorming” to increase the creativity
of small groups. According to his theory, when people generate ideas in the
nonevaluative climate of a group and get stimulated from each other, they produce
more ideas. However, the evaluation of this proposal has not supported this idea.
For example, Dunnette and colleagues (1963) arranged for 48 research scientists
and 48 advertising personnel either to do brainstorming or to work individually.
In 23 of the 24 groups a greater number of different ideas were produced by
the individuals than by the groups. Not only did individuals produce more ideas
when working alone, but also the quality of these ideas was not inferior.

An important aspect of good group problem solving is the development of a
wide range of alternatives. This can best be done when people think of a variety of
courses of action independently of others. However, when it comes to evaluating
these alternatives there is an advantage in having many different critics who
examine the solution from as many points of view as possible. This critique also
can be done individually, but groups can be more effective when the evaluation
requires memory for previous events. Groups are better at remembering complex
material than are individuals, who often forget some fact that others remember
and can supply during the evaluation.
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In forming effective R&D teams, leadership, individual problem-solving
style, and work group relations affect innovative behavior directly and indirectly
through their influence on perception of the climate for innovation (Scott, 1994).
The results of this study also provide evidence that innovative behavior is
related to the quality of the supervisor-subordinate relationship.

Currently a shift from hierarchically managed teams to self-managing teams
is being seen in organizations. This change is partly due to the quality move-
ment spreading throughout the United States. Concurrent engineering, which
links the design, prototyping, and manufacturing process together, is a quality
improvement trend that has also led to an increase in team work among technical
professionals and managers (Levi and Slem, 1995). Self-managing teams reduce
the need for supervisors and middle managers since responsibility is placed on
the teams themselves.

A team is defined to be “a small number of people with complementary skills
who are committed to a common purpose, set of performance goals, and approach
for which they hold themselves mutually accountable” (Katzenbach and Smith,
1993, p. 112). Teams can either be temporary or permanent, but both types require
interaction and the performance of common task. “Virtual teams” occur when
group members interact without being located in the same place using mediums
such as conference calls, electronic mail, and video conferences (Willis, 1991).
Joint decision making among team members is used most often either through
leader-controlled decisions or through a more democratic or consensus style of
decision making.

Task, social relationships, and the individual are three areas Hackman (1987)
uses to determine the success of a particular team. In looking at the success of
a teamwork situation, the group should perform the task in a better and more
efficient manner than an individual could do on his or her own. The next phase
is social relationships or the building of skills and capabilities of the organi-
zation through the team members themselves. When this occurs, members will
be empowered and encouraged to actively participate in the team, which leads
to a more successful team environment. The individual is the third aspect for
determining team success. An individual should be happy and his or her skills
should be improved by working on a team with different skills and expertise
(Katzenbach and Smith, 1993).

Research and development teams are unique from typical teams in that the
tasks performed are nonroutine. There are many advantages for teams in R&D
organizations. Usually R&D projects deal with complex tasks, requiring technical
skills in multiple areas; consequently, there is an obvious need and benefits to
using teamwork since tasks are challenging requiring diverse skills (Levi and
Slem, 1995).

There are also some disadvantages to teamwork in the research and develop-
ment enterprise. Problems can occur in the team setting simply because technical
professionals are not selected for their social and communication skills, but for
their scientific and technical skills. Many technical professionals seek this career
so they will not have to work with others on a social level and research has
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shown that technical professionals may not have the traits needed in order to
function well in a team environment (Lea and Brostrom, 1988). On another
level, the reward system can also deter successful teamwork since many research
and development professionals want to be rewarded for individual gains at work.
Obviously teamwork is not an individual affair and therefore this may demotivate
individuals; on the other hand, successfully completing complex research projects
requires collaboration and teamwork: this may provide the needed motivation.

Based on this information, Levi and Slem (1995) decided to conduct a research
project to determine the success of teams in research and development organiza-
tions. They developed a 30-item survey that measured the values and beliefs of
the employees. The survey was distributed to three R&D facilities in the elec-
tronics industry in California. In addition to taking the survey, key professionals
at each location were interviewed as a means of determining the validity of the
surveyed information. Based on the analysis of this study, it has been found
that research and development organizations can be good places to promote the
use of teamwork. Lack of rewards in the team setting was viewed as a major
problem from an individual perspective. This is because individuals do not often
see the tie between success in a team environment and their individual success
within the organization. It was also found that teams can be disrupted by mem-
bers who cause conflict and disagreement, which in turn disturbs group cohesion
and effectiveness. In addition, due to the variability in teams’ characteristics and
make-ups, there is no best approach to leadership and decision making. Some-
times organizations will promote a leadership style within a team that does not
fit the nature of the project. This could lead to inefficiency and ineffective teams.

Self-managing teams are discussed at the beginning of this section and research
has found that they are very difficult to create in an R&D setting. The three com-
panies surveyed are all emphasizing the use of self-managing teams, though
research has not proven this method to be superior over other teamwork types.
Finally, Levi and Slem (1995) found that corporate culture affects the overall suc-
cess of teamwork. Intuitively this makes sense. If an organization has a corporate
culture that fosters employee involvement and participation, while emphasizing
teams and their benefits, employees will be much more willing and able to be
successful when put into a teamwork setting.

3.6 GENERATING NEW IDEAS

Precise definition of how new ideas are generated and how results from R&D are
converted into innovation are hard to articulate. In an article entitled “Serendip-
ity or Sound Science?” Sutton (1986) points out that the Nobel Prize to Burton
Richter and Samuel Ting resulted from discoveries that, though unexpected, were
nonetheless the result of a lifetime of careful research. Sutton shows that the
way to unexpected results lies not in accidents, but in excellence and in thor-
ough scientific investigation with the best possible intellectual and laboratory
resources.
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An article entitled “The Acid Test of Innovation” (Bell et al., 1986, p. 32)
provides several examples of innovation; it concludes as follows:

Serendipity, self-interest, concentrated and coordinated work: all these are char-
acteristics of successful innovation. But the single most important lesson of
these examples is the importance of keeping in touch. Academics need to
know what their local industries can do and what they might be interested in
making and marketing in the future. Companies, large and small, benefit by
having key personnel who can keep up with scientific literature and what is
going on in university departments to which they have easy access.

Many innovations occur when facts from previously unrelated fields of knowl-
edge are brought together in a creative solution. For example, a process used in
the chemical industry may prove useful in the textile industry. Many other inno-
vations require the redefinition of the problem. For example, for thousands of
years horses were used to draw chariots, until it occurred to some warriors that
they could ride them, giving them speed not available until that time.

Since such redefinitions are inhibited by conventional wisdom, people without
such wisdom (e.g., the newcomers) are often more creative than those steeped in
conventional ideas.

MacKinnon (1962) has summarized research on creativity that suggests that
creative people are more open to their feelings, have a better understanding
of themselves, have a wide range of interests, and have many interests that
U.S. culture classifies as feminine (e.g., an interest in the arts). They tend to
be uninterested in small details and more interested in the broad picture and its
implications. They possess cognitive flexibility and verbal skills and are good
communicators and intellectually curious, but they are not interested in policing
their own impulses.

Intelligence and creativity are not correlated in the case of IQs in the 120
(ability to do college-level work) to genius range. In other words, there are
many examples of modestly intelligent individuals who are extremely creative
and extraordinarily intelligent individuals who are not.

Creativity depends on both people and environment. A creative environment
takes into account both external and internal factors, such as the employees and
the pace of change within an industry. Perez-Freije and Enkel (2007) found that
creativity can be a direct result of the change within one’s industry. For example,
in a fast-changing environment, higher levels of creativity will be needed to meet
changing demands; whereas in a slow-changing environment improvements that
can be achieved through quality and efficiency may be more appropriate. In
regard to internal factors a creative work environment allows creative scientists
to feel free to work in areas of their greatest interest, provides them with many
rewards and recognition, allows them to have broad contacts with stimulating
colleagues, encourages them to take moderate risks, and tolerates some failures
and nonconformity.

Numerous techniques have been suggested that supposedly improve creativ-
ity. Among them we will mention teaching the scientist to ask questions such as
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“Should I adapt, modify, reduce, substitute, rearrange, reverse, or combine the
processes under consideration?” Brainstorming (Osborn, 1979), synectics (Gor-
don, 1968), lateral thinking, need assessment (Holt et al., 1984), and combinations
of the above (Carson and Rickards, 1979) have been suggested. There are also
analytic techniques (for a review see Twiss, 1992) that follow logical analysis
(the analysis of the attributes of the products that need to be developed) and
morphological analysis (the study of the needs of customers, technologists, and
marketers, as well as the systematic monitoring of technological developments).

Each of these techniques has enthusiastic proponents, but systematic evalua-
tions of the effectiveness of the techniques are lacking. In the few cases where
careful evaluation was done, it did not support the claims of the proponents.
However, one could argue that careful evaluation in laboratory settings may not
generalize to the field.

The general idea of most of these techniques is to involve many people in the
creative process, to use a number of different ways of generating ideas, to find
ways to systematically eliminate those ideas that are unlikely to be workable,
and to keep eliminating until one idea survives. This new product would be one
of a myriad of potential ones, but many perspectives will converge in support
of it.

In many of these techniques, one is supposed to “suspend criticism” during
the idea-generation phase. Thus, in brainstorming one is allowed to suggest any
idea, no matter how unworkable. In synectics, one is supposed to link apparently
irrelevant elements and be free from the constraints of critical judgment and
the boundaries of orthodox ideas. One states and restates the problem, makes
analogies, uses fantasy, and is encouraged to produce paradoxical ideas, such as
“dependable unreliability” or “living death.” In lateral thinking, one is supposed
to challenge assumptions, focus attention on different aspects of the problem,
generate many solutions, and introduce irrelevant ideas and even discontinuities
in thinking about the problem. In need assessment, one examines the existing,
future, emotional, and rational needs of customers, technologists, and marketers
with respect to a particular product.

Since systematic evaluation of these techniques is not available, we offer this
advice. Speak to several “expert” trainers who advocate each of these techniques.
Select two or three of these techniques on the basis of how promising they
may be in relation to your particular products or problems. Randomly assign
problems to techniques and have experts lead your groups through the creativity
phase utilizing each technique. Evaluate results by examining which technique
produced the best set of results.

This approach seems wise because it is likely that your products or problems
can be better solved with one approach than with another. In short, it is not clear
that a particular technique will prove effective for all problems. Your problems
may well have some industry-specific characteristics. Thus, by experimenting,
you should be able to identify the unique combination of techniques that is most
helpful in solving your particular kind of problem.
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Successful innovators pay close attention to their users’ needs and desires
(Quinn, 1985), avoid detailed early technical or marketing plans, and allow
entrepreneurial teams to pursue competing alternatives within a clearly conceived
framework of goals and limits. A number of important patterns contribute to
innovation (Quinn, 1985, p. 77):

Atmosphere and Vision . This includes providing the proper environment, value
system, and atmosphere (perhaps culture of the organization) to support the
innovation process. Perhaps an executive vision (having goals that move
the organization toward societally valued achievements) is more important
than a particular management background. Managers with executive ability
project clear long-term goals for their organizations that go beyond simple
economic measures. Such vision, combined with a creative organizational
culture, is likely to lead to an innovative organization.

Orientation to the Market. Since innovation involves doing research and
development activities that are commercially useful, innovative companies
inevitably have to tie their activities to the realities of the marketplace.
This means keeping in touch with the user.

Small, Flat Organizations. This means an organization with two or three levels
and project teams that are small (fewer than seven).

Multiple Approaches. Since many positive results might come from unex-
pected approaches, it is important not to narrow the investigation too early.
Thus, management should not overdirect the approach used for research
and development activities, at least not early on.

Developmental Shootouts. It may be desirable to use parallel and compet-
ing developments for an activity. While the cost of such an activity may
seem high, this duplication may provide the most efficient and effective
output. These developmental competitions or shootouts among competing
approaches perhaps can be handled best when the project reaches a certain
prototype stage. Quinn (1985) points out that one of the problems associ-
ated with such an approach is the issue of managing the reintegration of
the members of the losing team.

Skunkworks. According to Quinn (1985, p. 79), for every highly innovative
enterprise in the research sample he studied, a small-company environment
was emulated by using groups that functioned in a “skunkworks style.” In
this approach, small teams of engineers, technicians, designers, and others
were placed together with no other intervening organizational or visible
physical barriers to developing a new product from the idea stage to the
final commercialization stage. This approach has been used successfully
in many Japanese companies. Quinn (1985, p. 79) gives the example of
Soichiro Honda, who was known for working directly on technical problems
and who emphasized his technical points by personally working with other
members of the “skunkworks team.”



68 CREATING A PRODUCTIVE AND EFFECTIVE R&D ORGANIZATION

Interactive Learning. While “skunkworks” emulate the highly interactive and
motivating learning environment that characterizes many successful ven-
tures, there is also the need for interactive learning achieved by close contact
with the wider scientific community. Even the largest research organization
represents only a small fraction of the total research investment interna-
tionally and, in turn, only a small fraction of the enormous intellectual and
technological resources available and necessary for generating new ideas
and innovation.

3.7 EMPHASES ON ASPECTS OF ORGANIZATIONAL CULTURE

Culture includes values—that is, conceptions of the desirable. For example, val-
ues specify how much freedom people should have to determine the kinds of
research problems they will tackle or what level of equality there should be
within the organization (e.g., whether people should feel “great respect” and dis-
tance from their supervisors or be able to walk into their offices and feel close
to them).

Related to values are norms, which are ideas about desirable behaviors for
members of the organization. Organizations have norms about many things (for
example, how much to produce). A norm many research organizations have is
that its members should try to publish at least one paper in a refereed journal
every year. Members of cultures also have ideas about rewards. Who should get
rewarded, when, and under what conditions? What kinds of activities should get
rewarded and what activities should not be rewarded? What kinds of schedules
for these rewards should be adopted and used? How should people be socialized
in the organizations so that they become “good” members? How should they keep
up to date? What sorts of norms should one have about attendance at scientific
conferences? How should one develop new skills? Should one take courses?
Should one go back to a university?

An organizational culture that fosters excellence in R&D work and that is
internally coherent and dominates a laboratory is highly desirable. No specific or
comprehensive list of cultural elements is possible. In what follows, we propose
some crucial areas a manager may want to consider:

• Nurturing the ethos of modern science as an important aspect of organi-
zational culture as postulated by Merton (1973) and discussed in detail in
the section entitled “Who Are the Inventors and Innovators?” When the
ideal ethos (universalism, sharing of scientific knowledge, disinterestedness
in terms of commercial or financial benefits, organized skepticism involving
detached scrutiny of scientific discoveries) becomes part of the culture of
the organization, science and innovation can flourish.

• Tolerating an innovator who may not always work well within the existing
administrative procedures.
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• Providing meaning to every person’s contribution in terms of organization
goals—personal goal congruence.

• Recognizing the importance of interaction with the wider scientific commu-
nity and users (who can play an important role in the innovation process)
and encouraging such interaction.

• Encouraging the various gatekeeper roles, as further described in the
Chapter 11, “Technology Transfer.”

• Recognizing and rewarding excellence—both technical and managerial.
• Finally, developing a culture with a “can-do” attitude directed toward the

needs of the customer.

3.8 ETHOS OF A SCIENTIFIC COMMUNITY

Commenting on the normative structure of science, Robert Merton (1973, p. 270)
stated, “the institutional goal of science is the extension of certified knowledge.
The technical methods employed towards this end provide the relevant defini-
tion of knowledge: empirically confirmed and logically consistent statements of
regularities.” He further stated that the ethos of modern science includes uni-
versalism, communalism, disinterestedness, and organized skepticism (Merton,
1973, p. 270).

Universalism. This expression suggests that scientific discoveries, whatever their
source, are subjected to preestablished impersonal criteria. The truth and scientific
value of a scientific discovery is independent of the personal or social background
attributes of the individuals. Merton further stated, “universalism finds further
expression in the demand that careers be open to talents . . . to restrict scientific
careers on grounds other than lack of competence is to prejudice the furtherance of
knowledge. Free access to scientific pursuits is a functional imperative” (Merton,
1973, p. 272).

Communalism. Communalism implies that scientific findings should be shared
equally among all members of the scientific community. Since findings of sci-
ence are a product of social collaboration within the scientific community, the
ownership of such discoveries is a property of the commons and the rights are
assigned to the wider scientific community. Merton (1973, p. 273) suggests that
scientific discoveries

. . . constitute a common heritage in which the equity of the individual pro-
ducer is severely limited . . . . Property rights in science are whittled down to a
bare minimum by the rationale of the scientific ethic. The scientist’s claim to
“his” intellectual “property” is limited to that of recognition and esteem which,
if the institution functions with a modicum of efficiency, is roughly commen-
surate with the significance of the increments brought to the common fund of
knowledge.
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Disinterestedness. Merton (1973, p. 276) has stated:

A passion for knowledge, idle curiosity, altruistic concern with the benefit
to humanity, and a host of other special motives have been attributed to the
scientist. The question for distinctive motives appears to have been misdirected.
It is rather a distinctive pattern of institutional control of a wide range of
motives which characterizes the behavior of scientists . . . . The demand for
disinterestedness has a firm basis in the public and testable character of science
and this circumstance, it may be supposed, has contributed to the integrity of
men of science.

Scientists make few spurious claims, and, in fact, they would be ineffective
since much of what is produced by scientists undergoes scrutiny, replication,
and review by fellow scientists. Since scientists do not personally benefit from
many of these discoveries, disinterestedness (in terms of commercial or financial
benefits) forms an important characteristic of the scientific community.

Organized Skepticism. Organized skepticism is interrelated with other charac-
teristics of a scientific community. It is both a methodological and institutional
mandate. This involves a temporary suspension of judgment and the detached
scrutiny of scientific discoveries. Numerous scientific conferences and meetings
held throughout the world embody many of the characteristics described here.

In many ways, in a modern society, it has become possible to further strengthen
these characteristics due to the ease of communication among scientists. Fostering
this ethos is essential for productivity and excellence in an R&D organization.

The ethos of the scientific community, as is the case with such principles, can
never be universally achieved in practice. As Bok (1984) has stated, the force
of competition, lure of prizes, and fame, among other things, can have some
negative effects on this ethos. Over the years, nonetheless, the peer review and
refereed publication process and the universal nature of science has helped to
make these aspects of ethos the norms of the scientific community.

Discussing the rationality of science, Newton-Smith (1981, p. 44) states:
“According to Popper, truth is the aim of science. But the scientific condition is
one of ignorance . . . . Popper’s thesis of the utter inaccessibility of truth leads him
to reconstrue the goals of science as that of achieving a better approximation to
the truth, or as he calls it, a higher degree of verisimilitude.” For Popper, when
an experiment turns out as the hypothesis predicted, this only means that the
hypothesis has not been refuted. Popper asserts that positive evidence favoring a
hypothesis does not necessarily constitute evidence in its favor (Newton-Smith,
1981, p. 45).

Some science historians would argue that science does not and cannot get
hold of the “truth” in any objective and impersonal sense (Regis, 1987, p. 217).
Ed Witten, one of the inventors of the superstring theory, suggests that whether
we get to the “truth” or not, we learn new things as we develop new theories.
He suggests that as we learn new things, “We develop more powerful laws, laws
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that unify principles and give us more accurate descriptions of more and more
phenomena. It doesn’t mean that the old stuff was wrong. It just wasn’t complete”
(Regis, 1987, p. 211). Basically, new discoveries mean we know more than we
did before, and it is a step forward.

3.9 SUMMARY

In summary, this chapter has comprehensively defined organization productivity
in terms of organization effectiveness and has presented suggestions regarding
what might constitute organization effectiveness. Creating such an organization,
its team structure, and its culture have been discussed. Further information on
creative tensions and staffing was included in Chapter 2, “Elements Needed for an
R&D Organization.” We have tried to focus on such interesting questions as the
way in which new ideas are generated and who are the inventors and innovators.
Ideas and empirical data available on such issues cannot be precise. Thus, rigid
formulation of information about the characteristics of an innovator or inventor
is treacherous ground and should be avoided. Instead, in managing a productive
and effective R&D organization, a manager should foster the environment so it
will be conducive to the characteristics of successful innovators and inventors.

3.10 QUESTIONS FOR CLASS DISCUSSION

1. What are the criteria of R&D lab organizational effectiveness?

2. What kinds of people are most creative?

3. What can be done to increase research productivity and creativity?

4. How should unique characteristics of inventors and innovators be handled
by research managers? Develop a case study to focus on the issues.

5. How does ethos of a scientific community contribute to progress in research,
development, and innovation?



4
JOB DESIGN AND
ORGANIZATIONAL
EFFECTIVENESS

A major consideration in designing jobs is the match between the requirements of
the organization and the requirements of individuals. To design a job optimally,
one needs to consider the abilities, interests, and personality of the individuals
as well as the needs of the organization. For example, the organization may
find it best to have people follow precisely the rules and regulations that the
organization develops, but individuals often find it much more satisfying if they
have considerable freedom in deciding how to behave within the organization.
The individual’s freedom, on the other hand, cannot be unlimited, so jobs have
to be designed in such a way that a balance is achieved between the needs of
the organization and the needs of the individuals. Some individuals, because of
their personality, have an especially strong need for autonomy and will require
a job that is designed with far more freedom than is necessary for the majority
of individuals.

The organization must be concerned with the compatibility of individual goals
with those of the organization in order to maximize the motivation of individuals
and to minimize friction among them. However, individual needs can be satisfied
in a number of ways, and they tend to change with experience, maturity, and
the individual’s stage in life. For example, security may be less important to
an unmarried 20-year-old than to a married 45-year-old. Security can also be
satisfied in different ways (e.g., a social security system that operates over a long
period or a high salary for a short period of time). In matching individual and
organizational goals there is necessarily some give-and-take in both directions,
probably with the individual giving more than the organization, simply because
the organization cannot bend as easily as can an individual.

72
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Managers can accomplish the melding of individual and organizational goals
by (a) selecting people whose personal goals are already compatible with those
of the organization, and (b) using participative management, which sets goals in
such a way that individuals can accept them and the organization can attain its
objectives. Some “negotiations” of such goals is healthy, since the organization
can reach its goals by a large number of paths. For example, commercial orga-
nizations can make a profit in many ways, and it is more likely that they will do
so if they use goals that are compatible with goals of their employees.

In dealing with job design, we need to consider the match between the person
and the job in greater detail. On the individual’s side, we have the person’s
abilities as well as needs. On the job’s side, we have requirements that can be
conceived both in terms of ability requirements and of job attributes that satisfy
needs. When there is a good match between the job ability requirements and
the individual’s ability, the individual is more likely to be satisfactory from the
standpoint of the organization. In that case, the individual is more likely to be
promoted and achieve his or her goals within the organization. When there is a
match between the needs of the individual and the job’s ability to satisfy those
needs, the individual is more likely to be satisfied with the organization, to find
the job enjoyable, and, as a result, to stay with the organization and participate
in its activities more frequently. For example, low absenteeism is likely to be
associated with such satisfaction.

Jobs should be designed so that people can define the functions. It is a mistake
to think in terms of the traditional bureaucratic structure, in which the organiza-
tion writes the job description. Those who are members of a team should write
their own job description, and the team must do some of the job defining. Of
course, the team leader has to provide some guidelines and ensure that the jobs
that are so defined are consistent with corporate goals. But the details can be left
largely to the job holders. Once a talented scientist is given a broad objective
compatible with the goals of the organization, a lot of job designing can be done
by the researcher.

An organic organization allows job incumbents to develop job definitions and
allows the research team to define the jobs of its members. Competence is used as
the main determinant of status in the hierarchy of the organization. Peer review
of projects and job definitions proposed by job incumbents can shape the job
definition better than management review.

4.1 JOB ATTRIBUTES

There is considerable literature that is consistent with the Hackman and Oldham
(1980) analysis of job attributes and how they are related to satisfaction. The
general argument in this literature is that jobs that provide sufficient variety,
autonomy, task identity, and feedback are more satisfying than jobs that do not
have these attributes. Variety refers to the ability to do different jobs at the
particular job site. Autonomy refers to the ability to decide for oneself what



74 JOB DESIGN AND ORGANIZATIONAL EFFECTIVENESS

should be done. Task identity refers to having a job that can be identified as a
distinct unit. For example, completing a particular research project, or saying that
this particular discovery is associated with this particular individual, gives the
specific activity more task identity because that activity can be associated with
the name of the investigator. On the other hand, in a research job involving many
investigators, where the complete job is done at different organizational levels
and locations, the situation reduces the identity of the job. Feedback refers to
knowledge of how well one is doing the job.

Hackman and Oldman’s theory argues that a job is high in meaningfulness
when it has task variety, task identity, and task significance, so that people think
that what they are doing is important. High meaningfulness in turn creates satis-
faction. Similarly, they argue that autonomy, which allows a person to be more
responsible for the job activities and outcomes, also leads to satisfaction. Finally,
feedback is very important. People should know how well they are doing and
whether what they have been doing is having an impact. A person who works for
years on something without receiving any attention (for example, nobody quotes
his or her scientific work) is not receiving feedback.

Thus, in research, as in other kinds of work, the best possible job is one
that is designed so that it is variable, has significance and identity, allows the
investigator considerable autonomy, and provides feedback.

There is a substantial literature that deals with these issues (Loher et al., 1985).
Thus, in designing research and development jobs, it is well to remember that
maximizing variety, autonomy, and feedback, as well as the meaningfulness of
the work, is likely to be associated with satisfaction.

While the R&D field has its own frustrations, about 80 percent of the
researchers surveyed in 2005 indicated that they are satisfied with their current
position. The most important factor in job satisfaction was the independent
nature of a researcher’s job (Studt, 2007).

4.2 PHYSICAL LOCATION AND COMMUNICATION

Another aspect of job design concerns the way jobs are physically located in
relation to each other. Considerable literature indicates that arranging jobs
in such a way that communication is either increased or decreased can result in
improved performance in research and development jobs. For example, Allen
(1977) and Szilagyi and Holland (1980) have indicated that the probability of
communication increases rather sharply with a decrease in the distance between
co-workers. Moreover, Szilagyi and Holland (1980) have reported that increased
social density (a situation in which there are many employees per square
foot who are able to talk to each other quickly) resulted in such employees
experiencing task facilitation. Co-workers exchange information much more
easily; as a result, they were more effective and also more satisfied with their
jobs. There is also a study by Morton (1971) that found that removing spatial
barriers improves communication between innovators and their customers.
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On the other hand, one should not oversell these ideas because there are some
studies, such as Thompson’s (1967), that indicate that there are situations when
barriers are desirable. For example, if one has a rather creative group in a bureau-
cratic organization, physical barriers between that group and the bureaucratic
organization can be extremely desirable.

There are also differences between scientists and engineers in the way they
communicate (Allen, 1977). Scientists communicate through the literature and
through professional meetings. They spend a good deal of time talking with out-
siders and exchanging experiences. On the other hand, engineers spend most of
their time communicating with customers and vendors and doing actual experi-
ments within the laboratory. The motivation of the two groups is to some extent
different because the scientists are much more individualistic and require recog-
nition as individuals by the scientific community. Publishing is vital for them. In
contrast, the primary concern of engineers is the success of the organization. For
the scientist, the number of colleagues in the same discipline who are working
on the same problem is associated with success; for the engineer the number of
colleagues in the same laboratory is related to success. In other words, we need to
distinguish between scientists and engineers. The motivational and organizational
courses of their success are not identical. This has implications for the effective
management of an R&D organization, as well as for job design.

In designing jobs, we also ought to consider the flow of information. Research
and development jobs are particularly susceptible to this factor because there is
so much task uncertainty and novelty associated with such jobs. There is also the
need to communicate with the wider scientific community. We must consider the
conditions under which jobs will be better performed because they are designed
so that people can exchange information that clarifies and improves the task. To
some extent this has to do with the way we organize the job in relation to other
jobs. For example, how we place one job next to or away from another, or the
arrangement of the desks of particular scientists or engineers, may be crucial in
determining how effective they are going to be. Some of the research literature,
such as Cheng (1984) and Katz and Tushman (1979), discuss these matters and
point out that on jobs for which there is no organized body of literature to
which technologists and engineers can turn when they face a new problem, they
will obtain information from others who have similar experiences. Thus oral
communication is extremely helpful.

Oral communication permits rapid feedback, decoding, and synthesis of com-
plex information, and it fits especially well into scientific settings where most
of the research ideas are as yet unformed and difficult to articulate (Katz and
Tushman, 1979).

However, the literature suggests that too much communication may be dys-
functional if the actors who exchange information do not share a common
language. In one study (Katz and Tushman, 1979) that involved 350 academic
research units located in six countries, the researchers found that in most sit-
uations in which there was low uncertainty about how to do the job and high
ambiguity about the long-term goals of the job, there was a positive relationship
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between communication and the success of the unit, but a negative relation-
ship between communication outside the unit and performance. If people started
talking with others outside their units and lacked a common language, greater
frequency of communication resulted in lower performance. In short, people
spent so much time clarifying what they meant that they were not effective in
performing their tasks.

These findings are not consistent with the points made by Pelz and Andrews
(1966b), who found that among 1130 scientists in academic and industrial labo-
ratories, both intra- and interunit communication was highly desirable. How-
ever, an explanation of the discrepancy between the findings by Cheng and
Katz–Tushman on the one hand, and those by Pelz–Andrews on the other, may
be that Pelz–Andrews dealt primarily with applied scientists. In their case, per-
haps the difficulties in not having a common language are not as great as in the
case of those doing more basic research, who are trying to develop new concepts
and a new language at the same time they are communicating.

A comment about the physical work environment of the R&D personnel might
be in order. As discussed previously, scientists have a tremendous need for auton-
omy. In addition to providing a formal and informal supportive management
environment, R&D personnel should be given considerable freedom to modify
and personalize their office environment within the resources available for such
improvements. In the case of R&D personnel, more than in other groups, one
may find some office modifications and arrangements unusual and bordering on
grotesque. Our experience indicates that some of these problems may seem triv-
ial, but in practice they are much more difficult to resolve. Exhorting a researcher
to change his office arrangement or keep his office better organized simply does
not work. Unless the physical situation in the office is clearly adversely affect-
ing job performance or safety (for example, creating a fire hazard), it is best to
tolerate such idiosyncrasies.

4.3 CAREER PATHS

In designing jobs, it is also desirable to think of the total career path of the
scientists. One of the problems in a research and development setting is that
there are not sufficient opportunities to reach the top of the organization in terms
of pay and prestige for those engaged in purely technical activities. The jobs
are designed in such a way that administrators receive higher compensation,
but this is inconsistent with many of the values and needs of technically gifted
individuals. To the extent that the engineer or the scientist is dissatisfied with the
job definition, he or she is more likely to turn to other sources of satisfaction—for
example, family or civic matters. There is evidence (Bailyn and Lynch, 1983)
that indicates that this is exactly what happened to those engineers who were less
satisfied with their careers. Keenan (1980) reports a study by Gorstel and Hutton
that indicates that many engineers who became part of the management team did
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so rather reluctantly and because of the absence of sufficient opportunities for
technical careers, rather than because they enjoyed the management position.

In other words, we have a situation in which the role a person really wants
(a top-level technical job) is not available in the organization. Furthermore, only
the managerial jobs pay well. This situation results in low morale and inefficiency.
It is a problem that most organizations must face squarely and try to solve. It is
often necessary to design jobs to fit the needs of employees to some extent.

When thinking about job design we should also realize that engineers go
through various stages in the development of their careers. For example, Thomp-
son and Dalton (1976) interviewed over 200 scientists, engineers, and managers
and identified several stages for the development of an engineer’s career. They
argue that in order to perform well an engineer should go through four different
stages.

1. The engineer should work with a mentor, who can teach him or her how to
design and carry out projects and how to be successful in relating to clients
and upper management. During this stage, the mentor obtains the projects,
designs the broad outline of the project, and fits the project into the activities
of the organization. The apprentice does the detailed work, makes sure
that everything is accurate, and follows up on all details. It is obvious that
during this stage the definition of the job makes the apprentices appendages
of their mentors, and so they must be physically located very close to one
another in order to develop the proper interpersonal relationships.

2. The engineer assumes responsibility for a definable portion of a project or
process, works independently, and produces results that are significantly
identifiable with him or her. The professional begins to develop credibility
and a reputation as a person who knows a great deal about a particular area.
The professional now manages more of his or her own time and accepts
more responsibility for the outcomes. Relationships with peers and fellow
professionals now become very important, while the relationships with the
supervisor or mentor are less significant. This requires a different kind of
job definition and a different kind of physical arrangement. For example,
the professional, in this case, could be located far away from the supervisor.

In general, organizations consider Stage 2 valuable, but not especially
desirable. If a person stays in Stage 2 for a very long time, the chances
are that he or she will be fired or moved to some other job that is not
very important. In other words, the expectation is that the engineer will
get out of Stage 2 and into Stage 3 if he or she is going to be considered
“successful.”

3. This stage is somewhat different. Here the engineers apply their technical
skills to several areas rather than to a specific project. They get involved in
external relationships with suppliers, with clients, and with new business
ventures, and they begin to do things that benefit others and the organization
in general. They become involved in the development of other people.
Many engineers stop at this point, and are considered very successful.
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4. In Stage 4 the manager exercises a significant influence over the future
direction of a major portion of the organization. He or she tends to engage
in wide and varied interactions both outside and inside the organization;
he or she is also involved in sponsoring and developing promising people
who might fill future key roles in the organization. Generally, people in
Stage 4 spend their time in three ways: (1) They are innovators who con-
tribute to the future of the organization by supplying innovative and original
ideas that might shape the organization; (2) they are internal entrepreneurs
who bring together resources, money, people, and ideas in order to pursue
new developments (for example, new research projects), and (3) they are
upper-level managers who form policy, initiate programs, and monitor the
progress of the organization.

It appears clear from this discussion that there is an increasing managerial
component in the activities of the engineer as he or she moves from Stage 1
to Stage 4. However, it is important to remember that the technical side of the
activities can remain a very substantial component of the engineer’s total activity.
It seems appropriate, then, to reward people who do purely technical work in
spite of the fact that they are not supervising a large number of people. In other
words, the managerial career and the technical career should not be viewed as
inconsistent. On the contrary, sometimes professional employees in a managerial
position can take better care of their interests as professionals by increasing their
decision-making latitude concerning research and by their control over resources
relevant to their scientific work.

Roberts (1978, p. 6) asserts that “even with academic scientists, some of
our own studies here at MIT show that faculty are more productive when they
have a mix of work activities. There’s even a finding that mixing research with
administrative work helps increase creativity and idea generation!”

It would seem, therefore, that technical competence and management respon-
sibilities are not inconsistent. Nonetheless, in job design and in structuring an
organization, the problem still remains of providing promotion opportunities for
technical personnel, who may not want management responsibilities at higher lev-
els where they can no longer contribute directly to R&D. A mechanism—using
multiple hierarchies—for addressing this problem is discussed in the next section.

4.4 DUAL AND TRIPLE HIERARCHIES

One of the ways of dealing with the problems outlined above is to develop a
dual or even a triple hierarchy within the organization. In the dual structure,
organizations develop an additional hierarchy with technical positions that paral-
lel the positions in the management hierarchy. These technical positions comprise
a professional hierarchy that has the same degree of control, authority, and com-
pensation as the corresponding positions in the management hierarchy. However,
Schriesheim and colleagues (1977) reviewed the literature and concluded that
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dual hierarchies have been generally unsuccessful at resolving conflicts between
professionals and their employee organizations and at providing alternative career
opportunities and reward systems.

Apparently, the most important reason that these organizational structures
failed is that promotion in the professional hierarchy was, by definition, “a move-
ment away from power.” In addition, there were signs of failure among those who
followed the professional hierarchy because they felt they lacked parity with the
managerial hierarchy and because the evaluative criteria used were inequitable.
For this reason, Schriesheim and colleagues (1977) suggested a triple hierarchy
as an alternative structure for managing professional organizational conflict.

The triple hierarchy provides three different advancement opportunities. The
managerial hierarchy is available to those who desire advancement to manage-
rial positions. For those professionals who desire only professional duties (here
“professional” implies scientific, research, and technical duties) the professional
hierarchy remains a viable option.

The third hierarchy is occupied by professionals who have key administrative
jobs, as well as regular professional duties. They have hierarchical authority in
those areas where professional values and organizational requirements are most
likely to diverge. The triple hierarchy utilizes many leadership styles: transfor-
mational and inactive as well as championing (Waldman and Atwater 1994).

This type of organization is similar to the organization of major research uni-
versities. In such universities the administrators are usually individuals with a
good research record. Thus, they are able to relate to the faculty. At the same
time, they have other attributes that enable them to interact successfully with
government officials, trustees, alumni, major donors, and so on. Some adminis-
trators are closer to the research process, while others are closer to the political
activities needed to run a university. A successful university has the right mix
of administrators. Similarly, R&D organizations need some people who will deal
with the politics, some with the technical aspects, and some with both. The right
mix results in the best R&D organization.

We will use the terms technical, professional-liaison , and management hier-
archy to discuss the advantages of the triple hierarchy. In the university setting,
these terms might correspond to the head of a department, a dean, and a univer-
sity president. The head of the department is able to evaluate a faculty member’s
professional qualifications; a dean is able to evaluate a head of department; a
president is able to evaluate a dean. Usually, the head of the department is tech-
nically very competent and even does research. The dean is also technically
competent and in some cases does research. The president is often a generalist
and rarely does research.

The argument is that the triple hierarchy can deal with all three of the problems:
the domination of the organization by the management hierarchy, miscommunica-
tion, and inadequate evaluation procedures. In the triple hierarchy, managers have
less power, since much of it has been taken away by those in the professional-
liaison hierarchy. While managers and professionals in the dual hierarchy have
different perspectives and often miscommunicate, in the triple hierarchy the
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technical people interact mostly with those who are in the professional-liaison
hierarchy rather than with those in the management hierarchy. As a result, they
are able to communicate and get along better because they share the same val-
ues. In the dual hierarchy the managers judge the technical people, whereas in
the triple hierarchy the professional-liaison hierarchy individuals, rather than the
managerial structure, evaluate the professionals. The result is that those who best
understand their perspective are the ones who are judging how well the technical
people are doing. There is some evidence that the triple hierarchy is effective. For
example, Baumgartel (1957) and Pelz (1956) found that when the positions of
research director or administrator were held by individuals with professional or
scientific backgrounds, researchers felt more protected and work units had higher
productivity and morale. Additional support came from studies by Lawrence and
Lorsch (1967), Likert (1967), Marcson (1960), and Mintzberg (1973).

Can this triple hierarchical approach be successfully implemented in an orga-
nization, and is it really practical? In formal organizations, by necessity, both
the organizational structure and individual responsibilities are rigidly defined,
while the triple hierarchical organizational structure requires more flexibility and
cross or parallel communications. When this triple hierarchical approach is suc-
cessfully implemented many unintended and secondary benefits have occurred,
such as retaining highly qualified technical staff and minimizing the complacency
process of the organization. (For the purpose of this discussion, complacency is
defined as a state of being uncreative, stale, and aging.)

4.5 CENTRALIZATION AND DECENTRALIZATION

Another broad issue of job design is whether to use centralized or decentralized
structures. According to Allen (1977), in a centralized project or project structure
a majority of the people working on a particular activity report to one project
manager, who makes the assignments. They receive management reviews from
this particular individual and are also physically located near that person. On the
other hand, if fewer than 50 percent of the personnel are reporting to this one
person, then the project is considered decentralized.

Allen (1977) and Marquis as well as Straight (1965) suggest that both the
decentralized and the centralized structures can be effective, but under different
conditions. In decentralized structures all the information needed to do the job
is available to most members. In centralized structures the information must be
obtained from one or two specific individuals who have most of the relevant
information. The decentralized structure is effective when the flow of knowledge
has to be relatively fast and the projects are of long duration. On the other hand,
the centralized structure is more effective when the projects are short-term and
the flow of knowledge is not especially rapid. The decentralized structure is better
when a lot of new information comes in and out of the project area, requiring
a flexible system of organizing as well as a great deal of communication and
cooperation among people participating in the project.
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According to Peters and Waterman (1988), excellent companies combined
centralized and decentralized structures. These companies have given autonomy
to many aspects of the organization down to the lowest level. However, when it
comes to the core values that are dear to the company, they are fanatics about
being centralists. Peters and Waterman (1988) suggest that the hybrid alternative
for organization structure responds to three crucial needs: a need for efficiency,
a need for innovation, and a need to avoid rigidity.

Many other aspects of centralization and decentralization for large organiza-
tions are beyond the scope of this book. As organizations become larger, the
hybrid (centralized and decentralized) approach is quite appropriate at the lower
levels. There is still a need to provide some further division of the large work-
force. Divisions based on product line, geographic location, or specific project
are among the possibilities.

4.6 KEEPING THE RESEARCHER AT THE INNOVATION STAGE

An individual goes through a number of stages in a given position. One first
goes through a socialization stage, then an innovation stage, and, finally, the
stabilization stage. In the stabilization stage the individual is less creative, less
risk-taking, and less productive. While individual differences exist, the stabiliza-
tion stage is normally reached by an individual after being in a given position six
to eight years. How a person is socialized into an organization makes a lasting
impression.

Thompson and Dalton (1976) have presented a suggestion that might be helpful
in keeping a researcher at the innovation stage and minimizing the stabilization
process. The idea is to limit the tenure of supervisory personnel to approximately
five years. In such a case, after the five-year period the individual will have to
return to a technical function. The individual will thus have a strong incentive
to remain current on the technical side of activities. In addition, there will be an
opening so that another person can move into that particular managerial activity.
There should be a budget that allows the retraining of personnel, so that senior
people who are not aware of the new technologies can have sabbaticals that allow
them to catch up with new developments in their fields.

Lateral transfers can also be used to motivate technical personnel. The idea of
working on a new project every now and then can be quite refreshing. It provides
an opportunity for the person to become motivated and avoid becoming stale.
Many managers are against such transfers because they do not want to lose good
people, but if these transfers become the norm for the laboratory, then managers
should be able to get their share of good people in the course of the total change
occurring in the laboratory.

Some organizations use a matrix structure in which the employee has two
bosses: one who is responsible for a particular project and another who is respon-
sible for a particular function. For example, there might be a project manager
to whom the individual reports, plus another person in the same technical field
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(functional manager) as the individual, who looks after the development of his
or her career and makes sure that high standards of professional activity are
maintained. In such a case, the functional manager may undertake to transfer a
person from one project to another in order to increase his skill. It is important
to note that Peters and Waterman (1988) state that “virtually none of the excel-
lent companies spoke of itself as having formal matrix structures, except for the
project management companies like Boeing.” They further point out that even at
Boeing, where many of the matrix management ideas originated, what is meant
by “matrix management” is not what is generally thought of. In an organization
like Boeing, people operate in a binary fashion. Individuals are either (a) part
of the project team and responsible to that team for getting tasks accomplished,
or (b) part of a technical discipline almost all of the time. There is no day-in
and day-out confusion as to which team they belong to. One responsibility has
clear primacy. A matrix organization where a person reports to different bosses
complicates the organization and should be avoided.

Another approach has been to institute manpower reviews designed to improve
the skills of the employee. The idea is that every six months the employee dis-
cusses with second- and third-level supervisors his or her activities and reviews
career progress. Decisions are then made concerning transfers and current assign-
ments so as to maximize the development of skills.

Another idea is “career monitoring.” This system assigns an engineer or sci-
entist to a new project not less than every four years. Anyone in the same job for
more than four years has his or her name sent to the chief engineer or the tech-
nical director of the laboratory, who checks to see what is happening and then
makes a judgment concerning whether the particular individual should continue
to remain in that job. The general idea is to make sure that assignments are such
that repetitiousness and overspecialization do not occur.

Bailyn (1984) suggests that research and development organizations should
develop career programs based on relevant information about the employees
working in these organizations. This information would take into account the
orientation of each scientist. If, for example, his or her orientation is quite aca-
demic, there would be more opportunity for the scientist to undertake activities
that maximize scientific growth. On the other hand, if the engineer or scientist
is not that concerned with academic work, a career that emphasizes support of
ongoing research might be more appropriate.

Company or college courses or exposure to professional journals can be used
to promote the career of a scientist or engineer. However, Thompson and Dalton
(1976) report that they do not find any correlation between high and low per-
formance on research and development jobs and the level of education of the
individual. This may be due to the fact that to begin with, most R&D person-
nel are highly trained and are high achievers. In a modern R&D organization,
a doctoral-level education is the norm for R&D personnel. Undoubtedly, some
unique individuals without this advanced training have made, and should be given
opportunities to make, significant contributions. Thompson and Dalton found that
complexity and the challenge of the job were much more strongly linked to job
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performance than the educational level of the researcher. Such findings would
suggest that an individual’s success is related to how the organization structures
the job rather than the educational preparation of the individual.

Providing a sabbatical leave, though routinely practiced in many university
environments, has not been widely used by R&D organizations. Those individuals
who have the motivation and the ability to take advantage of such opportunities
should be encouraged to do so. If the managers really believe and want to prac-
tice the dictum that “people are our most important resource,” then the cost of
providing sabbatical leaves should be worth the investment. There should be no
confusion about the extensive resources and organizational flexibility needed to
allow such leaves. Excellent research organizations can and have successfully
implemented these sabbatical leave programs.

4.7 JOB DESIGN AND CONFLICT

Sometimes the design of jobs increases the chances of conflict in organizations.
This is particularly true because the goals of scientists are sometimes not the
same as those of the organization. The goals of scientists are more likely to
reflect scientific values, while the goals of the organization often reflect concern
for profitability (Keenan, 1980; Souder and Chakrabarti, 1980).

An important attribute of job design is the degree of autonomy that is allowed
on the job. There are two kinds of autonomy (Bailyn, 1984): strategic autonomy ,
the freedom to set one’s own research agenda, and operational autonomy , the
freedom to implement the agenda in different ways. Bailyn discovered through
empirical studies that at the beginning of a technical career operational autonomy
is more important than strategic autonomy. As the employee becomes more and
more experienced, it is essential for the employee to have a certain amount
of strategic autonomy. Thus, in the design of jobs we ought to assume that
the employee will have a certain amount of autonomy. However, the kind of
autonomy that we design for the job may differ depending on the level of the
incumbent in the particular job.

There is a considerable literature that discusses the conflict between profes-
sional values and organizational goals. Professional values reflect concerns for
scientific development. To the extent that scientists regulate their behavior to
reflect such professional values, they are likely to remain up to date. Thompson
and Dalton (1976), however, point out that this emphasis on keeping up with
professional development often clashes with basic organizational goals.

Scientists tend to identify more with their profession than with the institution
in which they practice. Research administrators, as they move up the ladder,
increasingly tend to identify more with their organizations than with their pro-
fession. These different tendencies may provide a clue to some conflicts that
may emerge between scientists and research administrators. Since the relation-
ship between research administrators and research scientists in an organization is
an important variable in determining the success of the organization’s research
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activities, the research administrators need to find ways to minimize this apparent
conflict. Ross (1990) has suggested four ways to optimize the administrative role.
These are:

1. Maintaining a service orientation toward the organization
2. Remaining flexible
3. Promoting free and complete communication
4. Ensuring that the main goal is the furtherance of research objectives

LaPorte (1967) describes the main sources of conflict between professional
and organizational goals:

1. There is often a clash between profit and technological innovation, since
an interesting technological development may not necessarily be profitable.

2. The expression of professional desires and goals is often different from
management because the individual wishes to be autonomous, while man-
agement wishes to integrate the organization.

3. Professionals seek freedom from procedural rules, while managers empha-
size them.

4. Professionals seek authority relations based on professional status, whereas
managers rely on bureaucratic position and power.

5. Professionals seek rewards contingent on professional status, while man-
agers emphasize rewards that match the organization in strength and status.

Pelz (1956) identified four types of conflict that occur in technical orga-
nizations. Type I is mostly technical conflict that occurs with peers and is
related to such things as technical goals, milestones, means of achieving par-
ticular goals, and interpretation of data. Type II is interpersonal conflict with
peers (for example, likes and dislikes, trust and apprehension about the goals
of peers.) Type III is conflict that occurs between supervisor and subordinates
about technical or administrative matters such as technical approach, milestones,
and schedules, while Type IV is conflict that occurs between the supervisor and
the subordinate about interpersonal matters such as power, authority, rules, and
procedures. Evan’s (1965a, b) empirical research discovered that technical con-
flict is twice as prevalent as interpersonal conflict in governmental and industrial
laboratories.

A rather common type of conflict occurs when different parts of the organiza-
tion have different mandates and, as a result, try to maximize different criteria. An
example is the conflict between marketing and research and development groups.
The research and development groups are likely to wish to develop products that
meet certain technical criteria, while the marketing groups are likely to wish to
develop products that will sell well. While the two sets of goals are not incom-
patible, there are situations when the coordination of the activities of these two
groups is complicated and requires very careful attention by management. To
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prevent goal conflict Arvey and Dewherst (1976) note that it is important for
management to set up goal-clarifying and planning activities that include all
parties involved.

The problem has been analyzed by Souder (1975) and Souder and Chakrabarti
(1980), who have identified three possible approaches or mechanisms for the
coordination of the research and development groups and the marketing groups.
The three approaches—“stage-dominant,” “process-dominant,” and “task-
dominant”—are described below.

In the stage-dominant approach the research and development groups, as well
as the marketing groups, create formal structures that have specialized functions;
these groups have narrowly defined responsibilities and specifically limited activ-
ities. People in an organization have responsibilities that are directly tied to their
functional specialties. For example, the engineers limit their activities and respon-
sibilities to the technical side, while marketing people, who are concerned about
the way the public reacts to products, have specific responsibilities that deal with
the way the product is likely to be received by the public. These formal struc-
tures are also reflected in the way the particular job is transferred from one group
to another. There are formal and institutional transfer points where the research
and development people hand the job to the marketing people, or the market-
ing people hand it back to the research and development people, with a special
ceremony.

In the process-dominant approach there are no apparent transfer points, and
the parties hand the job to each other, back and forth, without any kind of
ceremony. There are no apparent cases where one group builds up and another
builds down in order to get extra manpower to complete a particular job during a
particular phase. Rather, people move in and out of the activities and the groups
as needed. The interaction between the technical side and the marketing side is
almost continuous and people do not have points at which they say “that is your
job” and “I am not going to deal with that,” but rather they are continuously
involved in the development of the product. The incumbents in this process are
specialists, of course. However, engineers, for example, understand a fair amount
about the marketing situation, and the marketing people understand quite a bit
about the technical aspects of the project. There is no paperwork that is filed
to indicate transition points where the job goes from the research group to the
marketing group or from the marketing group to the research group. The products
are expected to and do oscillate from one group to the other.

The task-dominant approach is characterized by even greater flexibility. Here
the incumbents have a strong orientation and focus toward the task and the end
product, and they talk in terms of “our” product rather than “our” and “their”
functions. It is not “I am the technical person” or “I am the marketing person,” but
rather “I am the person who is interested in that product.” There are no transfers
of authority in this case, and personnel do not go on and off the team as the
product is developed. People are specialists, of course, but they do not function
as specialists. They are part of the team that is developing the product, and the
fact that they happen to be scientists or engineers, economists, or public opinion
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experts is irrelevant. All they are doing here is participating in a project-oriented
team. Thus, in the task-dominant approach the individuals are in continuous
contact with each other as a team. This is very different from the situation
in which there are formal structures where the research group meets with the
marketing group and where people have identities as a “research person” or as a
“marketing person.”

Souder argues that each of these approaches has some advantages under some
conditions, so that one should not generalize and say that one of these three
approaches is better than the others under all conditions. Obviously, when you
have an organizational structure that allows people to be specialists, they can
practice their special skill and become very good at the particular functional
activity.

Unfortunately, while the specialists can be especially good in their activities,
they may not have very much understanding of what is going on in the other
group. The advantage of high specialization is that specialists can do some tasks
very fast and extremely well. At the same time, a disadvantage is that there is
little coordination with other activities.

Souder has outlined a number of factors that are relevant to maximizing the
effectiveness of one or the other of these three organizational structures. Those
who are facing the specific question of how to organize teams should consult
the original publication (Souder and Chakrabarti, 1980), which shows that the
criteria that one wishes to maximize will influence the type of organizational
structure likely to be optimal. These criteria include environmental factors (e.g.,
environmental uncertainty, dynamics), task factors (type of technology, the type
of innovation), and organizational factors (the nature of the organization, the
complexity of the organization, the kinds of communication patterns, and the
division of responsibilities).

Affective events theory posits that characteristics of the workplace and inci-
dents at work constitute discrete events that influence positive and negative moods
and emotions. Job satisfaction is in part a result of such moods. The congruence
of the values of the organization and the person is likely to result in job satis-
faction, organizational commitment, long tenure in the organization, and intent
to stay in the organization (Joshi and Mavtocchio, 2008).

4.8 SUMMARY

In this chapter we have examined job design, broadly defined, as it contributes to
organizational effectiveness. We have considered how managers can interrelate
individual and organizational goals for effectiveness, how job attributes suggest
that certain people would be more or less effective doing some jobs, and how
physical layout can help communication. Jobs should be designed to promote the
interrelationship of personal and organizational goals, match available personnel,
and be consistent with the physical layouts that are good for communication.
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We then turned to career paths, which inevitably have implications for the orga-
nizational structures that are likely to be effective in an R&D laboratory, and
that discussion resulted in an examination of the advantages and disadvantages
of various organizational structures. Keeping the researcher on the path of inno-
vation and designing the job so as to take advantage of productive conflict and
avoid destructive conflict were also discussed.

4.9 QUESTIONS FOR CLASS DISCUSSION

1. What kinds of hierarchy are ideal for an R&D lab?

2. What are the advantages and disadvantages of a matrix form of organization?

3. How should jobs be designed in an R&D lab?

4. How can a lab minimize destructive conflict and maximize productive
conflict?

5. What suggestions would you offer to ensure that a researcher remains pro-
ductive and innovative?



5
INFLUENCING PEOPLE

An important aspect of a manager’s job is influencing others. Top management
often needs to influence the rank and file; lower management needs to influence
middle management, and so on. In this chapter we will consider how attitudes
are formed and changed, and how a person can influence others.

“Influence” may sound like manipulation, and some people may find it objec-
tionable on moral grounds. Yet the evidence is clear from several studies that
managers who are influential with their bosses are better managers and can be
more helpful to their own subordinates. For example, some studies show that
those managers who are influential with their supervisors have subordinates who
are more satisfied with their jobs.

Furthermore, an important aspect of lower or middle management is to get
resources from top management. Such resources in the form of budget approvals,
space allocation, and the like are vital for the unit the manager is administering.
Since research output can never be completely predicted and since considerable
time lapse exists between resource inputs and research outputs, R&D managers’
ability to influence upper management and sponsors could be crucial in acquir-
ing needed resources for research. This ability of influencing people could be
important for an R&D manager for internal purposes as well. For example, many
research projects require the collaboration of researchers in the manager’s own
group as well as periodic assistance from external groups. The manager’s ability
to influence people should give him or her the necessary tools to (a) provide
order and purpose, and (b) integrate the contributions of different participants to
the research effort.

A principal investigator, on the other hand, often has to deal with researchers
within his or her own team and also has to work with the immediate supervisor,
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the sponsor, and many individuals in the support offices of an R&D organization.
The ability of a principal investigator to understand the attitudes and motivation
of different people and to influence these people could make a crucial difference
in getting the job done.

Being in a position of influence requires that a manager understand
people—and himself or herself—from both intellectual and emotional
standpoints. Although companies spend considerable resources on personality
testing and research, it is important to keep in mind that people can’t be labeled
by personality type. People need to be understood in a nonjudgmental way
(Maccoby, 2005).

In influencing people, some important aspects deal with attitude and attitude
change, as well as with communication alternatives and outcomes. These two
major topics, along with a case study and its analysis, are discussed in this
chapter.

5.1 ATTITUDE, ATTITUDE CHANGE

A central construct for understanding influence is the construct of attitude. An
attitude is an idea, charged with affect, predisposing action. For example, Mrs.
Top Manager’s attitude toward Department X getting additional space is based on
several beliefs about the space problems of Department X, how well Department
X is doing, the future of Department X research, and so on. Each of these ideas
has some emotion, positive or negative, attached to it. For instance, if Mrs. Top
Manager thinks that Department X is doing well, she is also likely to feel more
positively about Department X getting additional space. Such feelings become
intentions (e.g., self-instructions to approve the extra space), which often lead to
action (approval of the space).

To change an attitude, one needs to consider the phases of the attitude
change process. These are attention, comprehension, yielding, and remembering ,
followed by action . For example, if top management wants to change the attitude
of the rank-and-file toward a new policy, it must produce a communication that
will be attended. If the employees place the memo describing the new policy in
the wastebasket, unread, it will obviously have no effect. But even if it is read,
it must be understood. Comprehension is the phase when the attitude change
message is understood. However, understanding does not necessarily mean
acceptance. The reader might understand it and reject it. Thus, yielding refers
to the phase in which the reader not only understands, but goes along with, the
suggestion or the message. While yielding is very important in attitude change,
if one is interested in action, one needs two more phases: First the person must
remember yielding, and then the factors involved in the action (norms, roles,
previous habits, affect toward the behavior, perceived consequences, and so on,
as discussed in Chapter 6 on motivation) should not cancel out the intention to
act. In other words, the analysis of attitude change shows that it is a complex
process in which the attempt to change attitudes and behavior can be “derailed”
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by many factors. In thinking of the best means to change someone’s attitude, it
is useful to be analytic and to consider and anticipate all those factors and, if
possible, make them favorable to the change.

The analysis of attitude change also requires thinking of the factors that are
important in this change. There are four factors to be considered: the source of
the attitude change, the message, the medium, and the audience. The source is
the person or group that produces the attitude change message. For example, if
Department X wants to get more space it could send its manager to talk to the top
management, or it could send a departmental resolution to the top management
or ask some allies to suggest to the top management that more space is needed.
In each of these examples both the source (manager, department, allies) and the
message are different. One must also consider the medium. For example, one
might attempt to influence either face-to-face, through a written document, or by
using a video presentation. Finally, one must consider the characteristics of the
audience. Who are we trying to influence? Depending on our analysis of audience
attributes, we can develop different strategies for attitude change. If the audience
is very intelligent, research shows that we must produce a message that presents
the position we advocate and that also convincingly deals with any objections
to that position. This has special implications for an R&D organization whose
participants are especially intelligent.

5.2 FINDINGS FROM ATTITUDE RESEARCH

There are many experimental findings about attitude change; for further reading
see Triandis (1971) and Cialdini (1985). We will summarize a few that may be
of special interest to managers.

Sources. What kinds of sources are most effective? Those sources that the audi-
ence trusts most and finds most attractive and most similar to itself. It is good to
use a source that has high credibility with the particular audience.

Message. What kind of a message is best? Here we need to consider whether
we are going to have the greatest difficulties changing the audience at the level
of attention, comprehension, yielding, remembering, or action. If the level of
attention is the weak spot, we need a message that is dramatic and includes
a simple slogan. If the level of comprehension is the weak spot, we need a
message that is clear and draws a definite conclusion. If the message needs
mostly to influence the yielding stage, it must link the goals of the audience with
acceptance of central ideas of the message. If remembering is likely to be the
weak spot, then repetition is useful (as in advertising). If action is the weak spot,
the message needs to address issues that may derail the intention to act such as
incompatible norms, roles, or perceived consequences.

A good message starts with the good news, since people open up when they
hear good news. The amount of change advocated must not be too great or too
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small. That is a very tricky point. If one asks for too much change, one loses
credibility; if one asks for too little, one will not get as much as is feasible. Thus, it
is important to know something about the audience’s “range of noncommitment.”

An example about buying a car may be helpful in explaining this idea. When
the average manager goes to a car dealer, the chances are that he has a range
of prices in mind—for example, $15,000 to $20,000. If the dealer were to show
him a $14,000 car that the buyer likes, the salesman would not make as much
profit. If he were to show him a $30,000 car, he would not make a sale. So the
challenge is to know the range and to present a car that is just a little higher
than the range, say $22,000. There is a phenomenon in perception known as
“assimilation and contrast.” Ledgerwood and Chaiken (2007) explain that social
influence and attitude assimilation are influenced by other people and reference
points, except in situations that seem to bring about polarization or contrast.
For example, stimuli that are similar to a given category are assimilated into
that category because they appear to be more similar than they really are; while
stimuli that are different from the category are contrasted—that is, they are seen
as more different than they really are. Thus, the $22,000 car will appear not
too different from the $20,000 car, while the $25,000 car may well appear as
different as the $30,000 one. The $22,000 car is thus assimilated into the range
of noncommitment, while the $25,000 car is contrasted from it.

There is another way to change the range of noncommitment, and that is to
change the audience’s “level of adaptation.” The level of adaptation is a kind of
neutral point. It separates “expensive cars” from “inexpensive cars.” Obviously,
what is expensive for one buyer might well be inexpensive for another. This
neutral point turns out to be the geometric mean of all the stimuli that are salient
at the time of the particular judgment. Some of these stimuli will influence
the judgment more because they are most recent, and some will influence it
more because they have occurred very frequently. If we take all these stimuli
into account and take the geometric mean, we get the level of adaptation for a
particular judgment. Therefore, if 10 stimuli are salient in somebody’s head, we
multiply their values and take the 10th root, and the result of that calculation is
the level of adaptation.

Now, obviously, one can change the level of adaptation by exposing a person
to stimuli. For example, a salesman may say, “I know you do not want to spend
that much money, but let me show you this beauty of a car here. Is it not a work
of art?” The car turns out to be worth $40,000. The customer does not buy it,
but it goes into his calculation of the level of adaptation. If the customer, at the
start, has cars in mind worth $25,000 to $30,000, his level of adaptation would
be $27,500. Now if in addition, he has been exposed to a $30,000 and a $40,000
car, the level would be $35,000. So, now a $32,000 car would appear “slightly
inexpensive”!

A good message links the proposal to the rewards that will be received by the
audience if the proposal is accepted. For example, if the manager asks for a new
building, a good message might mention that the new building eventually will
be named the (Mrs.) Top Manager Research Center!
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An effective message anticipates objections and shows that they can be over-
come. As an exercise, the reader might think of objections based on various
components of the model discussed in Chapter 6 on motivation and think how
they might be dealt with. Perhaps the best way to do this is to read the case that
follows.

5.3 BEHAVIORAL SCIENCE DIVISION CASE∗

The Laboratory for Behavioral Sciences at Government R&D Lab (GRDL) has
been under attack by the scientific director, Dr. Brown, because it has experi-
enced substantial reductions in grants and contracts. Much of this reduction is
attributable to an unfavorable climate for support of such research by the federal
government. However, a team of managers from other divisions of GRDL who
inspected the laboratory identified several internal problems as well.

The laboratory used to have a sizable research program consisting of $2–3
million a year, but in recent years grants and contracts amounted to only about
$750,000. The director, Dr. Park, formed the laboratory 15 years ago and has been
highly instrumental in obtaining outside grants and contracts. Four researchers
from various behavioral sciences are also connected with the laboratory. Dr. Link,
a psychologist, deals with artificial intelligence. Dr. Henson, a sociologist, deals
with public opinion sampling. Dr. Duff, a geographer, employs aerial photography
to develop information about economic geography. Dr. Barron, an economist,
conducts market surveys.

In addition, three other researchers also work at GRDL: Dr. Clay, a political
scientist; Dr. Goa, a sociologist; and Dr. Harden, a geographer. The laboratory
provides substantial space for the offices of these associates and their research
assistants, for computer outlets that link the laboratory with a main computer of
GRDL, and for a library that has a full-time librarian. The central administration
of GRDL feels that the current rate of activity does not justify the space that it
occupies, and it has announced that the laboratory should confine itself to about
one-half of its present space so that the other half might be used by another
laboratory that is expanding.

The visiting inspection team, which consists of division managers, has iden-
tified numerous problems. For example, there is conflict between Dr. Park, the
director of the laboratory, and Dr. Link, who is working on a problem that has
occupied him for seven years but has not yet produced any publications. How-
ever, Dr. Link is very optimistic that the problem will eventually lead to a major
publication of high theoretical value. The inspection committee estimates that
the probability is around 0.3 that such a publication might be forthcoming. Dr.
Park has identified an interest by the Office of Naval Research (ONR) in work
related to the research that Dr. Link has been doing, and he is pressuring Link to

∗From the files of H. Triandis and David Day. The events are true, but the names of all the people
and laboratories are fictional.



5.3 BEHAVIORAL SCIENCE DIVISION CASE 93

drop his current activity and try to obtain a contract from ONR. The work that
the ONR contract would pay for is estimated to have a high probability (around
0.8) of resulting in several publications. However, because this work is going
to be applied, these publications may not make an impact on the writer’s whole
scientific field and may, instead, only solve a specific problem. Current income
in the form of overhead received by the laboratory from the work that Link does
is very small, whereas the work that would be done under the ONR contract is
expected to bring in considerable amounts. Although Link’s current traveling,
which causes him some concern, could be reduced significantly if he were to
work on the ONR project (the new project would employ a research associate to
do most of the traveling), he is resisting pressure from Park.

The visiting committee identified many other cases of conflict between Park
and his co-workers. Park was critical of Harden for spending too much of his
time repairing antique cars instead of doing research. Harden, however, says that
his publication record is at least as good as the upper third of the members
of the laboratory, and therefore it is none of Park’s business how he spends
his time. The laboratory has no clear standards concerning either the number
or the quality of the publications of its associates. For example, Park criticized
Henson’s publication record for 1985. Henson, however, feels that his record is
satisfactory and improving and that in his field it is pretty good. In any case,
1986 was better than 1985. Park was also critical of Henson and Duff because
they failed to collaborate in the bidding for a contract with the National Institute
of Education (NIE), which required the skills of these two researchers. Because
Henson and Duff do not get along and prefer to work independently rather than
collaboratively, the opportunity of an NIE contract was lost.

In talking with Goa, the inspection team learned that he felt isolated and found
his colleagues uncooperative. He tended to attribute this to the fact that he was
Portuguese and that, in his view at least, there was some discrimination toward
foreigners in the laboratory.

The morale of many of the researchers was low because their pay was gen-
erally low. This was particularly the case with Clay, who received his doctorate
from a prestigious Ivy League university and consequently felt that he should be
receiving a higher salary than the other researchers.

Many of the researchers at the laboratory were critical of Park because they felt
that he was not sufficiently involved in the activities of their own research groups,
was unaware of specific difficulties experienced by these research groups, and did
not seem to appreciate that many of these difficulties had been overcome and that
a number of projects had come to a successful completion. Park’s view, however,
was that he was much too busy to keep detailed track of such matters because he
often had to be in Washington to gauge the interest of several federal agencies
in various kinds of research in order to submit appropriate research proposals
and to increase the funds from grants and contracts currently administered by the
laboratory.
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According to the inspection team, one of the problems of the laboratory was
that Park made most of the decisions independently. Others had very little oppor-
tunity to register their views, and, in fact, Henson, Duff, and Barron almost never
argued or raised issues with him. The majority of those associated with the lab-
oratory felt that Park provided a setting within which they could carry on their
work without having to go to Washington to find money to support their research.
Thus, they were willing to put up with Park’s pressures, but at the same time
they resented them.

People did not seem to identify with GRDL. The majority of the researchers
felt that it was a convenient setting for their research, but if they could work
elsewhere they would just as soon do so.

The major current problem facing the laboratory is that the central adminis-
tration of GRDL wants to take away half of its space. Park has called everyone
to his office to discuss what might be done to prevent this from happening.
What recommendations would you have concerning attempts by the laboratory
to change the attitude of the administration? What changes in working procedures
may be instituted within the laboratory to improve its internal functioning and
internal relationships?

5.4 CASE ANALYSIS

In thinking through this case, try to consider who the best source of attitude
change might be (e.g., Dr. Park, a friend of the top administrator, a committee?).
What would be the best message (exactly what would it say so as to shift the
level of adaptation, present the good news first, etc., as discussed earlier)? How
should it be presented (face-to-face, in writing, etc.)?

A few additional points about attitude change can be made. One technique that
can work well is to have several sources. One of these might take an extreme
position and thus change the audience’s level of adaptation. Then the other source
could make a “modest proposal” that would be immediately accepted.

Another approach that sometimes works is the “foot in the door” procedure.
With this tactic one may be able to get the audience to accept a very modest
proposal and then, in time, ask for more. There is also research on the way fear
and threats of punishment can be mixed into the message. The general finding is
that only modest levels of fear or threat can be effective. If one puts too much
fear into the message, the audience rejects the message.

This “foot in the door” analogy can be particularly relevant to research activ-
ities. For example, many research project outcomes are uncertain, while the
resources required for completion of the entire research effort may be substantial.
Consequently, asking for all the resources necessary for the research project at
the outset may not be a prudent course of action. One approach that works quite
well is to ask for sufficient research funding to do initial, or pilot, programs to
ascertain the feasibility of the research approach. This way one has a “foot in
the door” and the sponsor is more likely to continue with the funding than if this
initial step had never been taken.
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Sources that are extremely credible and knowledgeable can have more of an
effect on attitude change because they are likely to be listened to very carefully
and because they can get away with advocating more change. For example, to go
back to our car-buying case, if a credible source such as the editor of a national
magazine on cars were to argue with our buyer that a $25,000 car was a better
investment than any of the other cars he had in mind, there is a good chance
the message would be effective, even though the gap between the buyer’s upper
limit and the advocated position is now very large.

Face-to-face communication is generally more effective than communication
in writing or through other media. However, in certain situations, written com-
munication can be more effective—for example, if the argument is very complex
and requires the audience to think about it step by step.

When an audience is highly involved with an issue it is difficult to change
its attitude. In general, audiences that are intelligent, complex in their thinking,
and self-confident are also very difficult to change. Such audiences usually attend
and comprehend, but they do not yield. On the other hand, audiences that are
less intelligent and neither confident nor involved in the issue may not even pay
attention to the message. In other words, the communicator has different problems
with different audiences. As a result, the relationship between variables such as
involvement, intelligence, and self-confidence and attitude change is an inverted
U. For very low or very high levels of these variables there is little attitude
change; for moderate levels there is a fair amount of change.

5.5 COMMUNICATION ALTERNATIVES AND OUTCOMES

There are three kinds of communication that take place in organizations: inter-
personal communication (e.g., among colleagues), group communication (e.g., a
principal investigator talking to his or her team), and organizational communi-
cation (e.g., a top manager attempting to change attitudes of the rank and file).
In interpersonal communication the major weak point is yielding; in organiza-
tional communication the major weak point is attention. So, for different kinds
of communication the communicator has to develop different strategies in order
to overcome different problems.

In reading the discussions of various communication alternatives presented
here, one may feel that there is an attempt to manipulate others unfairly. This
is not the purpose of this chapter. We are dealing with very intelligent people;
consequently, any attempt to manipulate them is likely to backfire. In addition,
one’s ability to influence others regarding a project or an issue is fundamen-
tally limited by the merits of the project or the issue. At times, managers and
even researchers are frozen in a position or a mindset that does not allow
them to review the project or an issue without preconceived ideas. In such
cases, it is helpful to unfreeze a person so that he or she is able to see your
viewpoint. Some of the communication alternatives might provide you with a
winning edge.
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Take Advantage of the Other’s Cognitive Habits. It is possible to influence
others by taking advantage of the cognitive habits they already have. For example,
most people think that “expensive” is equivalent to “high quality” when it comes
to purchasing goods. This can easily generalize to research, so that they may
think that elaborate and expensive research is better than research done on a
shoestring.

Another habit deeply ingrained in human thinking is reciprocity. We believe
that we must return a favor; or if someone makes a concession, we feel obligated
to make one in return. One can take advantage of this tendency. Conversely,
someone who is aware of the tendency can learn to resist manipulation. For
example, suppose your boss wants you to do a job you really do not want to do.
He or she might be able to influence you by asking you to do something that
is even worse, thus shifting your level of adaptation in the negative direction,
and then provide a concession by asking you to do the first job. Since the boss
has made a concession, you have the tendency to make a concession also. This
leads to the boss manipulating you and to your agreeing to do the job. If you
can analyze the situation and identify the manipulation, you can resist it better.

Use Information Optimally. When making judgments we use the information
that is most readily available. Information that is used frequently is more available
than information that is used rarely. It is the same principle as putting the things
you use often in the front of your refrigerator near the door, and the things you
do not use so frequently in the back. You can use this principle to influence
others. For example, suppose you want to do research on X and your colleagues
or supervisor are not interested in this kind of research. You mention the names
of people doing research on X, you describe studies that have utilized that kind
of research, and so on, thus shifting the cognitive availability of the information.
When the time comes to decide on a new direction for research, the fact that
information on this kind of research is more available in the cognitions of your
colleagues can make a difference.

Use Analogies. We think by analogy. One way to convince your colleagues is to
find good analogies when a particular kind of research you want to do has been
successful. The analogy does not even have to be in the same area of research,
as long as there is some congruence. The analogous research may be in another
field but has similar attributes, such as when and where it was done and the
configuration of people who participated. Incidentally, the difficulty most people
have in accepting a truly original idea can be traced to the same phenomenon. In
that case they lack a ready-made analogy. As we discussed earlier, laboratories
that use analogies and metaphors are more effective than laboratories in which
the norms do not call for the use of such devices.

Use Repetition. Repetition can be helpful in influencing people. It has the ten-
dency to make some ideas more available, and it also shifts the level of adaptation.
For example, if your level of adaptation is at 10 units and you get exposed to
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three events at 11 units, the new level of adaptation would be 10.74. So, while
11 units was “high” before the repetition, now it is almost “neutral.”

Use Prior Imagination. Another well-known approach is to use prior imagina-
tion. “Imagine what would happen if we do this research.” You describe exciting
possible outcomes. That kind of line can prove quite convincing. Of course, there
has to be some substance to the argument. When someone is using this approach,
be on your toes!

Use Positive Experience. Finally, one tactic is to resurrect a positive prior
experience. For example, you might describe to your colleagues a past event that
was very positive to them, and link that event to your proposal.

Get People to Commit Themselves. Once your colleagues are committed to a
course of action, they are more likely to change their subjective probabilities of
success. For example, until a proposal has been committed to paper and sent to
a sponsor, there may be a 0.5 subjective probability that it will succeed. Once
work has started on it, the subjective probability is likely to rise to 0.7 or 0.8.
The general tendency is to make our feelings line up with our current behavior.
Thus, this is something that one can take advantage of in influencing others.

Choose the Right Source of Influence. The choice of who is the source of
influence is critical. A source who is physically attractive and who is similar in
many dimensions (particularly values and general goals) to the audience, and with
whom the audience is quite familiar, is a good one. Thus, if you are a biologist
and you want to convince your supervisor, who is a physicist, arranging for
a very attractive physicist to talk to your supervisor may be a better approach
than talking to the supervisor directly. If such a person is also one of your
supervisor’s old cronies, that is even better. One might think that this approach
sounds a bit naı̈ve. How can an intelligent manager be influenced by this? Since
many judgments related to research funding are subjective and many research
outcomes are unpredictable, some of the approaches presented here may make
the crucial difference in getting a positive response. Try it and you may be
pleasantly surprised.

Get Help from Others. Many judgments we make in life do not have objective
bases. When we deal with ambiguous situations and we do not have a good
way to test them objectively by using data, we rely on the opinions of others to
validate our judgments. These others are usually chosen because they are similar
to us and because they have comparable levels of knowledge, prior experience,
and the like. Thus, in many cases one might be able to convince another by first
convincing that person’s peers. The central person is usually more ego-involved
with the issue than are his or her friends. So, while the person may pay attention
and understand the issue, he or she may not yield as readily as friends who, as
third parties, are less ego-involved and thus more likely to yield when presented
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with a reasonable argument. Once the peer group has yielded and is convinced,
it is easier to persuade the central person to yield and become convinced. Again,
you can learn to resist such manipulation by becoming aware of how such a
system works; and if you see your friends shifting in a given direction, identify
the influences on them.

Stress Rare Events. Finally, events appear more desirable than they really are
if they seem rare. For example, a scientific breakthrough can be seen as even
more desirable if you can convince others that such breakthroughs seldom occur.
Naturally, you may also be able to convince them about other issues if you
convince them that the event is of great value.

Up and Down Communication. In most U.S. organizations there is a lot of
downward communication and very little upward communication. There are
many channels of upward communication, however, that are not immediately
apparent. For example, suggestion systems, quality circles, and management by
objectives are different ways to increase upward communication. It is important
for managers to support such channels in order to correct the imbalance in the
communication flow that is typical in most organizations.

Another channel of upward communication that is particularly effective is
briefings given to visitors where management is present, or briefings given to
management in order to seek its input. During such briefings it is not prudent
to ask for more funds or more staff. These briefings should be designed to
provide information succinctly and to seek comments from management. Critical
comments should be encouraged, and management concerns should be brought
out. Management would, of course, understand that, to the degree possible, its
concerns will be dealt with. Our experience indicates that this strategy for upward
communication, though requiring some preparation and planning, works quite
well. This also gives management a genuine feeling of participation in the project.
A caution, however, is in order. In cases where management is likely to be
autocratic and dictate a new direction for the project or place other poorly thought-
out restrictions or demands, such an approach will naturally not work.

Sideways Communication. There are studies of communication channels that
show that people who are in central positions where communication flows through
them are more satisfied than people who are on the periphery of the organiza-
tion. Another problem is that the accuracy of the communication is not always
high. Communications are often distorted as they move from person to person.
“Telephone,” a well-known party game, is unfortunately repeated in everyday
life in some organizations. The distortions that usually occur are of three kinds:
(1) some detail is dropped out, (2) some aspects become more salient than other
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aspects, and (3) the values of the communicators distort the message in the direc-
tion of wishful thinking. Of course, the more relay points there are between the
originator and the target of a message, the greater the distortion.

There are some differences in the kinds of communications that are most
helpful to scientists, particularly those doing basic research, and to engineers,
particularly those doing development work. The former get more of their infor-
mation from journals; the latter get it mostly from face-to-face communications.
An effective lab needs both kinds of communication, and management will do
well to ensure that both types are widely available. Highly effective labs encour-
age publication, since that is the ticket that allows the scientist access to the
prepublication work of other scientists. Participation at professional meetings is
expensive, but managers would be foolish to save on travel to such meetings
since their people are usually stimulated by such meetings.

Resistance to Change. Resistance to change is very common in most organi-
zations and is one of the problems a communicator must overcome. It is often
helpful to analyze a problem of resistance to change in terms of “forces opposed”
and “forces supporting” the change. Such an analysis can often suggest where
communications should be sent, and what the message should be in order to
overcome the resistance. Research has shown that major change requires some
people who can become “opinion leaders” and influence others. Such people are
often secure in their positions, influential, and of high status. They have extra
resources that allow them to take some risks. Once they adopt the innovation, it
is likely that some others will follow, and the trickle becomes a flood.

Ingratiation and Impression Management. There is also quite a bit of research
on the way people can influence others by using ingratiation, or impression man-
agement , by being vigilant about what aspects of themselves they present to
others. Ingratiation, for instance, can be effective in getting a boss to like a
subordinate more.

There are several tactics that work in ingratiation. One is “other enhancement,”
which involves the subtle use of flattery. To be most effective, this approach
requires that you flatter the boss behind his or her back, with comments about
qualities the boss would like to have but about which he or she feels uncertain.
“Opinion conformity” is agreeing with the boss, particularly about pet projects
that others are not too enthusiastic about. “Rendering favor” is most effective if
the donor is seen as really intending to do it, and at a cost. It is least effective if
the donor is seen as enjoying rendering the favor.

There are problems with “other enhancement” with which one must be careful.
For example, if the boss has a poor opinion of himself or herself, praise can
backfire. Conversely, if the boss has too good an opinion of himself or herself,
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praise can also backfire: “What? You did not expect me to do this well?” You
can also make the boss anxious by praising after a good performance that he or
she may not be able to pull off again.

“Opinion conformity” also has its tricky side. While agreeing with a rare and
not commonly held belief can be effective, agreeing with a belief that most people
hold can appear unoriginal and might seem to be an attempt to manipulate the
boss. One approach is to disagree on trivial topics, thus lowering the boss’s level
of adaptation for your agreement and then suddenly agreeing on something that
matters to the boss. This appears to the boss as a “real coup,” since you have
created a reputation for being “difficult to sell.”

Impression management involves making claims (e.g., I can do this difficult
job) that the other might be able to accept. The boss will usually challenge the
claim. A successful claim, therefore, is one that is not challenged or that can
stand up to the challenge. If you can make the claim stick, you have won. But if
the claim proves illegitimate, you lose, and not only are you likely to feel shame,
guilt, or embarrassment, but you may even be fired. Thus, in making a claim, you
have to analyze in advance the possible consequences and their value. Basically
what you have to do is to figure out the risks and the benefits from making a
claim. If you can assess the probability and the value of each consequence and
can come up with a positive outcome, it may be worth making the claim.

If you make a claim that is challenged and invalidated, you must do something
to account for your behavior. You can, for instance, provide a justification (e.g.,
I wanted to test my limits, to see if I could develop this new system), you can
claim to be innocent of the claim (e.g., I did not really mean the complete system
but just wanted to develop a concept for the system), or you can make an excuse
(e.g., my colleagues thought I could do this). The more severe the predicament
that results from a successfully challenged claim, the more you will have to
give an account of why you made that claim in the first place. All of this can
be computed ahead of time, taking into account probable consequences and the
value of these consequences and trying to maximize outcomes.

If you really goof, you need to develop a good apology. There are a number of
possibilities to choose from. For example, you might indicate that your previous
action was an aberration that was not at all typical of you. Ideally an apology
has the following components: (1) admission of guilt (“the boss was right, I was
wrong”), (2) a description of what should have been the correct behavior (“so
the boss knows you know”), (3) a disparagement of self for misbehaving (e.g.,
“it was stupid of me”), (4) a promise of appropriate behavior in the future, and
(5) an offer of compensation (if possible).

On the other hand, if a desirable event occurs, impressing management often
involves making sure that others know about it and requires an effort to increase
the perceived desirability of the event (e.g., it resulted in a new contract). Boast-
ing can be counterproductive, but there are tactics that can get the same effect
(e.g., “I know you expected 100 units and I produced 150; if I had been on the ball
and done such and such, I would have produced 200”). Such an approach can be
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particularly effective in an R&D organization where researchers are expected to
be high performers and are naturally optimistic about what they can accomplish.
Some people are more skilled than others in presenting those aspects of them-
selves that will impress management. A scale exists to measure “self-monitoring”
(Snyder, 1979). Those high in self-monitoring present themselves better, because
they stress those aspects of themselves that are likely to make a good impression.
Those low in self-monitoring present themselves the way they are, and do not
change their presentation tactics from audience to audience. High self-monitors
are good actors, they remember the traits of other people better, they are guided
by the situation, they define who they are according to the situation, and they
know more about their audience than low self-monitors. The low self-monitors
know more about themselves, and they do not try to impress others.

Discussion

Which of these various tactics is most likely to work under what conditions?
The greater the difference in the status between two people, the more indirect the
ingratiation must be in order to be effective. If a first-level manager meets the
lab director, it would look foolish to give a compliment about how good a job
he or she is doing. However, an indirect compliment is another matter (e.g., “I
heard about your new research project at the professional meeting I attended last
week”). Similarly, the presentation of positive information about the self must be
more indirect if there is a large status gap (e.g., “I had such difficulties publishing
three refereed papers this year”), and doing a favor is best avoided unless the
other explicitly asks for it. Opinion conformity is the most effective tactic for
low-status persons, while compliments and doing favors are the best tactics for
high-status persons. High-status persons can improve their self-presentation by
linking successful events with trivial mistakes (e.g., spilling coffee).

5.6 SUMMARY

In summary, there are a number of ways to influence others, and consideration
of the various tactics outlined in this chapter can improve one’s strategies and
chances of successful influence.

In reading this chapter some may feel that the information may be used to
manipulate the behavior of others. This is not the purpose of the material pre-
sented here. Opinion and views vary. At times, people get attached to hopeless
causes or to views based on erroneous information. The methods of influence
presented here might provide tools to overcome some of these difficulties. Manip-
ulative or unethical behavior is neither proposed nor condoned. Furthermore, we
chose to include this material here because some people do use these methods
to exert influence, and their effectiveness can be reduced when these tactics are
known to the public.
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5.7 QUESTIONS FOR CLASS DISCUSSION

1. Which of the techniques of interpersonal influence is likely to backfire?
Which of the techniques of interpersonal influence is likely to prove espe-
cially effective in R&D labs?

2. Now that you have had a chance to read more about influence, how would
you change your plans about the Behavioral Science Division case? Go
back, reread it, and think of Dr. Park’s predicament. How can he approach
the problem, taking advantage of some of the ideas you have just read?



6
MOTIVATION IN R&D
ORGANIZATIONS

Goals determine a substantial amount of human behavior (Locke et al., 1981).
Motivation to achieve these goals is a major factor in researcher performance
and in organizational effectiveness. For these reasons we devote a full chapter
to this topic. Individuals have goals and organizations have goals. For maximal
organizational effectiveness it is important to make these two sets of goals com-
patible. In fact, that is the major role of management. The R&D manager must
have a clear understanding of both sets of goals and find ways to make them
similar, overlapping, and at least noncontradictory.

Organizational effectiveness depends on (1) individual motivation for organi-
zational effectiveness (i.e., individual goals that are compatible with the goals
of the organization), (2) individual performance (just because one has the right
goals does not automatically result in effective performance), and (3) adequate
coordination of individual performances.

Performance depends on more than motivation. One must have adequate skills
and abilities and proper training, and there must be a good match between the
individual and the organization’s goals. Coordination depends on adequate com-
munication, and it can be improved when there is participation by employees in
decisions that affect them and when organizational goals overlap with personal
ones.

In order to understand performance better, it is useful to focus on a model
that links the probability of an act to particular determinants.
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6.1 A MODEL OF HUMAN BEHAVIOR

For our purposes here an act is a short sequence of behaviors that eventually
results in some outcome, such as the publication of a paper or the development
of a good research design. In other words, we are using the word “act” in a very
specific way. Hundreds of these acts are necessary to produce a publication or to
develop a product. What we are trying to understand is what makes these small
acts more or less probable.

Actions have results that are evaluated, and considered as the outcomes of
action that may satisfy individual needs. This motivational model has received
some support in the literature (Pritchard and Youngcourt, 2008).

Two variables are important in this case: previous habits and self-instruction.
For example, when a person says, “I should look up these references,” that is
a self-instruction or behavioral intention. Research has shown that behavioral
intentions predict behaviors quite well (Triandis, 1977, 1980).

The model thus states that the probability of an act is dependent on two
kinds of variables: habits and behavioral intentions. However, even when peo-
ple have the proper habits and intentions to carry out a particular act, they may
fail to do so because external conditions may not be favorable. We utilize the
concept of facilitating conditions in order to explain the phenomenon that even
though the individual may have all that is required, the act may not occur. Rea-
sons beyond the intentions of the individual may not allow it. For example,
there may be a lack of proper equipment or there may be distractions in the
environment. Facilitating conditions can be measured both with data obtained
“outside the individual” (e.g., by asking objective observers, who know the con-
ditions of work well, to judge if the act can occur) and with data obtained from
“inside the individual,” by measuring the individual’s sense of “self-efficacy.”
This can be measured by asking the individual, “Can you do that?” A scale
can be constructed that measures the individual’s beliefs that the behavior can
take place under different kinds of circumstances. The circumstances described
in the scale can be more and more difficult. Those who think that they can do
the behavior under the most difficult circumstances are highest in self-efficacy.
Thus, a high sense of self-efficacy is an especially important facilitating condi-
tion. For instance, we can ask, “Can you solve this equation?” A person who
says no is very low in self-efficacy. Those who answer yes are higher in self-
efficacy. A person who says yes when the question is “Can you solve this equation
when you are waiting to board a plane in a noisy airport?” is very high in self-
efficacy.

Consider a more specific example. If a person said, “I will look up this ref-
erence,” but the book that contains the particular reference is not around, the
probability that the act will occur decreases. Facilitating conditions modify the
probability that habit and intention in themselves will result in the act. They
reflect the situation within which behavior may occur.
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For those who enjoy the precision that mathematical statements provide, the
first equation of the model is:

Pa = (WH · H + WI · I )F (1)

where Pa is the probability of an act, WH and WI are weights that are positive
numbers between 0 and 1.00 and sum to 1.00, H is a measure of habit, I is a
measure of intention, and F is a measure of the facilitating conditions.

The weights depend on the novelty of the act for the individual. When the
individual is faced with a new situation, the weight for intention is 1.00 and the
weight for habit is zero. However, as the person performs the act over and over
again the weight for habit keeps increasing until it becomes 1.00 and then the
weight for intention is zero. For instance, when one learns a new skill (e.g., riding
a bicycle) in the early phases, one’s behavior is under the control of intentions,
but at the end it is entirely under the control of habits. Once behavior is under the
control of habits, it is difficult to “explain” it to others without actually carrying
out the act and observing one’s own behavior.

Another variable that shifts behavior to habit control instead of intention con-
trol is stress. When people are under stress, as in an emergency or under time
pressure, their behavior is under habit control. That is why there is so much
drilling of emergency procedures in the military or on ships. In an emergency
one cannot depend on an intellectual analysis of the situation. One must have the
right habits.

To make a behavior automatic under habit control, one needs several hundred
trials (Schneider, 1993). But for some jobs the advantages of having a behavior
under habit control are immense. Consider these examples. Suppose the job
requires a two-category judgment or a four-category judgment (e.g., is this an
airplane, a missile, a bird, a shadow?) To match a new stimulus with the correct
response on a two-category task takes 0.7 seconds; on a four-category task it
takes about 2 seconds if the response has not yet become automatic. If it has
become automatic (after several hundred trials) the two-category task or the
four-category task take the same time: 0.002 seconds! If the workload changes,
the responses that are not automatic require more time, but the responses that
are automatic do not require more time. Of course, to get the response to be
automatic requires about 10 hours of practice. Thus, it is only in some critical
jobs, such as air traffic controller, that this type of training is economically
justified.

Another advantage of responses under habit control is that they are not for-
gotten. Once you learn to ride a bicycle, you can ride one 10 years later. In
short, automatic responses are faster, do not degrade with time, and stay in long-
term memory. But only for some jobs is it justified to spend the time to make
responses automatic. While in most research work the development of automatic
responses is unnecessary, there are components of jobs, such as learning the
value of the integral of a particular equation, that may speed up the work of
scientists.
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Determinants of Habits

What are some of the variables that determine a habit? Habits build up as a result
of previous rewards. We call such rewards “reinforcements” because they rein-
force the link between stimulus conditions and behavior. Behavior is a function
of its consequences. As people engage in a particular behavior in the presence of
a certain configuration of stimuli, and when desirable events follow the behav-
ior, the probability increases that the configuration of stimuli will in the future
produce the same behavior. The behavior eventually becomes automatic, without
thinking. When this happens, we say that the act has become “overlearned” and
occurs under the control of habits. In that case, behavioral intentions are not
relevant as explanations of the behavior.

Determinants of Intentions

Let us now examine what determines behavioral intentions. Three classes of vari-
ables are relevant for the determination of behavioral intentions: social factors,
act satisfaction, and perceived consequences.

Social Factors. Social factors include norms, roles, self-concept of the person,
and interpersonal agreements.

1. Norms . Ideas about correct behavior for all members of the organiza-
tion. They emerge in discussions among members of the organization. For
instance, arriving at 8 a.m. would be a norm since it applies to all members
of the group.

2. Roles . Ideas about correct behavior for the specific position that a mem-
ber of the organization holds. These are evident when a person says to
himself or herself, “I am supposed to be doing this because it is my job.”
In short, the role has become embedded in the person’s thinking and has
certain activities associated with it. The probability of these activities (acts)
increases when the person thinks that he or she is doing the job. Researchers
who feel it is their job to keep supervisors informed are more likely to do
it. For instance, what behaviors are expected of a “principal investigator”?
In some cases, these expectations are quantitative, such as “producing three
papers a year.” In other cases, they are qualitative—for example, the expec-
tation of an important scientific contribution, or the development of a new
product that will benefit the company.

3. Self-Concept of the Person . This includes the ideas a person has about the
types of activities that are appropriate for him or her. For example, if a
researcher feels it is appropriate to present his or her views, even though
they differ from others, he or she is more likely to participate actively in
discussions and meetings.

4. Interpersonal Agreements . These are similar to management by objectives.
The supervisor and subordinate agree that the subordinate will try to reach
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a particular goal. Interpersonal agreements increase the probability that the
goal will be reached through behavioral intention (self-instruction). Some
research projects use milestones that are really interpersonal agreements as
conceptualized here.

Act Satisfaction. The second class of variables that determines behavioral
intentions is satisfaction associated with the act itself. Many acts are enjoyable
in themselves, such as eating certain types of foods, playing the piano, or working
on computer problems. Often such acts associated with pleasure have been formed
through classical conditioning. In other words, the activity itself was associated
with pleasant events in the past and is pleasant to think about, so this factor
involves affect (emotion) toward the behavior itself. This affect motivates the
person to self-instruct to do the act, and this in turn becomes the behavioral
intention that causes the behavior. Working on a challenging research project or
working with a noted scientist could fall in this category.

Perceived Consequences. Finally, the perceived consequences of the act are
also important. When we do something, such as publish a paper, we perceive
certain consequences. For example, when we publish a paper, we might have
the perception that this could lead to a promotion, to recognition, or to a par-
ticular reward. It is obvious that each of these consequences is probabilistically
associated with the act since there is no certainty that the behavior will have
the particular consequence. For example, if the scientist publishes a paper, the
probability of promotion may be 0.60; the probability that there will be some
recognition associated with the paper may be 0.90. Thus, each act has asso-
ciated with it a probability between zero and one. So the person thinks, “If I
do such and such, then there is a high probability (or low probability) that x
will happen.” In this case, x is a consequence. Each consequence also has some
value to the person. For example, some people would see a promotion as very
desirable, but others might not. Obviously, if the consequence has a positive
value attached to it, it will increase the probability of the behavioral intention.
If the consequence is perceived as negative, it will decrease the probability that
the corresponding behavioral intention will be activated. For each of the acts the
person may consider, there is a whole string of consequences, each of which
has some probability and some value attached to it. To obtain the total effect
of these perceived consequences, each person must multiply the probability
and the values for every consequence and then sum these products. Intelli-
gent people will make better estimates of these probabilities and values than
others.

Thus, we can say that behavioral intentions are a function of (1) social factors
such as roles, norms, the self-concept, and interpersonal agreements, (2) the
affect toward the act itself, and (3) the total value of the perceived consequences.
Because some people are susceptible to social factors and others are susceptible
to perceived consequences of the act, each of the three factors can now be given
a weight. For example, people who have been socialized to be very sensitive
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to the views of others, and who have received lots of rewards and punishments
in their interactions with others, develop great sensitivity to social norms. Their
behavioral intentions are much more influenced by the social factors than by the
other two sets of factors. On the other hand, people who have been socialized to
be quite independent often give attention to how much pleasure they can get out
of a particular situation. Thus, they are likely to pay a great deal of attention to
the affect that is attached to the act. Still others are quite interested in the future
and in the way the act is going to bring “good outcomes.” Such people look at
the consequences of the act and are likely to give weight to those consequences.

The consequences of the act can include job autonomy, vacations, fringe ben-
efits, and the opportunity to use time flexibly. For example, to work at home
when you otherwise are expected to be at the office can be highly rewarding.
Setting difficult but reachable goals with feedback is one of the ways in which a
supervisor can motivate a subordinate. In addition, it has been found that inter-
esting work that provides both challenge and variety can be rewarding. Deadlines
are like an interpersonal agreement that can be rewarding and that can function
as a goal. Recognition, promotions, and the opportunity to grow, to receive more
pay, or to have a more secure job can all be motivators.

It is also useful to consider situations that are demotivating. One such situation
occurs when the employee feels that the organization discriminates against him
or her. Other causes for demotivation are poor interpersonal relationships with
a supervisor or with peers, low pay, indifference by the organization, lack of
promotion or recognition, and having to work for an incompetent supervisor.

Again, for the sake of those who like mathematical formulations, what we
have said above can be summarized by the following equations:

I = WS · S + WA · A + WC · C (2)

S = R + N + SC + IA (3)

C =
n∑

c=1

PC VC (4)

Where I is a measure in intentions
A is a measure of the affect toward the behavior itself
C is a measure of the value of the consequences
S is the social factor that reflects roles (R), norms (N ), the

self-concept (SC ), and interpersonal agreements (IA)
Pc is the probability of a consequence
VC is the value of the consequence
WS, WA, WC are weights that are positive numbers between zero and

one and that sum to 1.00
c stands for consequences 1 to n

If a supervisor wants to change the behavior of a subordinate, every one of
these variables may be influenced, and of course combinations of these variables
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may be optimal. For example, the supervisor can associate pleasant events with
the desired behavior, so that even a minimal quantity of the desired behavior may
elicit the pleasant event (a nod, a smile, a pat on the back, etc.). A discussion
of roles, norms, and the resultant interpersonal agreements can influence the
S -factor. A discussion of the probable consequences of the particular behavior
can influence the P c. The association of important values of the subordinate
with the desired behaviors can lead to higher C . Goals are most effective if
they are specific, difficult, and attainable. Such goals can become interpersonal
agreements.

Facilitating Conditions

There are a number of factors that facilitate the performance of a behavior. Most
of them are situational, such as helpful conditions, the right setting, or access to
the resources needed to carry out the behavior. However, there are also internal
conditions over which the individual does not have much control, such as the
person’s physiological state (e.g., hormonal balance), beliefs that the behavior
is possible and likely to lead to the successful reaching of goals (sense of self-
efficacy), and the level of difficulty of the task relative to the person’s ability. For
instance, no matter how intensive a researcher’s intention to invent a new product,
and how brilliant the past record of inventions (habits), there are situations in
which no invention will be possible because the person is feeling depressed,
or he or she believes that they are not able to have a new idea, or the task is
much too difficult relative to the available talent. Some of these conditions can
be measured objectively, and others may be estimated by objective observers of
the total situation. The point about the F component of Equation 1 is that when
it is zero, it can bring the probability of the act to zero, no matter how high the
levels of habits or intentions.

Links between desirable behavior and challenges, variety on the job, recogni-
tion, promotions, growth, extra pay, extra security, and so on, are too obvious to
mention in detail. One can also motivate people by providing deadlines.

Of special importance in R&D labs is whether the organization rewards rea-
sonable risk-taking, innovation, and creativity. Does the organization provide
feedback and rewards for good work? What kind of facilitating conditions and
environment is the organization providing for motivation of this unique group of
talented individuals—the researchers?

Common sense suggests that job satisfaction results in high productivity. How-
ever, the empirical evidence is not supportive of this expectation. This happens
in part because one can get high production without satisfaction (e.g., in coercive
situations, such as among slaves and in prisons, where people may not be able to
eat if they do not produce enough), and one might also be able to have high sat-
isfaction without much production (as in situations in which the management lets
workers do whatever they like). The evidence suggests that those who receive
high pay and have supportive supervisors are high in “extrinsic” satisfaction,
which in turn leads to high performance. On the other hand, high performance
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leads to intrinsic satisfaction—that is, to people enjoying the work itself. If we
perceive the work situation as equitable—that is, if our effort is rewarded about
as equally as that of others—we are more likely to be satisfied than if we feel
that others are getting more or less for their effort.

Scientists crave visibility and recognition. That is certainly true in the West.
However, some caution is required in East Asia. People in some East Asian
cultures feel distinctly uncomfortable when they are made to “stick out” from
the group, even when that means that they are being complimented. A supervisor
in that part of the world should first “test the waters” by privately talking to the
subordinate. “I think your accomplishments require public recognition. You did
extremely well and I want everyone to know that. I am planning . . . ” See how
the subordinate reacts. If the subordinate is clearly embarrassed and does not
want public recognition, do an about face: “I respect your wishes and will not
do what I had planned.” But this last step is complicated. It could be compared
to such East Asian occasions as Chinese banquets or the Japanese tea ceremony,
where one is frequently offered a special dish or tea. The correct response in such
situations is to refuse it politely. The host then insists, and after a few refusals
the guest agrees to accept the tea or delicacy. Thus, offer the opportunity for a
special recognition again, at another time, and see what happens. The reluctant
East Asian scientist may change his or her mind.

Nevertheless, in general, managers should provide opportunities for visibility
(e.g., invitations to give a lecture or to make presentations to important customers)
as a reward. There are many studies of compensation, and this is a topic we will
not discuss in detail, except to point out the desirability of linking the scientist’s
behavior to the goals of the laboratory by offering personal rewards, prizes, or
recognition for actions that promote such goals.

At different stages in their careers, people need a different mixture of rewards.
For example, Busch, Venkitachalam, and Richards (2008) note that younger IT
employees like to be recognized formally by their boss, but older IT employees
seek out recognition from colleagues with regard to performance. Keep in mind
that scientists and engineers need to increase their skills in order to learn more.
So training, growth, and transferring to different jobs can be seen as rewards.
In middle career (age 35–50), recognition, esteem, and visibility are the most
important rewards. In late career (50–70 years), security, health and pension
benefits, recognition, and visibility are the important rewards.

Support for the Model

Numerous studies support this formulation (for a review see Triandis, 1980). We
will mention only two as examples. In one study, foremen were instructed by
the experimenters to behave poorly. In a control group, foremen were instructed
to behave normally. Half the workers were doing a new job; the other half did
a job that they had been doing for a long time. The instructions to the foremen
influenced the productivity of the workers only when the workers were doing
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a new job. In other words, when the job was under habit control, the supervi-
sor’s behavior was irrelevant, but when it was under intention control a supervisor
who treated a subordinate badly depressed the subordinate’s performance. In other
studies (Fiedler, 1986a) the effect of the leader’s intelligence (which is relevant to
the utilization of intentions, as we will see below) and years of experience (which
is relevant to the extent the leader’s behavior is under the control of habits) were
related to the effectiveness of the team under the supervision of the particular
leader. Under conditions of time pressure, stress, or emergency (when habits are
likely to control the behavior), the experience of the leader correlated with group
effectiveness. Under those conditions the leader’s IQ was unrelated to effective-
ness. However, under conditions of low stress the opposite pattern of correlations
was obtained. In short, when people are under stress they use their habits more
than their intentions, and so they do not utilize their intelligence as much.

The example with the foremen who behaved poorly for experimental purposes
makes another important point: It is possible for people to be very dissatisfied and
yet be highly productive. For example, an employee who sees high productivity
as a means to a promotion out of a boring job may be low in job satisfaction but
extremely high in productivity.

In fact, the factors that determine productivity are not the same as the factors
that determine job satisfaction. Productivity depends on how many high-effort,
high-quality behaviors are attempted by the person. The model we just described
indicates the factors that will lead to high productivity: beliefs that others expect
high productivity; the person’s beliefs that high productivity is appropriate and
that he or she is the type of person who is highly productive; instructions from
supervisors that point to high but attainable goals; specific goals; the availability
of clear procedures for reaching goals; feedback from supervisors concerning goal
attainment; enjoyment of high-effort, high-quality behaviors; beliefs that such
behaviors will have desirable consequences (e.g., promotions); and the conversion
of the intention to produce high-quality outputs into habits—that is, automatic
behaviors that the person carries out without thinking.

Job satisfaction, on the other hand, depends on how much one gets (resources
such as status, training, money, goods, services) relative to what one expects.
If one gets slightly more than one expects, this may boost productivity, but the
effect is likely to be short-lived. One soon rationalizes that the extra resources
obtained are “well deserved.” If one gets less than expected, one is dissatisfied.
Expectations depend on our perception of what we bring to the job, relative to
what others bring, and what we get out of the job, relative to what others get. So
a researcher who believes that his or her international reputation is much greater
than that of colleagues is likely to be dissatisfied with the same pay as that of
colleagues. Note that we are discussing perceptions , not reality. It is perceptions
that determine expectations.

In other words, the manager of an R&D laboratory who wants subordinates to
be productive must ensure that the norms of the laboratory (perception of what
people are expected to do, what is “proper” behavior) call for high effort and high
quality and must present difficult but attainable, specific goals to subordinates.
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Furthermore, the environment should be structured in such a way that there are
clear procedures for reaching such goals, and feedback is provided when the goal
is reached. Rewards should be given liberally, for both minor accomplishments (a
nod, a pat on the back) and major accomplishments (special prizes and awards).
This will link the high productivity behaviors to enjoyable situations and to
beliefs that such behaviors result in benefits.

A manager who wants subordinates to be satisfied should provide as many
rewards as feasible (see below for varieties of rewards) and also realistic expec-
tations concerning such rewards. Publishing wage surveys that indicate that the
laboratory pays better than average, for instance, would be helpful. The fact
that a famous scientist at another laboratory is underpaid is worth mentioning to
one’s subordinates. Discussing how much value is placed on various factors that
one brings to the laboratory—advanced degrees, years of experience, publica-
tion record, editorships, listings on the masthead of specific journals, honorary
degrees, elections to high-status positions in scientific societies, and so on—can
be helpful. This is true because a subordinate may think that one of these factors
is worth much more than does a supervisor, thus creating discrepancy between
what the subordinate expects and what they are likely to get. For example, does
the laboratory really care if a scientist gets an honorary degree? Usually such
events promote the individual but not the lab and may not improve the lab’s
productivity. Or is a book summarizing a program of research worth as much as
N refereed publications? Again, a major discrepancy between subordinate and
supervisor perceptions can occur, and clear discussion of such issues can be most
beneficial.

6.2 CHANGING THE REWARD SYSTEM TO SUPPORT
TECHNICAL CAREERS

Thompson and Dalton (1976) suggest that there are a number of things organiza-
tions can do to improve the motivation of technical personnel. For example, they
can pay for performance and not position. In other words, people who are doing
first-rate work that is important to the organization should receive the same pay,
regardless of their title or position level. But there are objections to this idea.
The implication of such change is that a person whose performance deteriorates
gets less pay, and this is something that many employees find very difficult to
accept.

Another approach is to increase the visibility of those who are extremely effec-
tive. Most organizations do this by promotion, but usually that means promotion
to management and many employees want to continue their technical activities
rather than become members of management. Organizations have to find ways
to provide recognition that do not require promoting the employee. There are a
number of ways to do this. One is to structure the organization with a triple hier-
archy. Other activities that provide recognition may be as simple as having the
successful performer make presentations for the top management, inviting them
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to meet important customers, or giving them nonmonetary honors and awards.
These honors and awards, of course, have to be meaningful to recipients and
reflect genuine recognition to be effective.

At one research lab a researcher is annually selected by a vigorous peer review
process to be the “Researcher of the Year.” The Researcher of the Year is given
a reserved parking space for the year, and he or she is invited to all senior
management conferences. The Researcher of the Year serves on the peer review
panel for the selection of the next year’s honoree.

Another way is to equalize the status symbols that are used in managerial
positions for those professionals who are exceptionally effective. For example,
there is no reason why the office of a researcher should be smaller than the
office of a manager. Another possibility is to increase office privacy or to provide
attractive furniture for the researcher.

Commenting on motivating creative employees, Cuadron (1994) suggests that
scientists and inventors are not always attracted by traditional incentives like
titles and promotion. They seek opportunities to create, the freedom to innovate,
and recognition for their scientific breakthroughs. One of the most tangible recog-
nitions, of course, is the opportunity to participate in the commercial success of
the products of their innovations. By sharing the profits with key contributors,
R&D organizations can provide incentives for innovation and successful product
commercialization (Cuadron, 1994).

As mentioned earlier, different mechanisms should be used to reward
individuals during the various periods of their career (see Hall and Mansfield,
1975). For the young engineer or scientist, during the first period of their career,
the most important reward is self-fulfillment and growth. Satisfaction and the
sense of accomplishment that goes with it are maximized when such a person
feels that the job provides such opportunities. For the person in mid-career,
organizational recognition and esteem derived from the organization are the
most important elements of motivation. For the person in late career, security
and a good system of health and pension benefits, as well as organizational
recognition, are important rewards. Such persons should have the sense that
they have contributed to the organization and that the organization is grateful
for the contributions they have made.

6.3 STRUCTURING THE ORGANIZATION FOR OPTIMAL
COMMUNICATION

People are more motivated if they have clear goals and know how their job
fits the goals of the organization than if they do not have this information. Thus,
structuring the organization for optimal communication can help individual moti-
vation.

There has been a good deal of literature on the question of how to expose
members of research and development laboratories to the information they need
to have to do their jobs well. One concern has been the accessibility of technical
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literature to the members of the laboratory (Fisher, 1980). To ensure that people
will become acquainted with other activities of the laboratory and with new tech-
nical developments, there has been a greater focus on increasing interdependence
among projects within a laboratory.

It has been argued that people should become aware of activities in other parts
of the laboratory because they can often pick up ideas from seeing what others
are doing (Allen, 1970; Fisher, 1980). One idea has been to increase the sharing
of such facilities as coffee pots, restrooms, and computer equipment in order to
increase interaction and the likelihood that people in the laboratory will get to
know one another well.

It is obvious that members of the laboratory should be encouraged to partici-
pate in national meetings and professional societies, to hold offices in professional
associations, and to serve on the editorial boards of journals, since all these
activities increase communication and are likely to bring new information to the
laboratory. Establishing contacts with academic scientists who are working in
the same general area as the laboratory can also be very helpful (Fisher, 1980).
Finally, the architecture of the laboratory can have some beneficial effects for
the flow of information.

Allen (1970) has described the effects of a so-called nonterritorial office that
was built by the research and development section of a small chemical firm. In
this case, all of the office walls were removed and an individual could choose
to work anywhere in the area, depending on what was convenient. The effect
of this change appeared to increase communication, both in the number of com-
munications per person and the number of individuals with whom the average
engineer communicated. This, of course, would not work well in situations where
projects are of longer durations and considerable uninterrupted time is required
for research activities.

6.4 REWARDS AND MOTIVATION

A variety of factors can be used to motivate an individual. Nonetheless, indi-
viduals will be just that when it comes to personal motivations. In a case study
of nine large software developers, Baddoo, Hall, and Jagieska (2006) found that
developers’ motivations for performance were based around pay and benefits,
recognition, and opportunities for achievement. They concluded that motivations
are dependent upon the employees and are likely to change within differing
industries. Therefore the individual, company, and industry must be taken into
account when motivators are applied.

Foa and Foa (1974) have analyzed the motivation that is provided by different
resources. They have identified six resources, with money, of course, as an obvi-
ous one. However, a person can be motivated by the services the organization
provides, such as (a) a good benefit package and (b) assistance in finding housing
or day care. There are a number of other activities (some of which may sound
paternalistic) that could be included under “services.”
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Still another factor is status. People often make very fine distinctions about
status. For example, in a study of a restaurant (Whyte, 1948), it was found that
different kinds of cooks had radically different statuses. Foa and Foa (1974) also
mentioned love as a motivator. An individual can be motivated by having a very
good relationship with a supervisor who provides emotional support and help in
solving personal problems. This kind of motivator is used much more in Japan
than in the United States and is consistent with other aspects of Japanese culture.
Still another reward is information. For instance, training or the opportunity
to grow can be a very important reward. Goods are important motivators in
some organizations. For instance, special discounts for particular products that
are produced by the organization or gifts given on certain occasions can be
motivating, at least for some people.

The variety of rewards is not exhausted by the ones just mentioned. For
example, giving time to an employee can also be a reward. The superior can
accomplish this by paying attention to an employee’s problems or by granting
time off when there is a family crisis or when the employee needs to get away
from it all. Allowing the employee to work at home is yet another form of reward.

An analysis of the way these various rewards function suggests that there
are hierarchies of such rewards. Maslow (1992), for example, has argued that
there are some basic physiological needs—for example, for food, water, and
sleep—that have to be fulfilled before the next higher needs can be activated.
After these basic needs are met relatively well, the next higher level needs—
protection from danger, threat, and deprivation—become important. These are
followed by social needs that include the need for love and for acceptance. The
next level includes ego needs, which, according to Maslow, involve the need for
self-confidence, for achievement, for competence, and for knowledge. Finally,
the highest need, self-actualization, can be activated. This is the need to develop
one’s own potential and to maximize self-development.

Maslow has conceived of these needs as hierarchically structured. Although
the evidence for a multilevel hierarchy of needs is very weak, physiological needs
are the basis for all others. If physiological needs are not satisfied, then other
needs do not become activated. The evidence for this point comes from studies of
hunger that were done during the Second World War (Guetzkow and Bowman,
1946). In these studies, volunteers agreed to live on 900 calories a day. This
starvation diet resulted in an extremely disturbing experience for the participants.
They stopped functioning as normal adults; they no longer had any interest in
development, in sex, or in interpersonal relationships. Their only concern was
obtaining food. Food dominated their thoughts, their dreams, and their everyday
life. This example supports Maslow’s thesis and suggests that at least a two-
level hierarchy is valid. Some other theorists, such as Alderfer (1972), have
argued that a three-level hierarchy can be identified. He called them existence,
relatedness, and growth needs (the ERG theory). Existence includes physiological
and safety needs, relatedness includes membership and self-esteem needs, and
growth includes self-actualization needs.
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The presence of a goal can create a need. As indicated above, there is evidence
that individuals who have been given specific, difficult, but attainable goals are
much more motivated to work hard to obtain them than those individuals who
have not been given any goals or who have been given goals that are too easy
or too difficult (Locke, 1968). Thus, management by objectives—where specific,
difficult, but attainable goals are established for a research project and where the
manager and researcher discuss and agree on specific goals and later review the
extent to which these goals have been reached—is an approach to motivation.

Another factor that is very helpful in motivating people is receiving feedback.
Feedback takes many forms. It can include evaluation by the supervisor, formal
recognition by the organization, receiving data of various kinds about how well
one is doing, and comparisons with others or comparisons with the self at different
points in time. Here information regarding scheduled versus actual specific goals’
completion rate can be used as one mechanism for such feedback.

The research shows that at least in some organizational settings, certain kinds
of feedback are more effective than others. For example, Herold and Parsons
(1985) have found that formal recognition is the most powerful form of feedback.
Other forms of effective feedback are positive supervisory behavior, positive
comparisons with the self at another point in time, and positive comparisons
with internalized standards.

Some feedback can be ineffective because it makes people defensive. For
example, negative comparisons with others, along with negative evaluations by
co-workers, may do more harm than good.

The evidence generally indicates that managers need to provide both goals
and feedback. One without the other is unlikely to be effective (Becker, 1978).
To be most effective, feedback should be given by the person who knows the
most about the employee, with the least delay possible. It should be positive and
relevant to the job, referring specifically to the goals, and be frequent enough to
be noticed (Brickman et al., 1976; Ilgen et al., 1979). If individuals are allowed
to set their own goals when the assigned goals are easy, they are likely to set
difficult ones; and when the assigned goals are difficult, individuals are likely to
set easier ones (Locke et al., 1984; Murphy et al., 1985). Goal setting is more
effective than instructions such as “do the best you can.” It becomes even more
effective when the person is aware that he or she will be evaluated and when
the person receives positive cues (e.g., when somebody says, “This is a fun job,
it is a challenging job”). The combination of these variables is most effective
(White et al., 1977). Providing a challenge can be particularly effective with a
researcher.

6.5 REWARD SYSTEM DISCUSSION

We asked earlier, what acts does the organization reward? For example, does the
organization reward innovation? Does the organization reward having original
ideas that are not very popular? One can analyze the way the organization gives
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rewards for specific kinds of behaviors and come up with a profile that suggests
why an organization is not very creative or not very successful. For example,
Zenger and Lazzarini (2004) found that smaller R&D companies are sometimes
more successful in attracting researchers because they are able to offer scientists
better contract deals with rewards based on enhanced ability, effort, and perfor-
mance; larger corporations tend to base their rewards solely on seniority. The
reason organizations lack creativity or success is usually found in the nature and
frequency of the rewards that are being distributed. Rewards can be given every
month, such as salary, but this is not nearly as motivating as rewards that occur
with a variable schedule. There is evidence that a variable schedule of rewards is
much more motivating than one that occurs on a regular basis (Saari and Latham,
1982). Receiving recognition after each publication is less effective than getting
a major recognition following a series of publications.

Given that R&D workers tend to have strong achievement orientation, drive
to succeed, willingness to take risks, tolerance for ambiguity, relatively weak
allegiance to employers, and high identification with their profession, Medcof
and Rumpel (2007) concluded that total rewards—rewards consisting of every-
thing that employees value in the employment relationship—should be applied
to high technology workers. Total rewards consist of pay, benefits, learning and
development, and work environment and are appealing to all workers. Finding
the right mix of rewards is highly dependent upon the company and employees.

While motivation is an important aspect of individual performance, we must
not neglect to mention that the availability of proper skills and adequate train-
ing is also crucial to good performance. Furthermore, the rewards that the person
receives from the organization should be tied to organizational performance. Oth-
erwise, the person may function extremely effectively, but his or her performance
may have no impact on the organization. Consider, for example, the case of an
employee who is inspired on the job to invent something that could make a mil-
lion dollars. However, the organization has neither the need for such a product
nor the resources to take advantage of the invention. Such a person is performing
well at the individual level, but not at the organizational level.

The most important principles of compensation are (1) equity, (2) competi-
tiveness, and (3) link to performance. Equity is achieved by making sure that
employees are rewarded according to their education and merit. Competitiveness
requires salary surveys. Links to performance are difficult to establish but are
important. Specifically, if salary is the major means of compensation, it does
not correlate sufficiently to performance. Bonuses do so much more. Systems of
compensation that review the employee’s achievements every few months and
that provide a raise according to the outcomes of these reviews link compensation
and performance even more effectively.

In such evaluations an important issue is what attributions the evaluator uses
to account for the behavior of the subordinate. In other words, is the behavior
attributed to ability, task difficulty, effort, or luck? After a failure it is important
for the effort attribution to be made, both by the employee and by the supervisor.
An attribution to ability is likely to result in giving up. Effort is by far the best
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attribution for supervisors to make, and that is particularly so in the case of
failure. In short, they should say, “Try a bit harder and you will succeed.”

Which exact mixture of rewards such as profit sharing, salary, fringe benefits,
vacations, working at home, and so on, is likely to be most effective will vary
depending on the attributes of the employee, as well as on the organization and its
environment. Based on data from 33 high-tech and 72 non-high-tech firms with
research and development units, Balkin and Gomez-Mejia (1984) concluded that
high-tech firms place greater emphasis on profit sharing than traditional firms.
Firms that are just getting established usually cannot afford to pay high salaries,
but are able to offer a share of the profits. Of course, exactly what share depends
on many factors, including profitability, sales volume, the stage of the product’s
life cycle, and attrition rates. However, profit sharing seems to be desirable in
the case of commercial R&D organizations because such firms depend so much
on innovation, and new products introduced by their scientific personnel can
easily be associated with particular improvements in profit. Furthermore, those
scientists who receive large shares of the profits do not have to try to become
managers. They already have an excellent income doing technical work. Thus,
some of the problems discussed in the previous chapters, concerning the need
for dual and triple hierarchies as a means of motivating professionals to stay in
technical work, can be solved if profit sharing is used wisely.

Atchison and French (1967) examined which of three systems of pay for
scientists and engineers is perceived to be most equitable. One system was based
on job evaluation, one was based on years of professional experience and judged
quality of performance, and one was based on Jaques’s (1961) notion of time span
of discretion. According to Jaques’s idea, the more important the job, the longer it
takes to obtain feedback on how well one is doing. Also, the more important the
job, the longer it takes for a higher authority to review one’s performance. Hence,
the time span of discretion (how long it takes before one’s work is reviewed) can
be used as a measure of the importance of the job. Atchison and French (1967)
found that the traditional job evaluation method of determining pay and the time
span of discretion method were considered more equitable than the method of
using years of professional experience and quality of performance. However,
the results may be due to the fact that people object to having others evaluate
their performance. There are studies on performance appraisal that show that
more than 80 percent of those appraised think that they perform above average
(which, of course, is a statistical impossibility).

Since a large number of researchers work for not-for-profit organizations,
government agencies, and universities, pay can hardly be tied to the profits of the
employing organization. No one really knows for certain how pay for researchers
in such organizations is determined or should be determined. Pay in such cases
is most likely based upon it being externally competitive, internally equitable,
and based upon individuals’ credentials and accomplishments.

Individual researchers are at a distinct disadvantage in negotiating an equitable
salary. Bargaining units where union representatives negotiate wages exist in
few universities and research organizations. The leverage for obtaining equitable
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salaries through individual negotiations comes primarily from the threat of los-
ing the researcher. However, the individual faces considerable uncertainty when
starting a new position, and financial and social costs for relocating can be high
for both the individual and the family. This, therefore, works to the advantage of
the organization. Good starting salaries, with low potential for salary increases
as the researcher gains experience, become normal management practices. This,
in turn, creates dissatisfaction among experienced researchers.

Comparability salary surveys provide one of the best leverages. When
such surveys continually show that salaries in certain research organizations,
universities, or governmental labs are markedly lower than in comparable
organizations, recruitment for new employees, especially for inducing quality
researchers, suffers.

Take the case of the U.S. government research organization in which one of
the managers stated that “due to a salary lag of 20 to 25 percent, he has not
been able to recruit a single researcher holding a PhD in engineering from one
of the premier research universities during the last five years.” Such pay policies
may not affect work quality immediately because researchers hired prior to the
period when the pay disparity developed are not likely to leave at once. But the
long-term consequences of such policies on the quality of the research staff are
predictable and inevitable.

Some may argue that market mechanisms properly determine salaries. How-
ever, President Derek Bok, in his commencement address to the Harvard Class
of ’88, provided comprehensive and compelling arguments to disprove this myth.
Few salaries are determined by such mechanisms. For instance, salaries of chief
executive officers of corporations are not really determined by a free market
mechanism. If that were the case, why would the president of Chrysler get $16
million a year more than the president of Toyota?

In the long run, organization policies that attempt to provide competitive and
equitable salary compensation to the researchers are likely to attract and retain
highly talented research staff. Some organizations have gone as far as provid-
ing team-reward compensation systems in hopes of building and maintaining
teams with higher quality and motivation and more effective communication
skills (McClurg, 2001). In an R&D organization, nothing is more crucial than
the quality of the research staff.

6.6 SENSE OF CONTROL AND COMMUNITY

Organizational effectiveness does depend on individual motivation and individual
effectiveness. It obviously depends on individual performance, but it also depends
on communication and coordination among individuals as well as between the
individual and the organization. Techniques such as gain sharing and profit shar-
ing bring the goals of the individual and the organization into line with each other
and are also methods for motivating the individual. One of the most successful
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plans to motivate employees has been developed by Lincoln (1951) and involves
profit sharing.

In addition, openness of information is necessary so that the individual knows
what the organization expects and hopes to get from him. Job rotation can help
the individual get a better feel for what the organization is trying to achieve, and
intrinsic rewards (getting a kick out of doing the job) that are tied to individual
performance can help the individual line up his or her own rewards and goals
with the goals of the organization.

Finally, designing jobs in such a way that individuals have a sense of control
over their activities is very important. Individuals must feel that a lot of what
they do is consistent with their goals. Thus, the individual should have a certain
amount of choice. Individuals who see themselves as having some alternatives
are much more satisfied and have a greater sense of control than individuals who
are told “this is it.” Having only one alternative is demotivating.

Furthermore, self-esteem is linked to a sense of control. In other words, people
who see themselves in control have higher self-esteem; conversely, having high
self-esteem often means the individual is in control. There are also studies show-
ing that people who do not feel that they are in control feel depressed (Langer,
1983). The need for control is so strong in humans that in certain experiments
(Thomson, 1983) people have been found to prefer receiving a punishment in
the form of a loud noise that they could control, rather than a reward in the form
of chips that they could later use to buy something but over which they had no
control. In other words, something as fundamental as reward and punishment can
change meaning when matched with control and no control.

Thomson (1983) has also suggested that job design is relevant to developing
a sense of control because there are jobs in which the individual experiences so
much role conflict and role ambiguity that the individual does not feel in control.
Such jobs have been associated with dissatisfaction and high turnover.

To achieve a high level of satisfaction, good morale, and productive R&D
activity requires that scientists and engineers be given as much a sense of control
over their job environment as is feasible. It is also important to give employees
a sense that they are being appreciated by the organization. Good management
should coordinate the goals of the individual and the organization by providing
rewards that shape the goals of the individual. Specific activities that increase
the sense of community within the laboratory can also be helpful in linking the
individual to the organization. For instance, allowing the individual to be “in-the-
know” can be very helpful and very motivating; however, too much information
can confuse. A good principle is that a person should be given as much infor-
mation as is desired without being overloaded with facts by management.

A true story, from our file, that occurred in a government R&D laboratory (with
the names changed, of course) illustrates the way a supervisor can demotivate a
subordinate. Section 6.7 describes the case, as developed by Harry Triandis and
David Day.
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6.7 A FEDERAL R&D LABORATORY CASE

Some people believe that there is considerable inconsistency in the way vacation
time, flextime, being allowed to work at home, and other personnel matters are
handled by the various department managers. Some managers are very liberal,
while others are not at all. Some employees see their friends in other sections of
the organization behave in ways in which they are not allowed to behave.

While the personnel department allows considerable flexibility in such matters,
it interferes when performance evaluations are done. A case in point is Dr. Blank,
who is a researcher and has provided the following account. His supervisor, Dr.
Ablex, asked him to do some work that was rather unskilled, simply because the
work had high priority. At the time the work was assigned, Dr. Ablex assured Dr.
Blank that this would not affect his income, but when the personnel department
did an evaluation of Dr. Blank they found he was doing less skilled work and
demoted him. Dr. Ablex claimed that he could do nothing about the personnel
department’s action.

Contributing to Dr. Blank’s demotion were, however, several other factors.
First, it appears that the high-priority work that Dr. Ablex wanted done precluded
publication of papers. Yet the personnel department considered publication as one
of the criteria for performance evaluation. Second, the job assigned to Dr. Blank
required his undivided attention and was such that one person could perform it
without subordinates. So there were no technicians, graduate students, research
assistants, or associates under Dr. Blank. The personnel department, on the other
hand, considered the extent a person supervised others as a criterion for evalua-
tion. Finally, Dr. Blank had been encouraged by directors of the R&D laboratory
to participate in national and international associations and committees of his
discipline. However, Dr. Ablex did not want Dr. Blank to spend his time in such
activities instead of doing the high-priority study, and he provided no funds for
travel. Rather than paying for such travel out of his own pocket, Dr. Blank sim-
ply did not participate in committees, but the personnel department considered
participation in national and international committees as a factor in the evaluation
of Dr. Blank’s performance. The result is that Dr. Ablex’s job assignments and
behavior created conditions that made Dr. Blank look professionally isolated and
without influence—hence the recommendation that he be demoted. Dr. Ablex’s
behavior has been a problem in other ways and to other people as well.

In this example Dr. Ablex is getting his high-priority job done, but the results,
in terms of motivation, are devastating to Dr. Blank. The situation is demotivating
in a number of ways: There is little overlap between the goals of the organization
and the goals of Dr. Blank; the consequences of pursuing organizational goals
have been disastrous for Dr. Blank; it is unlikely that Dr. Blank is enjoying this
high-priority job; and while such jobs may have to be done occasionally, to have
them become so central to a person’s career is undesirable.

The case also indicates that the situation in Dr. Ablex’s division is unsatis-
factory since some people get privileges that others do not. Such inequities are
bound to be demotivating. One can defend the principle that some inequities are
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unavoidable, but when they have to happen it is good to evoke Rawls’s principle
that equality is desirable, except when inequality is to the advantage of the least
powerful. In other words, if the young scientists are given some extra privileges
so they can finish their dissertations, that is fine; but if those with power are given
the privileges, that is undesirable. In any case, Ablex should have discussed the
rules he uses in granting such privileges, and his subordinates should have an
opportunity to argue and to participate in the formulation of the rules, and once
these rules are set they should have been followed.

Could Dr. Ablex have split the high-priority work among two or more peo-
ple so that Dr. Blank’s position would not be adversely affected? Should the
personnel department have such absolute authority and ignore organizational
high-priority needs? Was Dr. Blank’s performance marginal all along and this
high-priority assignment added to the poor record of accomplishments?

6.8 SUMMARY

Behavior depends on habits and self-instructions (behavioral intentions). The
former are shaped by patterns of rewards. The latter depend on social, affective,
and cognitive factors. The social factors reflect norms, roles, self-definitions, and
interpersonal agreements. Facilitating conditions, such as self-efficacy, are also
most important in understanding whether behavior will or will not occur.

6.9 QUESTIONS FOR CLASS DISCUSSION

1. Go over the model presented in the chapter and analyze it from the point of
view of how to develop specific procedures in an R&D lab that will favor
increased productivity.

2. Go over the model again, and analyze it from the point of view of how to
develop specific procedures in an R&D lab that will favor job satisfaction.



7
DEALING WITH DIVERSITY
IN R&D ORGANIZATIONS

As markets and access to technology have spread internationally, R&D organiza-
tions have become more culturally diverse. Research teams with one scientist in
Asia, another in Europe, and a third one in North America are now much more
common than they were a decade ago.

E-mail and other electronic forms of communication allow for extensive and
inexpensive international communications. Talent can be found in many places,
and the very top people from every continent often like to work together. Joint
research projects with scientists who are different in culture, gender, age, sexual
orientation, discipline, organizational level, and function are more common.

In addition, many of the world’s problems cannot be solved by people from
a single discipline. Interdisciplinary work is essential if such problems are to be
solved.

Graduate departments in U.S. universities have substantial numbers of students
from different geographical and cultural backgrounds. Many of these profession-
als will collaborate in the future in any number of different places.

The Space Station is such an expensive research project that it requires funding
from the United States, Russia, Japan, and the European Union. Scientists from
all these regions work on it. Antarctic expeditions often have members from half
a dozen countries. Women are increasingly becoming engineers and scientists and
work side by side with men in many R&D laboratories. Young scientists often
work with older and more experienced mentors. Sexual orientation and physical
disability have nothing to do with talent. In fact, if Freud’s theory of sublimation
is correct, people who repress their homosexual tendencies, to avoid “coming out
of the closet,” may be especially hardworking and creative.
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7.1 ASSIMILATION AND MULTICULTURALISM

Until the 1960s the emphasis was on assimilation in much of the Western world.
People from a minority group were expected to change and become like the
members of the rest of the work environment.

But the world is changing. Multiculturalism is emerging as the typical pattern
in many places. In multiculturalism each group is allowed to retain those of its
own attributes that it finds most important. People are allowed to satisfy their
special needs and rights to express their cultural identity. People are treated
equally, regardless of ethnicity, sex, sexual orientation, or physical disability.

Multiculturalism is increasingly recognized as desirable, as people realize that
talent is not linked to specific demographic factors, and the optimal utilization
of personnel resources requires that all talent be used.

Yet some of the old attitudes still persist. All humans are ethnocentric (Trian-
dis, 1994). That is, they use their own culture as the standard to judge other
cultures. The more another culture is like their own culture, the “better” it is,
which explains why the “Golden Rule” works best with people from similar
cultures.

People are attracted by similarity. In one experiment, psychologists measured
how much people liked a set of first names. They found that the more the let-
ters of a name were the same as the letters of a respondent’s first name, the
more the respondent liked that first name! In short, we may be “wired” to like
similarity. As a result, many of us find that “otherness” is a deficiency. We
feel that having an organization that is too diverse is undesirable. We think that
people who express discomfort with our values are a bit strange (to say the
least). We feel that those who work with us should assimilate to our norms.
We believe that fair and equal treatment is to treat people the way we perceive
fairness. We think that if there is a non-fit between our culture or organization
and an outsider, it is the outsider who must change rather than our culture or
organization.

In sum, there are tensions between assimilation and multiculturalism. What
does the scientific literature say about the advantages and disadvantages of each?

A review of the topic of diversity (Triandis, Kurowski, and Gelfand, 1994)
identified several advantages and some disadvantages. Among the advantages of
heterogeneous groups is that they are more creative, they are more likely to solve
difficult problems, and they are less likely to engage in “groupthink,” a process
in which the leader of the group convinces everyone else that his or her solution
is the best. Groupthink often results in disastrous decisions, as was discussed in
previous chapters and again in this one.

However, not every kind of heterogeneity is desirable. Heterogeneity in ability
within the work group is not desirable; it is only heterogeneity in attitudes,
background, culture, and the like, that is desirable (Triandis, Hall, and Ewen,
1965). Heterogeneity in ability can result in some members of the group looking
down on other members. But heterogeneity in perspective means that different
ideas can be placed in front of the group, and confronting different ideas can
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often generate new ones. In one study of the top management of 199 banks
it was found that heterogeneous management teams were associated with more
innovative banks. Diversity also increases the quality of ideas and decreases the
chances that a major mistake will be made by the group. In a famous example,
General Motors introduced a car called Nova to the Latin American market, with
disappointing results. Had that name been determined by a team that included
Spanish speakers, they might have detected a problem: No va (does not go) is
not a good name for a car in that part of the world.

Research has found that the mental health of those who assimilate (give up
their own culture to become indistinguishable from members of another culture)
and those who separate (stay with fellow members of their culture in enclaves)
is not as good as the mental health of those who are bicultural (retain their own
culture, but also use most of the elements of the other culture). It is parallel to
the comparison of a person who is monolingual with a person who is bilingual.
If both languages are needed, the bilingual will behave more effectively.

On the other hand, diversity is often related to less interpersonal attraction, and
that increases turnover. Group cohesion is lower in heterogeneous groups. The
more diverse the team, the more communication problems are likely to emerge,
and poor communication predicts low interpersonal attraction. Dissatisfaction
with the job is likely, and that increases turnover. Cordero, DiTomaso, and Farris
(1996) studied 2,331 R&D professionals in regard to creativity and morale. They
found that male professionals were more innovative and likely to remain in their
jobs when they worked in male-dominated work groups, and females were more
satisfied when working in female dominated work-groups. Heterogeneous groups
often experience delays and distortions in communication. Language differences
can result in misunderstandings. More than that, people engage in paralinguistic
communication, such as touching or not touching, keeping a small or a large
distance between their bodies when they talk to each other, using different body
orientations, such as facing each other directly or at an angle, and looking or
not looking in the eyes. Major differences in paralinguistic behaviors result in
low group cohesion. Furthermore, differences in demographics and religion can
result in increased stress.

When we look at the total picture we note that some teams manage diversity
well and others do not cope with it. Those who manage it well have members
with certain personalities, who have had a wide range of experiences, have trav-
eled a lot, and have developed intercultural skills. People who are authoritarian,
low in tolerance for ambiguity, and use narrow categories do not do well in inter-
cultural situations. There are tests that can measure these personality attributes.
For example, a test can be used to find out whether a person uses narrow or broad
categories. The test consists of 10 pages. At the top of each page is a nonsense
word (e.g., a zupf ), and a nonsense shape. Under that line are 20 other nonsense
shapes. The instructions tell the respondent that the nonsense shape is called a
zupf , and ask him or her to circle all the shapes that appear to be zupf s. A broad
categorizer would circle most of the shapes. A narrow categorizer would circle
only the one or two shapes that are almost identical to the shape at the top of the
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page. Doing this ten times provides a score that is reliable. Broad categorizers
do better in other cultures because when they see a behavior that is strange they
fit it in their existing cognitive framework.

Special training programs that teach people how to deal with differences in
culture are especially useful (Black and Mendenhall, 1990). Consultants provide
such training, but some of them are incompetent. We discuss, at the end of this
chapter, some clues for identifying the most effective consultants.

7.2 UNDERSTANDING CULTURE

Culture is to society what memory is to individuals. It includes ideas, standard
operating procedures, and unstated assumptions that have “worked” at some time
in the history of a cultural group, thus becoming the standards for perceiving,
thinking, and judging. It facilitates behavior, because people do not have to decide
what to do; they do what is customary. It consists of shared beliefs, attitudes,
self-perceptions, norms, role perceptions, and values that are transmitted from
one generation to another among those who are able to communicate, because
they share a language, historical period, and place.

Organizations also have a culture. If an idea is presented and all members of
the laboratory agree without even thinking whether it is good or bad, the chances
are very high that the idea is reflecting the culture of the laboratory or of the
country.

Cultures have elements that are unique to them, and are usually expressed by
words that are difficult to translate to other languages. But they also have elements
that are universal. In order to understand the way people from other cultures look
at the world it is important to learn something about the unique elements of their
culture. For example, the Japanese have a concept called amae, reflecting a desire
for close interpersonal relationships combined with a person’s presumption that
he or she can depend on the other (Smith and Nomi, 2000). To understand
relationships involving the Japanese it is very helpful to understand the meaning
of this term. Nancy Sakamoto (1982), an American married to a Japanese man,
noted six underlying polite fictions that create problems in American–Japanese
relationships.

1. Whereas Americans assume in social interactions that “you and I are equal,”
the polite Japanese assumes that “you are my superior.”

2. Americans assume that “you and I are close friends.” Japanese assume that
“I am in awe of you.”

3. Americans assume that “you and I are relaxed.” Japanese assume that “I
am busy on your behalf.”

4. Americans assume that “you and I are independent.” Japanese, reflecting
amae, assume that “I depend on you.”

5. Americans assume that “you and I are individuals” while Japanese assume
that “you and I are members of groups.”
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6. Americans assume that “you and I are unique.” Japanese assume that “you
and I feel/think alike.”

Language has some effects on the way people think. For example, in countries
where the language forces people to distinguish male from female terms (where
nouns have gender such as in Spanish or German), children learn to distinguish
boys from girls earlier than in countries where this linguistic distinction is not
made (e.g., Finnish).

In cultures where the language requires the use of different status terms (e.g.,
“tu” and “vous” in French or in Japanese several status-linked terms for “I,” “me,”
and “you”) people pay more attention to status differences than in languages
where there are no such words. Some Japanese bilinguals prefer to use English,
because that eliminates the complications of having to decide whose status is
higher!

People can also differ in the way they develop an argument. For example,
analyses of essays written by students from different countries have found that
in English there is a preference for linear development, while in other cultures
one can find other constructions (e.g., circular development).

Another difference is whether one states a conclusion first and then lists the
facts that support it, or one lists a lot of facts first and then draws a conclusion.

Still another difference is whether one presents the best arguments first or
last. For example, Western samples generally start with the most impressive
arguments; Japanese samples keep their best ammunition for the last part of the
argument.

The extent that people solve problems using visual versus language cues,
analogies, and metaphors is also relevant. Male physicists have been found to use
visual cues more often than female physicists. They also draw diagrams and use
geometry in developing an argument more often than females. Female physicists
have been found to use verbal cues and to use analytic geometry equations more
than diagrams. Scientists who use analogies and metaphors have been found to
be more successful than scientists who avoid these devices.

The extent that context is used in communication is also an important cultural
difference. For example, Japanese speakers depend on paralinguistic cues and
other context to interpret verbal exchanges much more than Western speakers,
who depend on content and tend to ignore context.

All of these differences can create some interpersonal difficulties when
people work together. For example, American business leaders have a decision
style that reflects a high need for achievement, Japanese business leaders tend
to base their decisions on preserving relationships, and Chinese business leaders
seek to maintain power when making decisions (Martinson and Davison, 2007).
Identifying differences, and training people to anticipate them and to adjust
their behavior to fit the needs of others, can increase the effectiveness of
heterogeneous work groups.

We will see below that Americans are high in individualism and Japanese are
high in collectivism, and some of the differences mentioned above reflect these
differences in cultural patterns.
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7.3 CULTURAL DIFFERENCES

People from the West tend to be individualistic, while people from Asia, espe-
cially East Asia, tend to be collectivists. The differences between these two kinds
of cultural patterns are reflected in several tendencies. Four will be mentioned
here, and more can be found in Triandis (1995).

1. Collectivists define themselves as members of a collective (family, co-
workers, neighbors, fellow countrymen, co-religionists, etc.). If you ask
them who they are, for instance, they are likely to say “I am Japanese” or
“I am an uncle.” The individualists are more likely to say “I am responsible”
or “I am kind” (i.e., use a trait).

2. Collectivist social behavior is predicted better from norms than from atti-
tudes. Conversely, the social behavior of individualists can be predicted
better from attitudes than from norms. In short, individualists more often
do what they like than what they must do; collectivists more often do what
is appropriate than what is enjoyable.

3. Collectivists have personal goals that are compatible with the goals of their
collective, and when there is a discrepancy between the two kinds of goals
they think that it is “obvious” that the goals of the collective should have
precedence. Individualists often have goals that are not related to the goals
of their collectives, and when there is an incompatibility between the two
sets of goals they think that it is natural that their personal goals should
have priority. For example, a research scientist working in a laboratory can
spend time doing what is good for the laboratory or what is good for her. If
she is a collectivist, she is likely to do more things that help the laboratory
rather than herself; if he is an individualist, he is likely to do more things
that help him rather than the laboratory. There is a slight tendency for
women to be more collectivist than men.

4. Collectivists pay much attention to the needs of others, and they tend to
stay in a relationship in which the other person needs them even if they do
not feel that they are getting much out of the relationship. Individualists
are more calculating. If they get enough out of a relationship, they stay; if
the costs of the relationship exceed the benefits, they drop it.

Within any culture there are people whose personality is like the personality
of collectivists (allocentrics) and people whose personality is like the person-
ality of individualists (idiocentrics). Allocentrics in individualistic cultures are
more likely to join groups, such as communes, gangs, unions, large organizations
that provide job stability, the government, or the armed forces. Idiocentrics in
collectivist cultures are most likely to try to leave their culture, so that they will
not be pressured by their collectives to behave in ways they do not enjoy.

Differences between idiocentrics and allocentrics can be traced to upbringing.
The parents of idiocentrics emphasize creativity, exploration, and self-reliance;
the parents of allocentrics emphasize obedience, reliability, and duty.
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Most cultures are collectivist, until their members become affluent and able
to “do their own thing.” The upper classes, the educated, and those who have
traveled a lot tend to be individualistic. Exposure to the mass media increases
individualism, because most of the programs emphasize pleasure rather than duty.
Even in individualistic cultures there will be people who are allocentric among
those who have been exposed to the traditions of particular cultures, have been
raised in large families, or are financially dependent on others.

Research has shown that, on the whole, East Asian, Latin American, and
African cultures are collectivist, while Western cultures are individualist. How-
ever, within the United States, Hispanics, Asians, and other minorities often have
collectivist cultures. African Americans have collectivist cultures when they have
been raised by extended families, but have extremely individualistic cultures
when they have been raised by single mothers.

All humans have both individualist and collectivist elements in their cognitive
systems, and they sample the elements that fit the situations in which they find
themselves. Thus, if the collective is under threat, members of all cultures are
likely to sample the collectivist elements; when an individual is competing with
members of his or her own collective, the sampling of individualist elements is
extremely likely. When the situation is ambiguous, however, then allocentrics will
sample the collectivist elements while idiocentrics will sample the individualist
elements. Most situations are ambiguous. For example, in a negotiation, will the
other person be perceived as “one of us” or as “one of them?” In collectivist
cultures it is more likely that the “one of us” perception will occur, and there
are customs that favor the development of that perception. For example, before
the negotiation, people in collectivist cultures expect that they will “get to know
each other” and exchange a lot of private, even intimate information (e.g., “how
much do you make per month?”). In individualist cultures the exchange of such
intimate information is taboo.

Cultural differences on individualism and collectivism often result in misun-
derstandings, and when a person from a collectivist culture works in an indi-
vidualistic culture, or vice versa, there is often culture shock (e.g., people feel
depressed, anxious, cannot sleep well, lose their appetite). Cross-cultural training
can be used to expose people to different cultures, and research shows that this
reduces culture shock.

7.4 WHAT HAPPENS WHEN PEOPLE FROM DIFFERENT CULTURES
WORK TOGETHER?

When a person first sees another person, some of the attributes of the other person
“stick out.” According to recent research, people are likely to be categorized
by whatever attribute makes them distinctive (Nelson and Miller, 1995). For
example, a female engineer in a laboratory with many male engineers will be
seen as especially female. Thus, she will be seen as a representative of the females
of the world (a group), and the relationship with her is likely to be intergroup
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rather than interpersonal. Her unique attributes will not stand out. On the other
hand, the same female engineer in a group of female engineers is likely to be
seen interpersonally. When the other individual is seen as a person, unrelated to
groups, the relationship is interpersonal. In this case it is the unique attributes of
the person that stand out.

Collectivists are more likely to see relationships as intergroup, and individual-
ists are more likely to see relationships as interpersonal. Intergroup relationships
are also more probable when there is a history of conflict between the groups or
when individuals are physically distinct or anonymous, have incompatible goals,
and are strongly attached to their groups.

Intergroup relationships occur because people have a tendency to categorize
and stereotype others. Stereotyping due to diversity decreases cognitive work. We
do not have to discover who the other is, because we already know it from the
category that we have assigned to that person. If we can recategorize the other
person, from “one of them” to “one of us,” we can begin to have an interpersonal
relationship, in which the personal attributes of the other become important.

7.5 CULTURAL DISTANCE

The greater the cultural distance between the cultures of two people, the more
likely it is that they will deal with each other in intergroup rather than interper-
sonal terms. When the elements of two cultures are very similar, there is a small
cultural distance. Large cultural distances occur when people speak languages
that belong to different language families (e.g., Chinese is a tonal language,
whereas Indo-European languages are not), have different religions or different
social structures (e.g., monogamous versus polygamous families), have different
standards of living, have different political systems, and the like. Cultural dis-
tance also refers to the extent of satisfaction, economically and socially, within
a society (Gales, 2008). The greater the cultural distance, the more difficult it
is for people from the two cultures to communicate and form effective teams.
Thus, there is a limitation to the degree of heterogeneity that is ideal. While a
certain amount is desirable, extreme heterogeneity is not.

7.6 CULTURAL INTELLIGENCE AND RELATED CONCEPTS

Recent work on improving interaction across culturally different individuals has
introduced the concept of “cultural intelligence” (Earley and Ang, 2003). Cul-
tural intelligence is an individual’s capability to function effectively in situations
characterized by cultural diversity. Just as the world includes top mathematicians,
pianists, economists, philosophers, and athletes, it also includes some individuals
who are unusually good at getting along with others from other cultures.

Other related concepts such as emotional and social intelligence are also
becoming popular and are being used to inform management and leadership



7.6 CULTURAL INTELLIGENCE AND RELATED CONCEPTS 131

concepts and challenges. Perhaps the early roots of emotional intelligence can be
traced back to Darwin’s work and the emphasis he placed on the importance of
adaptation for survival as an indication of emotional expression and intelligence.
E. L. Thorndike, as early as 1920, used the term social intelligence to describe
the skill of understanding and managing social relationships with other people
(Thorndike, 1920). Howard Gardner began the formulation of the idea for many
dimensions of intelligence. He initially identified seven dimensions and later
added three more to include naturalist intelligence, spiritual intelligence, and
existential intelligence (Gardner, 1983, 1999). The model introduced by Daniel
Goleman focuses on emotional intelligence (EI) as a wide array of competencies
and skills related to leadership performance. Goleman’s model outlines four main
emotional intelligence constructs (Goleman, 1998):

1. Self-awareness: the ability to read one’s emotions and recognize their
impact while using gut feelings to guide decisions

2. Self-management: controlling one’s emotions and impulses and adapting
to changing circumstances

3. Social awareness: the ability to sense, understand, and react to others’
emotions while comprehending social networks

4. Relationship management: the ability to inspire, influence, and develop
others while managing conflict

Many of the concepts and constructs related to social and emotional intelli-
gence have considerable overlap. It is useful to use these ideas to better under-
stand human behavior rather than to measure an individual’s social and emotional
intelligence. Unlike standard IQ tests, competencies and skills identified as a part
of these tests do not have objectively correct answers. The lack of scientific sub-
stantiation has led to criticism of the use of EI as a measure of competencies and
leadership skills.

Similarly, the concept of cultural intelligence should be viewed as a means of
dealing with this issue objectively rather than classifying people as high or low
on the cultural intelligence scale. When the cultural distance between the two
cultures is large, the interaction is difficult, so that even individuals who are very
high in cultural intelligence may not perform well in that situation. Interpersonal
trust, for instance, is likely to be low in a high cultural distance situation.

People who are open to new experiences (imaginative, creative, adventurous),
who have traveled widely, have interacted extensively with people from diverse
cultures, and/or have worked extensively with people in culturally diverse groups,
tend to be higher in cultural intelligence than their peers. One clue that can
identify culturally intelligent people is that they speak several languages and
enjoy interaction in such languages; this does not mean that many Americans
who only speak English cannot be equally culturally intelligent based upon other
attributes discussed here.

Empirical work summarized in Ang and Van Dyne (2008) indicates that cul-
turally intelligent individuals usually scan the intercultural environment more
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broadly, sample the correct information from this environment, organize the infor-
mation in optimal ways, enjoy interacting with people from diverse cultures, and
behave effectively in intercultural situations. For example, they know that there
are many kinds of English, and adjust so as to understand the English that is
being used. They enjoy the situation even when the accent and pronunciation of
the English being used is not similar to their own. They know the range of norms
of proper behavior in different cultures, and the standard operating procedures
for effective interaction with members of other cultures. They tend to have a
global identity (feel that they are citizens of the world). They know when to
ask for clarification of an event that may be interpreted in different ways. For
example, they know that people may interpret situations in different ways, and
they ask for clarification of which interpretation is valid at a particular moment.
They accommodate to cross-cultural situations by adjusting their behavior so that
it is effective in different situations.

People high in cultural intelligence have been found to perform more effec-
tively than their peers in intercultural situations. They are better adjusted to
international assignments, and work more effectively than their peers on multi-
cultural teams. This topic is complex and a serious study of cultural intelligence
requires consideration of many personality and situational factors discussed in
the Ang and Van Dyne volume.

People in R&D represent different cultures for many reasons. Major research
projects involve personnel from a variety of disciplines: scientists, engineers,
social scientists, economists, business managers. Each of these disciplines, to
some degree, represents a different culture. Major research projects, large research
universities, and major research organizations in most countries, especially the
United States, attract researchers from across the globe, representing different
cultures. One can literally see this at any major university in the United States.
Consequently, it is crucial to recognize the importance of improving interaction
across culturally different individuals especially in complex R&D organizations.

The ethos of a scientific community, as described in Chapter 3, when embraced
and practiced, can serve as a powerful tool in focusing more on individual
accomplishments and capabilities than on an individual’s social status or eth-
nic background. This has helped foster a higher level of collaboration among
researchers of different ethnic and cultural backgrounds and has generated many
scientific discoveries and innovations.

7.7 A MODEL FOR DIVERSITY IN GROUPS

Figure 7.1 shows a model that summarizes the factors that increase or decrease
the effectiveness of relationships in work groups. Multicultural teams have a
wealth of material to create innovative approaches to complex organizational
challenges, and a broad range of operating models with which to develop new
ways of implementing solutions. Creating successful multicultural teams requires
us to tap into the key idea of “perceived similarity.” As we noted earlier, we
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Figure 7.1. A theoretical model for the study of diversity
(Source: Triandis et al., 1994, p. 784.)
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are wired to prefer similarity. Similarity is rewarding and leads to attraction.
Perceived similarity decreases where there is a large cultural distance and when
there is a history of conflict between groups or individuals (the events in the
former Yugoslavia show this clearly).

However, perceived similarity increases when people know a lot about each
other, and that is what cross-cultural training courses try to accomplish. Also,
when people are of approximately equal status or share a similar attribute, their
perceived similarity increases.

Perceived similarity may not have much relevance if people do not have an
opportunity to interact. If one person is on the 9th floor and the other on the 35th
and they never meet, whether they are similar or different makes no difference.
However, the more opportunities there are for people to have contact, the more
perceived similarity will result in rewarding situations. The rewards will be even
higher when people have superordinate goals—goals that they can reach only
with the help of the other person. Furthermore, the rewards are greater when
authorities support contact between diverse individuals. For example, where there
is an official policy that supports multiculturalism, contact becomes even more
satisfying. Rewarding contacts increase the chances that more interaction will
take place between the individuals. The greater the interaction, the more likely
it is that the individuals will develop an intimate relationship, revealing more
about themselves and spending more time together. Such activities are likely to
increase their perceived similarity. Also, the more interaction, the more people
are likely to develop common friends and other indications of “network overlap.”
When there is much network overlap people will avoid cutting themselves off
from the other group and displaying signs of ethnic superiority.

More interaction also has the effect of developing accuracy in the perception of
the other group. Stereotypes are corrected with increased interaction and become
sociotypes (valid stereotypes). When there is accuracy in the way the other group
is seen, people are likely to make correct attributions in explaining the behavior of
members of the other group. For example, in some cultures people show respect
by not looking another person in the eye. In others, not looking in the eye
suggests that the person has something to hide. Thus the behavior of not looking
in the eye can be interpreted very differently, depending on the attribution that
is made: If I think, “You are not looking in my eyes because you are sly,” I
am making a very different attribution than if I think, “You are not looking in
my eyes because you show respect.” Making isomorphic attributions means that
the observer makes attributions that are more or less like the attributions made
by the actor of the behavior. Making isomorphic attributions means that each
person understands correctly the behavior of the other. Then there is a match
between the expectations of how the other will behave and the other’s behavior.
This match provides a sense of “control” over the social situation. “I know why
he acted that way;” “I can make him act differently if I act this way.” A sense
of control results in far less culture shock when people from different cultures
interact with each other.
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Also, when a person from one culture feels “in control” of the social situation,
chances are he or she will try to act in ways the member of the other culture
will expect him to act. This will result in “accommodation” where behaviors
that are acceptable to members of both cultures are especially likely to occur. In
such a case, even overshooting might occur, where the member of one culture,
X, behaves more like the member of the other culture, Y, than the norms of
culture Y require. For example, a member from a culture that keeps considerable
distance between the bodies when people are interacting (such as the Japanese)
may interact with a member of a culture where people keep their bodies quite
close and touch when they know each other (such as the Mexicans). Mexicans
will normally give an abrazo (putting their hands around the body of the other
person, and tapping him in the back) when they know the other person well.

A Mexican meeting a Japanese for the first time would not expect an abrazo.
Thus, a Japanese who has studied about Mexican culture and who feels in control
of the social situation and gives an abrazo would be “overshooting.” He is not
only friendly, but more friendly than required by the situation.

On the other hand, there is also “ethnic affirmation,” when persons emphasize
the merits of their own culture while putting down the other culture. This often
happens when a group feels rejected: “If you do not accept me, you are the loser,
because you do not realize how wonderful I am.”

7.8 THE STATUS OF MINORITIES IN WORK GROUPS

There is strong evidence that minorities in a workplace do not get an equal share
of the resources of the group. For example, in most countries, women get paid
less than men, even when they do very similar work. One of the factors that
seems responsible in part for such discrepancies is that minorities are less likely
to have a mentor in the work group.

Mentoring is useful in the socialization of new employees, but it can also
function as an elitist patron system that excludes the socially different. Mentoring
offers opportunities for role modeling, acceptance by the work group, counseling,
and friendship. Mentors provide invaluable inside information. Promotions often
depend on knowing the right people and the subtle standard operating procedures
for getting things done in the workplace that are not part of the instructions that
one gets when joining the work group.

Many minorities find it difficult to find mentors, either because there are no
members of their group in the workplace when they join the organization or
because the potential mentors are already guiding many other members of the
group and do not have the time to help them. Also, women often find it difficult
to have male mentors because some males feel embarrassed about developing
a close relationship with females that might be misinterpreted by spouses and
others.

Similar to the problems of mentoring are problems of networking. Nontradi-
tional employees often are excluded from networks and discussions that occur
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in clubs, golf courses, and other settings, where only white males get together.
Some studies found that men use networks for both work-related matters and
entertainment, while women use other women for entertainment and relate to
men only on job-related matters. That means that women have less strong ties
with male networks.

7.9 DEALING WITH PEOPLE FROM DIFFERENT DISCIPLINES,
ORGANIZATIONAL LEVELS, AND FUNCTIONS

Disciplines develop their own terminology, which can sometimes make inter-
disciplinary communication very difficult. An engineer’s definition of “attitude”
is different from the definition given by a psychologist. Much interdisciplinary
work involves defining terms and explaining the unstated assumptions of the
discipline.

Triandis had, perhaps, the ultimate experience that illustrates the difficulties
of such work. A committee was organized by UNESCO to develop a research
project reflecting how values differ in different parts of the world. The group of
experts met in Argentina at a villa that had been given to UNESCO. The mem-
bers were a Filipino anthropologist, a Japanese statistician, a Polish sociologist,
an Ivory Coast geographer, an Uruguayan jurist, a Brazilian philosopher, a Rus-
sian historian, and an American psychologist. A French intellectual presented
a research plan. The proceedings were translated simultaneously into English,
French, and Spanish. The whole week was spent discussing and trying to under-
stand the plan, with each individual explaining what was meant by “values.”
However, one week proved insufficient to even reach agreement on the meaning
of this term, let alone how to compare it in different cultures.

Similarly, members at different organizational levels such as top management
and lower management often develop their own ways of thinking about problems.
Those who have different functions, such as statisticians, computer experts, lab-
oratory technicians, and so on, also have their own assumptions, their own levels
of adaptation for making judgments, and their own ways of solving problems. In
most cases the situation is not as extreme as the example from Argentina, but it
often comes close.

7.10 INTERCULTURAL TRAINING

Intercultural training is a professional field that specializes in providing training to
improve interactions across cultures, and can also be used to deal with all aspects
of diversity. Unfortunately, the field is not regulated and is full of untrained
trainers/consultants, many of whom do more harm than good. Before engaging
such a consultant, it is good to check if he or she proposes to use a wide range
of methods that will provide the training on a small scale first, and then evaluate
it with multiple methods. It is not enough that the trainees like the course. They
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should also learn something. What they learn should change some behavior,
and the change in behavior should be detectable in some favorable changes
in organizational outcomes. After it has been shown that the training fits the
particular organization, the consultant can then provide it to the entire group.
The kind of evaluation mentioned is essential for the development of scientifically
sound training that is tailored for the particular organization.

The mixture of training approaches provided by the consultant should include
the following: some understanding of the trainee’s own culture, some understand-
ing of how members of different cultures make different attributions about the
social behaviors that occur in that organization, some opportunities to practice
insights gained about the way different cultures are similar and different, and
some behavior modification techniques to change the behavior of the trainees.

Understanding the Trainee’s Culture. One way to do this is to train an actor
to behave in ways that contrast with the way people in the trainee’s culture
behave. When trainees interact with this actor, features of their culture
become sharply clear. For example, Americans being individualists are
likely to attribute their success to internal factors, such as their personal
attitudes or abilities. Collectivists often attribute their success to the help
they receive from others. When the actor attributes success to self instead
of family, friends, co-workers, and so on, a discussion about this can help
the trainees to better understand this aspect of American culture.

Understanding That Members of Different Cultures Make Different Attribu-
tions . A technique called the “culture assimilator” is used to achieve this
goal. Trainees work through a book that consists of 50–150 “episodes”
involving interaction between members of different cultures or different
sexes.

Consider the following example of sexual harassment. A male colleague tells
a woman that her body is exceptionally fit and attractive. This is followed
by different “explanations” (attributions) of the man’s behavior. One attri-
bution may be that he is sexually harassing the woman. Another is that
he is expressing an innocent compliment. Still other attributions are pre-
sented and the trainee is invited to choose the attribution most likely to be
“correct.”

During the construction of the training, a sample of men and women would
have been presented with the specific episode and its attributions and would have
been asked to select the correct one. If the women were more likely to select the
sexual harassment attribution than the men, and the men were more likely to select
the innocent compliment attribution than the women, there is an opportunity to
teach men that such a statement may result in a “misunderstanding” that should
be avoided. After trainees choose an attribution, they are directed to turn to a
specific page of the training materials. In that page they receive feedback, such as
“80 percent of the women who saw this episode chose this attribution.” This way
the trainees learn that members of other cultures or the other sex see the world
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differently from the way they see it. By being exposed to many such episodes
and their corresponding feedback, they get to understand the point of view of
members of another cultural or sexual group.

Opportunities to Practice Insights Gained in Previous Training . Suppose the
culture assimilator has taught that Arabs are very sensitive to being shown
the soles of someone’s feet or shoes—that is, that this is considered a
great insult, implying “I put you down.” It is one thing to understand this
intellectually and it is quite another thing to change the habit of crossing
one’s legs, which is likely to result in exposure of the soles of the shoes.
During training, when the trainees behave inappropriately they are reminded
to change their behavior. Over time, they change their habits, eliminating
offensive behaviors and boosting behaviors that are considered desirable in
the other culture.

There are numerous additional techniques, such as simulations or working
with video-computer systems, that can provide cross-cultural training. Different
strategies, such as the following, can have beneficial effects on improving the
way that people deal with diversity:

• Reducing the distinction between “one of us” and “one of them”
• Increasing the perceived heterogeneity of people from other cultures
• Providing positive experiences in the presence of members of other cultures
• Increasing the awareness of the similarities among people from different

cultures
• Decreasing the emphasis on dissimilarities between people from different

cultures
• Emphasizing the superordinate goals shared with members of the other cul-

ture
• Increasing the extent one values diversity (e.g., explaining that when the

group is heterogeneous it is less likely that a major mistake will be made,
because someone is likely to identify the mistake and thus avoid “group-
think” (Janis, 1982))

• Learning to look for win–win solutions in situations where people disagree

More details on such techniques can be found in Triandis (1994, Chapter 10),
and additional details can be found in Landis and colleagues’ (2003) Handbook
of Intercultural Training .

Remember that people traveling outside of their country can feel a lack of
control in their host cultures due to lack of predictive ability. When they lack the
ability to predict the behaviors of host nationals they are likely to feel anxious. To
reduce this anxiety the person must have tools to gather information and navigate
the adjustment process (Sobre-Denton and Hart, 2008), providing a solid sense
of self-awareness and adaptable attitudes and behavior.
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7.11 SUMMARY

The optimal utilization of personnel in R&D organizations requires (a) the iden-
tification of the way different groups are similar and different, and (b) the
development of training programs that will make both the similarities and dif-
ferences salient. The crew then needs to learn how to manage diversity. This
requires the development of insights about the way people from diverse groups
are similar and different and how to deal with each kind of difference.

7.12 QUESTIONS FOR CLASS DISCUSSION

1. Examine Figure 7.1 from the point of view of what a manager can do to
improve the effectiveness of intercultural relations among subordinates.

2. Collectivists differ from individualists in the standard operating procedures
that make sense to them. Look at Section 7.3 and identify the implications of
these differences for (a) employee selection, (b) motivation, and (c) appraisal.
What do such cultural differences imply for the leadership behaviors of an
executive from an individualistic culture working in a collectivist culture?

3. What unique characteristics of an R&D organization make dealing with
diversity particularly important?



8
LEADERSHIP IN R&D
ORGANIZATIONS

Which styles of leadership bring out the best performance in an R&D organiza-
tion, department, team, or project? Finding the perfect way to manage knowledge
workers remains elusive (Maccoby, 2006). The study of leadership, however, has
proposed a variety of approaches. Some researchers have spent a good deal of
time observing the behavior of groups and the emergence of leaders. As a result,
they have seen that the activities of leaders fall into two general categories. The
first involves maintaining (M) the group by paying attention to the needs of
the members and making sure that conflicts do not become serious. The second
involves the actual task that the group must perform (P), the definition of the
task, how and when it is to be done, and so on. We can label these two types of
activities consideration and structure.

“Consideration” involves paying attention to people, being considerate of their
needs and goals, being employee-oriented, and paying attention to the human
factor. “Structure” refers to what is to be done and to where the group is going.
What is to be accomplished? How is it to be accomplished? How can the activities
of the members be controlled?

Parallel to these is another set of concepts developed by the Japanese psy-
chologist Misumi (1985). He has shown that a supervisor might emit a lot of
behaviors that are M (such as paying attention to people, being considerate of
their needs and goals, making people feel significant, helping people value learn-
ing and competence, helping people feel part of the laboratory community, and
inspiring them to find the work stimulating) or a lot of behaviors that are P
(scheduling work, defining goals, telling people how to attain the goals, and
making sure that people do what is expected of them). However, Misumi found
that great leaders emit both a lot of M as well as a lot of P behaviors.

140
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For each job setting, Misumi identifies those behaviors that are P or M for
that particular job. What fits one laboratory does not necessarily fit another.
Misumi talks to people in the job setting and asks each subordinate to describe
the behavior of the leader and rate him or her on their M or P behaviors. Misumi
uses the symbols M and P for those who use many behaviors, and he uses m
and p to indicate that the leader does few maintenance or production behaviors.
This way, in each setting, Misumi identified four kinds of leaders:

mp = little maintenance, little production
mP = little maintenance, a lot of production
Mp = a lot of maintenance, little production
MP = a combination of high maintenance and high production

An interesting finding is that a leader who is high in production behaviors
and also does many maintenance behaviors is seen as providing “planning” or
“expertise;” but the leader who does a lot of production behaviors and few
maintenance behaviors is perceived as “pressuring for production.” Pressure for
production is resisted. In short, the same behavior (production) is perceived dif-
ferently depending on the context within which it appears.

In different cultures the behaviors that express M can be quite different.
Research has shown, for instance, that “to criticize a subordinate directly,
privately in your office” is seen as high M in the West and low M in Japan. In
Japan one is supposed to criticize indirectly—for instance, by asking a colleague
of the subordinate to convey the manager’s criticism to him or her—so that the
subordinate will not lose face.

While both behaviors are important, depending on the situation and one’s
natural inclinations, individuals have personalities that incline them either toward
M or toward P behaviors. A person for whom M behaviors are “totally unnatural”
would seem to be “putting on a show” if he or she did a lot of M behaviors.
For such a person, a change of the work environment is indicated to make it
match the leadership style. Fiedler’s leadership theory explains how to do this.
Fiedler calls people who do a lot of M behaviors high LPCs (Least Preferred
Co-Worker)—you will soon see why—and people who do a lot of P behaviors
low LPCs. He has a way of finding out what your natural inclination is and then
recommending specific changes to your work environment to make it compatible
with your leadership style.

People who observe groups note that leaders may specialize in one of these
activities or may sometimes engage in both; or in the case of “great leaders,”
they will perform both activities with great frequency.

First providing general theory and then focusing on R&D organizations, this
chapter covers:

• Theories of leadership and leadership styles
• Leadership in R&D organizations
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• R&D leadership—a process of mutual influence
• A leadership style case (where the problem of abdication style of leadership

is presented)
• Leadership in a creative research environment

8.1 IDENTIFYING YOUR LEADERSHIP STYLE

In characterizing the behavior of their supervisors, subordinates used similar
ideas—for example, bossy or structured versus people-oriented or considerate.
Similarly, when leaders are questioned, some claim that they pay attention to
people and others say they focus on the task.

As it turns out, however, the distinctions are not so clearly drawn. Extensive
research by Fiedler (1967, 1986a) found that some people are task-motivated
when they are relaxed but person-motivated when they are under stress, while oth-
ers show the opposite pattern—that is, they are person-motivated when relaxed
and task-motivated when under stress. It might be useful to find out for your-
self what kind of leader you are. To do that, look at Fiedler’s instructions in
“Identifying Your Leadership Style” (Fiedler et al., 1977), which is included in
this section.

You can score your own Least Preferred Co-Worker test. If your score was
64 or more on that test, Fiedler’s evidence is that you are person-oriented under
stress and task-oriented when relaxed. A score of 53 or less is evidence that you
are task-oriented under stress and person-oriented when relaxed. If you got more
than 64, you are a high LPC (least preferred co-worker); and if you got less than
53, you are a low LPC. If you scored between those two numbers, Fiedler’s data
do not have anything to tell you about your leadership style.

Fiedler argues that people are difficult to change, and that it is easier to change
the situation in which people find themselves than to change the people. At least
for routine, everyday behaviors that are normally under habit control, people act in
ways over which they do not have much control. So rather than change themselves
they should try to change their leadership situation. Fiedler has provided us with
ways to measure the situation. In this section you will find the Leader–Member
Relations Scale, the Task Structure Rating Scale, and the Position Power Rating
Scale. You can answer these scales and score them by following the instructions
on the forms. Next comes the Situation Control Scale. Follow the instructions
and find your score. If your score is 51–70 you have high control; if it is 10–30
you have low control. Fiedler and others have done literally hundreds of studies
linking LPC and the Situational Control Scale on the one hand, and group effec-
tiveness (profits, high productivity, speed in getting the job done, accuracy) on
the other hand. The findings from these studies fall into a pattern. It turns out that
low LPCs do well in situations in which they have either high or low control, but
do not do well in situations where they have intermediate control. On the other
hand, high LPCs do well in situations where they have intermediate control. So,
first find out how much control you have in your particular job situation.
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Identifying Your Leadership
Style*

Your performance as a leader depends primarily on the proper match between your
leadership style and the control you have over your work situation. This section will
help you identify your leadership style and the conditions in which you will be most
effective. Carefully read the following instructions and complete the Least Preferred
Co-worker (LPC) Scale.

INSTRUCTIONS

Throughout your life you have worked in many groups with a wide variety of different
people—on your job, in social groups, in church organizations, in volunteer groups,
on athletic teams, and in many other situations. Some of your co-workers may have
been very easy to work with. Working with others may have been all but impossible.

Of all the people with whom you have ever worked, think of the one person now
or at any time in the past with whom you could work least well. This individual
is not necessarily the person you liked least well. Rather, think of the one person
with whom you had the most difficulty getting a job done, the one individual
with whom you could work least well. This person is called your Least Preferred
Co-worker (LPC).

On the scale below, describe this person by placing an ‘‘X’’ in the appropriate
space. The scale consists of pairs of words which are opposite in meaning, such as
Very Neat and Very Untidy. Between each pair of words are eight spaces that form
the following scale:

Very Neat Very Untidy
8 7 6 5 4 3 2 1

Think of those eight spaces as steps that range from one extreme to the other.
Thus, if you ordinarily think this least preferred co-worker is quite neat, write an ‘‘X’’
in the space marked 7, like this:

XVery Very
Neat 8 7 6 5 4 3 2 1 Untidy

Very
Neat

Quite
Neat

Somewhat
Neat

Slightly
Neat

Slightly
Untidy

Some
what
Untidy

Quite
Untidy

Very
Untidy

*This material is from F. E. Fiedler, M. Chemers, and L. Mahar, Improving Leadership Effectiveness:
The Leader-Match Concept . Copyright 1977 John Wiley & Sons. Reprinted by permission of the
author and publisher.
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However, if you ordinarily think of this person as being only slightly neat, you
would put your ‘‘X’’ in space 5. If you think of this person as being very untidy (not
neat), you would put your ‘‘X’’ in space 1.

Sometimes the scale will run in the other direction, as shown below:

Frustrating Helpful
1 2 3 4 5 6 7 8

Before you mark your ‘‘X,’’ look at the words at both ends of the line. There are
no right or wrong answers. Work rapidly; your first answer is likely to be the best.
Do not omit any items, and mark each item only once. Ignore the scoring column
for now.

Now go to the next page and describe the person with whom you can work least
well. Then go on to the following pages.
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LEAST PREFERRED CO-WORKER (LPC) SCALE

Scoring
Pleasant Unpleasant

8 7 6 5 4 3 2 1

Friendly Unfriendly
8 7 6 5 4 3 2 1

Rejecting Accepting
1 2 3 4 5 6 7 8

Tense Relaxed
1 2 3 4 5 6 7 8

Distant Close
1 2 3 4 5 6 7 8

Cold Warm
1 2 3 4 5 6 7 8

Supportive Hostile
8 7 6 5 4 3 2 1

Boring Interesting
1 2 3 4 5 6 7 8

Quarrelsome Harmonious
1 2 3 4 5 6 7 8

Gloomy Cheerful
1 2 3 4 5 6 7 8

Open Guarded
8 7 6 5 4 3 2 1

Backbiting Loyal
1 2 3 4 5 6 7 8

Untrustworthy Trustworthy
1 2 3 4 5 6 7 8

Considerate Inconsiderate
8 7 6 5 4 3 2 1

Nasty Nice
1 2 3 4 5 6 7 8

Agreeable Disagreeable
8 7 6 5 4 3 2 1

Insincere Sincere
1 2 3 4 5 6 7 8

Kind Unkind
8 7 6 5 4 3 2 1

Total
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LEADER–MEMBER RELATIONS SCALE

Circle the number that best represents your
response to each item.
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1. The people I supervise have trouble getting
along with each other. 1 2 3 4 5

2. My subordinates are reliable and trustworthy. 5 4 3 2 1

3. There seems to be a friendly atmosphere
among the people I supervise. 5 4 3 2 1

4. My subordinates always cooperate with me in
getting the job done. 5 4 3 2 1

5. There is friction between my subordinates and
myself. 1 2 3 4 5

6. My subordinates give me a good deal of help
and support in getting the job done. 5 4 3 2 1

7. The people I supervise work well together in
getting the job done. 5 4 3 2 1

8. I have good relations with the people I
supervise. 5 4 3 2 1

Total Score
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TASK STRUCTURE RATING SCALE—PART I

Circle the number in the appropriate column. Usually Sometimes Seldom
True True True

Is the Goal Clearly Stated or Known?

1. Is there a blueprint, picture, model, or detailed
description available of the finished product or
service? 2 1 0

2. Is there a person available to advise and give a
description of the finished product or service, or
how the job should be done? 2 1 0

Is There Only One Way to Accomplish the
Task?

3. Is there a step-by-step procedure, or a
standard operating procedure that indicates in
detail the process that is to be followed? 2 1 0

4. Is there a specific way to subdivide the task into
separate parts or steps? 2 1 0

5. Are there some ways that are clearly recognized
as better than others for performing this task? 2 1 0

Is There Only One Correct Answer or
Solution?

6. Is it obvious when the task is finished and the
correct solution has been found? 2 1 0

7. Is there a book, manual, or job description that
indicates the best solution or the best outcome
for the task? 2 1 0

Is It Easy to Check Whether the Job Was
Done Right?

8. Is there a generally agreed understanding about
the standards the particular product or service
has to meet to be considered acceptable? 2 1 0

9. Is the evaluation of this task generally made on
some quantitative basis? 2 1 0

10. Can the leader and the group find out how well
the task has been accomplished in enough time
to improve future performance? 2 1 0

Subtotal
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TASK STRUCTURE RATING SCALE—PART 2

Training and Experience Adjustment

NOTE: Do not adjust jobs with task structure scores of 6 or below.

(a) Compared to others in this or similar positions, how much training has the
leader had?

aaaaaa3 aaaa2 aaaaaaaa1 aaaaaa0

No training
at all

Very little
training

A moderate amount
of training

A great deal of
training

(b) Compared to others in this or similar positions, how much experience has the
leader had?

aaaaaa6 aaaa4 aaaaaaaa2 aaaaaa0

No experience
at all

Very little
experience

A moderate amount
of experience

A great deal of
experience

Add lines (a) and (b) of the training and experience adjustment, then subtract this
from the subtotal given in Part 1.

Subtotal from Part 1.

Subtract training and experience adjustment
–

Total Task Structure Score
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POSITION POWER RATING SCALE

Circle the number that best represents your answer.

1. Can the leader directly or by recommendation administer rewards and
punishments to his subordinates?

aaaaaaaaa2 aaaaaaaaa1 aaaaaaaa0

Can act directly or can
recommend with high
effectiveness

Can recommend but
with mixed results

aaaaaaa.No

2. Can the leader directly or by recommendation affect the promotion, demotion,
hiring, or firing of his subordinates?

aaaaaaaaa2 aaaaaaaaa1 aaaaaaaa0

Can act directly or can
recommend with high
effectiveness

Can recommend but
with mixed results

aaaaaaa.No

3. Does the leader have the knowledge necessary to assign tasks to subordinates
and instruct them in task completion?

aaaaaaaaa2 aaaaaaaaa1 aaaaaaaa0

aaaaaaa.Yes Sometimes or in some
aspects

aaaaaaa.No

4. Is it the leader’s job to evaluate the performance of his subordinates?

aaaaaaaaa2 aaaaaaaaa1 aaaaaaaa0

aaaaaaa.Yes Sometimes or in some
aspects

aaaaaaa.No

5. Has the leader been given some official title of authority by the organization (e.g.,
foreman, department head, platoon leader)?

aaaaaaaaa2 aaaaaaaaa0

aaaaaaa..Yes aaaaaaaa.No

Totalaaaa
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SITUATIONAL CONTROL SCALE

Enter the total scores for the Leader–Member Relations dimension, the Task Struc-
ture scale, and the Position Power scale in the spaces below. Add the three scores
together and compare your total with the ranges given in the table below to determine
your overall situational control.

1. Leader–Member Relations Total

2. Task Structure Total

3. Position Power Total

Grand Total

Total Score 51–70 31–50 10–30

Amount of
Situational
Control

High Moderate Low
Control Control Control
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Now you know your LPC score and your situational control score (based on
your particular leadership situation, your team, group, department, or division).
Do they match? That is, if you are high LPC, are your situational control scores
in the 31–50 range; or if you are a low LPC, are they in either the 51–70 or the
10–30 range? If they match, you need not do anything. But if they do not match,
Fiedler suggests making some changes. For example, if you want to increase
your Leader–Member Relations you may make a special effort to communicate
with your subordinates to decrease the level of conflict among them, and to be
accessible to them. If you want to increase your task structure, you may make
a special effort to develop procedures for doing the job. If you want to increase
the power, you might ask for more power from your supervisor. Similarly there
are things to do to decrease structure (design the task so that subordinates can
decide how to do the job) and power (let subordinates make more of the important
decisions). You can train subordinates, rotate them into other jobs, and so on. The
point is to do things to change your environment so it will match your leadership
style.

The emphasis on Fiedler’s leadership theory is based on the fact that Fiedler,
more than any other researcher, has tested his theory with a variety of methods, in
a variety of realistic settings. For example, Fiedler and colleagues (l984, 1987)
reported on a study of several mines, where a particular management training
program based on his theory (Fiedler et al., 1977) was compared with a widely
used program to develop supervisory skills that used organizational develop-
ment approaches requiring consultant expenses from $80,000 to $150,000. The
management training program, which was estimated to cost between $4,000 and
$10,000 at most sites, was more effective than the other methods in improving
both productivity and the mine’s safety record.

While Fiedler’s is by far the best-researched theory of leadership, there are a
number of other theories that should be noted.

8.2 THEORIES OF LEADERSHIP AND LEADERSHIP STYLES

No leader can afford to ignore M and P behaviors. Ideally, leaders should do
a lot of both. Supervisory behavior style impacts employee performance (Arvey
and Neel, 1974). However, there are other leadership theories that suggest that
in some situations the leader should emphasize one or another even more than
is usual.

Another way of looking at leadership is to say that the leader is supposed to
supply what is necessary for the followers to reach their goals. This is called
the path–goal theory of leadership. Basically, this theory argues that the way a
leader acts should be determined by what the followers need. For example, if the
followers do not know how to do the job, then it is necessary for the leader to
be very structuring. If the followers have several needs that are not being met,
then it is important for the leader to be especially considerate.
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Consider another example. If the job is very monotonous, then the leader must
provide some excitement, some change. Obviously, this is not necessary if the
job already has variety. In one study, it was found that when the job had a lot of
structure and people knew what they were supposed to do, considerate leaders
were particularly effective.

There are a number of other factors that interact with the ones just mentioned.
For example, if the task is very complex or requires creativity, then it is better to
let the employees decide for themselves what to do, and therefore consideration
is more important. If the abilities of the subordinates are very highly developed,
then it is desirable to leave them alone. On the other hand, if they do not have
much ability, then a certain amount of structure is appropriate. Several other
factors, such as the needs for independence of the subordinates, their readiness
to assume responsibility for decisions, their tolerance for ambiguity, their interest
in the problem, and their feeling that the problem is important, make the less
bossy supervisor more effective. When there is identity between the goals of
the subordinates and the organization, when the subordinates have the skills
and knowledge, and when their expectations are that they should participate in
decisions, it is again important for the leader to emphasize consideration rather
than structure.

The age of the relationship between a leader and subordinates will influence
whether one or another leadership pattern may prove more effective. Hersey,
Blanchard, and Johnson (2007) have argued that in the beginning of the relation-
ship the leader is supposed to tell, later to sell, still later to use participation, and
finally to use delegation.

If the leader must make a very important decision, his or her behavior will be
under intentional control. He or she will have the time to think about what to do.
This contrasts with the situation when the leader behaves under habit control. In
the case where time is available, the leader can change his behavior according
to a scheme developed by Vroom and Yetton (1973).

Consider the following different kinds of leadership styles:

1. The directive style, in which the leader simply makes the decision and tells
the subordinates what to do.

2. The negotiator style, in which the subordinates give the information that
the leader needs in order to make the decision, but then the leader makes
the decision.

3. The consultation style, in which the leader asks for information and sug-
gestions on what to do and makes the decision on the basis of these
suggestions.

4. The participative style, in which the subordinates provide information and
suggest solutions, the leader negotiates with them, and together they reach
a mutually satisfying agreement and the best decision.

5. The delegation style, in which the leader provides information to the
subordinates about the problem and suggests possible solutions. The
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responsibility for the decision is ultimately given to the subordinates. In
this case, the leader does not even ask the subordinates to report what
solutions were adopted.

Vroom and Yetton (1973, pp. 13, 194) provide a decision tree that indicates
when each of these five leadership styles is appropriate. It consists of a number
of questions, and, depending on the answers to these questions, it recommends
a particular leadership style.

There are seven questions that are arranged in a particular order. The first
question is, “Are there quality requirements that one solution is likely to be more
rational than another?” Depending on the answer (yes or no), one goes on to the
second question: “Do I have sufficient information to make a quality decision?”
Depending on the answer, one asks a third question: “Is the problem structured?”
This process continues until the leader has been directed to the best leadership
style.

It is useful to say a word about the difference between the approach of Fiedler
and the approach of Vroom and Yetton. The Fiedler approach assumes that leaders
have fixed personalities. If they discover that the conditions within which they
operate are not consistent with their style, they “engineer the environment” to
make it consistent with their style. By contrast, in the Vroom and Yetton approach,
the individual uses different leadership styles, depending on the situation. He or
she may decide to delegate in one case or to be directive in another case. The
leader’s style is decided through an analysis of the situation and on the basis of
the answers to specific questions.

Both approaches assume that there is no “best” leadership style. Leadership
effectiveness depends on the situation. The Fiedler approach, in fact, is called
the “contingency model,” since it states that effective leadership behavior is
contingent on the situation. Vroom’s approach also is a contingency theory, but
while Fiedler’s is based on personality, Vroom’s relies on logical analysis of the
situation.

In some ways both the Fiedler and Vroom–Yetton viewpoints are correct. In
Chapter 6 on motivation we discussed the importance of habits and behavioral
intentions as determinants of behavior. When the job is well-learned, if there is an
emergency or time pressure is high, habits are likely to be the major determinants
of behavior. In situations when habits are all-important, Fiedler is likely to have
the correct theory because he assumes that the behavior of the leader is fixed—that
is, under the control of habits or a deeply ingrained personality. When behavioral
intentions are the important determinants of behavior, then Vroom and Yetton are
likely to give the best guidance. That is the time to use the decision tree and to
teach oneself to use the correct decision-making style.

It seems likely that for everyday decisions and the sort of routine day-in–
day-out behavior that is typical of leaders, Fiedler’s point of view is more likely to
be descriptive of the realities of leadership behavior. On the other hand, when the
leader is just starting on a job or when the decision is very important and there is
the time to think carefully about it, the Vroom and Yetton analysis can be helpful.
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As we stated earlier, if habits are important, then the leader’s experience is
all-important too; when behavioral intentions are important, the leader’s intel-
ligence is all-important. Research shows that the leader’s intelligence is not
correlated with group effectiveness, or, to put it more accurately, the correla-
tion is so low that it is not of practical significance. However, there is one
condition when the correlation of leader intelligence and group effectiveness
is high: when the leader is very dominant and the subordinates respect and
admire him. Fiedler (1986a) reported correlations around 0.70 in that condition
and around 0.10 in all other conditions. This finding is particularly relevant in
R&D organizations, since the subordinates are likely to be very intelligent. If
they have IQs around 130, the leader would have an IQ around 140 (some-
thing quite rare, since it occurs only among three people in a thousand) and
have a record and personality that inspires respect and admiration to get away
with being dominant. On the other hand, if the leader is participative, he or she
can use the intelligence of the followers to increase the quality of the group’s
output.

In summary, while the dominant, structured behavior of the leader can be
effective, this is only so under relatively rare conditions. On the other hand,
consideration behavior is effective under a relatively wide range of conditions.
This is even more likely to be true in R&D labs than in industrial settings, because
the subordinates are highly intelligent, want to be autonomous, and often can do
very good work when left alone.

Yet there are important additional roles for the leader. Bennis (1984) has sug-
gested that the manager’s four competencies are attention (making people attend
to goals that serve the organization), providing meaning (using metaphors to com-
municate these goals), creating trust (being predictable, reliable, consistent), and
managing the self-concept of subordinates (making them feel significant, enjoy
work, feel like a community or team). Even better is the leader who can inspire (is
a model for subordinates) and who provides individualized consideration (gives
personal attention to members who seem neglected), rewards frequently, and pro-
vides intellectual stimulation (enables subordinates to think of old problems in
new ways) (Bass, 1985).

Some special problems that have occupied researchers in R&D labs will now
be examined.

8.3 LEADERSHIP IN R&D ORGANIZATIONS

While P behaviors of the leader are needed, most leaders do P, but many do
not do enough M. M behaviors are especially important in R&D labs. However,
subordinates still require a certain amount of guidance from the manager; oth-
erwise their activities will become unrelated to the needs of the organization.
Pelz and Andrews (1966a, b) have shown that when there is either excessive or
insufficient autonomy, the contributions of the professional to the research orga-
nization are minimal. An intermediate amount of autonomy provides optimal
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conditions for the professional. Only then can the contributions of the scientist
to the organization be maximized.

Some R&D managers feel that administration is just paper-pushing and that
the “real” work is technical. Thus, they miss the point that consideration is
needed to develop the right kind of environment for subordinates. Also, some
of these managers feel that “holding hands” (an aspect of consideration) is not
consistent with their self-image; it is too soft or feminine an activity. Perhaps it
would help such managers to know that research on psychological adjustment
suggests that better-adjusted people have traits that traditionally were considered
both masculine and feminine ones. That is, they are independent and self-reliant,
but also warm, supportive, and nurturing. People who have trouble relating to
others will be better off restructuring the environment to make it compatible with
their leadership style, as suggested by Fiedler, or they may find it is better to
limit themselves to technical work.

One way to paraphrase this is to say that good managerial policy requires
“controlled freedom.” This view is also consistent with the writings of Andrews
and Farris (1967), Fisher (1980), and Smith (1970). Some examples relevant to
R&D organizations follow.

Research by Pelz and Andrews (1966b) also suggests that the most effec-
tive scientists in R&D laboratories are those who are allowed to do some basic
research in addition to their applied research. It is frustrating for a scientist to
come up with an idea that requires basic research and then not be allowed to
pursue it because it is not obviously linked to the needs of the organization.
A manager who protects subordinates from this kind of frustration is a good
manager.

A good manager also makes sure that his subordinates do not become overspe-
cialized. One of the problems in many laboratories is that some people become
so specialized that when their specialization becomes obsolete, so do they. Fur-
ther research by Pelz and Andrews (1966b) suggests that the effectiveness of a
scientist increases with the number of demonstrated areas of specialization.

According to Pelz and Andrews, the scientist who spends about 50 percent
of his or her time in research and 50 percent doing other things often is more
effective than the one who spends 100 percent of the time on research. The
manager who is sensitive to these issues and makes assignments so that they
take into account this fact is likely to be more effective.

A large dose of delegation is essential in the case of research scientists.
Praise, recognition, and feedback are also extremely important. The manager who
rewards, praises, and recognizes good work is more effective than the supervisor
who simply grins when he or she sees good work but says very little. On the other
hand, the good manager should be able to identify incompetent work and to make
sure that it is not rewarded. A good manager encourages subordinates to take
sabbaticals, to develop and apply new skills, and to set difficult but achievable
goals. Goal achievements are reexamined every six months or so, and rewards
are given.
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Another problem that is unique to many research and development organiza-
tions is that people often have two bosses. Usually, there is both a functional
supervisor (who is a specialist in the particular field that the scientist has been
trained in) and a project supervisor (who focuses on a particular problem that has
to be solved). Classic organization theory warns against arrangements in which
there are two supervisors, but this arrangement can be made to work.

In such cases, the effectiveness of the scientists often depends on the balance
between the influence of the two supervisors (Katz and Allen, 1985). The best
performance in the studies by Katz and Allen occurred when the project manager
was mostly concerned with relating the project to the outside world (i.e., the
suppliers, the customers, the organization), while the functional manager did most
of the inside work. These authors say “project performance appears to be higher
when project managers are seen as having greater organizational influence.” This
is an outward orientation, and, as a result, they should be concerned with gaining
resources and recognition for the project, linking it to other parts of the business,
and ensuring that the project’s direction fits the overall business plan of the
organization. According to Katz and Allen, functional managers, on the other
hand, should be concerned with technical excellence and integrity—that is, seeing
that the project is scientifically sound and includes state-of-the-art technology.
Their orientation is inward and focuses on the technical content of the project.
The technical decisions should be made by those who are closest to the science
and technology.

The location of technical decision making in functional departments, however,
implies important integrating roles for project managers, who are responsible for
ensuring that the technical directions overseen by several different functional
managers all fit together to yield the best possible end result. Clearly, the greater
the influence of project managers on the organization, the easier it is to integrate
and negotiate with the various functional managers, whose technical goals are
often in conflict.

From this study one might conclude that project managers should have more
organizational experience and more status than functional managers. A good
tactic might be to deliberately place highly competent young professionals in the
role of functional manager to supervise the technical aspects of the work, while
having the older ones act as project managers.

A study of 66 industrial R&D project groups found transformational leadership
to account for higher project quality in research projects (Keller, 1995). What is
a transformational leader? According to Keller, a transformational leader strives
to achieve results beyond what is normally expected by (a) inspiring a sense of
importance about the project group’s mission by stimulating professional employ-
ees to think about the problem or task in new ways, and (b) emphasizing group
goals. In development projects, however, a more directive style of leadership
was responsible for higher project quality. Berson and Linton (2005) followed
up Keller’s work in their research of transformational and transactional lead-
ership within an R&D setting. A study of 511 research engineers and scientists
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concluded that transformational leadership was important for a high-quality envi-
ronment, improving both the job and employee satisfaction in an R&D setting.
Similarly, Gumusluoglu and Ilsev (2007) found that transformational leadership
is beneficial at both individual as well as organizational levels and is positively
related to creativity and thus innovation.

8.4 R&D LEADERSHIP: A PROCESS OF MUTUAL INFLUENCE

Based upon a study of R&D organizations, Farris (1982, p. 344) states:

In the high innovation groups the supervisors were more active participants
in the informal organization. They were especially helpful to group members
for critical evaluation, administrative aid, and help in thinking about technical
problems. In addition, group members were more helpful to these supervisors
for providing technical information, aid in thinking about technical problems,
critical evaluation, and original ideas.

Leadership in an R&D organization is essentially a process of mutual influence
between the supervisor and the employees. Knowledgeable workers don’t work
toward a goal because someone else has set it. They work toward it because they
believe that it is right. To bring a knowledge worker on board requires using
multiple leadership styles (MacCoby, 2006). Based on mutual influence, Farris
suggests four styles of leadership or supervision (1982, p. 344):

Collaboration: Both the supervisor and the employees have a great deal of
influence in making decisions.

Delegation: The employees are given considerable responsibility for the deci-
sions, and the supervisor has little influence.

Domination: The supervisor has a great deal of influence, and the employees
have very little input.

Abdication: The supervisor neglects to assign a particular task to the employ-
ees and neglects to work on it himself. In this case, neither the supervisor
nor the employees have much influence on a particular decision.

Studies clearly indicate that the collaborative style, both in terms of setting
schedules and in terms of informal organization, is most conducive to higher
performance in innovation. There are, however, situations in which other styles
of leadership and supervision have to be used. For example, when there are
time constraints in making a decision, there may not be sufficient time to seek
extensive input from the employees. Consequently, the collaborative style is
not possible. Depending on the situation, domination or delegation would be
preferred alternatives. There are also situations in which an R&D manager lacks
the competence or ability to provide the necessary leadership. In these cases, it
is very common to use extensive delegation or abdication.
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Abdication takes place more often than most organizations would like to admit.
It is likely to happen when supervisors who are either technically incompetent or
lacking in intellectual abilities find themselves “surrounded” by more competent
people, above (higher-level managers) and below (lower-level researchers) them.
In hierarchical bureaucratic settings, situations can easily arise in which individ-
uals who are technically incompetent and unable to provide effective leadership
can still occupy important managerial positions in R&D organizations. This may
also occur as a result of organizational growth or change.

In summary, studies by Farris (1982, pp. 345–346) show that collaboration,
not delegation, is likely to produce the most successful innovations. The super-
visors of low-performing innovation teams frequently think they are delegating
when in fact they are abdicating.

8.5 A LEADERSHIP-STYLE CASE

In governmental and large nongovernmental (industrial or academic) research
organizations that are hierarchical in nature, lack of effective leadership char-
acterized by abdication exists quite frequently. How does the organization cope
with this?

Let us take the actual case of a research laboratory,∗ where a research division
director, Mr. Lewis, manages seven departments with a total research staff of
150. Mr. Lewis has no research training: His educational background is limited
to an undergraduate engineering degree, he has made no attempt to continue
his technical training, and he has not been active in scientific and professional
organizations. The personnel records indicate that he is considered one of the
high performers; and any time there is organization growth or change, he acquires
some new functions. And when there is organization contraction, he maintains
his position while technically more competent division directors are sent back to
the bench.

Mr. Lewis has a pleasant mannerism. He is aware of his lack of technical
capabilities and does not make any comments when it comes to complex and
important research issues. He takes no leadership role in setting the research
agenda or program direction. He makes general comments about being responsive
to the research sponsor and being particularly responsive to the Lab Director,
Dr. Cole, his immediate supervisor. Mr. Lewis faithfully accepts and implements
any suggestions made by Dr. Cole and never contradicts or disagrees with any
policies proposed by the lab director. Instead, at every opportunity he makes
laudatory comments about the lab director in ways that are highly exaggerated.

Research performance of the division is far below other divisions; research
sponsors are also less satisfied with the division’s performance. All performance
problems are attributed to other factors such as new hires, lack of coordina-
tion among researchers, and changing research requirements. With the personal

∗The situation is real, but all the names and facts in this case are fictional.
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involvement of the lab director, Dr. Cole, solutions are continually created, and
division resources enhanced to address these unforeseen problems. As a result,
performance improves for a period of time, till the next cycle 18 months or so
later. In general, Mr. Lewis takes pride in his ability to delegate, not being par-
ticularly involved in or knowing about who is doing what and not doing any
research or scholarly work himself. He looks at his job as a manager and not
a “doer.” As a manager, he particularly focuses on being totally responsive to
Dr. Cole’s suggestions, directives, and policies. Analyzing this case, let us review
these questions:

• What is the leadership style and behavior pattern of the division director?
• How is the organization performing?
• What clues does one have that there is a substantial leadership problem?
• How does the organization cope with it?

Leadership Style

The leadership style is a combination of abdication and delegation. All technical
responsibility is delegated to the department heads, integration at the division
level is minimal, and responsibility for decisions normally made at the division
level is abdicated and passed on to a higher level—the laboratory director, Dr.
Cole. His views are sought and essentially all decisions normally made by the
division director are in fact made by the laboratory director. The behavior pattern
of the division director is characterized by his readily admitting lack of technical
competence, building strong alliances with selected research divisions, degrading
division directors who may have distinguished scientific records, doing what the
laboratory director, Dr. Cole, wants him to do, getting marching orders on all
division operations from Dr. Cole, and taking zero risk.

Organization Performance

The organization performance is fair. Increasingly, emphasis is on technical assis-
tance instead of research. Innovative research programs never reach fruition; they
are downgraded to technical assistance activities.

Leadership Problems

Clues to the existence of the problem manifest themselves via the leadership
style and the behavior pattern of Mr. Lewis (the division director) and via lack
of substantial innovation by the division over the years.

Organization Response

An organization can cope with such problems in a number of ways. Before
discussing that, it might be useful to see how such a situation arose.
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Mr. Lewis started managing a group of three to five technicians providing
laboratory analysis of building materials. As the parent organization grew, the
research needs of the organization grew substantially. Initially, a small research
and technical assistance group was formed under Mr. Lewis. Later, a separate
research laboratory with three divisions was created. A new geographic loca-
tion was selected for the laboratory, and a proper research facility was built for
the purpose. Because of Mr. Lewis’s pleasant and nonthreatening personality,
he continually assumed increasingly more important managerial responsibility.
During organization contraction, Mr. Lewis maintained his higher managerial
position because of his inability to make a meaningful contribution at the lower
or research performance levels.

Now, how best to cope with the situation?
Discharging or demoting Mr. Lewis may seem like one of the choices. Often,

in hierarchical bureaucratic organizations, this action would cause more trouble
than it is worth. The personnel process is often cumbersome and time-consuming;
and even if management is successful, Mr. Lewis could end up at a lower,
research-execution level, where he is clearly unable to perform. Mr. Lewis never
claimed to be technically competent and never falsified or exaggerated his record
of accomplishments. He is a dedicated, hard-working employee whose perfor-
mance, considering his lack of technical and intellectual background, has been
adequate. It would seem the problem lies less with Mr. Lewis than with “the
system.” Consequently, any adverse action against him would seem unfair.

Other choices might be assigning a high-level, technically competent assistant
to Mr. Lewis to carry out the necessary integration of effort; assigning tech-
nical assistance activities to Mr. Lewis’ division instead of innovative research
programs; or assigning Mr. Lewis to another part of the organization where
his pay level is preserved and where his long association with research could
benefit the organization in terms of technology transfer and research liaison
activities.

8.6 LEADERSHIP IN A CREATIVE RESEARCH ENVIRONMENT

In an R&D organization, a person holding an important leadership position would
normally have a significant research program. In many U.S. government depart-
ments and in industry, some individuals have oversight responsibility for research
organizations, although they are not involved in research program execution.
It is therefore useful to focus on those leadership and managerial aspects that
are directly involved in managing and executing an important research program
involving a significant number (say 50 or more) of scientists and engineers.

Mintzberg (1975, p. 61) suggests a number of leadership or managerial skills
that are important. These are developing peer relationships, conducting negoti-
ations, motivating employees, resolving conflicts, obtaining and disseminating
information, making decisions in conditions of extreme ambiguity, and allocat-
ing resources. In an R&D organization, some additional activities are important,



8.7 SUMMARY 161

such as establishing information networks in order to relate to the wider scientific
community and to attract and recruit highly qualified personnel.

Persons who reach the position of managing a significant research program
are precluded from thinking deeply or broadly about anything because of time
constraints. In most R&D managerial positions, managers are not able to do any
serious, original, or conceptual work. Most people in these positions work long
hours and are very busy. They must deal with a number of constituencies, which
include such typical individuals or groups as the director of the research organi-
zation, research sponsors (who normally provide funding for the research effort),
the user community (who might use the research effort and have some effect
on research funding), researchers within the group, peers in the scientific com-
munity, and, last but not least, the nonscientific bureaucracy (this may include
the comptroller, personnel office, and contracting office). Any experienced R&D
manager knows that difficulties are likely to arise if any one of these constituen-
cies is ignored. Effectively executing the research program and meeting demands
placed by individuals in these constituencies can keep an R&D manager quite
busy indeed. A quotation attributed to Thoreau states: “It is not enough to be
busy . . . the question is, what are we busy about?”

Thus the question is, What is a manager to do? It is important to realize that
a manager in an important leadership position must continue to meet the day-
to-day responsibilities placed on him or her by the job. In addition, he or she
must focus on the long-term requirements of the organization and must consider
strategic and policy implications for the research group. In terms of individual
performance and organization effectiveness discussed earlier, the manager has to
look at issues not just in terms of process and result indicators, but also in terms
of strategic indicators. Focusing on strategic issues requires creative thinking
and serious reflection because it has the added problem of inherent uncertainties,
risks, and delayed gratification (if any). This focus, perhaps more than anything
else, provides for the long-term productivity of an R&D organization and for the
excellence for which a leader may want to strive. Being busy doing day-to-day
things simply is not enough. An effective R&D manager has to integrate the
efforts of others, provide foresight for strategic issues, and, at the same time,
make technical contributions in the area of his/her specialty.

8.7 SUMMARY

For everyday decisions and actions, your personality is likely to determine how
you act. To make sure that your actions will be effective, you may want to change
your work environment so that it matches your personality (Fiedler et al., 1977).

If you are a high LPC (see Section 8.1), avoid environments that are too easy
(you have much control) or too difficult (you have little control) for you as a
leader. In other words, foster an environment in which you have moderate control
and influence, which is common in R&D organizations. Then, your leadership
style should be participative or relationship-oriented.
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If you are a low LPC, your ideal, then, is to be liked, to have no conflict
among your subordinates, to have a clear task, and to have a lot of power. If,
on the other hand, you have no power and your subordinates hate you, and you
do not know what they are supposed to be doing, do not panic. To get high
performance, you will have to rely on task orientation and a directive form of
leadership.

Since you are dealing with rather bright and autonomous people, task structure
is going to be low; since you want to minimize stress, you want the group to
like you; since your power and influence in an effective R&D organization are
going to be moderate, you really need to work toward a relationship-oriented
management style.

For important decisions, when you have a lot of time, ask the questions Vroom
and Yetton have recommended, go through the decision tree they have developed,
and use the leadership style that is recommended.

If other factors are critical, the above recommendations need to be taken with
a grain of salt. You should emphasize participation if the following hold true:

• You have egalitarian values.
• You respect your subordinates’ skills.
• You know too little about their jobs.
• You can live with uncertainty.
• You feel it is very important that your subordinates like you and that they

get along with each other and know much about the job.
• The job is interesting and requires many solutions and high quality.
• There is no crisis, the job does not involve conflicts of interest and permits

interpersonal interactions, and you work in an environment where things are
changing fast.

If these factors do not hold, you might shift toward more directive management
styles.

When you have a new employee, you can get away with a style that involves
telling people what to do; with a more mature subordinate, selling is better;
with a still more mature subordinate, participation is highly desirable; and with
a subordinate who knows a lot and has been around a long time, delegation may
be ideal (Hersey, Blanchard, and Johnson 2007).

Look at your subordinates’ job situation. What is missing from the ideal work
environment? Suppose they do not know what they are to do; then tell them.
Suppose they are bored; then entertain them. In other words, your job is to help
them reach their goals, to supply the missing resources (path–goal theory).

There are other factors that moderate what was just said: You can be bossier
if you have deadlines or limited resources, or if you are expected to be bossy
(expectation can come from the culture, the organization, your supervisor, your
subordinates, your peers), or if your followers are incompetent or inexperienced.
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Finally, there are some unique situations related to R&D organizations. Thus,
leadership concepts and styles need to be explored in the context of R&D
organizations.

8.8 QUESTIONS FOR CLASS DISCUSSION

1. Under what conditions is Fielder’s theory of leadership likely to predict high
effectiveness in an R&D lab?

2. Under what conditions should Vroom’s theory be used in an R&D lab?

3. What formal and informal processes help R&D personnel in your lab develop
their leadership skills? How might these processes be improved?

4. What role, if any, does the ethos of a scientific community play in formulating
leadership concepts in an R&D organization?



9
MANAGING CONFLICT
IN R&D ORGANIZATIONS

There are three kinds of conflict that we need to discuss in this chapter:
intrapersonal conflict, interpersonal conflict, and intergroup conflict. The first
occurs within the individual, the second between individuals, and the third
between groups.

9.1 CONFLICT WITHIN INDIVIDUALS

Many kinds of conflict occur within individuals. The first one we will dis-
cuss is role conflict . Roles are ideas about correct behavior for a person hold-
ing a position in a social system. For example, the position of chief engineer
specifies particular activities that are appropriate for the position. When ana-
lyzing roles, it is important to talk about prescribed , subjective, and enacted
roles. A prescribed role is a role that is prescribed by other people. In other
words, the chief engineer usually receives definitions of what he or she is sup-
posed to do from the boss, from subordinates, and from peers, and each has
specific ideas about the engineer’s role, which are integrated into a concept
of what he or she is supposed to be doing. In other words, when the chief
engineer says, “I am doing this because I am the chief engineer,” that is an
element of the subjective role; the role thought appropriate by the individual.
Finally, we have the enacted role, which is the actual role behavior of the chief
engineer.

It is useful to look at the enacted role and see if it corresponds to the subjective
role or to the prescribed role. According to research, the three kinds of roles—the
prescribed, the subjective, and the enacted—frequently do not match very well.

164
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In other words, what is prescribed may actually not be similar either to the
subjective role or to the enacted role.

In one of the situations of role conflict, the various prescribed roles are usually
quite different. That is, the person receives prescribed roles from a variety of
individuals, and these role senders disagree among themselves about what that
particular individual’s role should be. As a result, the subjective role the person
develops is confused or contains elements that are in conflict because the boss
says one thing, a subordinate says a different thing, and a colleague says yet
another. Other situations of role conflict occur when a person does not develop a
subjective role that resembles the prescribed role or when the person developing
an enacted role fails to match the prescribed one.

Research done by Kahn, and summarized in Katz and Kahn (1980), indicates
that about 50 percent of the people studied in various organizations have experi-
enced a great deal of role conflict, much of it due to conflict with the hierarchy.
That is, the person’s definition of what he or she is supposed to be doing is
different from the definition that the boss is sending or that the top manager is
sending to the boss.

A second kind of role conflict is related to workload —in other words, how
much is one supposed to do. Given a particular role, there are different definitions
of how much one should do.

A third conflict has to do with creativity . Who is supposed to initiate what or
who is supposed to do new things does vary according to role senders.

Finally, there are conflicts that have to do with organizational boundaries and
who has responsibility for what activity—for example, who must decide whether
a laboratory member is to go to a conference.

The research by Kahn shows that the greater the role conflict: (1) the greater
the dissatisfaction of the individual, (2) the more frequent the physical symptoms
of the individual, (3) the greater the number of hospital visits the individual
undertakes, and (4) the less confidence the individual has in the organization.

A good example of role conflict in research and development organizations is
the conflict that occurs when the person is part of a team that is developing a new
product that involves both research people and marketing people. Depending on
the structure of such teams, a person may experience varying degrees of conflict.
In Chapter 4, “Job Design and Organizational Effectiveness,” we discussed a very
interesting project by Souder and Chakrabarti (1980) in which they identified
three kinds of relationships between a research and development team and a
marketing team. They were the stage-dominant , the process-dominant , and the
task-dominant structures within the organization. We identified the conditions
under which the various forms of organization might be more or less effective.
The greatest role conflict is apt to occur in the task-dominant form of organization,
since it is in that particular structure that the individual is both a marketing person
and a scientist. In the stage-dominant structure, there will be a minimum amount
of conflict, since in that form of organization there is a very clear separation
between the scientist and the marketing team. In the process-dominant form
there will be an intermediate amount of conflict.
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Technicians versus Researchers

Other kinds of intrapersonal conflict occur when certain technical employees
have problems with the way they are perceived by members of the organization.
A good example is provided by Fineman (1980), who discusses the problem of
technicians in large R&D organizations. They are often in a supportive role; in
other words, they are supposed to be helping the researcher do the work. This
frequently makes them feel like second-class citizens who are being “used” by the
researchers as servants rather than as co-workers. Furthermore, their job appears
to lack creativity, since it is the researcher who does all the original work and
they are only providing the technical support. Naturally, such people often feel
that their technical skills and qualifications are underutilized and that their supe-
riors do not take their personal needs into account. In R&D organizations, quite
often, support personnel experience helplessness and lack of power and influence.
Managers must find ways to integrate support staff by providing common goals
for them and for the researchers.

Furthermore, in research organizations people are likely to get promoted pri-
marily on the basis of technical excellence rather than managerial skills. As a
result, the managers tend to be technically competent but rather poor administra-
tors. Managers who focus on technical problems often do not take the personal
needs of their subordinates very seriously, and, as a result, their subordinates are
upset and unhappy and experience a good deal of conflict about staying in the
organization.

Fineman (1980) provides a number of suggestions that may reduce some of
these problems. For example, organizations might give higher-sounding titles to
the support personnel and develop promotion policies that allow them to feel
better integrated into the organization. In addition, they can enrich their jobs
by doing a greater variety of activities. Organizations may also find it useful to
pay more attention to the training of their R&D management personnel. Finally,
selecting technicians and support personnel who are “thick-skinned” enough to
put up with poor managers might be a good strategy for this kind of situation.

Supervisor–Subordinate Expectations

A frequent problem in most organizations is that the expectations of one’s super-
visor and of one’s subordinates may be quite different. This problem becomes
especially difficult to solve when the training backgrounds of the supervisor and
the subordinates are very different. For example, in some commercial organi-
zations the top management has MBA training or degrees in law or finance.
Managers of the R&D functions may report to an MBA while their subordinates
might be physicists or engineers. The expectations of people with such varied
kinds of training can be very different. As a result, the managers find that their
supervisor expects a particular set of behaviors while their subordinates expect
a different set with minimal overlap between them. Such “role conflicts” have
been found to result in health problems (e.g., ulcers), job dissatisfaction, and
even depression.
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Tierney and Farmer (2004) found that supervisor performance expectations
ultimately influence employee performance, which supports the conclusion that
positive role identification can increase performance within an organization. It
is important for people who find themselves in role conflict situations to first
identify that they are facing a role conflict, and second to bring the relevant
parties to a conference to “negotiate” the kind of role that they should have.
Generally, when such a problem is identified and discussed, solutions can be
found. One technique that is especially helpful is to discuss with co-workers
what they expect the manager to do “more of” and “less of.” For example,
subordinates may indicate that they want to be evaluated more frequently, but be
given explicit directions less often about how to do their jobs. It is through such
discussions that roles can be clarified, negotiated, and agreed on. Role conflict
can, in principle, be eliminated if reasonable people are allowed to discuss the
problem and to seek constructive solutions.

Engineers’ Status and Organizational Conflicts

An analysis of the kinds of stresses that professional engineers face is provided
by Keenan (1980). Keenan also identifies, as a problem, the fact that professional
engineers have a relatively low status in society (mostly the case in the United
States, not so in Japan and Germany) despite their academic level of qualifications
and their level of contributions to society. A number of scholars have pointed
out that scientists and engineers who work in industrial organizations are likely
to experience strains due to the conflict between their professional values and the
goals of the organization for which they work. Conflicts between the technologist
and the organization over issues such as which project to focus on and how and
in what way to do them can drain the engineer’s energies.

An important basis for these conflicts is the fact that technologists generally
desire to be involved in projects based on their technical and scientific merit,
whereas the primary consideration of the organization is product marketability.
Keenan further summarizes a number of studies that show that there is a good
deal of stress among technologists and scientists in various organizations. Among
the complaints of engineers and scientists is that they do not have enough job
autonomy and that they lack the opportunity to use their research skills. This
dissatisfaction is particularly high among the younger engineers and scientists.
There is also some evidence that those organizations that provide freedom to
do research, promote personnel on the basis of technical competence, and allow
individuals to attend scientific meetings to improve their professional knowledge
and skills generally have scientists and engineers who are less dissatisfied than
those in organizations that do not have such policies.

Role Ambiguity

In addition to role conflicts, some of the scientists and engineers experience role
ambiguity —that is, uncertainty about the meaning of communications received
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from a variety of important “others” in the organization. About 60 percent of the
engineers and scientists in one study experienced role ambiguity. In other words,
they did not really know what the boss wanted.

Role Overload and Underload

In some cases, there is role overload ; that is, the work that needs to be done
is too difficult and exceeds the individual’s abilities, skills, or experience. In a
study summarized in Keenan’s (1980) paper, French and Caplan (1973) found
that engineers and scientists more frequently experienced situations in which the
job was too difficult than did administrators. Another problem is role underload ;
the demands made by the job are insufficient to make full use of the skills and
abilities of the scientist. The Keenan paper suggests that this is a frequent problem
among engineers. Engineers receive sophisticated training (e.g., in mathematics)
that results in skills often not required by their job. In one study, more than half
of the engineers complained that many aspects of their jobs could be handled by
someone with less training.

Boundary Role

Another source of stress or interpersonal conflict comes from occupying a
boundary role, one that connects the organization with the external environment.
There is some evidence that engineers who are in such roles experience more
stress and strain than other engineers. Individuals in boundary roles frequently
complain that they experience greater deadline pressure, fewer opportunities
to do the work they prefer, and less opportunity for advancement. They also
claim that they are not attaining the maximum utilization of their professional
skills.

Coping with Conflict and Stress

The ways engineers cope with work-related stress is discussed by Newton and
Keenan (1985), who point out that there are different ways in which one can
cope. For example, one can talk with others, take direct action, withdraw from
the situation, or simply resent it. Exactly what is done depends on (1) individual
differences (for example, people who are characterized as having a Type A per-
sonality are most likely to be resentful), and (2) situational variables (for example,
withdrawal or doing as little as possible occurs more frequently among those who
work in organizations that lack a supportive climate). Withdrawal appears to be
more common in some fields of engineering than in others. Also, the way the
person looks at the stressful situation determines whether the person will talk to
others or take action, such as quitting. One cannot generalize and say that there
is an effective coping technique that should be taught to everyone, because cop-
ing differs from person to person and from organization to organization. It also
depends on the way the person perceives the conflict situation. Nevertheless, in
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training engineers and scientists, we can sensitize them to intraperson conflict and
teach them stress-reduction techniques (such as biofeedback). Often being able
to understand that role conflict and role ambiguity are “normal” in organizations
makes dealing with such conflict more manageable. Facing the conflict squarely
by “negotiating” one’s role is most helpful.

It is important to realize that one of the best ways to reduce role ambiguity
and role conflict is to use participative management. In participative management
situations, employees determine what they are to do, when they are going to do
it, and how they are going to do it. When such factors are decided either by the
supervisor or by the job itself (i.e., by “external” determinants), there is more
role conflict and role ambiguity (Jackson and Schuler, 1985). In this study, which
analyzed 29 correlates of role ambiguity and conflict, it was found that across
a large number of empirical investigations the best correlates of low conflict
were participation and feedback. In other words, when the employee sets the
task cooperatively with the supervisor and the supervisor (or the task) provides
feedback to the employee, there is minimal role conflict. Incidentally, the same
study showed that when there is conflict there is tension, dissatisfaction, and low
self-ratings of performance.

9.2 CONFLICT BETWEEN INDIVIDUALS

Chan (1981) has studied conflict between R&D managers and nonmanagers in
four organizations, and he found that they perceived conflict as generally hav-
ing negative consequences. Most conflict occurs in the areas of reward structure
(most important), control of goals, authority, and insufficient assistance. Most
respondents saw a negative link between conflict and performance and job satis-
faction, but a few respondents saw conflict as having positive consequences such
as increased performance. Reactions to conflict were perceived as quite different.
Competition and avoidance reactions were seen as most detrimental to the effec-
tiveness of the work group; cooperation was seen as the most desirable reaction
to conflict.

In general the ideal way to deal with conflict is to be creative and try to reach
win–win solutions. For example, if authorship of a paper is a disputed issue,
arranging for one of the persons to do extra work on it, in order to justify joint
authorship, can result in a win–win situation.

Evan (1965a, b) has developed a typology of interpersonal conflict in organi-
zations. Three types of conflict in two distinct areas can be defined. There can
be conflict with peers, with supervisors, or with subordinates, and this conflict
can occur in the technical area and in the interpersonal area. Conflict with peers,
supervisors, or subordinates in the technical area involves technical goals, mile-
stones, the means of reaching a particular goal, and interpretation of data. Conflict
with peers or subordinates at the interpersonal level involves personal likes and
dislikes, trust, and fear that the other person misperceives what one is doing.
The conflict with the supervisor usually deals with project administration or with
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power relationships. This includes conflict over who is supposed to decide what
to do or what rules or procedures are in effect.

Research shows that conflict is more likely to occur in those situations in
which two individuals have different attitudes and values. In one such situation,
for instance, one person believes it is very important to keep a certain distance
between the supervisor and the subordinate, while the other person may not think
that a large distance is appropriate. Similarly, one person may require an exact
clarification of rules or specifications of what is to be done, while the other person
does not feel that such clear statements are necessary. Conflict can also arise if
one person believes that people should be independent, while the other person
thinks that there should be greater interdependence and coordination in activities,
and that the most important thing is to have good interpersonal relationships.

Such conflict is more acute when one or both of the individuals are cognitively
simple and tend to see things in black and white, in stereotypes, or in a very
simple manner. Generally, the conflict is less important when the people are
cognitively complex. Some conflict can be traced to incompatible personalities.
It is beyond the scope of this book to discuss this type of conflict, but when it
occurs, counseling or the use of a clinical psychologist ought to be investigated
by management.

Conflict in general is more difficult to reduce when there are major discrep-
ancies of power. If one person can totally dominate the other, it is possible for
the lower-status person to take the view that there is nothing to lose if he or
she makes a tremendous mess of the relationship. When the relationship has a
reasonable balance of power (in other words, the subordinate has some power)
the relationship is likely to allow reductions of conflict. It is also obvious that
when two people have a history of bad relationships with others and with each
other, it is much more difficult to improve these relationships in the future.

One of the ways to get around poor relationships is to put the two people into
a situation in which they have what is known as a superordinate goal —that is,
a goal that both of them want to attain and that neither can reach without the
help of the other. Banker, Houlette, Johnson, and McGlynn (2000) found that
a superordinate goal can be achieved through decategorization, recategorization,
and mutual differentiation. Decategorization involves creating self-revealing or
personal interactions to allow individuals to get to know one another and become
friends. Recategorization redefines one’s sense of group and makes interactants
aware that members of another group are also members of one’s own group.
Mutual differentiation encourages groups to emphasize their mutual distinctive-
ness so long as it is in relation to cooperative interdependence. By using these
strategies independently or together, bias can be lessened and intergroup col-
laboration can be enhanced. Creating opportunities for communication, getting
help from professional counselors, and organizational restructuring should all be
considered as alternative options for reducing conflict.
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9.3 CONFLICT BETWEEN GROUPS

Conflict between groups is very common in organizations. In what follows, we
will summarize some of the major findings in social psychology concerning the
study of intergroup relationships (Worchel and Austin, 1985).

In-Groups, Out-Groups

The first point is that it is very easy to create confrontations between in-groups
and out-groups . An in-group is one with which the individual is ready to cooper-
ate and whose members consist of individuals who trust each other. An out-group
consists of people one distrusts.

It is very easy to create in-group/out-group distinctions. For example, in a lab-
oratory experiment, one can say to teenagers, “You belong to the yellow group,”
and the others constitute “the red group.” With no other visible distinction, one
says, “All right, you yellows, here is a pile of money. Divide the money between
your group and the other group.” This simple manipulation is sufficient to make
the individuals who are doing the dividing favor their in-group. For instance,
they may give 60 percent of the money to the in-group and 40 percent to the
out-group. It is as if there were a natural way of thinking that “since I belong
to this group and the other group is my ‘enemy,’ it is natural for me to give
more to my group and to be a little distrustful of the other group.” The research
also shows that out-groups are perceived as more homogeneous than in-groups.
In other words, the “other” people are “all the same.” By contrast, in-groups
are perceived as relatively heterogeneous. The members of one’s in-group are
perceived as “all different” from one another. These tendencies imply that we
stereotype members of out-groups and may perceive them more inaccurately than
we perceive the in-group.

It is useful to distinguish relationships that are intergroup from those that
are interpersonal . In an interpersonal relationship, the individual is very much
aware of who the other is. In the intergroup relationship, the individual is not
aware of the other’s personal characteristics. For example, when soldiers shoot
at the enemy they do not care who that particular individual is. It is just a global
reaction or judgment about the other person as a representative of a group. Inter-
group relationships are more likely to develop than interpersonal relationships
under the following five conditions: (1) when there is intense conflict, (2) when
there is a history of conflicts, (3) when there is a strong attachment to the in-group,
(4) when there is anonymity of membership in the out-group, and (5) when there
is no possibility of moving from the in-group to the out-group.

Let us examine these conditions with an example from the relationship between
researchers and marketing specialists. If the marketing specialists look at the
world in a different way from the way the researchers do, then it is far more
likely that the researchers will say that the marketing people are “all the same.”
On the other hand, if there is less conflict they may see differences between
various members of the marketing group. Second, if there is a history of conflict
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between the two groups, then they are much more likely to look at each other
in terms of their group rather than as individuals. Also, if the researchers feel
very strongly about being researchers or the marketing types feel very strongly
about being marketing types, they will perceive the people in the other group
as undifferentiated. Anonymity means that you do not really know who the
other people are. A marketing committee will make a decision and say “No!”
or will send a letter to the research people that says, “We have decided not to
support your proposal.” There is no indication of who the people are that made
the decision, and this increases the tendency to perceive them as all alike, as
a group, and not as individuals. Finally, perception also tends to be intergroup
when there is no possibility of moving from one group to another, as happens
when the organizational structure is such that engineers and scientists never work
in marketing or market department members do not work in research.

The interesting thing is that in-group favoritism occurs even when these five
conditions do not operate! In other words, intergroup favoritism is such a common
and fundamental idea (given that you are in my group I must favor you) that
people are not critical of their own actions. In order to show favoritism, people
do not need tension or conflict, a history of conflict, strong attachment to their
group, anonymity of the out-group, or the inability to move to the other group.

The fact that the out-group is seen as a homogeneous entity means that stereo-
types increase. Stereotypes are overdetermined because they occur for at least
two reasons: (1) It is easier (requires less cognitive work) to see others as being
more or less alike, and (2) it is so much simpler to deal with others as if they
were alike. Studies have shown that people are more likely to generalize in the
negative direction (toward criticism) from the behavior of one individual who is
a member of an out-group to the whole out-group than to do so in the case of
the in-group. In our example, our researchers are much more likely to stereotype
and evaluate unfavorably the whole marketing department on the basis of the
behavior of one of its members than they are likely to change their view of the
research department on the basis of the behavior of one researcher.

Biased Information-Processing

This biased information processing focuses on ways how this type of an approach
creates conflicts. The section on “Defects in Human Information Processing” in
Chapter 2 further elaborates on this phenomenon. An interesting example of
biased information processing is that people attribute positive actions by the
in-group to internal aspects (e.g., they are honest), but positive actions by out-
group members are considered due to external aspects (e.g., they were forced to
act that way). In other words, suppose the marketing people unexpectedly did
something very nice for the researchers. The researchers would claim that the
marketing department members were forced to act in this way by outside circum-
stances. On the other hand, if they did something nasty, it would be explained
as being “their nature”; that is, people make dispositional attributions (they were
nasty people) when negative behavior of out-groups is perceived. Conversely, if
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the researchers (the in-group) did something nice, it would be explained as “their
nature,” but if they did something nasty, they would be perceived to have acted
that way as a result of external circumstances.

Conflicts in Organization

Recent reviews of experimental work on conflict in organizations (DeDreu
and Gelfand, 2008) suggest that there are many circumstances when moderate
amounts of conflict may stimulate innovation and creativity. When a research
team includes a member who looks at the research problem very differently from
the way the other members do, even when that member is wrong, the difference
of opinion can increase information search, and may uncover a solution that
was not considered by any member of the research team. Therefore if, when
the work begins, the best solution is not evident to any of the members of the
research team, the team’s work can benefit from dissent. Of course, dissent is
not without costs. In dissent situations the decision will probably take longer,
the research members may feel antipathy toward the member who has different
views, and may emotionally block the implementation of the best solution.
On the other hand, if the research team has the norm described in “Ethos of
a Scientific Community” (Chapter 3), even if individuals are critical of the
solutions proposed by others, the negative effects of dissent can be minimized.
The complexities of the way dissent may be used to stimulate creativity are
discussed in Schultz-Hardt, Mojzisch, and Vogelgesang (2008).

Coping with Conflict between Groups

What we said in the case of interpersonal conflict also applies to intergroup
conflict: If superordinate goals (goals of both groups that neither group can reach
without the help of the other) can be found, the relationship can be improved.

There are two orientations that one can adopt in an intergroup situation: One
is called a win–lose orientation and the other is called a win–win orientation.
In the win–lose orientation, one tries to win for one’s in-group something that
the out-group loses, while in the win–win orientation, one tries to win some-
thing for both groups. Another way to look at conflict is to examine the Conflict
Resolution Grid of Blake and Mouton (l986, p. 76). The win–win orientation
corresponds to position 9.9. The win–lose orientations are 1.9 and 9.1. Two
other orientations—compromise and all lose, both less satisfactory than the
win–win—are also shown in Figure 9.1.

For example, suppose the researchers have a design that satisfies many techni-
cal and production criteria, but which the marketing people find almost impossible
to market. In a win–lose orientation either the technical people manage to impose
the design or the marketing people manage to eliminate it from further considera-
tion. In a win–win orientation a new design is developed that has the advantages
visualized by the research group, but also incorporates the advantages of the
ideal marketing design. Other positions shown in the diagram would be (a) the
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Figure 9.1. Intergroup Win–Lose Orientation

lose–lose position in which no design is adopted, and (b) the compromise position
in which a design is adopted that has some, but not all, of the desirable elements
of the designs of each of the groups in conflict. It is obvious that the win–win
orientation is the most desirable. However, it should also be obvious that in order
to reach that design one has to be very creative and come up with a very new
concept. Such a concept may have either (a) none of the elements of the original
design of the technical people, or (b) none of the elements of the original ideas
of the marketing people. It is a fact that the win–win solution requires “insights”
not available before the confrontation took place that leads to successful con-
flict resolution. So in this case we can talk about “productive” or “constructive”
conflict, as opposed to talking about “destructive” conflict.

Research shows that the win–lose orientation is associated with cognitive
distortions that make the outcome of the conflict undesirable for both sides. The
“product” that is an outcome of this conflict (e.g., a negotiated agreement) is
likely to be poor. In such cases the position of the in-group is perceived as
very much more desirable than the position of the out-group. While the in-group
knows its position well, it does not know or fully understand the position of
the out-group. The position of the in-group appears to be much more desirable
than it is. The “common ground” between the two positions is seen as belonging
to the in-group’s solution, and the in-group perceives only its own position as
acceptable, using a “narrow cognitive field” to understand the positions of the
various parties. In other words, in the win–lose orientation, the groups look at
the conflict in a distorted, overly simple way.

In the case of a win–win orientation the product of the conflict (e.g., the
negotiated agreement) often shows much creativity. It is more insightfully con-
ceived and therefore more valuable. The in-group does not distort its view of the
desirability of its own solution and understands much better the position of the
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out-group than is the case in the win–lose orientation. The full complexity of
the issues is perceived. In other words, in the win–win orientation there is little
distortion and the perception of the positions and values of the proposals of each
party in the conflict is realistic.

When a win–win orientation is used, there is usually acceptance of the other
side. There is trust, confidence, and communication between the two groups.
Usually there are no threats, there is less cognitive distortion, and people do
understand that there is common ground between their position and that of the
other side. Also, they look for and are likely to adopt a creative orientation.
In other words, they say, “Let’s solve this problem together and let’s solve it
creatively. Let us find a solution that we have not thought about before, that will
be satisfactory to both sides.”

The distortions of information processing are particularly strong when there
is no objective way to evaluate the information each side presents to the other.
Distortions are minimized when the behavior of the other group is predictable.
Predictability also has impact on the trust that each group feels toward the
other. We trust people whose behavior we can anticipate.

One of the issues that comes up quite often when there is intergroup conflict
concerns the question, who should go to a negotiation session? There is research
showing that a satisfactory agreement is less likely to be reached when the nego-
tiation session is attended by representatives of the group and not by the whole
group. In other words, the representatives feel constrained by the fact that they
are representing a group and thus have little flexibility to move. They freeze in
a particular position and the two sides become deadlocked. On the other hand,
when the whole group participates in the discussions there is usually some move-
ment. If there is a choice, it is, therefore, much better to have a session in which
both groups are present in the negotiations.

When a representative is given full power to represent the group and reach an
agreement as he or she sees fit (in other words, when he or she does not need to
go back to the group to convince its members that a particular decision is the best
one obtainable), deadlock can be avoided. Such representatives speak for their
group and also for themselves. When they see that there is a possibility of an
agreement, they agree. It is a desirable (low-conflict) condition when the meeting
becomes an interpersonal one involving two people, each representing a group
honestly seeking to reach the best agreement that they, as individuals, can reach.
The chances of creative solutions increase in such situations. The disadvantage
of this solution, however, is that the group often feels the representative did not
get a “good enough” agreement.

Certain conditions increase the probability that the intergroup conflict will
become productive rather than destructive: (1) when there is a perception that
cooperation is highly desirable; (2) when the out-group is seen as being heteroge-
neous rather than homogeneous (in other words, when we teach members of the
in-group that there are people with different views in the out-group); (3) when
the in-group and the out-group have common goals; (4) when there is mobility
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and some of the members of the in-group were members of the out-group in
the past.

This is one of the rationales for job rotation in an R&D organization. By
having people in the organization change their jobs and moving them from one
department to another, they become able to deal with members of these other
departments in conflict situations. Finally, it is helpful to have a condition in
which the in-group is not using the conflict with the out-group as a means of
consolidating the leadership position of the in-group’s leader. In some situations
the in-group is not sufficiently cohesive and its leader tries to create unity by
leading the in-group into battle. This, however, is highly undesirable since it
makes conflict difficult to resolve.

Conflict can become destructive when one or both sides see only a single issue
as important. Usually when several issues are involved, it is possible for each
side to concede on some issues, but when only one issue is critical, it is difficult
for one or the other of the two sides to yield.

Blake and Mouton (l986) have described in detail their approach to conflict
resolution. They utilized groups of 20–30 executives from industry who came
together for two weeks to discuss interpersonal and intergroup relations. They
were first exposed to controlled laboratory experiments, and then to the results
of the experiments.

In Phase I, in-groups were formed and in-group cohesiveness was developed.
Usually each in-group was concerned that another group might “do better,” and
these feelings were expressed kiddingly during coffee breaks. At that point, each
group was provided with an identical human relations problem. The solutions
were then compared by the researchers, who explicitly stated which solution was
better and why, thus creating competition and a win–lose orientation. In some
cases a group of outside judges was used or each group was invited to do the
judging. When a group evaluated its own solution in relation to the others, it
typically focused on the differences between the solutions and the good points
of its own solution, ignoring the strengths of the other group’s solution.

Blake and Mouton discuss the barriers to cooperation that arise from the
win–lose orientation. Of special interest to R&D managers who may be in con-
flict with accountants, finance experts, or marketing specialists is that these and
other (e.g., Davis and Triandis, 1971) studies show that one can resolve conflict
better when the entire groups meet together rather than when each group elects
a representative to negotiate with the other side. In short, have all the people in
your department who are affected meet with all the accountants or the marketing
people who are relevant.

Conflict is usually resolved better when the solution is arrived at by the two
parties in conflict than when the solution is imposed by outsiders. It is very helpful
to identify distortions in perception, which occur when one’s perspectives become
narrow, as usually happens when one is tense, or when one thinks the in-group
products are much more desirable and of higher quality than they really are, or
if the common ground between the solutions of the two sides seems to be part
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of the in-group’s solution exclusively. This job can often be helped by having a
third party listen to the positions of the two sides.

Superordinate goals have been found to be helpful in reducing conflict. As
already mentioned, such goals are common goals that one side cannot reach
without the help of the other. Experiments, field studies, and consultant expe-
riences suggest that such goals are highly desirable. Managers will do well to
search for and foster such goals for groups that might be in conflict.

9.4 INTERCULTURAL CONFLICT

Intercultural conflict is a special case of intergroup conflict. “Culture” here is
defined as unstated assumptions, beliefs, norms, roles, and values found in a
group that speaks a particular language and lives in a specific time period and
place. Potentially, there can be cultural conflict whenever people speak a different
language including dialects, live in a different (e.g., Australia versus Canada),
or have been socialized in different time periods (e.g., old versus young). Other
contrasts, such as differences in religion, social class, and race, can also create
intercultural conflict.

Socialization in a particular culture results in a specific “world view.”
Unstated assumptions (e.g., one must not start a new venture without consulting
an astrologer), customs, and ways of thinking (e.g., starting with facts and
abstracting a generalization versus starting with a generalization or an ideological
position and finding facts that fit it) can create more trouble in interpersonal or
intergroup relationships than even having something valuable to divide. This is
because unstated assumptions appear so natural to the thinker. Intercultural dis-
agreement can be more damaging to interpersonal relationships than disagreement
within culture situations because rational arguments are not particularly helpful.

One often finds a cultural mixture of people working together in R&D labora-
tories since selection is usually on the basis of competence. For example, in the
U.S. observatory in Chile, the staff is largely Chilean, but many of the scientists
are from North America. Thus, it is important to consider what to do to improve
intergroup relationships in situations of intercultural conflict.

There are numerous techniques, most of which involve training, that are
designed to improve intercultural relationships. Triandis (l977) describes them
in some detail, and Landis and Brislin (1983) and Landis and Bhagat (1996) do
so in even greater detail. These publications are designed for social scientists
who will train others. Managers of R&D laboratories will want to know only
that these techniques exist and what they do.

There are basically four approaches to intercultural training: the cognitive
approach, the affective approach, the behavioral approach, and self-insight.

The Cognitive Approach. The cognitive approach teaches people the worldview
of the other culture. As Norman’s (1998) article argues, issues contributing to
conflict are unlikely to go away and therefore must be managed rather than
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resolved. Management involves open communication to increase understanding.
This is done with a series of “critical incidents” in which interpersonal behaviors
between members of cultures A and B are described. After each incident, there
are four explanations of the behavior of the people in the incident. If one is
training a person from culture A to understand the point of view of persons
from culture B, three of the four explanations are commonly given by people in
culture A and one by people from culture B. The incident and the explanations,
presented in multiple-choice format, are shown to the trainee, who chooses one
explanation, turns to the appropriate page, and receives feedback on the choice. If
the trainee has chosen the correct explanation, about a page of feedback is given
that explains the particular cultural point of view and the probable reasons for its
emergence in the culture (i.e., it is usually functional to have that point of view in
that culture). When the trainee chooses an “incorrect” explanation, the feedback
simply instructs him or her to read the episode one more time and choose another
explanation. Thus, the trainee is gradually exposed to the point of view of the
other culture. The construction of these training materials has been streamlined,
and the determination of what answers are to be included is done empirically.
Albert (1983) provides a detailed explanation of how to construct such training
materials. Evaluation studies have shown that people trained with such materials
feel better about their relationships with members of other cultures.

The Affective Approach. The affective approach involves exposing trainees to
situations in which their emotions are aroused when in interaction with members
of the other culture. This can be done by having them interact with members of
the other culture in specific situations. When negative emotions develop, they are
exposed to a positive experience that competes with the negative emotions. In
some cases, simply breathing deeply or doing some exercise that reduces stress
in the presence of the negative emotion is helpful. In other cases, arranging for
pleasant experiences, such as the sharing of tasty food, listening to enjoyable
music, or being exposed to agreeable perfumes, can create the right mood.

The Behavioral Approach. The behavioral approach involves shaping the behav-
ior of the trainee to make sure that behaviors that are objectionable in the other
culture do not occur. For example, crossing your legs and showing the bottoms
of your shoes is absolutely insulting in some cultures, but many Americans do
this and are not even aware of it. Simply telling them that they must not do it
(the cognitive approach) is not effective. They have to experience rewards and
punishments that will change their habits. The best way to accomplish this is to
reward a competing behavior, such as keeping one’s shoes on the ground.

Self-Insight. Self-insight is an approach designed to make the trainee understand
how much culture influences behavior. The aim in this case is to give the trainee
a chance to analyze his or her own culture. Understanding how much of one’s
own behavior is under the influence of norms, customs, and values unique to
one’s culture can be very instructive. The technique used in this kind of training
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is to have the trainee interact with a person who is a trained actor and who acts
in the opposite way from the way people in the trainee’s culture usually act. The
experience of interaction with such a person and discussion of the experience
with the trainer makes very clear that one’s behavior and feelings are shaped
by culture. When people know how culture influences their behavior, they are
able to be more sensitive to culture as a variable affecting social behavior and
interaction.

These four ways of training are not incompatible. On the contrary, they are
complementary. A good program of training will use all of them in some mixture.
It is beyond the scope of this book to discuss how to develop such training. The
important point is for the manager to know that such training does exist, that it
can be provided by social scientists specializing in interpersonal and intercultural
behavior, and that it does help develop better relations and reduce intergroup
conflict.

The section on cultural intelligence in Chapter 7 can provide further insight
on the topic.

9.5 PERSONAL STYLES OF CONFLICT RESOLUTION

Each person has a particular style for solving conflict. Do you want to know
what your style is? If you do, respond to the statements in Table 9.1 by strongly
agreeing (score it a 5), agreeing (score it a 4), disagreeing (score it a 2), or
strongly disagreeing (score it a 1) with each item. If you are not sure, use a score
of 3. In the blanks imagine the words boss, subordinates , or peers . You can do
this three times, to get an idea of your style when you are dealing with these
three types of people. It is likely that your style will be a bit different when
you deal with your subordinates or peers. Please do this before you read the next
paragraph .

Now take another look at Figure 9.1. The win–win style of this figure cor-
responds to the integrative style of conflict resolution—that is, when you try to
get all the information and jointly come up with a creative solution that satisfies
all parties in a dispute. Sum your scores of items 1, 4, 6, 15, 28, 29, and 35 and
divide by 7 to get your score on the integrative style.

The lose–win corner of Figure 9.1 corresponds to the obliging style, when
you try to give in to the other. To measure that style, sum your scores of items
2, 12, 13, 17, 25, and 30 and divide by 6.

The win—lose corner of Figure 9.1 corresponds to the dominating style, when
you try to impose your views on others. To measure this style, sum the scores
of items 10, 11, 18, 24, 27, and 31 and divide by 6.

The lower left corner of Figure 9.1 corresponds to the avoiding style, where
you avoid conflict. To get a measure of that style, sum your scores of items
3, 7, 22, 23, 32, 33, and 34 and divide by 7. Finally, the compromise position
of Figure 9.1 corresponds to the compromising style and can be measured by
summing items 9, 20, 21, and 26 and dividing by 4.
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TABLE 9.1 The Rahim Conflict Resolution Style Inventory

1. I try to investigate an issue with my to find a solution acceptable to us.
2. I generally try to satisfy the needs of my .
3. I attempt to avoid being “put on the spot” and try to keep my conflict with my

to myself.
4. I try to integrate my ideas with those of my to come up with a decision

jointly.
5. I give some to get some.
6. I try to work with my to find solutions to a problem that satisfy our

expectations.
7. I usually avoid open discussion of my differences with my .
8. I usually hold on to my solution to a problem.
9. I try to find a middle course to resolve an impasse.

10. I use my influence to get my ideas accepted.
11. I use my authority to make a decision in my favor.
12. I usually accommodate the wishes of my .
13. I give in to the wishes of my .
14. I win some and lose some.
15. I exchange accurate information with my to solve a problem together.
16. I sometimes help my to make a decision in his favor.
17. I usually allow concessions to my .
18. I argue my case with my to show the merits of my position.
19. I try to play down our differences to reach a compromise.
20. I usually propose a middle ground for breaking deadlocks.
21. I negotiate with my so that a compromise can be reached.
22. I try to stay away from disagreement with my .
23. I avoid an encounter with my .
24. I use my expertise to make a decision in my favor.
25. I often go along with the suggestions of my .
26. I use “give and take” so that a compromise can be made.
27. I am generally firm in pursuing my side of the issue.
28. I try to bring all our concerns out in the open so that the issue can be resolved in

the best possible way.
29. I collaborate with my to come up with decisions acceptable to us.
30. I try to satisfy the expectation of my .
31. I sometimes use my power to win a competitive situation.
32. I try to keep my disagreement with my to myself in order to avoid hard

feelings.
33. I try to avoid unpleasant exchanges with my .
34. I generally avoid an argument with my .
35. I try to work with my for a proper understanding of a problem.

Source: M. A. Rahim, A measurement of style of handling interpersonal conflict, copyright 1983,
Academy of Management Journal , 371–372, reprinted by permission.
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The Rahim Conflict Resolution Style Inventory (Table 9.1) was developed by
Rahim (1983), who validated the items and reported how various groups respond
to it. For example, females were found to use more integrating, avoiding, and
compromising and less obliging styles than males.

9.6 UNIQUE ISSUES OF CONFLICT IN R&D ORGANIZATIONS

For a research organization, there are some ethical issues that either create special
cases of conflict or provide a rather different framework for resolving conflicts.
The following discussion of conflict within individuals, interpersonal conflict,
and intergroup conflict focuses specifically on R&D organizations.

Conflict within Individuals. The need to find an intellectually challenging
research environment, the need for research facilities, and, indeed, the simple
need for employment forces many scientists to work in an organized environ-
ment. In addition, the needs of the organization and of society as they relate
to a research project can be at variance with the moral beliefs or convictions of
individual scientists. Some recent cases have involved scientists who are opposed
to R&D related to the defense industry. However, when one looks at investment
by defense organizations in R&D worldwide, it should come as no surprise
that the majority of scientists are involved in activities related to the defense
industry. When some prominent scientists at major research universities in the
United States questioned programs such as the Strategic Defense Initiative, the
so-called “Star Wars,” they were perhaps responding to a conflict between their
desire to make a contribution to science and their disapproval of the expenditure
of resources for research programs that, from their perspective, served no mean-
ingful human needs. In an open democratic society such differences should be
expected.

Interpersonal Conflict. One scientist may be competing with another scientist
within a research group for promotion, status (for example, principal investigator
versus associate investigator), or other rewards (attending conferences, office
space, etc.). Since many of these things are perceived by the individual as a zero-
sum game, the ethos of a scientific community, which emphasizes cooperation,
universalism, and sharing of ideas as its underpinning, is often lacking. This,
in turn, creates conflicts within the organization and also adversely affects the
productivity of the organization.

In their study of Spanish research organizations, Mora-Valentine, Monoro-
Sanchez and Guerras-Martin (2004) found that agreement was achieved more
readily when previous links, communication, commitment, trust, and recogni-
tion of reputations were in place. Once recognized, interpersonal conflict can be
lessened, and cooperative relationships can be built.
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Intergroup Conflicts. It is not unusual for one group in a research organization to
compete with another for projects or resources. This inevitably creates conflicts.
Again, the total resources and other amenities (such as laboratory space) that are
available are finite. If one group gets a certain portion of these resources, then
the other group may feel that they did not get their fair share. This inevitably
leads to some conflicts and also may lead to a lack of cooperation between
the groups. Some organizations have competing divisions undertake the same
research project. This type of competition can, for some situations, speed up the
innovation process by making participants work very hard and perhaps work very
cooperatively within the division. Competition among different research groups
in an R&D organization is inevitable and so is some of the resultant conflict.
Some of this competition and conflict may in fact be beneficial. It may provide
motivation to excel and thus positively affect performance. Benefits may exceed
any adverse effect that may result from conflict and a lower level of cooperation
among different groups.

Perhaps one should look at the fundamental issues involved with problems
created when there is no sharing of knowledge or cooperation and conflict is
viewed as a zero-sum game in which one group loses proportionately what the
other one gains.

Zero-sum conflict needs to be avoided, and alternatives must be sought. One
must take the position that most, if not all, conflicts can be translated into
win–win situations provided that people have sufficient imagination and creativ-
ity. If the contestants see their confrontation as the result of a lack of creativity
(rather than due to conflict), this lack of creativity becomes “our problem.” One
no longer sees the other side as the “enemy,” but as a collaborator in the search
for creative solutions that will be mutually satisfactory.

One of the problems one often faces in organizations is well described by the
concept of the “tragedy of the commons.” If every individual acts in a selfish
way, the individual will obtain short-term benefits but the community will suffer.
How can we persuade individuals to act less selfishly? Group discussions, in
which norms of proper behavior in the laboratory are examined and shaped,
can be beneficial. The individual can then be told, “You are not behaving the
way we all agreed to behave.” Some retaliation or “fines” for incorrect or norm-
violating behavior may be needed in the case of certain individuals, but most
people are sufficiently concerned about their good name to adapt their behavior
to the norms.

Supervisors can also help by discussing with their subordinates the need for
cooperation rather than competition. In doing this, they might use the results of a
study that may or may not apply to all researchers, but that certainly seem con-
vincing. In that study the researchers sampled all the social psychologists who
were members of an elite organization. Membership in the organization required
several refereed publications that were judged as significant by its membership
committee. At the time of the study, the organization had a membership of
200. A random sample of 200 “ordinary” social psychologists was also obtained.
These 400 individuals received a personality test in the mail. About 60 percent of
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each sample completed the test. One of the attributes measured by the test was
“competitiveness.” The data show that those who belonged to the elite orga-
nization were significantly less competitive than those who belonged to the
random sample of social psychologists. One interpretation of these results is
that the more competitive social psychologists were so concerned with whether
or not they were doing well that they did less significant research than the
elite social psychologists. In other words, some good advice to give to subordi-
nates is, “Do your best, work hard, and do not worry about what other people
are doing.”

An important benefit of noncompetition with other scientists is the increased
likelihood of joint publications. When researchers discuss their work with others
and are not protective and secretive, it is more likely that joint publications will
occur. Some of these publications may be of higher quality because they are
joint. In short, noncompetitiveness, openness, and cooperation may have great
advantages. Finally, the emphasis on joint publications is desirable because such
publications constitute a superordinate goal (see above).

9.7 ETHICS

Two principles of ethics should be stressed in the laboratory: reciprocity and
benefiting the least powerful .

Reciprocity is an old principle found in the ethical systems of both East and
West. The dictum “Whatsoever ye would that men should do to you, do ye even
so to them: for this is the law and the prophets” (Matthew , 7: 12) can be translated
into “Do not do unto others what you do not want others to do unto you.”

The principle of benefiting the least powerful is less well known and is based
on the idea that in every social system some have more power than others. In a lab,
the supervisors have more power than the subordinates; directors and principal
investigators more than nondirectors and nonprincipal investigators; those with
large research budgets have more power than those with small budgets, and so
on. When a conflict develops between two people with unequal power, the more
powerful has the duty to act generously (noblesse oblige). If there is any doubt,
bend backward to benefit the less powerful. So, if there is doubt about who
should be a co-author on a paper, the principal investigator should make sure
that those without power are listed as co-authors.

9.8 SUMMARY

Conflict within individuals, in the form of role conflict or role ambiguity, is
widespread. Individuals who understand this can do something to manage it
better. Conflict between individuals is also common, and developing superor-
dinate goals is very helpful in reducing it. Conflict between groups is com-
monplace. There are a number of ways of reducing conflict, including taking a
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win–win orientation, emphasizing problem-solving and creativity, finding super-
ordinate goals, and developing a system of norms and laboratory ethics that will
reduce it.

9.9 QUESTIONS FOR CLASS DISCUSSION

1. What forms of role conflict are likely to develop in R&D organizations?

2. What are some of the major ways to reduce intergroup conflict?

3. What are some of the major ways to avoid intercultural conflict?
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PERFORMANCE
APPRAISAL—EMPLOYEE
CONTRIBUTION—IN R&D
ORGANIZATIONS

In this chapter we will examine (a) what researchers and managers in R&D
organizations do, and (b) the way we can tell how well they do it. We will also
discuss the need for focusing less on “appraisal” (evaluation, judgment) and more
on employee contribution to the organization.

Accepted wisdom would suggest that for an organization to function efficiently
and effectively, the employees must work well toward meeting organizational
goals and objectives. From a manager’s point of view, it would seem prudent
to reward those employees whose performance contributes to organizational suc-
cess. Logically, performance appraisal systems need to be designed to motivate
employees to improve performance and thus contribute to organizational produc-
tivity, effectiveness, and excellence.

In practice, there are many problems. Few management activities have chal-
lenged and intrigued executives as much as performance appraisal has. To some,
appraisal suggests supervisors sitting in judgment as “Roman emperors.” To oth-
ers, performance appraisal is thought of as a method of manipulating employees
and intruding into their lives.

10.1 SOME NEGATIVE CONNOTATIONS OF PERFORMANCE
APPRAISAL

The problem may lie in the negative connotations of the words “performance
appraisal.” Appraisal implies evaluation and making judgments as to the qual-
ity and quantity of an individual’s productivity. To make such an evaluation
or a judgment, a certain yardstick has to be available to ascertain whether the

185
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individual has measured up to the performance level envisioned by the evalua-
tor. How is one to compare the performance of one individual who has clearly
exceeded the low standards he set for himself versus another individual who
failed to meet the rather difficult standards she set for herself? Dimensions asso-
ciated with the yardstick are variable, and procedures available to evaluate many
of these dimensions are subjective and often not well understood by the employee
or the supervisor.

Would changing the focus from “performance appraisal” to employee “contri-
bution” to the organization make a difference? Would this allow the supervisor
to move away from evaluation in a negative sense and move to the concept of
employee contribution to the organization? Would this allow the supervisor to
say, “Your contribution to the organization has been . . . ”? The discussion can
then move on to how the organization could provide the right environment, sup-
port, and resources for this contribution to be increased, and perhaps allow for
achieving goal congruence between the employee and the organization objectives.

We often talk about the “success” of an individual and, in turn, the success of
the organization in which the individual works. We find that we define success
in terms of organization profitability, productivity, or effectiveness. Is it really
possible to define “success” without defining “failure”? Has an organization failed
if it is not profitable for one year? Has the employee failed if the organization
does not stay profitable every quarter, every year? Temporal aspects of success
and failure are often overemphasized in organizations. The performance review
process is tied too closely to time periods, with the focus on achievements during
six months or a year, while R&D organizations need to look at achievements over
the long term, say three to five years.

Let us take the case of Employee A, who attempts ten activities, succeeds at
eight, but fails two, versus Employee B, who attempts five activities and succeeds
in all. Experience clearly shows that the weight given to failure is greater than the
weight given to success. Consequently, the probability is very high that Employee
B would be rated higher than Employee A by the supervisor. This could be partly
due to the emphasis on making judgments and evaluations rather than focusing
on employee contribution to the organization. Employee A may in fact have
made a considerably higher contribution to the organization than Employee B.
In an R&D organization, where the nature of work would naturally include some
failures, this example case would point to a fundamental problem in the employee
appraisal system. Employees who are risk averse and low performers are likely
to get better appraisals than innovative researchers who take initiative and make
mistakes.

Recognizing that some of these issues are crucial to enhancing employee
contribution to the organization, the first discussion that follows will focus on
difficulties with employee appraisal . It is often stated that performance appraisal
needs to be linked to the managerial activities and the management system
and that performance appraisal should be tied to the stage of development of
the organization. These items, along with performance appraisal and organiza-
tional productivity, are discussed. Most technology-based R&D organizations are
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staffed by engineers and scientists. Since there are differences in the goals and
aspirations of engineers and scientists, as discussed in this chapter, the concept
of employee contribution needs to be differentiated for engineers and scientists.

In an acquisitive and consumption-oriented modern society, monetary rewards
could be thought of as the litmus tests for the level of contribution an employee
makes to the organization. As seen in the discussions that follow, monetary
rewards do not work out as well as one would initially assume. For example, Par-
boteeah, Hoegl, and Styborski (2005) found that professional development activ-
ities, conferences, and customer contacts were effective in increasing employee
contributions in an R&D information technology company. So, after discussing
performance appraisal in practice and the university department case, we pro-
pose a performance appraisal implementation strategy that focuses on employee
contributions to the organization.

10.2 DIFFICULTIES WITH EMPLOYEE APPRAISAL

When a supervisor appraises a subordinate, the process of appraisal can be ana-
lyzed as follows. First, the supervisor must have observed some performances.
However, such observations in the case of R&D personnel are unlikely to be
sufficiently coherent to be valid. If the supervisor were to observe a simple
operation, he might be able to judge it. But R&D work is complex, and doing
any one thing well is unlikely to provide a clue to the total performance. Thus,
rather than observe an individual’s specific performance, the supervisor is much
more likely to observe large chunks of performance, such as the presentation
of a research plan or the completion of a project. Usually these are products of
groups rather than individuals. It then becomes difficult to know how much the
particular scientist has contributed to the group product.

Second, the observations must be integrated into some sort of “schema.”
Unfortunately, there are several biases in the formation of such schemata. For
example, research has shown that first impressions are extremely important. If the
scientist has a good reputation, many acts that are ambiguous will be evaluated
positively. Also, recent events tend to be given more weight in the formation
of such schemata than events that occurred during the middle of the period of
observation.

The fact that negative events are given more weight in such judgments than
positive events creates a further bias. If the supervisor has observed ten events,
and eight are positive and two are negative, the negative ones will be given more
weight because they “stand out” as “figures” against the “background” of the
eight positive events. This is because in our own lives we generally encounter
few negative events, but when we do they are major negatives (e.g., loss of
loved ones). On the other hand, although we encounter mostly positive events,
they are seldom major positive events (e.g., getting married, winning a million
dollars), and so we become especially vigilant about the negatives. Furthermore,
a manager who overlooks the negative may be far sorrier than a manager who
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overlooks the positive. After all, if the manager does nothing about a major
mistake, top management will blame the manager; but the manager is not likely
to be blamed for failing to praise good performance.

Once the “schema” has been formed, regardless of the observations on which
it is based, and it has been distorted by various biases, there is the problem
of remembering it long enough to register it on paper. Here we have additional
biases influencing what happens. Humans tend to remember positive events better
than negative ones. Also, we are helped in our memories by previous schemata,
such as stereotypes. That means we tend to distort what we remember in order
to make it consistent with our stereotypes.

When making such judgments we often make major mistakes. For example,
we generally do not give proper weight to the “base rates” of events. Suppose a
department has a 15 percent failure rate for projects that are carried out. When
judging a particular failure we usually do not take this into account.

Employee appraisal used in salary administration is affected by numerous
other problems such as the “halo effect” (because an employee is good at one
thing, he or she is seen as good at a lot of other things) and the “leniency effect”
(everybody is first rate). Appraisal ratings tend to correlate with job difficulty,
age, pay, and seniority, and they tend to increase each year. Such correlations
suggest that they are contaminated by other factors.

In order to overcome these difficulties, psychologists have developed a num-
ber of strategies. These include forcing comparisons among subordinates (in a
paired comparison format of N employees the supervisor makes N (N − 1)/2
comparisons). This may not really solve the problem because if all of them are
excellent they should all get a high rating. Another approach is to ask supervisors
to check specific statements using behaviorally anchored scales, or ask them to
make forced choices between two statements describing the employee that are
of equal social desirability but only one of which correlates highly with perfor-
mance. In this way, only the selection of the “valid” alternative will ensure that
the employee gets a high rating. These matters are beyond the scope of this book
and are mentioned here only to sensitize managers to some of the methods that
the personnel department can use that are slight improvements over the simpler
rating scales.

There is a good deal of research that shows that observers attribute the other’s
behavior to internal factors (ability, attitude, personality, effort), while actors
attribute their behavior to external factors (the situation, pressure from others,
perceived consequences in the particular environment). Such biases are due, in
part, to what observers and actors are looking at. The observer looks at the actor
and naturally attributes the actor’s behavior to internal causes. The actor looks at
the environment and also knows that on other occasions he has acted differently.
So, it is the particular environment on this occasion that is seen as determining
the action.

The attributions we make give meaning to the behavior. If a failure is due to
the difficulty of the task, it can be excused; if it is due to laziness, it cannot.
People also tend to use their own behavior as a measure of how “typical” some
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action of the actor is. They underuse base rates (see above) and they see the
actor as more responsible for acts leading to rewards than for acts that prevent
failures. Furthermore, if they like the actor, they will attribute good actions to
the person and bad actions to the environment; but if they dislike the actor, good
actions are attributed to the environment and bad actions to the person.

If you keep these biases in attribution in mind, you might be able to improve
your judgments. But in any case, a discussion with your subordinates of the
way you look at their actions can increase the convergence between your attri-
butions and the attributions made by your subordinates. If you two agree on the
attributions, the subordinates will feel that the evaluation has been fair.

The performance appraisal, as usually carried out by an organization’s manage-
ment, is very often incompatible with the needs of research personnel. For most of
the research and development personnel, these performance appraisals do more
harm than good. Wilson (1994) proposes a two-tier approach. A management
performance appraisal is normally conducted in most organizations, augmented
by a professional development appraisal conducted by a highly respected mentor
not directly involved in the management structure. The performance appraisal
conducted by the mentor would focus on professional growth and contribution
to the individual’s field.

10.3 PERFORMANCE APPRAISAL AND THE MANAGEMENT SYSTEM

Performance appraisal needs to be linked to the managerial activities and the man-
agement system. Cunningham (1979, p. 657) has categorized the management
system into two distinct areas: The process of management includes activities
such as planning, organizing, controlling, budgeting, and staffing, and the key
orientation of these processes focuses on integrating (work activities), mak-
ing decisions, recording information, motivating, and negotiating. The func-
tion of management includes procurement, production, adaptation, and so on.
The orientations of these functions are adaptability, productivity, efficiency, and
bargaining.

The managerial processes are concerned with the administration of inputs,
while the managerial function deals with the way inputs produce outputs (pro-
duction) that are important and relevant to the organization. Managerial processes
respond to day-to-day problems, and primarily involve problem solving. The
managerial functions, on the other hand, are concerned with prescribing specific
operations, procedures, and standards for achieving a certain level of production
or output.

Four major activities have been identified under managerial function: adapt-
ability, productivity, efficiency, and bargaining. Twenty-one elements were listed
under the managerial process. They included items such as integration, infor-
mation recording, decision making, and motivation. In evaluating managerial
performance, the manager’s effectiveness in accomplishing the specific process
and function elements just mentioned can be considered.



190 PERFORMANCE APPRAISAL—EMPLOYEE CONTRIBUTION

10.4 PERFORMANCE APPRAISAL AND ORGANIZATIONAL STAGES

Some of the purposes of performance appraisal relate to management control and
to achieving the congruence of organizational and individual goals and objectives.
Management control and strategies for goal congruence also depend on (a) the
stage of development of the organization, and (b) several other factors such as
the technology of the organization.

Salter (1971, p. 41) has defined four stages of corporate development in terms
of “the structure of operating units” (dependent variable) and “product-market
relationships” (independent variable). In a general sense, at Stage 1, the orga-
nization has a single operating unit, producing a single line of products on a
small scale. At Stage 2, operating units increase and production becomes large
scale, but the focus is still on a single line of product. At Stage 3, operating
units may be at different locations and decentralized, each producing different or
related products using multiple channels of distribution. At Stage 4, the number
of autonomous units producing different products increases. Basically, as orga-
nizations move from Stage 1 to Stage 4, the number of autonomous operating
units increases, these units become geographically decentralized, and the operat-
ing units produce technologically different product lines or research outputs for
diverse markets using multiple channels of distribution. As this development pro-
gresses, the number of variables related to organizational products, operational
centers, and market relationships increases. This would also point to the organi-
zation increasing in size (number of employees and volume of sales or the size
of the research budget); it may, in some cases, lead to an increase in assets and
profits.

Management control at each of these four development stages is different. At
the earlier stages, the organization is small, and one owner or director can oversee
most of the activities. At later stages the organization grows in size and in number
of products and may also be geographically dispersed. As authority becomes
decentralized, performance elements need to be designed differently, depending
on the development stage of the organization. For example, performance elements
could be less formal during the early stages of development and more structured
and quantitative later. This approach was successfully used by Salter for four
high-tech electronic firms. It should be used also by managers whenever they are
setting up an appraisal system. Start by analyzing your situation. In what stage
is your laboratory? Then design a system that fits your stage.

10.5 PERFORMANCE APPRAISAL AND ORGANIZATION
PRODUCTIVITY

Organizational productivity can be defined as the ratio of outputs to inputs. Inputs
can be determined by the level of resources invested. Outputs can be conceived
as income minus costs. For a profit-making organization, profitability can provide
a good measure of the organization’s productivity. We must keep in mind that
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behavior is shaped by its consequences. If we want specific behaviors to occur,
we need to use an appraisal system that rewards them when they occur.

Output measures for a research organization can be subjective or objective,
quantitative or nonquantitative, and discrete or scalar and can include some mea-
sure of quality (Anthony and Young, 2002). While the measurement of quality
requires extra effort and, at times, human judgment, this dimension of output
should not be ignored.

Since R&D organizations have multiple objectives and their outputs are
often incommensurate, the output measures are usually nonquantitative and
subjective. Quantitative measures for the output elements are usually in different
units, thus defying precise comparison between different quantitative outputs.
Anthony and Young (2002) suggest that it might be feasible to combine a mul-
tidimensional array of indicators into aggregate units, which could then provide
trends, indicators, and patterns of the individual (and organizational) output
measures.

One suggested categorization of output measures includes the following:

• Process measures (related to activities carried out in an organization; useful
for the measurement of the current, short-run performance)

• Result measures (stated in measurable terms; end-oriented)
• Social indicators (stated in broad terms, related to overall objectives of the

organization rather than specific activities; useful for strategic planning)
(Anthony and Young, 2002)

Thus, based on these output measures one could construct requisite perfor-
mance appraisal elements.

10.6 GOALS OF ENGINEERS VERSUS SCIENTISTS

Most technology-based research and development organizations are staffed by
engineers and scientists. In developing performance appraisal systems, differences
in the goals and aspirations of engineers and scientists need to be recognized.

In general, influence in an engineering-oriented organization is largely a func-
tion of position on the management ladder, while in a science-oriented organiza-
tion, it is based on the scientist’s reputation in the external scientific community.
Terms such as “local” and “cosmopolitan” have been used to differentiate between
an engineer and a scientist. “Locals,” or engineers, are more interested in work-
ing on technology that is applicable to the business aims of the company; they
pattern their behavior and measure their success against internal company stan-
dards. “Cosmopolitans,” or scientists, are more interested in new concepts and
basic research (the focus here still can be on the business aims of the organiza-
tion); they interact more freely with the wider scientific community and pattern
their behavior and measure their success against its standards (Ritti, 1982, p. 372).
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These differences are not so rigid as to exclude one behavior pattern from
the other; rather, they are described as typical examples of relative emphases by
the two groups. Both groups still desire career development and advancement
in their organizations. It is important to note that some scientists in research
laboratories have had extensive engineering practice experience and are able to
span the boundaries between these two categories.

Scientists and engineers working in technology-based research organizations
make contributions to science, which in turn is reflected in the progress science
makes. Commenting on scientific progress, Brooks (1973, p. 125) states:

There are no simple objective measures of scientific progress external to the
social processes of the scientific community which produces it. Thus, to evalu-
ate scientific progress we are compelled to rely on a consensus of the scientific
communities in each field . . . the highly structured system of mutual criticism;
refereed publications; peer group evaluation of research projects; and personal
recognition through prizes, fellowships, and academic appointments constitutes
a kind of intellectual marketplace in which scientific contributions are valued
in a more or less impersonal way.

Thus, in assessing the performance of many scientists and engineers, their
contribution to science as reflected by refereed publications, personal recognition
through awards and prizes, and contribution to scientific and professional society
activities is quite proper. Because these types of contributions are external to
the firm, “locals” will not do as well as “cosmopolitans.” In establishing per-
formance standards, depending on the goals and objectives of the organization,
appropriate emphasis can be given to these external contributions. And perfor-
mance requirements can be established that accommodate the organizational goals
and individual capabilities—whether “local” or “cosmopolitan.”

Since most R&D organizations have both research and development activi-
ties, in addition to their scientific contributions (reflected by publications, etc.),
the development of marketable products and technical assistance for product
improvement should be used as important aspects of performance. In practice,
there are conflicts. Researchers who work on successful development projects
often feel that their contribution is not as well recognized as researchers con-
ducting mostly basic research. Since most research projects require a team effort,
one way to overcome this conflict is to have a team share in the development
and research activities based on individual capabilities and interests. Rewards
and recognition can then be provided to the whole team. This approach would,
in turn, suggest that the best way to structure teams in an R&D organization is
to have a mix of locals and cosmopolitans.

10.7 PERFORMANCE APPRAISAL AND MONETARY REWARDS

Giving monetary rewards to those who perform well seems logical enough. In
an acquisitive and consumption-oriented modern society, higher pay satisfies
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basic human needs and more. For an individual, receiving monetary remuneration
above what is required for basic human needs can also provide security, auton-
omy, recognition, and esteem.

The motivation model, generally referred to as the expectancy model , suggests
that high performance is likely to occur if the individual feels capable of achieving
it, if pay is closely tied to performance level, and if the individual finds pay to
be important (this would of course vary across individuals).

In a research and development organization, indeed in most complex profes-
sional organizations, a number of reasons make tying pay inexorably to perfor-
mance appraisal an imprudent approach:

• Significant accomplishments in an R&D organization often require input by
many individuals. Singling out one person for a monetary reward creates
the problem of inequity for others.

• The purpose of performance appraisal shifts, on the part of the supervisor, to
justifying the pay decision already made, and, on the part of the employee,
to comparing himself or herself to others and shaping his or her performance
data to outdo others.

• Cooperation among peers is reduced because of competition for pay for
performance, where total monetary rewards are viewed as a zero-sum game.

• During performance appraisal the employee is likely to exaggerate (some
might suggest falsify) his or her performance to gain higher monetary
rewards. This would not create the proper environment for counseling and
feedback—two of the important purposes of performance appraisal.

It is therefore desirable to hold performance appraisal discussions at one time
and then, later, at a different time, discuss pay increases or monetary rewards, if
any. Frequency of discussions can depend on factors such as duration of projects,
the employee’s tenure, and organization policies. If projects are of long duration,
these discussions could be as far apart as six months or a year; for shorter-duration
projects, discussions could be tied to completion of projects. New employees are
most anxious to find out how well they are doing. Feedback after the first 30
days, however brief, is most reassuring to a new employee. Tenured employees
are quite satisfied to have these discussions held roughly at a time when some
pay decisions are going to be made.

Some of the pay decisions are rather subjective. While no system can pro-
vide complete equity in pay, it should be recognized that “relative deprivation”
in terms of pay, or any other rewards, acts as a strong demotivator and, thus,
adversely affects performance. External equity (by reviewing data from a pro-
fessional society and other wage surveys) and internal equity (by reviewing the
contribution of the individual vis-à-vis others in the organization) are essential.
Any mechanism one can use to minimize inequities in pay is worth the effort.
Academic institutions often use committees to review performance of faculty
members. This tends to minimize individual biases. This practice is not so com-
mon in industry and government. Most managers find this committee approach
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an intrusion into their domain. Periodically seeking input from an independent
board or committee about researcher performance can be worthwhile. A manager
can always choose to use the outside review to justify a salary decision.

10.8 PERFORMANCE APPRAISAL IN PRACTICE

It is generally felt that a person should know where he or she stands, and,
consequently, the supervisor should periodically discuss his or her performance
with the employee. In practice, however, experience shows that neither the
employee nor the supervisor is anxious to participate in the performance appraisal
process.

To illustrate this problem, McGregor (1972, p. 134) cites an example. In one
company with a well-planned and carefully administered appraisal program, an
opinion poll included two questions regarding the performance appraisal system.
More than 90 percent of those answering the questionnaire approved of the idea of
an appraisal system, yet nearly 40 percent of the respondents indicated that they
never had performance appraisals done at this company. The record, however,
showed that over 80 percent of them had signed a performance appraisal form
and that they had had more than one appraisal interview with their supervisors
since they had been with the company. This is an interesting discrepancy. The
respondents had no reason to lie, nor was there any reason to believe that the
supervisors had falsified the performance appraisal signatures of the employees.
The most likely reason is that the supervisors were basically reluctant to undertake
performance appraisal activities and, thus, had conducted the interviews in such
a perfunctory manner that many subordinates did not realize or did not remember
what had happened.

Could this be due to the fact that, in practice, the focus is on “evaluation” and
“judgment” rather than on employee “contribution” to the organization?

In addition to the problem described above, it is very difficult to decide exactly
what all the elements for performance appraisal ought to be so that measures
used include all the behaviors expected, activities to be performed, and results
to be achieved by the employee. When strictly quantifiable measures are used,
this can introduce an intolerable rigidity into the system to the detriment of
overall organizational goals. Subjective performance elements, though necessary,
can be criticized because they have a built-in bias. Also, one could argue that
in most organizations, the proper environment for mutual (the employee and
the supervisor) goal setting and complete trust does not exist. Consequently,
the ambivalence about performance appraisal and evaluation continues to be
shared by both the supervisor and the employee. In practice, therefore, there are
many underlying difficulties with the performance appraisal process. Yet it is an
important activity for organizational effectiveness and employee and organization
goal congruence.
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10.9 A UNIVERSITY DEPARTMENT CASE

In one university department, each faculty member writes an annual report that
includes two pages on each of the following topics: teaching, research, impact,
and service. Under teaching, there is information about the quantity and the
quality (student comments, syllabi, textbooks written) of the professor’s work.
Under research, there is information about the particular problem the professor
is attacking and the success so far; two reprints of papers from the current year
are appended. The impact section indicates what reviewers had to say about the
work, who is working on the same topic, how often the professor has been quoted
in the refereed literature and by whom, and the number of invitations for major
lectures or participation at major conferences or colloquia. The service shows
membership on the editorial boards of journals, on national and international
committees, and on university committees. The information that is relevant to
two categories is entered twice. For example, the invitation to become an editor
of a journal is an index of impact, but doing that job is also recorded under
service.

The reports for the whole faculty, based on these four categories, are read
by a committee of nine elected from among the faculty. Having at least that
many members on the committee ensures that the biases of a single judge will
be avoided. Getting a substantial panel means balancing different perspectives
and provides a range of expert opinion.

The ratings on each of the four criteria are converted into z -scores (z =
X –X /σ ), which have a mean of zero and a standard deviation of 1.0. The sum of
these four z -scores constitutes the professor’s evaluation. However, one can use
any number of criteria (see Chapter 3 for a discussion of criteria of effectiveness,
especially the following section on implementation strategy). If in a given year
the department of the particular university receives, let us say, a 5 percent raise,
then those with a sum of z -scores of 0.000 get 5 percent. Those with z -scores
around 1.0 get 10 percent, and those with –1.0 get nothing. Of course, the formula
that translates z -scores to percentages should be arrived at participatively by the
laboratory. The point of this example is that this model can be adapted in a
number of ways for the use of a particular lab. Members of the lab should be
encouraged to take part in the discussions. For example, one might introduce job
evaluation as a factor by computing the z -scores only within the same range of
job evaluation scores. One might introduce gainsharing by paying some bonus
to all on the basis of the whole lab. The 5 percent figure in the example might
be adjusted to take lab performance into account.

One might also provide flexible benefits since different employees have dif-
ferent needs for money, security, status, and so on, at different points of their
careers. People should also be given some choice of fringe benefits, since not
everyone wants the maximum of cash as opposed to vacation time, insurance
policies, and so on.



196 PERFORMANCE APPRAISAL—EMPLOYEE CONTRIBUTION

10.10 IMPLEMENTATION STRATEGY WITH EMPHASIS
ON EMPLOYEE CONTRIBUTION

The preceding discussion identified some of the underlying issues associated with
the performance appraisal system. Commenting on performance appraisal, Dalton
(1971, p. 1) states that “few things have been more baffling to managers than the
results of their attempts to develop workable performance measures and controls,
thus channeling the energies of their employees towards the firm’s objectives.”

Recognizing that many complex issues are involved in implementing a mean-
ingful performance appraisal system, it is nevertheless useful to focus on three
items:

• What an individual’s performance depends on
• Why performance appraisal is needed
• A suggested strategy

Performance Dependency

One of the fundamental questions in an R&D organization that needs to be
addressed is: What does the performance of an individual really depend on?
For a technology-based R&D organization, Roberts (1978, p. 7) points out the
following:

Theory Y is lovely, and McGregor and Maslow are fine. But if you look for
explicit measures of what affects a technical person’s productivity, then all of
the boss’s [human] relations skills turn out not to matter very much at all. What
matters far more, at the first-line technical organization level, where you’re
really talking about employing the scientist and engineer more productively, is
the technical competence of this first-line supervision.

This is not to say that the supervisor should be insensitive to people and
not have the ability to motivate and stimulate the researcher; rather it stresses
the crucial role the supervisor’s technical competency plays in productivity and
excellence.

Studies indicate that in an R&D organization, the diversity in professional
activities and the diversity in skills of American scientists both relate to enhanced
levels of performance. Scientists who work on diverse R&D functions (such as
basic research, applied research, and consultation) make greater scientific contri-
butions and are more useful to their organizations than those who do not work
in diverse areas. In addition, scientists who spend part of their time in teaching
or doing administrative work outperform those whose sole activity is research.
Diversity in terms of knowledge of several areas of specialization (rather than
just one) and involvement in more than just a single research project are also
related to higher levels of performance (Andrews, 1979, p. 269).
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Lawler (1973, p. 9) suggests that an individual’s performance depends not
only on motivation but also on ability. This can be described as follows:

Performance = f (Ability × Motivation)

where

Ability = f (Aptitude × (Training + Experience))

Motivation = f (Extrinsic Rewards + Intrinsic Rewards)

The performance of a researcher then would depend on factors such as apti-
tude, training (academic and on-the-job training), experience (e.g., working with
colleagues who impart knowledge through discussions and examples), extrinsic
rewards (rewards given by the organizations—e.g., pay, promotion, job assign-
ments, fringe benefits, and conference travel), and intrinsic rewards (rewards
giving internal satisfaction, belonging to the essential nature or constitution of
an individual). For intrinsic rewards, all the organization can do is to create con-
ditions (e.g., a proper work environment) that make it possible for the individual
to experience these rewards internally.

As we have seen in Chapter 6 on motivation, motivation can be broken down
into social factors, the affect toward the behavior, and the perceived consequences
of the behavior times the value of these consequences. The affect toward the
behavior can be considered an intrinsic reward; the other two factors can be
considered extrinsic rewards.

The performance of an individual thus depends on many factors. Organiza-
tions and their management can influence some factors—but not all. A person’s
aptitude, academic training, and previous experiences are givens, and only some
aspects of these can be modified with time. Even when poor performance is
caused by low motivation, management can work on extrinsic rewards and cre-
ate conditions for the individual to experience the intrinsic rewards. In the final
analysis, it is the individual who, by building on his or her abilities (aptitude,
training, and experience) and by looking at the extrinsic rewards and the satisfac-
tions provided by the work environment, puts in the necessary effort to perform
effectively.

Regarding intrinsic rewards, it is important to note that if researchers are
to be committed to their work, they must feel that their research efforts are
inherently worthwhile and serve some useful social purpose. It would seem that
the researchers’ interaction with the user community and their participation in
technology transfer would provide the necessary feedback concerning the utility
of their research effort and would further reinforce the intrinsic reward structure.
If researchers are fundamentally opposed to the overall goals and objectives of
an R&D organization, the real commitment may be difficult to achieve. In such
a case, it would be best for the individual to seek employment in a different
organization.
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Performance Appraisal Purposes

As suggested by McGregor (1972, p. 133), performance appraisal could have the
following purposes:

Evaluation . To provide a systematic means of evaluating an employee’s per-
formance to back up salary increases, promotions, transfers, and sometimes
demotions or other adverse personnel actions.

Feedback . The appraisal can serve as a means of telling the employee how
he or she is doing and suggesting needed changes in employee behavior
and attitude. In turn, the employee should be encouraged to bring out any
concerns about the supervisor’s behavior. That may not be easy for the
employee to do. The supervisor could, however, ask the employee if he or
she has any concerns about their mutual working relationship. This way, the
employee does not have to attribute the problem only to the supervisor. The
employee can also be asked to provide suggestions for making his or her
work professionally more rewarding and for improving the organization’s
effectiveness.

Counseling . The performance appraisal system can also be used as a basis for
counseling the employee and identifying training and other developmen-
tal needs.

Added to these are the following suggested purposes:

• Increasing the motivation of the employee
• Instituting organization control and goal congruence
• Enhancing organizational effectiveness and excellence

A comprehensive study that included 1200 R&D employees from 55 organiza-
tions in Korea provides insight into performance measurement systems appropri-
ate to research intensive organizations (Kim and Oh, 2002). The major findings
were as follows:

1. Job satisfaction and Satisfaction with the R&D Performance Measurement
System . The more satisfied researchers are with the organization’s R&D
performance measurement system, the more satisfied they are with
their job.

2. Evaluators. Researchers generally prefer a performance measurement
system based on more involvement from the researchers themselves,
peer researchers, subordinate researchers, and outside customers; but less
involvement from R&D project directors and R&D center chiefs.

3. Criteria. Researchers prefer a performance measurement system using more
behavioral attributes, including the ability to mobilize resources, and to
build and lead teams.
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Suggested Strategy

No specific list of performance elements and no rigid step-by-step strategy would
properly encompass the many complexities inherent in R&D or other profes-
sional organizations. The following categories of performance elements, along
with suggestions that follow, might provide a framework or a general guide for
developing a performance appraisal system at different levels of the organization.
It is important to keep in mind (a) the manifold problems and issues related to
implementing effectively a performance appraisal system, and (b) understanding
on what the performance of a researcher or a manager really depends.

Emphasizing employee contribution to the organization, the three categories
of elements suggested are as follows:

Process Measures: Routine activities, short-run outputs
Result Measures: Ends-oriented activities, tangible, significant outputs
Strategic Indicators: Indicators focusing on recognition, awards, and reputa-

tion internal and external to the organization

It is important to note that these category titles are identical to the ones used in
Chapter 3, “Creating a Productive and Effective R&D Organization.” The items
included under these categories, however, have different emphases; the emphasis
is on employee contribution to organizational goals and objectives. Organiza-
tional effectiveness is ultimately based on the performance of the individuals
that comprise it. In other words, in order to achieve a one-to-one correspondence
of individual performance and organizational effectiveness, there should be a goal
congruence between individuals and their organization.

Specific elements in the appraisal would also depend on the position the indi-
vidual occupies in an R&D organization. For example, a first-line supervisor or a
principal investigator may have “quality of leadership in project planning” as an
important element for her appraisal, while an associate investigator or a research
assistant may have “completion of assigned project tasks within allotted time and
budget” as an important element of his appraisal. To focus effectively on this,
employee position descriptions can be used.

Because research activities are a collaborative effort of many participants, con-
siderable similarity in the performance elements of many participants, albeit at
different levels of the organization, is quite understandable. Performance appraisal
can be used to further strengthen this collaborative effort by giving some employ-
ees primary responsibility for certain elements and others supportive or sec-
ondary responsibility. For example, while “project planning” may be the primary
responsibility of the principle investigator, associate investigators may also have
project planning as a secondary responsibility. Since effective project planning is
important to the ultimate success of the project, this would encourage associate
investigators to provide input to project planning and facilitate the collaborative
process.
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The level of detail and actual appraisal elements would further depend on
the organization itself. For a commercial, profit-making organization, ultimate
profitability from research outputs may be given appropriate emphasis. Even for
not-for-profit organizations, return on investment studies conducted by a third
party can provide important information for individual employee performance
and for organization effectiveness.

As an example, at the end of this chapter (Appendix 10.13), three docu-
ments used by the Argonne National Laboratory for performance review purposes
are included. One document describes the main steps for effective performance
review, and a second document is a typical position description. Measures of
effectiveness included in the position description can form a basis for develop-
ing appraisal elements. The third document is the actual form used to document
performance assessment.

Some other suggestions that might assist in the performance appraisal process
include the following:

• The employee and the supervisor should attempt to look at the performance
appraisal process beyond “judging” or evaluating the employee. The focus
ideally ought to be on the employee contribution to the organization. In
addition, focusing on other important aspects (such as feedback, counseling,
motivation, and goal congruence) discussed earlier in this chapter would,
to a great degree, overcome the problem of reluctance on the part of the
employee and the supervisor to participate in the appraisal process.

• Generally, supervisors are very reluctant to rank-order employees or give
them overall ratings such as exceptional, excellent, good, fair, or unsatis-
factory. Before deciding to rank-order employees, or giving them an overall
rating, one should consider the purpose this would serve and what benefits
or problems would result. Among the benefits might be an explicit message
to the employee as to his or her performance vis-à-vis other employees.
To do this, in practice, each performance element would have to be related
quantitatively. In addition, performance elements themselves would have to
be rank-ordered or given relative weights, and all subjective elements would
require some implicit quantification. In a typical performance appraisal case,
one is dealing with more than 20 such elements. Reducing the number of
elements is a good idea, but experience shows that the number of elements
actually grows over the years. Even if the number is small, this quantification
is subjective and using this approach creates some problems.

A supervisor soon finds out that the employee who is ranked number 6 in a
group of 15 feels the ranking should have been better than one who is ranked
number 5 and certainly equal to the one who is ranked number 3. Number 3 does
not understand why he or she is not ranked number 1, and number 1 has a hard
time understanding how number 3 could have received that high a ranking, and
so on. Giving overall ratings (such as exceptional, good, unsatisfactory) creates
similar problems.
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In organizations where performance elements can be explicitly stated and
where reviews are conducted by a panel or a committee to minimize biases, such
ratings or rankings may work well, as shown in our example for a university
department. Normally, where possible, rank ordering or overall personnel ratings
should be avoided. They do not serve as an effective means of communication
between the employee and the supervisor. They also tend to affect adversely a
mutually supportive environment so necessary within an R&D group. Assigning
ratings to individual performance elements without assigning an overall rating to
the individual is preferable.

Many R&D organizations, however, require managers to assign an overall
rating to the employee. So, what is a manager to do? One approach might be
to downplay the overall rating and focus more on the individual performance
elements than on the overall rating or rank ordering when discussing performance
appraisal with an employee. From our experience, this works quite well. The
employee is more relaxed and there is more feedback and counseling than would
otherwise be the case.

While the appraisal system can interact with the reward system, linking the
appraisal system tightly to monetary awards is not desirable. This suggestion
seems contrary to the accepted wisdom—higher pay for higher performance. So,
let us examine the situation.

A higher-performing employee can indeed get a higher salary. The point here
is that during performance appraisal reviews, discussion of pay and monetary
rewards, as indicated earlier, would reduce the probability of any feedback or
counseling. Organizational policies should encourage the utilization of a reper-
toire of items for rewards beyond the monetary aspects. If the premise is that
pay will motivate an employee, one finds very quickly that pay has only lim-
ited ability to do that. The suggestion here is simply that it is not very useful
to tie pay tightly to performance determined during the appraisal process. Of
course, in situations where performance requirement can be specified explicitly
and individual biases are minimized by using a committee or a panel, it may work
quite well.

• In developing performance measures and goals, the supervisor needs to work
with the employee so that the employee’s needs are positively related to the
organizational goals. This can assist in establishing goal congruence. In fact,
this means that the employee first establishes performance goals for himself
or herself based on his or her knowledge of the goals and objectives of the
organization. The supervisor then reviews performance elements and helps
the employee relate career goals to the needs and, indeed, the realities of
the organization.

• To the degree possible, performance appraisal elements should comprehen-
sively cover all activities an employee is expected to perform and all results
an employee is expected to achieve, as well as the total contribution an
employee is likely to make to the organization beyond the performance
appraisal period.
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• Working with the employees, managers should set goals that are specific
and difficult, but realistic. They should emphasize a code of ethics, such as
the one we discussed in the chapter on managing conflict (Chapter 9). They
should schedule special events to celebrate reaching goals, and they should
give recognition to those who have been unusually successful. They should
not hoard information. They should provide and communicate a vision of
an organization that focuses on excellence and productivity .

• At times, a vexing problem in dealing with poor performers or problem indi-
viduals is not easily handled. Such a problem could result from employee
ability, organization environment, or conflict between the employee’s per-
sonality and that of the supervisor and/or the organization culture. At times,
separating such an employee from the organization is best for all con-
cerned. When that is not easily done—for example, in the case of a tenured
employee—a different strategy is needed.

In one case, a new laboratory director found that the research organiza-
tion environment had been confrontational rather than collaborative. Serious
turf problems were endemic. Researchers had to compete for research fund-
ing, special-purpose equipment, and laboratory and office space in such a way
that all problems were viewed as zero-sum games. Poor performance and low
organization effectiveness were the direct cause of the organization culture.

In another case, a new laboratory director found that one research division
director who had been viewed as a “star performer” actually focused mainly
on process indicators. He did what the previous laboratory director asked him
to do and never took any initiative or provided any technical or management
leadership. Division productivity over the years was mediocre.

Such organizational culture and individual behavior problems cannot be
changed precipitously or rashly. Methodical change, while reinforcing the
positive behavior, would indeed take some time. During the performance review
session, the supervisor may focus on the following:

1. Emphasize positive aspects of the employee contribution.
2. Discuss the behavior and its adverse effects on the organization’s effec-

tiveness and the employee’s contribution to the organization.
3. Seek employee input as to the source of the problem and ways to

overcome it.
4. Use peer pressure and rewards rather than “sticks” or exhortation as instru-

ments of change. For example, demonstrating to the employee how peers
are able to do what he or she has not been able to or is reluctant to pursue
can be quite effective.

5. Finally, the supervisor should be firm and reach a mutually agreed-upon
strategy and a timetable for change. If the change is handled methodically
and incrementally, this mutual agreement should not be too difficult to
achieve.
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10.11 SUMMARY

In summary, regardless of the many problems associated with implementing a
meaningful performance appraisal system in an R&D organization, a system for
performance appraisal that focuses on employee “contribution” to the organiza-
tion is indeed needed to enhance organizational productivity and effectiveness.
A performance appraisal system can be used to achieve organizational and indi-
vidual goal congruence and organizational excellence. The vexing problem of
dealing with poor performers or problem individuals, sometimes caused by a
lack of employee ability or by the organization structure, is not easily handled.

Discussions here have focused on providing a basic understanding of problems
and issues related to performance appraisal in R&D organizations, where possi-
ble ideas to overcome these problems were presented. The chapter culminated
with a discussion of individual researcher performance dependency, performance
appraisal purpose, and performance appraisal strategy that focuses on researcher
contribution to the organization.

10.12 QUESTIONS FOR CLASS DISCUSSION

1. What is a good system for rewarding creativity in a R&D lab?

2. What principles should we keep in mind when we design performance
appraisal systems?

3. Take the case of an R&D lab. Review position descriptions of a princi-
pal investigator and his or her supervisor. Develop main elements of the
performance appraisal for both positions.
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10.13 APPENDIX: ARGONNE NATIONAL LABORATORY
PERFORMANCE REVIEW INFORMATION*

*From: Argonne National Laboratory (undated), “Three Steps to an Effective Performance Review:
An Instructional Guide for Supervisors at the Time of the Annual Performance Assessment,” author,
Argonne, Illinois. Reprinted by Permission of Argonne National Laboratory.
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11
TECHNOLOGY TRANSFER

This chapter focuses on technology transfer for a mission-oriented research
organization. A mission-oriented research organization has its objectives
defined in specific organizational goals rather than in technical terms and is
vertically integrated. In other words, these organizations span activities covering
basic research, applied research, development, and even technical support for
operational activities. Non-mission-oriented research organizations have their
objectives defined primarily in scientific terms—for example, the study of
high-energy physics, nuclear energy, toxic substances, atmospheric physics, and
bioacoustics. Academic research is generally non-mission-oriented and is usually
small-scale research carried out in academic departments of universities. Much
of the technology transfer from non-mission-oriented research organizations to
application in real-life situations is likely to occur via a buffer organization
similar to a mission-oriented R&D organization, and hence the focus on such
organizations.

For R&D organizations, technology transfer, or tech transfer, may be defined
as the process by which science and technology are transferred from one indi-
vidual or group to another that incorporates this new knowledge into its way of
doing things.

A new technology has to have considerable relative advantage and has to
provide significant value to the customer before it is embraced by the wider user
community. The new technology can be more expensive than the older technol-
ogy, but the value in terms of quality, flexibility, and responsiveness it provides
motivates the user to take the necessary steps in adopting this technology.

In utilizing new technology, there are numerous management challenges.
Continuous improvement is the basis of future competitive advantage for a firm.

213
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Howard and Guile (1992) suggest some general rules for a manager responsible
for adopting new technology:

• Do not accept performance as it is and focus on continual improvement.
• Do not just do the same thing a bit faster (or cheaper, or automatically).

Careful reexamination of product and process designs is essential to make
significant improvements.

• Recognize and learn to deal with people’s natural reluctance to accept
change that is necessary to incorporate innovation in the firm. Some exam-
ples given are:
� “There is nothing wrong with our manufacturing processes; the problem

is the product designers.”
� “We can’t afford to spend time and money on incorporating changes and

this will only slow us down.”
� “We simply need to get labor rates down.”
� “If only our foreign competitors were not allowed to dump their lower-

quality products in our market, then there is nothing we could not handle
internally.”

� “In the U.S. we have too many regulations that affect productivity and
technology implementation”.

This chapter covers items from technology transfer hypotheses and stages of
technology transfer to developing a technology transfer strategy.

11.1 TECHNOLOGY TRANSFER HYPOTHESES

The following general hypotheses are related to technology transfer:

• Technology transfer of research results is essential if a mission-oriented
research organization is to be effective in fulfilling its task.

• The effectiveness of technology transfer provides the essential measure of
productivity of a mission-oriented R&D organization.

• Effective technology transfer increases user involvement in the innovation
process, which, in turn, positively affects R&D productivity and has long-
term benefits in terms of funding support from the sponsor groups.

• Institutional and organizational constraints, as well as improper planning for
technology transfer, impede the process.

• Technology transfer techniques and approaches can be developed to facilitate
the process.

11.2 STAGES OF TECHNOLOGY TRANSFER

Transferring technology from an R&D lab to manufacturing, marketing, and the
ultimate user is an important function. Different organizational elements can
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play useful roles in successfully reaching this goal. To see how different roles
and functions can best be organized, it would help to examine the stages or steps
of technology transfer.

Rogers (1983, 1995) suggests five main steps leading to the adoption of
technology:

• Knowledge

• Persuasion

• Decision

• Implementation

• Confirmation

Knowledge occurs when a potential user learns about the new technology and
gains some understanding of its capabilities and usefulness. At this stage the
user wants to know what the innovation is, what its capabilities are, and how
it works. Persuasion occurs when the user forms a favorable or an unfavorable
attitude toward the innovation. Here the user is looking at comparative advantages
and disadvantages of the innovation. Decision occurs when the user engages in
activities that lead to adoption or rejection of the innovation. Implementation
occurs when the user incorporates the innovation into the way of doing things.
Confirmation occurs when the user seeks to confirm the implementation decision
and continues to use the innovation. This step is not always well understood,
which is why many innovations first implemented are later discontinued. Certain
activities to reinforce user acceptance of the innovation need to continue after
implementation.

Adoption of innovation involves considerable uncertainty and thus some risk
since it is not always clear what benefits will follow. Operational problems can
often occur during the implementation stage, thus increasing costs and reducing
benefits. Some of this uncertainty can be reduced by demonstration projects and
by implementing the innovation on a partial basis. Organizations that do not
reward prudent risk-taking are less likely to adopt innovations.

Adoption of innovation typically follows a bell curve, or an S-curve if consid-
ered cumulatively. Rogers (1983, p. 247) describes five categories of adopters. In
general, early adopters are prudent risk-takers, are better informed and educated,
and act as opinion leaders for the organization. The role of early adopters is
to decrease the uncertainty about an innovation by adopting it and by adjusting
it to fit the organization’s needs. Early adopters then communicate this infor-
mation to other potential users within the organization and to peers outside the
organization. The late majority and laggards adopt innovation last.

Successful adoption normally requires resources (people, funds, and time),
some training in using the innovation, and, at times, some changes in the way
organizations operate. This involves commitment to and acceptance of the inno-
vation at both the individual and organizational levels. Organizational structure
and its routine functioning provide stability and continuity to an organization.
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The adoption of innovation may seem to threaten this stability and continuity,
and thus it is understandable that there often is some resistance to innovation.

Some innovations may require manufacturing before they can be utilized by
the ultimate user. For example, if the innovation involves a longer-lasting light-
bulb or a complex instrument to monitor toxic wastes, the device must first be
manufactured. Some innovations, such as computer systems, improved analysis
procedures, or improved design criteria, can be transferred to the user without
major intermediate steps. In both cases, before the innovation is implemented,
the manufacturing department or the user has to become aware of the innovation
and be persuaded to go on to the next steps: decision and implementation.

During the early steps—knowledge and presentation—marketing people can
play an important role. Marketing people may, for example, develop information
brochures or demonstrations that capture the imagination of the users, motivating
them to seek further information. As users move to the decision stage and beyond,
the R&D group and other individuals intimately familiar with the innovation need
to play the pivotal role.

11.3 APPROACHES AND FACTORS AFFECTING
TECHNOLOGY TRANSFER

Roberts and Frohman (1978, p. 36) describe three general approaches used by
industrial research organizations to facilitate research utilization: These are the
personnel approach, the organizational link-pins approach, and the procedural
approach.

The Personnel Approach

The personnel approach involves movement of people, joint teams, and intensive
person-to-person contact between the generator and the user of the research.
Suppose an R&D group develops an intelligent and stand-alone air-pollution
monitoring device that has a built-in microprocessor capable of real-time analysis.
The innovation is complex, requiring some modifications or debugging during
manufacturing. Some key members of the R&D group may be transferred to
manufacturing to facilitate the process. The enthusiasm and keen insight of the
R&D group can thus be transferred to manufacturing, increasing the probability
of effective technology transfer.

The Organizational Link-Pins Approach

This encompasses specialized transfer groups that contain engineering, marketing,
and financial skills; use of integrators who act as third-party transfer coordinators;
and new venture groups.

Some organizations may find that the movement of people creates other
unacceptable personnel problems or is not economical. A special “technology
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transfer group” is formed to specialize in moving innovations from R&D to
demonstration, to manufacturing, and to the ultimate user. It is important to rec-
ognize that a technology transfer group cannot consist of just a sales or public
affairs office (PAO). In one case we studied, the PAO was driving the train and
results, predictably, were disappointing. After the initial knowledge and presen-
tation stages, further activities quickly faded away. The PAO group did not have
the technical understanding to successfully carry out other tech transfer activities.
Even at the knowledge and persuasion stages, misleading and at times erroneous
information was provided to the user groups. This further reduced the probabil-
ity of success for the follow-up stages. For a technology-based innovation, it is
essential that knowledgeable engineers and scientists play a leading role in the
technology transfer group at all stages. As the technology moves to the decision
stage and beyond, the PAO group’s role is minimal.

The Procedural Approach

This includes joint planning, joint funding, and joint appraisal of research projects
using research and user groups from manufacturing and marketing.

This procedural approach, which involves joint planning and participation in
the innovation process by the user community, can be utilized quite effectively.
User groups that include personnel from manufacturing, marketing, field users,
corporate funding sponsors, and the research community can be organized for
major R&D products. It is important to note that participants in these user groups
still continue their normal duties. Their participation in the user group is an added
responsibility. Researchers often comment on how many new ideas are generated
as a result of their interaction with this user group. Such approaches require
considerable organizational support, but the effort is worth the cost. In many
cases, movement of people or formation of specialized technology transfer groups
is simply not feasible due to organizational or cost considerations. Procedural
approaches such as formation of user groups can serve as a tool for effective
technology transfer without requiring movement of people or extra resources for
establishing technology transfer groups. Procedural approaches can also be used
to complement the other two approaches.

Factors Affecting Technology Transfer

In a study involving 26 companies, Bosomworth (1995) found that the central
research efforts of large corporations vary widely in their organization, objec-
tive, and strategic approach to research investment and technology transfer. One
of the most important findings was that a formal technology transfer process
tends to shorten the time required to move the technology from research to
commercialization.

A study of high-performance computer development companies and projects
found that the differences in performance are correlated with skills and rou-
tines aimed at technology integration (Iansiti, 1995). Furthermore, high project
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performance is linked to a broad approach to resolving critical problems, merging
deep technical knowledge with a detailed understanding of the specific environ-
ment in which the new technologies would be applied.

Cetron (1973, p. 11) describes a number of factors affecting technology
transfer:

• National policies, laws, and regulations (e.g., taxes and tax credits, tariffs,
and health and safety regulations)

• Corporate policies

• Market demand

• Scientific base of the nation and industry

• Level of R&D effort

• Education level

• Availability of capital

11.4 ROLE OF THE USER

Customers are increasingly being viewed as partners versus passive recipients
in the innovation process. Customers can be included in the early stage of idea
generation, and throughout the development process. Their input helps to make
manifest barriers to diffusion as well as ways to surmount barriers, thus reducing
the risk of innovation.

Finnish telecommunication giant Nokia solicits input from users to help refine
existing product offerings, to broaden its customer segments, and to generate
new ideas for offerings (Ewing, 2008). In an effort to encourage people to take
advantage of the full capacity of their handsets, Nokia has used the Internet to test
consumer reaction to products that are works in progress. For example, “Sports
Tracker” was posted on a website open to the public. The product was originally
targeted for use by runners and cyclists to use the GPS capabilities in phones to
record work-out data such as speed, distance, and plot routes. A million people
downloaded it and broadened its use to paragliding and motorcycle riding. Sports
Tracker users also prompted Nokia to create online groups for photo sharing,
which led to an even broader product concept called Life Tracker.

Nokia staff has traveled to the developing world and let people sketch their
dream cell phones. One person included a sensor to monitor water quality.

Eric von Hippel is a major proponent of involving customers early on in
the design of new offerings in industrial as well as consumer product compa-
nies, particularly those that serve markets with heterogeneous needs. Von Hippel
(1988, p 107) notes that involving customers in the innovation process has several
advantages:

1. The lengthy trial-and-error period in understanding detailed customer needs
is shortened because trial and error is accomplished by the customer.
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2. Customer input can actually lead to a design ready for manufacturing.
3. Small customer niches that are otherwise too expensive to serve can be

reached.

Von Hippel (1978, p. 31) makes a strong case for the role the user plays in the
innovation process and in technology transfer:

We have found that 60–80% of the products sampled in those industries
[manufacturing process equipment or scientific instruments] were invented, pro-
totyped, and utilized in the field by innovative users before they were offered
commercially by equipment or instrument manufacturing firms.

In the case of scientific instruments, Von Hippel (1978, p. 12) states the
following:

In 81% of all the innovation cases studied, we found that it was the user
who perceived that an advance in instrumentation was required; invented the
instrument; built a prototype; improved the prototype’s value by applying it;
and diffused detailed information on the value of the invention and how the
prototype device might be replicated. Only when all these steps were completed
did the manufacturer of the first commercially available instrument enter the
innovation process. Typically, the manufacturer’s contribution was to perform
product engineering work which, while leaving the basic design and operating
principles intact, improved reliability, convenience of operation, etc., and then
to manufacture, market, and sell the improved product.

The implications of these findings are significant for some industries. Man-
agement strategies should be set up to discover and utilize user-developed inno-
vations. The manufacturer’s contribution to product engineering and to setting up
the necessary facilities to manufacture and market the product are also signifi-
cant. Issues of innovation ownership in terms of patent rights or trademarks need
to be investigated before committing resources for manufacturing and marketing.

The idea of devising a “tool kit” for customers is central to von Hippel’s
thinking. For example, International Flavors and Fragrances (IFF), which supplies
specialty flavors to companies like Nestle and Unilever, has built a “tool kit”
to enable customers to develop their own flavors, which IFF then scales up
for their use. More specifically, IFF provides its customers with a database of
flavor profiles, plus design rules required to assemble them into new or modified
flavors. The customer is also provided with a machine that manufactures the
sample in test quantities in minutes. After the customer designs a flavor on a
computer screen, it is sent immediately to the machine, and the customer can
test it and make changes in real time. IFF’s intellectual property is protected
because specific chemical formulations are not given out. Von Hippel provides
a variety of other examples in which customers become partners in innovation
from General Electric, 3M and the software industry.
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In fast-moving high technology arenas, von Hippel suggests that partnering
with lead users is wise. Lead users tend to face needs before the bulk of the mar-
ketplace encounters them, but which the larger market will eventually demand.
Moreover, lead users are positioned to benefit significantly by obtaining a solu-
tion that satisfies those needs. A note of caution, however. Industry’s emphasis
on including users in innovation in general may mask the role of more fundamen-
tal research in breakthrough technology. Harryson (2008), for example, suggests
that industry partnerships with university researchers are most effective in the
exploratory creative phase of innovation, while lead users are best in the com-
mercial exploitation phase, as they help in defining final applications and thus
speed up commercialization.

The role of design and designers is increasingly important in making
technology-based products user friendly and aesthetically pleasing to the cus-
tomer. Apple has traditionally focused on the user interface and, with the iPod
and iPhone, has demonstrated a mastery of aesthetic design and user friendliness
that competitors try to mimic, often unsuccessfully. Electronics maker Bang
and Olufsen also differentiates itself on the combination of technology and
artistry. Design is not confined to consumer electronics. Technology-based
products lauded in the annual International Design Excellence Awards include
commercial and industrial equipment. Neither is design the purview of affluent
customers in industrialized countries. The One Laptop Per Child computer
incorporates design elements that make it resilient, but also approachable and
entertaining for children who have never used a computer.

IDEO, a Silicon based valley company that partners with companies to
design new products, has come to dominate this service niche. Along with
business and technology considerations, IDEO factors in human behavior, needs,
and preferences in its approach. “Human-centered design thinking—especially
when it includes research based on direct observation—will capture unexpected
insights and produce innovation that more precisely reflects what consumers
want,” (Brown, 2008, p. 90). At IDEO design thinkers are involved at the very
start of the innovation process, before any direction has been set. These people
can be drawn from conventional design backgrounds, as well as from new
interdisciplinary academic programs that are emerging at universities.

11.5 CHARACTERISTICS OF INNOVATION AND ITS DIFFUSION

Rogers (1983, 1995) describes five different characteristics of innovation, as
perceived by the potential adopter, that affect its rate of adoption:

Relative Advantage. The degree to which the innovation is superior to ideas
it supersedes

Compatibility . The degree to which the innovation is consistent with existing
values, past experiences, and needs of the user
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Complexity . The degree to which the innovation is relatively difficult to under-
stand and use

Trialability . The degree to which an innovation may be tried on a limited basis
(in other words, without committing to full-scale, total operational change)

Observability . The degree to which the results from the use of an innovation
are visible and easily communicated to users and other decision-makers

Clearly, characteristics of an innovation play an important role in technology
transfer. For example, before the user adopts new technology, the user has to
weigh the extra effort and investment in adopting new technology against the
relative advantages presented by the new technology. Since existing technologies
can be modified and can “stretch” to be more efficient, the new technology has
to represent considerable advantages over existing ones before the extra effort
involved in adopting this new technology would be considered a worthwhile
undertaking.

Relative advantages relate to such items as reduced cost, increased profitability,
increased convenience, reduced time, enhanced capability, and associated social
status. While cost factors may stay the same or even increase, some innovations
could provide relative advantage by reducing the time required to accomplish a
mission or by markedly increasing product performance. For example, for military
hardware such capabilities could provide a strategic or tactical advantage and thus
facilitate adoption.

An innovation that is compatible with existing values and past experiences of
the user is more likely to be adopted. For example, if the user has had a positive
experience with innovations from a particular research laboratory, user adoption
in the future will naturally be higher. The felt needs of the user can also play
an important role. Sometimes external forces can create this need. For instance,
regulatory requirements could create a strong need for adoption of advanced
wastewater treatment technologies.

Some innovations are complex because their capabilities are difficult to under-
stand and may require specialized training, equipment, and user capabilities. For
such innovations, efforts need to be made to communicate capabilities simply and
to provide the necessary training and equipment to increase the adoption rate.

Users are often willing to try new technology but are not willing to make
full-scale and total operational changes, for obvious reasons. The risks outweigh
the benefit to be derived. Therefore, when technology can be tried on a limited
basis and if the changes can be made incrementally (trialability), the probability
of its acceptance increases. Many innovations in office automation have followed
this pattern.

If the benefits from the adoption of an innovation can be readily seen and
easily communicated to potential users (observability), the rate of adoption is
naturally greater. Hardware items fall in this category. Benefits from the adoption
of software items (procedures, methodologies, and computer systems), however,
are not as observable and not as easily communicated to potential users and thus
have relatively slower rates of adoption.
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Rogers’s time-tested framework raises challenges to the market diffusion of
technology-based products. Marketers should consider how these factors can be
incorporated into the innovation process early on so that rapid and effective diffu-
sion is built in as much as possible, and challenges to diffusion can surface early
and be addressed. For example, as Weick, Wachli, and Eisenbarth (2005) have
shown, had this set of factors been considered in the course of developing genet-
ically engineered crops and foods, diffusion may have met with less resistance.

11.6 ROLE OF PEOPLE

The role of people in technology transfer has been well recognized. The exis-
tence of a technology gatekeeper , a person who links the organization to the
outside world of scientific and technical knowledge, has been documented by
Allen (1977, p. 141). Roberts and Frohman (1978, p. 37) describe two other
gatekeeper—market gatekeeper and manufacturing gatekeeper—who have rele-
vance to technology transfer.

The market gatekeeper is a communicator who understands what competitors
are doing, what regulators might be up to, and what is happening with regard to
the marketplace. This type of a gatekeeper brings vital information to the R&D
organization and keeps the R&D research focus on target and toward the kinds
of activities that are likely to be accepted and implemented successfully.

The manufacturing or operations gatekeeper understands enough of the prac-
tical and constrained environment of manufacturing and of the operations of the
user community to keep the R&D personnel well informed about the manufac-
turing and operations requirements. This individual makes sure that the concepts
developed by R&D can either be manufactured profitably or be made a part of
the operation procedures of the user community.

As discussed previously, a strong case has been made for the crucial role
people play in technology transfer. Roberts and Frohman (1978, p. 37) have
stated, “Nothing transfers enthusiasm so well as working with or watching a
person who has faith, conviction, and excitement about an idea.” At times, moving
research project personnel so they can work more closely with manufacturing and
marketing can help overcome many unforeseen transfer difficulties. This point is
made by many authors; but moving people presents several practical, financial,
and organizational problems.

When moving personnel, it is essential to have an effective plan for replacing
the research personnel with others who can continue needed research activi-
ties. Sufficient investment inherent in movement and replacement of people
is required. The goals and objectives of the affected individuals need to be
considered. The effects of movement on employee motivation and future job
opportunities and promotion potential (within the organization and outside the
organization) need to be analyzed. In summary, the strategy recommended would
be to move some research project personnel selectively for a short period to act
as catalysts and mitigate other concerns associated with moving people.
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11.7 BOUNDARY SPANNING

One main and perhaps crucial ingredient in technology transfer is boundary span-
ning . This requires some elaboration.

Engineers should be able to communicate effectively with other engineers,
economists with other economists, and so on. Furthermore, an engineer with a
specialization in air pollution control presumably can communicate better with
another engineer in air pollution control than with an engineer specializing in
groundwater hydrology. One could continue this argument further. The point is
that with the increase in the complexity of science and technology, specialization
has become necessary, and this increased specialization can inhibit communi-
cation. As discussed previously, an increase in communication among scientists
and engineers is essential for the innovation process. The added problem in tech
transfer is that the communication network needs to go beyond the research
community to include the user community, the marketing people, and the man-
ufacturing groups. This would require boundary spanning—going beyond the
immediate boundary of one’s discipline.

To be sure, it is not enough just to increase communication beyond the immedi-
ate boundary or group of R&D personnel. For the communication to be effective,
it must result in the understanding of “user needs” and creative collaboration
among the various groups (researchers, marketing, manufacturing, and ultimate
users) to facilitate significant tech transfer.

Sole responsibility for boundary spanning or gatekeeping cannot be formally
assigned to an individual. In an R&D organization, this will have to be one of the
responsibilities that R&D personnel undertake as an integral part of the innovation
process, although some will do it more effectively than others. When utilizing
any of the approaches for technology transfer (e.g., personnel, organization link-
pins, procedural), participation of personnel who are able to span the boundary
is likely to produce the best results.

Management takes on the formidable challenge of implementing processes
that harness and channel creativity, and orchestrating the interactions of people
with varying types of skills and approaches over time. Managing interdisciplinary
teamwork among the people with the varied skills needed throughout the inno-
vation process is critical to success. In Chapter 3, the differences in goals and
means of scientists and engineers were contrasted. Managing the broader pro-
cess of innovation draws in even more functional areas—marketers, designers,
finance, accounting, and legal experts. The management challenge is to bring all
of the talents to bear on innovation, and to make sure diversity leads to creative
problem solving and not divisiveness. “Innovation takes place when different
ideas, perceptions, and ways of processing and judging information collide,”
write Leonard and Strauss (1997), “that, in turn, requires collaboration among
various players who see the world in inherently different ways. Constructive con-
flict can turn unproductive, due to lack of innate understanding. Disputes become
personal and the creative process breaks down.”
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TABLE 11.1 R&D and Marketing Stereotypes

R&D Traits Marketing Traits

Goals and Aspirations

Knowledge as a source of value to
mankind

Organizational survival and growth

Research for research’s sake All activities relevant to firm’s
objectives

Peer evaluation and recognition Organizational recognition

Needs

Autonomy Plans, procedures, policies, rules
Peer recognition, creative

environment
Organizational recognition

Continuing education and
development

Team work

Support for advancing knowledge in
society

Increased organizational status

Motivation

Service to mankind Rewards and sanction system with
pay and advancement through the
organization

Publications
Professional recognition
Patents with name attached
Freedom to solve problems, advance

knowledge

Saxberg and Siocum 1968.
Source: Griffin and Hauser, 1992.

The interface between the broad group “R&D” and “marketing” has been
afforded a good deal of study. As these two groups broadly represent the major
dimensions of innovation—technology and the market—they offer insight into
the challenges of managing interdisciplinary innovation teams and ways to bridge
gaps. Table 11.1 contrasts major differences between R&D and marketers along
the lines of goals and aspirations, needs and motivations (Griffin and Hauser,
1992.)

How can the communication, mutual understanding, and cooperation between
teams of technical and business personnel be enhanced? Griffin and Hauser (1992)
recommend:

• Designing physical facilities that reduce the physical distance between the
groups and provides non territorial spaces in which people can informally
interact
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• Moving personnel between functional groups, even in a temporary advisory
capacity, hiring people with dual skill sets in R&D and marketing who can
straddle both areas, and encouraging training of existing personnel in dual
skills (for example in management of technology programs in universities)

• Providing opportunities to interact socially via cross functional dinners and
picnics, recreational activities, and the like

The goal of mechanisms to encourage communication and cooperation is not
necessarily harmony, but to manage conflict, and to channel it toward creative
problem solving. In “Putting Your Whole Company’s Brain to Work,” Leonard
and Strauss (1997) focus on what managers can do to channel different view-
points into constructive creative abrasion. They recommend using a diagnostic
tool—for example, the Myers-Briggs Type Indicator (MBTI) or the Herrmann
Brain Dominance Instrument (HBDI). Any tool has limitations, and care must be
taken to avoid using MBTI or similar tests for type-casting people as innovators
and not-innovators. However, their use provides a basis for joint exploration of
approaches to thinking style and communication that can facilitate self aware-
ness as well enhanced understanding of others. These profiles allow managers to
guide the formation of teams with intellectual diversity, help members acknowl-
edge differences up front, and “actively manage the creative process by making
abrasion creative.”

Beyond understanding and harnessing different cognitive styles, managers are
also key in communicating to the interdisciplinary team what each functional
area brings to the process over the life of a project, from the advent of a new
idea through market launch. While the presence of multiple functions is wise
throughout the life of a project, the cadence and emphasis of different functions
will differ given the type and stage of projects. For example, as was mentioned in
Chapter 12, the type and emphasis of technical and marketing inputs needed will
vary as a project progresses and will also depending on the type of innovation.
Incremental innovation implies a strong and vocal role for marketers, identifica-
tion of consumer preferences, target markets, diffusion potential, environmental
trends, and development of marketing and sales strategy. Similarly designers up
front focus on aesthetics and the user interface, integrating of technical and mar-
ket issues. However, early-stage disruptive technology will tend to emphasize
R&D activities at the advent. Marketers should gain their clues from technol-
ogy and imagination, and resist the temptation to channel efforts toward existing
customers and needs. Most likely they will be good listeners and apply their
imaginations to possibilities for application and market creation, which become
more defined over time.

“Within trusting relationships,” writes Miles (2007), “individuals freely col-
laborate in the process of innovation, sharing tacit knowledge and creating new
knowledge out of combinations and new interpretations of the pieces of knowl-
edge each possesses.” Engendering trust among people from diverse disciplines
requires dedicating time to understanding one another’s goals and cognitive
styles. This softer side of innovation is likely to elicit resistance, especially
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from those trained in more technical fields—the hard sciences and engineer-
ing, and even business disciplines such as finance and accounting, which are
more quantitative. Ultimately, however, the manager’s most important role is in
bringing legitimacy to the conversation (Maccoby, 2005). Showing a willingness
to do introspection themselves is a major step toward gaining credibility for the
process. Gaining credibility also assumes the manager has the respect of the
entire team. Is the best manager of an interdisciplinary technology-based inno-
vation team necessarily the best scientist or engineer? On the one hand, Roberts
(1978) argues that most productive R&D teams are invariably led by people who
are technically competent. However, while technical background and competence
makes gaining the respect of technically trained team members easier, the best
technical people, argues Kanter (2006), are not necessarily the best managers.
Managers can facilitate the conversation among knowledge workers, all of whom
have something to contribute that is necessary, but not sufficient until effectively
integrated with information from others.

11.8 ORGANIZATIONAL ISSUES IN TECHNOLOGY TRANSFER

In an article titled “Implementing New Technology,” Leonard-Barton and Kraus
(1985, p. 102) identify a number of organizational issues that affect technology
transfer.

The technology transfer manager (or implementer of new technology) has to
integrate the perspectives and needs of both the R&D personnel and users. The
focus in technology transfer needs to be on marketing the product rather than
selling it, with user needs and preferences given proper consideration. Like many
other authors, Leonard-Barton and Kraus have identified involvement of opinion
leaders in the user organization as a critical element for technology transfer
success.

They point out that for implementing new technology, enthusiasm alone is not
enough. New technology implementation usually requires a supportive infrastruc-
ture and the allocation of scarce resources for its implementation. Implementation
teams for this purpose should include (Leonard-Barton and Kraus, 1985, p. 107):

• A sponsor (a high-level person who can help provide adequate financial and
manpower resources)

• A champion (salesperson, problem solver)
• An integrator (manages conflicting priorities)
• A project manager (oversees the administrative details)

In addition, they suggested that sufficient authority needs to be vested in one
member of this team with enough power in the organization to mobilize the
necessary resources (both in the R&D and user organizations) to make things
happen.
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There is a natural tendency on the part of humans to resist change. Leonard-
Barton and Kraus (1985, p. 108) state that “tacit resistance does not disappear
but ferments, grows into sabotage, or surfaces later when resources are depleted.”
At times, the reasons for resistance relate to real or perceived problems that the
new technology may cause:

• Loss of jobs
• Loss of control
• Loss of autonomy or authority
• Many benefits to the organization, but not many to the individuals involved

In addition to resisters, another group that can adversely affect technology
transfer efforts is referred to as the “hedgers” (Leonard-Barton and Kraus, 1985,
p. 109). Hedgers refuse to take a stand against an innovation so that others can
address their objections, but they can affect the future of a new technology when
they are a key link in the implementation plan. To overcome this, top managers,
presumably in the user organization, should take some kind of symbolic action
(memo, speeches, and so on) providing full support to the technology transfer
effort (Leonard-Barton and Kraus, 1985, p. 109).

One of the key factors affecting technology transfer is the perceived risk and
uncertainty associated with new technology. Adopters have to weigh expected
benefits or rewards (if adoption is successful) against perceived risks (if the
adoption is unsuccessful). In organizations where initiative is not valued highly
and failures are severely criticized, adoption of new technology is not likely to
be pervasive.

In one organization an employee commented that the way to get ahead was
“don’t rock the boat, keep a low profile, and don’t make any mistakes.” Natu-
rally, in such organizations there will be resistance to change, and adoption of
new technology is going to be less likely. On the other hand, adoption of new
technology is likely to flourish in organizations where employees are eager to
understand and learn about new technology, where management recognizes that
mistakes are likely during any change, and where personnel are rewarded for
prudent risk-taking.

11.9 THE AGRICULTURAL EXTENSION MODEL

One government agency that has been extremely successful in technology transfer
of research results in the past is the Agricultural Extension Service. The approach
used by the Agricultural Extension Service is commonly called “The Agricul-
tural Extension Model,” which consists of three main components (Rogers, 1983,
p. 159):

1. A research subsystem , which conducted agricultural research. This was a
cooperative effort of the U.S. Department of Agriculture and the 50 state
agricultural experiment stations.
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2. State extension specialists who were stationed in land-grant universities.
They linked the research group to the county extension agents.

3. County extension agents , who worked as change agents with farmers, and
other rural people at the local level.

Once an agricultural innovation reached an individual, via the county extension
agent, horizontal transfer of the innovation took place through the peer networks.

The Agricultural Extension Service was established in 1914 “to aid in diffusing
among the people of the United States useful and practical information on subjects
relating to agriculture and home economics, and to encourage the application
of same.” Thus, the Agricultural Extension Service had a long and successful
history of technology transfer. Unique among its characteristics was the fact
that the budget for the extension service came from federal, state, and county
governments (Rogers, 1983, p. 160).

Since federal agencies and industry are concerned about the lack of adequate
mechanisms for transferring technology from the R&D groups to the users, it has
been suggested that the agricultural extension model be replicated. However, the
application of this model for other purposes has not been very successful.

What are the reasons for this? One has to look at the unique characteristics
of agricultural research and this model. In this case, the farmer is an identifiable
and unique target of research, sustained level of funding was available from the
federal, state, and county governments, and there were over 70 years of history
and experience in implementing this model. Many of these characteristics are not
present in other technology transfer situations.

11.10 NASA TECHNOLOGY TRANSFER PROGRAMS

NASA has reshaped its technology transfer program by making commercial tech-
nology transfer an integral part of the agency mission. The objective of this
mission is to involve proactively private sector participation in every NASA
program from the outset. This way, technology developed in the course of each
aeronautics and space program is likely to have an immediate commercial linkage
and a good potential for transfer.

A recent article (Comstock and Lockney, 2007) described how NASA has
nurtured partnerships with the private sector to facilitate the transfer of NASA-
developed technologies to benefit society. The following is a description of the
NASA Innovative Partnership Program as described on the agency’s website.

The Innovative Partnership Program (IPP) provides needed technology and
capabilities for NASA’s Mission Directorates, Programs and Projects through
investments and partnerships with Industry, Academia, Government Agencies and
national Laboratories. As one of NASA’s Mission Support Offices, IPP supports
all Mission Directorates and has Program Offices at each of the NASA Centers. In
addition to leveraged technology investments, dual-use technology-related part-
nerships, and technology solutions for NASA, IPP enables cost avoidance, and
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accelerates technology maturation. IPP also seeks to be a facilitator and catalyst
for innovation in technology transfer—or spinoffs—to provide solutions to the
private sector or other government agencies with NASA-developed technology
resulting in public benefit. IPP achieves these mission objectives through a net-
work of offices at each of NASA’s 10 field centers.

IPP consists of the following program elements: Technology Infusion which
includes the Small Business Innovative Research (SBIR)/Small Business Tech-
nology Transfer (STTR) Programs and the IPP Seed Fund; Innovation Incubator
which includes Centennial Challenges and new efforts such as facilitating the pur-
chase of services from the emerging commercial space sector; and Partnership
Development which includes Intellectual Property management and Technol-
ogy Transfer, and new innovative partnerships. Together these program elements
increase NASA’s connection to emerging technologies in external communities,
enable targeted positioning of NASA’s technology portfolio in selected areas,
and secure NASA’s intellectual property to provide fair access and to support
NASA’s strategic goals. Technology transfer through dual-use partnerships and
licensing also creates many important socio-economic benefits within the broader
community.

11.11 IBM TECHNOLOGY TRANSFER CASES

Cohen and colleagues (1979, p. 11) focusing on the transfer of technology from
research to a profitable commercial enterprise, describe a study of 18 IBM
projects; some of them were successful, while others failed. They produced valu-
able guidelines for moving technology from research to project development. This
study can form an archetype for the development of guidelines for technology
transfer that are responsive to the unique requirements of a given organization.

As a result of this study, factors identified that affect technology transfer are
discussed in the order of their relative importance:

Technical Understanding

• It is necessary that research personnel fully understand the main technology
before passing it on. Though this may seem obvious, it is not always the
case.

• It is necessary to evaluate the benefits of new technology in comparison to
what is already available and to other competitive advancements.

• One must identify where it will fit in the product line and what requirements
must be met to reach the fit.

• Possible means of manufacturing need to be exhibited.

Feasibility

• Both the research and the receiver unit must reach an agreement on what
constitutes feasibility and then what should be established.



230 TECHNOLOGY TRANSFER

• Some estimate of cost effectiveness should be made.
• In some cases, feasibility implies acceptability by the end user. This would

recognize some kind of joint study with real users to establish feasibility.

Advanced Development Overlap

• For projects being transferred out, some overlap of research activities may
be needed either to support development or to explore advanced or related
technologies.

• For systems work (computer software), creation of a special advanced devel-
opment effort is often the answer to problems of scaling up or is helpful in
answering questions of economic feasibility.

Growth Potential

• When projects are narrowly focused on a specific need and do not have
paths to technical growth and product applicability, technology transfer may
suffer. This is because existing technologies “stretch” themselves and the
limited advantage offered by the new technology may not be sufficient to
warrant change.

Existence of an Advocate

• A strong proponent activity is needed to help overcome many hurdles during
the technology transfer process.

Advanced Technology Activities in a Development Laboratory

• In moving technology from research to manufacturing, advanced technology
programs in the development laboratories are often necessary. (For some
research organizations, research and advanced development units may work
in the same group.)

External Pressures

• In some cases, parallel activity by a competitor may help provide the push
for technology transfer; in others, regulatory requirements may necessi-
tate adoption of new technologies—for example, advanced waste treatment
technologies.

Joint Programs

• Although joint programs with receiver groups are good to have, they do not
ensure success.

Other secondary factors affecting technology transfer relate to timeliness, inter-
nal users, government contracts, high-level involvement, individual corporate
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responsibility, and proximity. For the IBM projects studied, however, in no case
was the proximity of a development laboratory to a research laboratory an impor-
tant factor for technology transfer. Being close was convenient and saved money,
but no transfer failed because of distance (Cohen et al., 1979, p. 15).

In thinking about the transfer of technology we must be careful not to give
sole weight to technical and rational criteria. The following true story makes the
point. In India, an agricultural team convinced a farmer to use some new seeds.
The results were dramatic. Production was 10 times as great. In evaluating the
event, the farmer was asked for comments. To the amazement of the questioner,
he indicated he was not planning to use the seed again. “Why?” asked the city-
raised Indian agricultural engineer. “Because I have no room to store that much
extra production, my cows can’t eat the plants that are left on the field after the
crop is harvested, and I have no way to get that much production to market.”
In other words, the engineer had used productivity as the only criterion, not
taking into account social and collateral activities associated with the crop.

11.12 TECHNOLOGY TRANSFER STRATEGY

After reviewing all that has been written about the subject, one may feel a
little overwhelmed by the many requirements necessary to transfer technology
effectively. Trying to get several individuals to do some specific tasks for tech
transfer, trying to get support from to management, trying to get the necessary
financial resources, and then anticipating all the problems (e.g., “hedgers,” and the
like) make tech transfer seem like a difficult, if not an impossible, task. Because
of the uncertainty associated with each step and because of the difficulties in
finding the necessary people and resources on a timely basis, successful tech
transfer may seem like an elusive dream. In practice, rarely does anyone have
all the resources available for tech transfer except for those special projects that
are necessary for the survival of the organization.

More often than not, technology moves from research and development to the
user in small increments. The size of the transfer effort varies. For some large
projects, resources required for effective tech transfer may indeed be extensive.
For most projects, the tech transfer effort may have to be accomplished within
existing resources, by fending off the skeptics who are opposed or simply reluc-
tant to accept new technology and without all the support mechanisms at high
levels of the organization.

No grand scheme or all-encompassing formula for tech transfer is offered and
none seems obvious. Based on the considerable practical experience of the authors
in moving technology from a research organization to the user community, and
after reviewing some of the insightful suggestions made by others, the follow-
ing approach may allow one to develop a strategy in response to the unique
requirements of the organization—its history, its culture, and its technology.
A generalized tech transfer strategy development plan is depicted in Figure 11.1,
and a description of major activities of this plan follows. To understand this
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Existing R & D Organization

7. Select successful 
and unsuccessful tech 

transfer projects 

1. Develop a set of 
activities that foster 

tech transfer

2. Relate activities 
to stages of tech 

transfer

8. Write a case study 
for each project

3. Develop evaluation 
criteria for each 

technology

4. Develop a list of 
activities that might 
positively affect the 
evaluation criteria 

5. Make a list of 
impediments to tech 

transfer

6. Develop suggestions 
for overcoming these 

impediments 

9. Refine items 1 thru 6 
based upon case study 

analysis using an 
anthropological approach 

10. Prepare a document 
that provides general 

guidance for organization 
specific tech transfer 

strategy development 

Figure 11.1. Technology Transfer Strategy Development Plan

approach clearly and to operationalize the concept, real research project execution
and actual organizational experiences are needed. Hypothetical examples cannot
easily convey the organizational and individual behavior contexts that effect tech
transfer. Where possible, some examples are presented, although these examples
may not be applicable to all cases.

1. Tech Transfer Activities and Documents

Based upon the knowledge of the R&D staff and the user community, prepare a
preliminary list of tech transfer activities and documents that foster or enhance
technology transfer. For larger and more complex projects, this list preparation
may require extensive interviews; for smaller projects, telephonic information
from selected participants would be sufficient. The general approach of allocating
resources based on the size and complexity of the project and, indeed, based on
the availability of resources is the prudent course of action. (Discussion material
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presented earlier in this chapter could be used as a guide for this and other
activities that follow.)

Some examples of tech transfer activities and documents are:

• User involvement in research project identification
• User involvement in research program execution
• Sponsor at high levels
• Effective information brochures, audiovisuals, and so on
• User manual
• Design criteria
• Patents
• Licensing for manufacture
• Operation and maintenance document
• Support center for training and the like
• Hot line to respond to questions
• Demonstration projects
• Successful implementation for selected users

2. Activities and Tech Transfer Stages

Relate these activities to the five tech transfer stages or steps (knowledge, per-
suasion, decision, implementation, confirmation) discussed earlier. Use some
relevance scale. As an example, using a matrix, activities having the most rel-
evance to a given stage could be rated A, those with least relevance could be
rated C, and others without relevance could be left blank.

3. Technology Evaluation Criteria

It must be recognized that, fundamentally, the ability to transfer a new technology
is limited by its utility. Utility encompasses such items as relative advantage,
marketability, economic feasibility, and user acceptability. Trying to push a new
technology that is marginally utilitarian will result in failure in the end. At times
one must deal with a technology in which considerable R&D resources have
been invested and which seems utilitarian to the R&D community, but which
the user community judges to be of marginal utility. It is a poor strategy for the
R&D community and its top management zealously to push marginally useful
technology without making a genuine effort to understand and to overcome the
user community’s objections. Not only is the effort likely to fail, but it could
adversely affect future worthwhile efforts. In such situations, it would be prudent
to recall that the focus of tech transfer is supposed to be on marketing the
product rather than selling it. Thus, user needs and preferences should be given
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proper consideration. Emphasis then should be on activities (discussed earlier)
that enhance user acceptance, though this is not always an easy course of action.

A list of evaluation criteria should be developed. Based on the discussion of
characteristics of innovation and key issues in technology transfer, a suggested
list follows:

Relative Advantage. To what degree is the innovation more advantageous to
existing technologies? Does it reduce cost, save time, or improve quality?

Compatibility . To what degree is the innovation compatible with existing
values, experiences, capabilities, felt needs, and organizational and cultural
settings?

Complexity . To what degree is the innovation complex and difficult to adopt
by the users? What degree of specialized training is required before the
innovation can be adopted? What specialized equipment is needed?

Trialability . To what degree can the innovation be tried on a limited basis?
Observability . To what degree can the advantages of the innovation be easily

communicated to decision-makers and users?
Technical Understanding . To what degree does the research personnel fully

understand the main technology?
Resource Requirement . What level of resources is required to implement the

new technology? Is this resource requirement compatible with previous user
experiences? Is the capital needed for the new technology available?

Advanced Development Concepts . Are the research activities going to continue
to debug problems and further supplement the technology?

Growth Potential . Does the technology have a potential for growth and product
applicability? Will the new technology overcome “stretching” of existing
technology capabilities?

Advocate. Are there advocates at higher levels and at user level?
Market Pull . To what degree is there a market pull?
External Pressures . To what degree are there external pressures (such as reg-

ulations, competitor development, and so on)?

A numerical or relative importance scale rating scheme can be developed to
evaluate a new technology vis-à-vis such criteria.

4. Activities to Enhance Evaluation Criteria

The purpose of the evaluation criteria is not necessarily to determine whether
the project should be tech transferred or not, but rather to see how the viability
of the tech transfer can be improved. It would seem that if the evaluation criteria
are used to make a “go or no-go” decision, there may be a natural, though
unfortunate, tendency on the part of the researchers to be less objective about
the criteria. In actual practice this is a crucial point and needs to be emphasized.
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If, for example, the evaluation criteria show that the product (a new concept,
process, system, or design) is not compatible with existing and past experiences,
then the emphasis should be on how the innovation can be improved so that it
becomes compatible.

5. Impediments to Tech Transfer

Make a list of impediments to tech transfer. This list should include organizational
items, resource requirements, and general behavioral-related items. In the earlier
part of this chapter, much information is provided on this topic and can be used
to generate a list that can be supplemented, depending on organization experience
and project characteristics.

6. Suggestions to Overcome Tech Transfer Impediments

For every impediment to tech transfer, it would be useful initially to develop
suggestions for overcoming the impediment. As an example, if at the higher
management level there is a tepid response concerning the immediate benefits
from the new technology, showing evidence of tangible, intangible, and unex-
pected benefits should help. Some examples of such benefits that might accrue
from tech transfer include:

• Improved quality of the product
• Increased market share due to improved quality
• Flexibility to use the new technology for purposes other than those intended

at this time
• Strategic advantage over competitors if the new technology can provide the

flexibility for necessary product lines
• Reduced time required to do the job; even though savings in time have

already been used as a savings in cost, reduced time can often provide a
crucial advantage (for instance, in a military tactical situation)

7. Selection of Successful and Unsuccessful Projects

Based on the past experience of the R&D organization, select a number of projects
in which tech transfer was or was not successful. The number of projects selected
would depend on the total domain, diversity, and resource availability of the
study. A minimum of three of each type of project is recommended, with a
higher number of successful ones when more than three projects are selected.

8. Case History

Prepare a case history for each project. The examples provided in the referenced
IBM projects (Cohen et al., 1979) should prove useful.
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9. Refine Items 1 through 6

After analyzing the cases, items 1 through 6 should be modified. Considerable
effort would be involved in executing this activity. Input from R&D and user
community personnel is needed. Emphasis here should be on doing qualitative,
anthropological analysis. Quantitative analysis should be avoided unless sufficient
quantifiable data are available.

10. Guidance Document for Tech Transfer

A guidance document should be prepared based on analysis performed to pro-
vide information for R&D performers. The focus of the document should be on
flexible general guidance. Rigid, mandatory requirements will only be counter-
productive. The document can provide a framework that allows R&D managers
to develop policy and implement strategies that foster technology transfer. The
format of the document and level of detail will depend on the nature of tech-
nology, characteristics of the R&D organization, and the user community among
other things.

It needs to be recognized that not all research outputs can or should be pushed
to tech transfer. This is because need and technology may change during the
R&D process, and R&D may not be able to produce what was thought possible
during the planning stages. This type of uncertainty in R&D results should be
accepted if an organization is ever going to undertake challenging R&D projects.
Not being able to transfer technology successfully should not be viewed as a loss
or necessarily a poor investment in the unsuccessful R&D project. Projects with
unsuccessful tech transfer records can be useful as building blocks for future
related research activities. There could be other unintended benefits to ongoing
research efforts, though the links may seem less obvious at the time.

11.13 SUMMARY

In developing an effective management strategy for technology transfer, it is
important to understand stages of technology transfer and fundamental issues and
factors affecting adoption or rejection of new technologies. All these issues and
factors that relate to the innovation itself, the adopter, and the organization are
discussed in this chapter.

This chapter briefly describes tech transfer activities of the Agricultural Exten-
sion Service and NASA. The Agricultural Extension Service has been most
successful in technology transfer of agricultural research to the farmer. Its work
started in 1914. NASA has undertaken many activities in order to facilitate adop-
tion of space technology for industrial and biomedical applications.

In the high-tech area, effective and timely technology transfer from research
to manufacturing is essential to maintain a competitive position in this industry.
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Eighteen IBM projects were studied by Cohen and colleagues (1979); some were
successful projects and others were not. Factors that affected technology transfer
are discussed in detail.

Finally, this chapter presents an approach that should allow one to develop an
effective strategy to meet the unique requirement of a given R&D organization.

Technology transfer is an issue on which many R&D managers and others
involved in research have some interesting, useful, and insightful comments.
Some of these comments include:

“People by nature are conservative; therefore, reluctance to adoption of new
technology is understandable.”

“Because of some uncertainties involved in adopting new things, people are
just not going to easily accept innovation.”

“Changes and innovation are going to put some people to trouble so there will
be resistance.”

“Tech transfer becomes a question of personalities. Some people resist inno-
vation and change so you really need a champion at a high enough level
to push new technologies through.”

“Organizations profess that they encourage adoption of new technologies, but,
in practice, initiative and risk-taking are not valued much or rewarded;
mistakes are penalized quickly, and promotions are given to managers who
are caretakers and take little or no initiative or risk.”

“Some of the new technologies sound and look good, but, when implemented,
benefits end up being marginal and costs higher than expected. There just
are too many uncertainties and hidden costs.”

“Nothing encourages adoption of innovation more than external pressure from
a competitor. If you don’t change you may not survive.”

“Time is a premium commodity, so new technology has to be convenient to
adopt and benefits have to be transparent to the user.”

11.14 QUESTIONS FOR CLASS DISCUSSION

1. From your experience as a consumer or a user of new technology, what kinds
of factors persuaded you to adopt new technology? What factors worked
against adopting new technology?

2. Now that you know about problems and issues related to technology transfer,
take an R&D organization and develop a guidance document for facilitating
technology transfer.

3. Develop a generalized technology evaluation methodology for new products
and systems in a specific technology industry or domain.
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“In my view, the word innovation has become overused, clichéd, and
meaningless. . . . I detest the mechanism that spits (such fads) up because
they are so much easier to talk about than to do.”

Andy Grove (MacGregor, 2007, p 54)

The term innovation has been used so frequently in so many contexts it risks los-
ing meaning. Nonetheless, success in creating value from novel ideas is arguably
among the most formidable challenges faced by organizations and nations today.
Technological innovation, which channels research and development (R&D) to
the marketplace, has increasingly become the lifeblood of economic develop-
ment as well as the hope for solutions to the world’s pressing social problems
related to energy, food, health, water, and the environment (Silberglitt, 2006).
Since Edison spawned the modern commercial R&D lab in the early twentieth
century, leaders within many industries have viewed science and technology as a
key input to success. More recently, however, science and technology have been
elevated to strategic importance for top managers in companies, and not only
for those that are traditionally R&D intensive, but across all industries (Burgle-
man, Christensen, and Wheelwright, 2009). Simultaneously, government, private
not-for-profit, and university laboratories worldwide that have in the past been
dedicated mainly to performing research, are focusing more on applying science
and technology to useful—and sometimes even commercial—ends.

238
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R&D-based innovation demands an environment in which creativity is allowed
to flourish, yet is channeled in ways that fulfill social and economic needs. What
strategic choices, processes, structures, and skills are central to achieving this
constant balancing act? There is no one recipe to follow, but innovation is too
important to be left to serendipity; it needs to become, as Carlson and Wilmot
(2006, p 13) suggest, “part of the DNA of the entire enterprise.” This chapter
focuses on the manners in which innovation—incremental and radical—can be
thoughtfully managed within organizations. It addresses the broad strategic objec-
tives related to innovation, processes to shepherd the generation and development
of novel ideas, and leadership approaches that balance creativity and value cap-
ture. An assessment tool useful in diagnosing an organization’s strengths and
weaknesses in innovation, which readers can apply to their own organization to
improve its capacity for sustainable and measurable innovation, is provided in
the chapter summary.

12.1 DEFINING INNOVATION

The term innovation is derived from the Latin term innovatus, which means
to renew or alter. While novelty and change are key, contemporary definitions
emphasize application of new ideas often, but not always, in a commercial
sense. Peter Drucker (2002, p. 96) defines innovation as “the effort to create
purposeful, focused change in an enterprise’s economic or social potential,” and
underscores compelling customer value, opportunity, and impact. In The Theory
of Economic Development (1934), the twentieth-century economist Schumpeter
delineated several avenues related to creating economic value, including:

• The introduction of a new good —that is, one with which consumers are
not yet familiar—or of a new quality of a good

• The introduction of a new method of production , which need by no means
be founded upon a discovery scientifically new, and can also exist in a new
way of handling a commodity commercially

• The opening of a new market , that is, a market into which the particular
branch of manufacture of the country in question has not previously entered,
whether or not this market has existed before

• The conquest of a new source of supply of raw materials or half-
manufactured goods, again irrespective of whether this source already
exists or whether it has first to be created

• The carrying out of the new organization of any industry, like the creation of
a monopoly position (for example, through trust-formation) or the breaking
up of a monopoly position

Sawhney and colleagues (2006) have built upon Schumpeter’s categories of
innovation by including market innovations, the use of information technology;
and novel ways of supporting and monetizing existing offerings (Table 12.1).
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TABLE 12.1 The Twelve Dimensions of Business Innovation (derived from
Sawhney et al., 2006)

Dimension Definition

Offerings* Develop innovative new products and services
Processes* Redesign core operating processes to improve efficiency and

effectiveness
Platform* Use common components or building blocks to create

derivative offerings
Solutions Create integrated and customized solutions that solve end to

end customer problems
Customers Discover unmet customer needs or identify underserved

customer segments
Customer experience Redesign customer interactions across all touch points and all

moments of contact
Value capture Redefine how the company gets paid or create innovative new

revenue streams
Organization Change form, function, or activity scope of the organization
Supply chain Think differently about sourcing and fulfillment
Presence Create new distribution channels or innovative points of

presence, including the places where offerings can be bought
or used by customers

Networking Create network-centric intelligent and integrated offerings
Brand Leverage a brand into new domains

∗Dimensions most directly related to R&D-based innovation

While all twelve of the sources of innovation listed in Table 12.1 are impor-
tant, the categories most germane to technological innovation include new product
offerings, related process innovation, and products derived from platforms. These
categories are based on intensive R&D, and therefore pose unique manage-
ment challenges that set them apart from the others. “Knowledge based inno-
vations,” writes Drucker (2002, p. 100), “differ from all of the others in the time
they take, their casualty rates and in the predictability, as well as the challenges
they pose to entrepreneurs . . . they can be temperamental, capricious and hard
to direct.” Drucker notes they also tend to have the longest lead time—up to 50
years—and demand that many kinds of knowledge be generated and integrated.
Technological innovation—especially that emanating from basic research—can
often only be understood retrospectively; the eventual application of research
may end up far afield from the original intention.

Innovation based on science and technology requires acceptance of uncer-
tainty that goes beyond business uncertainty related to political and economic
variables. Business uncertainty, as Freeman and Soete (1997, pp. 243–45) note,
is typically handled by applying a discount rate to future profits and expenditures
associated with an initiative. By definition, however, technological innovation is
experimental, and is subject to the additional uncertainty associated with tech-
nical development and market acceptance. Neither of these can be “discounted,
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eliminated or assessed as an insurable type of risk,” and they are not subject to
rational estimation and measurable probabilities. Beyond technical and market
uncertainties, other human elements enter in. Moreover, the enthusiasm of inno-
vators, termed “animal spirits” by the economist John Maynard Keynes, plays a
key role in driving innovation, and yet resists precise calculation. In summary,
R&D funding and focus can be guided; but this process is inherently unpre-
dictable. While uncertainty can be reduced over time, ambiguity and iteration are
simply part of the innovation process.

Freeman and Soete (1997, p 244) provide a continuum of innovation
based roughly on the degree of uncertainty surrounding them, and the risk
implied (Table 12.2). Radical innovation—which is based on fundamental or
basic research and invention—is particularly risky. Uncertainty and therefore
risk are reduced, relatively speaking, in innovation that involves incremental
improvements on existing products. This continuum is of use in making strategic
choices in the directions of innovation in an organization, and has implications
for making innovation operational, as discussed below.

TABLE 12.2 Types of Innovation Based on Uncertainty (derived from
Freeman and Freeman, 1997, p. 244)

Extraordinary  
uncertainty

Fundamental research
Fundamental invention

Very high degree 
of uncertainty

Radical product innovations
Radical process innovation outside
the firm

High degree of 
uncertainty

Major product innovations
Radical process innovations in own 
establishment or system 

Moderate 
uncertainty

New “generations” of established 
products

Little uncertainty Licensed innovation 
Imitation of product innovations
Modification of product or process 
Early adoption of established process 

Very little 
uncertainty

New model 
Product differentiation 
Agency for established product 
innovation
Late adoption of established process 
innovation and franchised operations 
in own establishment 
Minor technical improvements

Basic 
Research

Radical 
Innovation

Development 

Applied 
Research

Incremental
Innovation
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12.2 STRATEGIC CHOICES IN TECHNOLOGICAL INNOVATION

At the broadest level, several strategic choices exist that serve as general guide-
lines for innovation, providing direction so that efforts ultimately support the
overall goals of the organization. These strategic choices are:

• Degree of innovation
• Types of innovation that are to be emphasized
• The overall approach to the market
• Resource commitment

Degree of Technological Innovation

How much innovation is expected to contribute to the organization in comparison
to the present core business activities? Andrew and colleagues (2007) provide
a range of common measures related to technological innovation. These include
inputs such as financial resources and people; processes such as resource effi-
ciency, actual versus planned time to market, and milestone compliance; and
output measures such as number of new products and services launched, market
share growth, new product success rates, number of patents filed, and publica-
tions written. The choice of the measures most appropriate will vary depending
on an organization’s circumstances and goals (e.g., profit or not-for-profit sta-
tus). It is wise to use a set of metrics versus only one. Collectively these metrics
should reflect not only research input, but its application, that is, innovation. For
example in a company, R&D as a percentage of sales alone is not a measure
of innovation, as innovation implies that the R&D leads to a product that is
marketed. Booz Allen Hamilton’s annual survey of innovative companies dis-
tinguishes between those that dedicate the most funding to R&D and those that
leverage it in the marketplace as measured by profitability per dollars of R&D
invested (Jaruzelski and Dehoff, 2007). In 2007, for example, only two of the top
20 companies that invested the most in R&D—Nokia and Samsung—also lever-
aged it well. Similarly, in a government, not-for-profit, or university setting that
emphasizes innovation, metrics should address not only investment in research,
but also success in licensing and spin-off activity, or some other appropriate
measure of how research findings are used for commercial or noncommercial pur-
poses. For organizations that emphasize process innovation, appropriate measures
include increased efficiency, cost reduction, and improvements in cycle time or
resource use.

For degree of technological innovation, broad questions might include the
following:

What percentage of revenues (or profits) should be from existing core busi-
ness?

What level of investment should be directed toward the core business?
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What percentage of revenues (or profits) should be derived from innovation?
What level of investment should be directed toward innovation?

Types of Innovation

In addition to the emphasis placed on the core business and innovation, another
important strategic choice regards the types of innovation that will be pursued. As
discussed before, R&D based innovation can be roughly categorized into incre-
mental and radical, which vary in risk and expected reward. Ideally a portfolio
of projects that vary in risk is best. For example, Anthony and colleagues (2008,
p. 47) suggest a 50/30/20 split, targeting core improvements/logical extensions
of the core business/ and new growth initiatives.

The key questions here are:

Of revenues (or profits) from innovation, what percent should come from:
Incremental improvements on the organization’s current offerings in the

market?

• Improvements on existing product or service offerings
• Derivatives from existing product or service offerings
• Process technologies that make production of existing products and ser-

vices more efficient

Radical innovation that involves creation and development of breakthrough
products or processes

Overall Approach to the Market: Timing and Presence

Two major strategic concerns relate to market entrance:

1. Market timing: Does the organization want to be first to market with inno-
vations, or follow?

2. Market presence: Does the organization intend to dominate the market in
market share, or prefer a niche market?

Note that the decision to follow in the market does not preclude becoming
a dominating player, as the follower can gain the benefit of mistakes made by
the first mover and/or by taking a different path. IBM-compatible personal com-
puters lagged behind those of Apple, but eventually asserted leadership in the
marketplace. Similarly, choosing to focus on a niche market does not necessarily
relegate an organization to secondary status. If multiple products are continually
provided to the niche market, revenues can grow to substantial levels. Consider
Intel, and its dominance of PC-based microprocessors. Another example is Bang
and Olufsen, which has consciously chosen to pursue a high-end niche in con-
sumer electronics in which their reputation in performance and design remains
unmatched.
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Resource Commitment: How Will the Innovation Strategy
be Supported in Funding and Time?

The choices between emphasizing core business and innovation; distributing
investment among incremental and radical innovations; pursuing market lead-
ership or followership; and dominant versus niche presence are a function of
attitude as well as resources. An approach that emphasizes radical innovation
in which the organization is first to arrive in the market it intends to dom-
inate, requires substantial commitment to the spectrum of internal R&D, as
well as engineering, design, and marketing. This offensive approach demands
high risk tolerance, a long-term time horizon, and the ability to make wise and
fortuitous bets on innovation that ultimately pays off handsomely. If these strate-
gic choices are to have meaning, resources—in people and dollars—need to
be set aside for different types of innovation initiatives consistent with strategic
objectives.

12.3 MAKING TECHNOLOGICAL INNOVATION OPERATIONAL

Strategic choices provide broad guidelines for the extent, type, and approach to
innovation that an organization intends to pursue. Making these choices oper-
ational, however, requires the design and implementation of a process for har-
vesting ideas, deciding which ones warrant further investment, and developing
and launching those that do. An innovation process integrates R&D with value
creation, and facilitates communication among varied constituencies over time,
both within the organization and between the organization and its environment.
The process needs to be disciplined but not constraining, and be inclusive without
paralyzing decision making. More ideas are often generated than can be pursued
in an organization. The challenge is to find ways to select and build on those
ideas that are most consonant with the organization’s strategic choices.

While the importance of evaluating new ideas in order to increase their
chance of commercial success is well recognized, there is no consensus on
the one best way to accomplish it (Wind and Mahajan, 1997; Rangaswamy
and Lilein 1997; Ozer, 1999; Hobday, 2005). Several elements are common
to most approaches: generating and then initially screening ideas, evaluating
ideas, research and development, scale-up, financing, market development and
launch (Rogers, 1995; DeSouza et al., 2007). However, the manner in which
these elements are organized and managed differs. Table 12.3 compares two inno-
vation process models in terms of the manner in which projects are reviewed,
the sources and roles of reviewers, and the teams involved as projects are devel-
oped. One model is characterized by sequential feedback as an idea develops;
the other is characterized by an iterative process that integrates multiple view-
points as an idea develops. The two models have important implications as
to how much project redirection/reframing is allowed to occur as ideas are
developed.
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TABLE 12.3 Two Innovation Process Models

Sequential-Feedback Model Integrative, Iterative Model
(Stage Gate, Funnel)* (Venture Board, Learning Plan)**

Review
Procedure

Focus is on uncertainty reduction
over time.

Follows explicit, standard set of
sequential stages, mainly
related to functions. Though
feedback among stages may
occur, each stage is viewed as
a hurdle or gate a project must
pass over/through in order for
development to continue.

Focus is on reframing the idea
through iterative discussion.

Discussion process is ongoing
among review board members
and project team throughout the
life of projects. Stages are related
to level of project development,
and are treated as inter-
disciplinary throughout. Stages
are viewed as opportunities to set
and review milestones; identify
assumptions and risks; and to
guide, reframe, and augment
project ideas as appropriate.

Review
Criteria

Review criteria are explicit, often
functionally based, and change
over the course of the project.

Review criteria are interdisciplinary,
and are tailored to the type and
level of development of the
project. Emphasis is placed on
qualitative measures or mile-
stones especially for projects
centered on emerging
technologies.

Reviewers Reviewers are typically
functionally based managers
from inside the organization,
and change as projects reach
successive stages.

Review board members may be
drawn internally or externally,
and are chosen on the basis of
experience and insight into new
venture development; the board
remains essentially intact
throughout the lifetime of
projects. Project leaders and team
have input into
iteration/reformulation.

Project
Team

Team members are likely to
change as projects reach
successive stages.

Team may remain intact though,
depending on project needs,
additions/deletions may be made.

Advantages Process is relatively systematic
and standardized. Criteria are
clear and easy to
communicate.

Process allows projects to develop
organically versus being subject
to standard external criteria.
Review is multidisciplinary
throughout, though different
dimensions may be emphasized
as needed as a project proceeds.

(continues)
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TABLE 12.3 (continued)

Sequential-Feedback Model Integrative, Iterative Model
(Stage Gate, Funnel)* (Venture Board, Learning Plan)**

Disadvantages In practice, process can become
functionally based versus
multidisciplinary. Oppor-
tunities for feedback and
iteration may become lost.
External review process and
established criteria may favor
projects that fit into an
organization’s existing
business and thus favor
incremental innovation with
shorter term payback and stifle
radical innovation.

External review by management
may become demoralizing to
innovators.

In practice, process can be costly
and time consuming. Iteration
can turn into indecisiveness.

∗Cooper and Kleinscmidt, 1986; Davila et al, 2006
∗∗Davila et al, 2006; Rice et al, 2008.

Sequential Feedback Model

The sequential feedback model is comprised of a series of successive steps in
which concepts are weeded out over time on the basis of sets of technical and
commercial criteria. While ideas progress through discrete, sequential, function-
ally related stages (e.g., market, financial, etc.), some feedback between stages
can occur. Cooper and Kleinschmidt’s 13-step process provides a widely rec-
ognized example (Table 12.4). The sequential-feedback model is explicit and
standardized, and thus has the benefit of clarity—people know the criteria upon
which a project idea will be judged. It is streamlined and efficient at implementing
new ideas, and focuses on reducing uncertainty as ideas are developed. While
the sequential-feedback model is functionally based, it can incorporate market
factors throughout and, in fact, Cooper’s model recommends this.

There are risks, as well. In practice this approach is more likely to fall into
the trap of functional sequential review and thus lack interdisciplinarity and
feedback over time. Too much rigor and external review by managers can be
applied early in the process, which dampens creativity. As Amabile (1998) warns,
applying time-consuming layers of evaluation to new ideas undermines intrinsic
reward via external evaluation and fear. Projects based on emerging and radi-
cal technology that cannot demonstrate payback, a clear market segment, and
so on are likely to be discarded in favor of more certain projects. Thus, the
process in practice tends to favor more incremental initiatives. Once a project is
decided on, and as investment increases, the emphasis on commercialization may
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TABLE 12.4 Cooper and Kleinschmidt’s new product development model
(derived from Cooper and Kleinschmidt, 1986)

(1) Initial Screening of Ideas via a formal checklist or informal discussion
(2) Preliminary Market Assessment via secondary data on trends, review of

competing products, informal customer contact
(3) Preliminary Technical Assessment to identify merits and challenges
(4) Detailed Market Study/Market Research using formal data collection and

analytical techniques, such as surveys
(5) Business/Financial Analysis leading to go/no-go decision; based on formal or

informal sales and cost estimates, cash flow analysis, ROI analysis, payback
period

(6) Product Development resulting in a prototype
(7) In-House Product Testing under controlled conditions
(8) Customer Tests of Product in the field
(9) Test Market/Trial Sell to a limited set of customers

(10) Trial Production to test manufacturing method
(11) Pre-commercialization/Business Analysis that provides in-depth plan for

marketing, producing, organizing, business
(12) Production Start-Up on a commercial scale
(13) Market Launch

override opportunities to make changes in the technical or market aspects of the
project.

These drawbacks can be overcome in part by ensuring that the people judging
the projects in the early phases recognize that the concepts should not be subject
to the same rigor—for example by applying stringent criteria like discounted cash
flow—as more fully developed projects, and thus are open to less developed and
higher risk projects with higher potential (Utterback, 1996, p. 226). Moreover,
new information should still be allowed to flow into the process as the product
and market are developed and clarified.

Integrative-Iterative Models

Integrative-iterative models are aligned with venture board and learning plan
models. In comparison to the sequential feedback approach, this approach to inno-
vation is more organic. The review process is best described as “developmental”
as opposed to “weeding out,” and is multifunctional throughout. In contrast to
explicit technical and market criteria, in the integrative-iterative approach team
projects are judged on the basis of the experience and instinct of a venture team
which contributes at the early stage of investment and focuses on discussion and
collective interpretation (Davila et al., 2006; Anthony et al., 2008). The venture
team typically comprises internal as well as external experts. While milestones
are established early on to judge progress, this process focuses on building on
and reframing ideas through iterative discussion.
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For long-term projects that are at the extreme pole of uncertainty, Rice (2008)
has proposed “The Learning Plan,” which is appropriate for breakthrough projects
in which the outcome is highly uncertain in technical, market, organizational, and
resource dimensions; and projects with a lifetime of 10 years or more and for
which even milestones are difficult to set. Their framework emphasizes that the
team undertake an ongoing process of systematically examining the sources of
uncertainty and test assumptions along the course of a project. In reviewing what
has been learned, directions are adjusted accordingly. The board comprises people
with experience in high-uncertainty projects along all dimensions.

The integrative-iterative approach typically allows for more iteration as
projects develop, and more ongoing input from the venture team. Moreover,
while the venture board is multidisciplinary throughout, specific target markets
are normally identified later in development, and financial measures are also
applied later. Thus this approach is particularly suitable to radical innovation, in
which technical development is nascent and markets are undeveloped or even
unknown. The venture model places emphasis on the volition of the project
leaders and members in successfully developing and implementing innovation.
The integrative iterative model also is most open to external networks as
outsiders are often included on the board.

The integrative-iterative model has downsides. It can be time consuming and
costly. It can tend to get trapped in a cycle of iteration and multiple so that no
direction is chosen and implemented. At some point, for investment to continue,
the uncertainty in the project must be reduced. Because the process is adapted to
the unique needs of a project, the criteria used are not explicit and people may
not have a clear understanding of why some projects are developed over others.
To overcome these drawbacks, the review board can help guide the project team
toward decision making versus supporting an endless cycle of iteration, and can
encourage the project team to identify and clarify market targets and technical
approaches as these become evident. In addition, people within the organization
need to be educated in how to access and contribute to the process of iteration.

Which Approach Is Best?

In a nutshell, the sequential-feedback model emphasizes value capture over cre-
ativity, while the integrative, iterative model emphasizes creativity over value
capture (Davila et al., 2006). The major implications of the two models are that
with the sequential model openness to project redirection once selected is less,
and decreases over time. With the integrative, iterative model openness to project
redirection/reframing is emphasized throughout development.

The question is not which model is best, but which model or models best
fit an organization’s strategic objectives for innovation. If an organization wants
to encourage both incremental innovation as well more radical innovations that
may be disruptive to it, Anthony and colleagues (2008) recommend using dual
pathways for the innovation process. A sequential feedback model would be
appropriate for incremental innovation, and the integrative-iterative model would
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Figure 12.1. Pathways for Incremental and Radical Innovation
(Adapted from Anthony et al., 2008)

be most appropriate for radical or disruptive innovation (Figure 12.1). Initial
screening is clearly a key decision point in the innovation process. If a poten-
tially disruptive innovation is sent through the sequential model, it will likely be
killed prematurely or forced into the pattern of the existing core. Therefore, dur-
ing initial screening, new project ideas should be divided loosely into incremental
“core improvements” (an improvement or logical extension) or potentially radical
“new growth” (the project idea is in its early stages, is uncertain, and runs the risk
of disrupting the core initiatives). Core improvement ideas are sent through a val-
idation and scaling process that is aligned with the sequential-feedback approach
in which uncertainty reduction starts early. The iterative-integrative approach is
more appropriate for developing new growth opportunities. Once a new growth
idea is couched in a business model (i.e., once technical and market directions
are clearer), it can be brought back into the existing organization if appropriate;
if not, a separate entity should be created that allows the new venture to develop
outside organizational constraints.

12.4 THE MARKET, MARKETERS, AND MARKET RESEARCH
IN TECHNOLOGICAL INNOVATION

Depending on how much clarity exists in market size and customer segmentation
as well as the level of development of the technology involved, the role of the
market in technological innovation varies in important ways. The degree of clarity
has implications for the role of marketers as projects evolve, the appropriate
market research they can contribute, and the type of customer input that can be
expected (Table 12.5).
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Role of Marketers

Marketers play the largest role in the early stages of innovation involving low
technical uncertainty: (1) incremental innovation, involving low uncertainty in
both technical and marketing, and (2) creation of new market via existing technol-
ogy. In both cases, once a project is selected marketers are expected to play active,
although different, roles. In the case of incremental technological innovation, mar-
keters interact mainly with existing customers to determine what improvements
need to be made and communicate with technical teams to make these improve-
ments to existing offerings. Alternately, if a technology is already developed and
has not yet found a market, the role of marketing is to identify new markets and
segments, and creatively embody the technology in an appropriate offering.

In projects where technical uncertainty is high, marketers have a less influen-
tial role, at least in the nascent stages of a new project. When the market need
for the technological innovation is clear (i.e., market uncertainty is low), mar-
keters inform and advise the process of innovation and, as technical progress is
made, gain a more prominent role in introducing the breakthrough. When market
uncertainty is also high, however, marketers take on the role of active listener.
As the innovation process proceeds, along with other disciplines, marketers help
create alternative paths for the project through iteration. The role of marketing
strengthens as the project is developed and is clarified, and the breakthrough is
eventually launched.

While these roles are not rigidly defined, the wisdom of making distinctions
becomes evident when considering mismatches. For example, if marketers, who
expect to be very influential in directing technical efforts are involved in projects
in which marketing and technical certainty are low, they will not only be inef-
fective, but likely detrimental.

Market Research

Different approaches to market research are appropriate to various types of inno-
vations. Where market needs and customer segments are already well defined,
research can rely on secondary trend data, as well as primary data collection
via focus groups, surveys, and user observation. The market research approach
is analytical, well defined, and systematic. Competitor analysis is more promi-
nent in incremental improvements and need fulfillment. In contrast, for projects
in which market needs and segments are unclear or nonexistent, early market
research focuses on identifying or even creating wants and needs that customers
cannot express or perhaps even envision. This sort of market assessment is by
necessity more ambiguous and tentative, and demands more creativity and vision
on the part of marketers.

The Market and Disruptive Innovation

Radical or disruptive innovation poses unique challenges to marketers, as early
stage technological breakthroughs that may eventually create entirely new
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markets are less subject to user input. Harryson (2008) suggests that partnering
with users is most valuable in the commercial phases of innovation, or for
defining final applications and speeding up diffusion. Clayton Christensen (1997,
p. 208) adds, “We cannot expect our customers to lead us toward innovations
they do not need now. Therefore, while keeping close to our customers is an
important management paradigm for handling sustaining innovations, it may
provide misleading data for handling disruptive ones.” Christensen (1997,
pp. 209–10) recommends directing disruptive innovations to new markets and
customers who value the unique attributes to the innovation, versus existing
markets. Market information for a disruptive innovation does not exist, it has to
be created by “making fast, inexpensive and flexible forays into the market and
the product . . . and [leaving] room to try, fail, learn quickly, and try again, [can]
succeed at developing the understanding of customers, markets and technology
needed to commercialize disruptive innovations.”

In Inside the Tornado, Geoffrey Moore (1995) also argues that radical techno-
logical innovation that disrupts the marketplace demands special treatment. Users
may not necessarily recognize the value of adoption. The burden is therefore on
the innovator to convince others that the benefits of the new offering outweigh
the costs. In his technology adoption lifecycle, early diffusion is encouraged by
seeding interest in enthusiasts, who are intrinsically interested in the technology
and educate others in the benefits of the technology. Visionaries, who demand
high-end performance, are typically the next users, and are then followed by prag-
matists, conservatives, and skeptics. The key to success, however, is the ability
to “cross the chasm” between the visionaries and pragmatists, and become the
market standard. Doing so requires an “eggs in one basket” approach in which a
specific niche within a mainstream market is fulfilled 100 percent. Unmitigated
success here then drives broader mainstream success.

12.5 LEADING INNOVATIVE ORGANIZATIONS

“The old model was how do you get people to serve the organization’s
goals? Today we have to ask, ‘How do you build organizations that merit
the gifts of creativity and passion and initiative?’ You cannot command
those human capabilities. Imagination and commitment are things that
people choose to bring to work every day—or not.”

Gary Hamel (Barsh, 2008, pp. 27–28)

The challenge of balancing creativity and value creation faces the leadership
of all organizations, even icons such as Bill Gates of Microsoft, Jeffrey Immelt of
General Electric, George Buckley of 3M, and Antonio Perez of Eastman Kodak
(Herbold, 2002; Brady, 2005; Hindo, 2007; Hamm and Symonds, 2007). This
ongoing balancing act is experienced not only in R&D-based companies, but
also in government and private labs as well as universities that are directing their
research efforts toward innovation.
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Ensuring that creativity and innovation become deep-seated organizational val-
ues implies that leaders communicate clearly the importance of innovation, the
organization’s broad objectives and measurements related to innovation, and the
processes and resources that are in place to support it. They need to do so in a
manner that spreads the opportunities and responsibility for innovation through-
out the organization and, argues Gary Hamel, guides creative expression versus
dictating it (Barsh, 2008). Anthony and colleagues (2008) recommend that senior
management be directly engaged in the ongoing innovation process: for example,
in idea screening and development, and in bringing in insight and opportunities
from external sources. General Electric, for instance, includes innovation as part
of the curriculum for senior managers (MacGregor, 2007).

Rewards and incentives should be aligned with organizational culture and
reflect the organization’s overall goals for innovation. While these can be
monetary—cash bonuses and stock options, for example—other types of
rewards may be of more value to people. For example, successful innovation
might be rewarded via more professional growth—a promotion, time to pursue
a project of special interest, or involvement in further commercialization via
spin-offs (Davila et al., 2006). Public recognition may be awarded through a
prize. Davila et al. (2006) recommend that rewards and incentives distinguish
between incremental innovation—which is lower in risk, normally shorter
term, in which performance measures are easier to delineate and measure—and
radical innovation. In radical innovation, people need to be rewarded for risk
taking regardless of success or failure, and share in the value generated through,
for example, involvement in a spin-off or stock ownership.

Actions that support innovation can be surprisingly fundamental. Genentech’s
CEO drills down to the basics. “If you want an innovative environment, hire
innovative people, listen to them tell you what they want, and do it.” (MacGregor,
2007, p 54) And Intel’s Andy Grove reminds us: “Look at how often you as a
person in charge jumped out a head and gave your blessing to an idea that was
truly different, or complimented the person who took that first step,” says Grove
(MacGregor, 2007, p 54). “Then, you’re catalyzing change. And it costs nothing.”

12.6 SUMMARY

Innovation needs to be thoughtfully managed within organizations. This implies
designing broad strategic objectives related to innovation, implementing pro-
cesses to shepherd the generation and development of novel ideas, and insuring
leaders create an environment that balances creativity and capturing value from
creativity.

Innovation can focus on a number of dimensions; however, innovation based
on research and development poses unique challenges given its inherent uncer-
tainty, resistance to management, and often long term development. Strategic
objectives related to technological innovation need to be tailored to the orga-
nization. Qualitative and quantitative objectives typically address the degree of
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innovation the organization wants to achieve, the types of innovation that are to
be emphasized, the overall approach to the market, and the resource commitment
the organization intends to make.

Making innovation operational requires that an innovation process be put into
place and be widely communicated throughout the organization. The design of
this process is important as it can influence the types of innovation—incremental
or radical—that are pursued. Sequential models, which involve step by step
review, are clear and systematic; they tend to favor incremental improvements
on existing products. Iterative models are more organic and interdisciplinary
throughout the life of a project; these are more appropriate for more radi-
cal innovation. A dual process allows an organization to pursue both types of
innovation.

Roles for marketing staff members, types of market research, and input from
customers will differ in important ways depending on the degrees of market and
technical uncertainty. While marketing people take an active and directive role
in cases where technical and market uncertainty are low, they need to serve
as listeners initially and market creators in cases where technical and market
uncertainty are high.

Creating an environment of sustainable innovation requires that leaders explic-
itly communicate support for the organization’s innovation strategy, and ensure

TABLE 12.6 Tool for Diagnosing the Environment for Innovation

Strongly Strongly
Disagree Agree

The organization’s mission supports
innovation.

1 2 3 4 5

Broad strategic objectives supportive of
innovation are communicated widely.

1 2 3 4 5

Leadership allocates adequate resources
(time and $) to encourage innovation.

1 2 3 4 5

Risk taking is encouraged. 1 2 3 4 5
Generation of new ideas is encouraged. 1 2 3 4 5
The organization has a widely accessible

innovation process or processes to
capture and develop new ideas, which
is consistent with its objectives
regarding incremental and radical
innovation.

1 2 3 4 5

Innovations are effectively implemented. 1 2 3 4 5
The performance of innovation is

measured.
1 2 3 4 5

Innovation (even unsuccessful
innovation) is appropriately rewarded.

1 2 3 4 5

The organization learns from innovation. 1 2 3 4 5



256 MODELS FOR IMPLEMENTING INCREMENTAL AND RADICAL INNOVATION

that the innovation process is open to the entire organization. Senior manage-
ment should be well versed in the innovation process, and should consider
becoming actively involved in the process by joining review teams, for example.
Innovation should be rewarded, though rewards for incremental and radical inno-
vation should differ. Finally, leaders can support innovation on an ongoing basis
by hiring creative people and designing organizations around their needs, and by
simply recognizing the creative contributions people make day to day.

Table 12.6 provides a list of ten dimensions that can be used to diagnose the
strengths and weaknesses of an organization’s environment for innovation, drawn
from the information provided in this chapter.

12.7 QUESTIONS FOR CLASS DISCUSSION

1. Use the tool provided in the summary to diagnose innovation in an organi-
zation of your choice. Specifically, how might weak areas be improved?

2. Think of a specific example of innovation that is radical/disruptive. Dis-
cuss how the innovation would likely be treated if it were addressed via
the sequential model and then the iterative model. Then think of a specific
example of innovation that is incremental and do the same.

3. What other approaches—beyond those recommended in this chapter—would
encourage innovation in an organization?



13
ORGANIZATIONAL CHANGE
IN R&D SETTINGS

This chapter is for those who are thinking of introducing change in their orga-
nization and is designed to give the manager an overall idea of what goes on
in organizational change and how to evaluate it. When the change is substan-
tial, the manager should get help from consultants either inside or outside the
organization.

Organizational change can focus on individuals, dyads (e.g., supervisor–
subordinate), teams, or the whole organization. One can focus on cognitive
skills (e.g., how to analyze a problem), affective changes (e.g., how to feel about
one’s competitors), or behaviors (e.g., how to behave correctly in particular
situations). Thus, potentially, there are 4 × 3 = 12 kinds of organizational
changes. However, to simplify this chapter we will discuss only some of these:
changing individuals (cognitive, affective, behavioral), teams, or the whole
organization.

Before deciding what aspect of the organization to improve, it is important to
analyze the strengths and weaknesses of the organization. A needs assessment is
highly desirable. This can be done by interviewing at all levels of the organization,
focusing on what is done well and what is done badly and needs improvement
in the views of the participants.

In fact, such needs assessment should be done routinely every few years, if not
more frequently, because few R&D organizations are doing today what they did
five years ago. Research projects, technology, and customer needs keep changing.
To be responsive to such changes, the organization needs to change.

The first step is to determine specifically what needs to change. Some behav-
iors can be changed directly; in some cases, attitudes and values linked too
many behaviors need to change. The strategic planning of the organization must

257
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be coordinated with the activities of each part of the organization. Then a needs
assessment and a plan for change can be developed that can indicate whether peo-
ple, teams, or the organization needs to change, and whether the change is mostly
cognitive, affective, or behavioral. Standard operating procedures may need to
be developed that will respond to the changed environment of the laboratory.

Organizational change is particularly difficult to implement in an academic
institution. Cole and colleagues (1994, p. 9) has suggested that at universities
“we have neither the rules that permit for orderly governance of choice nor the
conceptual frameworks to guide those choices.” In nonacademic research orga-
nizations, whether they are industrial or governmental, change can be achieved
by two means: the ability to replace people and the ability to make personnel
accountable to management for performance and for achieving mutually agreed-
upon goals. In universities, neither of these tools is readily available (Kennedy,
1994). Each academic unit within a university has its own history and tradition.
Thus, each unit has to develop means to implement change, especially the ability
to redistribute resources (faculty, laboratory space, student support, and so on),
to support new areas of knowledge, and to deemphasize areas no longer relevant.

13.1 WHY ORGANIZATIONAL CHANGE?

Globalization and the dynamic economic landscape necessitate continually reeval-
uating organizational structure. Corporations have become accustomed to change
but in today’s society it is not so much what changes, but rather the pace at
which it occurs (Prastacos et al., 2002). The need for this change can be due to
a variety of factors. The following are a few of the most common ones:

Change in the Stage of the Development of the Organization . The organiza-
tion may have matured, may have become too large, or may have become
too static. Such changes may require new teams, work groups, different
perspectives, or new managerial structures.

Program Fluctuation . In a dynamic R&D organization, it is not uncommon
for the program to change. Considerable increase or decrease in a program
may necessitate major change.

New Program Emphasis . Again, no research organization working on different
programs at present can anticipate the emphases of future programs. As in
any dynamic organization, management must respond to changing needs;
and as the program emphasis changes, it becomes necessary to change the
structure of the organization in response. In addition, it may be neces-
sary to make structural changes and move people in the organization in
order to provide visibility for new programs and a focal point for emerging
requirements.

Customer Interface. When problems and issues with the sponsor interface
exist, it is not uncommon for an R&D organization to restructure the orga-
nization to eliminate these problems.
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Personnel Changes . Even if the total program and the focus of the research
organization remain the same, some personnel changes (for example, loss
of key personnel) could necessitate restructuring the organization.

Performance Problems . If some individuals or units are not performing well,
some structural changes in the organization may be needed.

The Relationship of a Work Group to the Organization . If an R&D group within
a research laboratory needs to relate differently to the main organization,
major changes within the research group may be needed.

R&D and change go hand and hand, which argues for establishing a flexible
organizational structure that continually fosters creativity and innovation among
scientists (Dabbah, 1999).

13.2 STEPS IN ORGANIZATIONAL CHANGE

In her article “Change Model: Three Stages to Success,” Hritz (2008) notes
that the best way to implement organizational change is through adaptation of
individuals, teams, and organizations. Organizational change may involve imple-
mentation and understanding of the following steps:

Diagnosis . What is the problem? Can it be solved?
Resistance. Who has a vested interest in the status quo? If we change things,

what are we going to change, and who will object?
Transfer . Introducing training, attitude change, or other new procedures.
Evaluation . Empirical determination of whether the change has been

successful.
Institutionalizing . Establishing new norms and procedures, restructuring work,

and changing schedules to fit the new norms.
Diffusion . Telling others that the change was successful. Developing opinion

leaders to increase the use of the successful methods.

13.3 PROBLEMS AND ACTION STEPS

There are a number of problems associated with implementing major organiza-
tional changes. Managers who are not sensitive to these problems and attempt to
implement organizational changes in an autocratic manner will find themselves
imposing an enormous cost on the organization, as well as to the individuals
involved and, indeed, to the very objectives that they had hoped to accom-
plish. Oxtoby, McGuiness, and Morgan (2002) note that people generally do not
destroy what they themselves have created. This explains why it is important to
implement change from within instead of importing a model for organizational
change from elsewhere.
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Management should provide an analysis indicating the need for organizational
change and articulating the objectives and goals that need to be achieved as a
result of this change. Implementation of major changes in an organization can
present significant problems and must be dealt with in such a way as to minimize
their adverse impact on organization effectiveness.

Nadler (1982, p. 449) identified three major problems that occur when imple-
menting major organizational changes:

Resistance to Change. Since change represents some uncertainty, it has an
impact on the stability and security of the individuals affected. For the individ-
ual, this could mean finding new ways of coping with new situations and new
environments.

Change can cause people to fall into six readiness states (Hritz, 2008). The
six states are:

Indifference. Seeing no need to change. This may result in behaviors such as
apathy, disregard, and unwillingness to produce change.

Rejection . Unwilling to change. This might result in behaviors such as fear
of change, refusal to change, challenging the business case of change, and
discouragement of others from changing.

Doubt . Looking at the downside. Behaviors may include skepticism, suspicion,
hesitancy, or even questioning.

Neutrality . Willingness to participate but unlikely to initiate change. May be
seen as indecisive, and noncommitted.

Experimentation . Providing momentum for change but unknowingly doing so.
Can be seen as willing to participate and move change forward.

Commitment . Embracing change. With regard to behavior they will be eager
to learn and perform change.

Organizational Control. Organizational change may alter the existing system
of management control and may change some of the existing power distribution.
Organizational change may also make it difficult to monitor performance and
make corrections during the transitions.

Power. Since an organization is in a way a political system consisting of dif-
ferent individuals, groups, and coalitions holding and competing for power, an
organizational change that alters the power distribution is likely to cause some
political activity.

Implications and specific action steps to overcome the problems are identified
in Table 13.1. Each situation is different and each organization is unique with
regard to its history, individuals involved, and specific problems being addressed
by the organizational change. Consequently, the general action steps suggested
can serve only as a guide for developing an organizational change plan and
strategy.
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TABLE 13.1 Organizational Change Management and Action Steps

Problem: Resistance. Implication: Need to motivate change
Action Steps
• Identify problems and issues that necessitate the need for change. Individuals affected

need to be jolted out of the present complacency and stability.

• Affirmatively seek participation by the affected staff in the change. Focus on building
ownership of the change among the participants so that they would be genuinely
motivated not only to accept the change but make it work smoothly and effectively.

• Build in rewards for the behavior that is needed during the transition stage and after
implementation. Restructure awards (e.g., pay, promotion, monetary rewards, job
assignments, other recognitions) to support the direction of the transition.

• Allow time for dealing with the feeling of loss caused by the change. Show under-
standing and provide necessary information to help overcome the problems it might
create.

Problem: Control. Implication: Need to manage the transition
Action Steps
• A critical step is to develop and communicate a clear image of the future. Recog-

nize that the transition and the implemented states are still dynamic systems. Provide
written information, which explains the reasons for the change, what the new orga-
nization would be like, how the transition will occur, and how individuals will be
affected.

• Include all changes needed to accommodate the new organization. This may include
structural change, task change, change in the social environment, and so on.

• Organizational management for the transition needs to include items such as a tran-
sition plan, a transition manager, and resources for the transition. At times, other
transition management structures such as task forces or experimental units may be
needed during the transition period.

Problem: Power. Implication: Need to shape the political dynamics of change
Action Steps
• Develop multiple and effective mechanisms (e.g., surveys, sensing groups, consul-

tant interviews, formal reports on key milestones, informal channels) for generating
feedback about the transition to management.

• Assemble and mobilize the key power groups in support of the change. Work with
individuals adversely affected and develop ways to investigate any adverse effects
caused by the change.

• Use leader behavior to generate enthusiasm and energy in support of change.

• Use positive symbols and language to generate support and enthusiasm for change.

• Build in some stability and minimize anxiety, provide some sources of stability
(e.g., physical location, people, some programs) that stay unchanged. These should
be identified and communicated to the organization members.

Source: Adapted from Nadler (1982, p. 446).
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13.4 INDIVIDUAL CHANGE

Discussed under individual change are cognitive, affective, and behavioral
changes. Some R&D organization-related examples are also provided for these
types of changes.

Cognitive Change

Individuals often need new ways of thinking or new cognitive skills—for
example, how to analyze particular technical problems. In research settings
this is particularly common, since new techniques in laboratory work, or new
developments in mathematics, or perhaps the scientist’s discipline may require
learning. Seminars, courses, and workshops are often used for such training.
The lecture is one of the main methods of delivering cognitive information,
but guided reading, working with a model that can demonstrate the new
skills, discussions, doing problems, or presenting seminar papers are also quite
effective. One must consider carefully the best mix of such activities, for the
particular need.

Given the ubiquity of computers, a particularly useful way is to present infor-
mation in programmed learning format. For example, a problem situation may
be presented, and five possible courses of action may be suggested. The trainee
must select one of these courses. After the course is selected the trainee receives
feedback, indicating the strengths and weaknesses of the choice. If the most opti-
mal choice was not selected, the trainee is asked to try another of the suggested
options and again receives feedback, until the optimal option has been selected,
and then the most extensive feedback is offered. This approach can be made to
look like a game. For example, if the trainee has selected a bad course of action,
the feedback can be provided in an interesting and challenging manner without
discouraging the trainee.

A computer does not have to be used. The same programmed learning format
can be presented in a book. Even learning how to lead has been put in this format,
in the so-called Leader-Match Leadership Training Program (Fiedler et al., 1977).
The program teaches managers how to analyze their leadership style and how
to change the work environment to match their style. It has been evaluated and
found to be useful (improved mine safety and productivity; see Fiedler et al.,
1984). This technique was also used to (a) teach managers going overseas to
work in other cultures, and (b) learn something about the local customs and
behaviors so as to improve their performance abroad (Triandis, 1977, 1994).

The in-basket technique is also useful in cognitive training. A manager is given
a case and a series of communications—for example, a letter from a research
program sponsor complaining about responsiveness, a request for information
regarding an ongoing project, procurement documents, programming documents,
information about upcoming meetings and visitors requiring immediate action,
personnel documents, and telephone messages. The manager must decide which
of the documents must be handled first, and how to deal expeditiously with them.
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This requires analysis of each item, decisions to delegate some items, and the
development of procedures for effective follow-through on all items.

Much of the written communication sent to a manager or principal investigator
usually is deposited in the in-basket. Managers who do not respond effectively
to this information cause inefficiencies and delays. Organizations also require
effective information dissemination, which may require the manager to make
phone calls or write letters. Such actions can constitute correct responses to
the in-basket training. It is particularly useful to teach managers which of the
in-basket items must be handled immediately, which require more information,
which can be delegated, and which require setting up follow-through procedures
to be checked in the future. A common problem in organizations is that no
effective follow-through mechanism exists and some items, while being acted on
at different levels of an organization, are simply forgotten (i.e., fall through the
cracks). This often causes a burden on the organization and dissatisfaction with
the manager’s performance. Failure to follow through and respond to action items
often increases the manager’s own workload. New managers may not realize this,
and thus the in-basket is an opportunity to teach them about the importance of
follow-through.

The in-basket method has the advantage that it is very similar to the actual
work of the manager. So, the training has validity and can be accepted easily by
the manager. Experienced managers, who are known for the excellence of their
management methods, may be used as instructors.

Affective Change

Changing the way people feel about their particular activities, co-workers, or
projects involves attitude change. Chapter 5 presented much information about
this subject. One procedure that can be used to change emotions, not discussed
so far, is sensitivity training. Sensitivity groups encourage people to provide
candid assessments of the way they perceive others. They usually meet for two
or three days, or a weekend, and provide an intensive experience. They are
popular among those who wish to escape from loneliness and wish to receive
warmth and support from others, and are supposed to teach people to tolerate
anxiety, understand themselves better, change interpersonal behavior, and resolve
conflict. Evaluations of these groups have generally supported the expectation that
people will change for the better. Institutions have well-established norms, and
people have strong habits, so spending a weekend on this kind of training will not
overcome habits that were developed over a long time. To change the norms, one
needs to work on groups or even departments rather than individuals and provide
training for everyone. Also, the consultants who do lead these workshops are
not always well trained. When clients break down in the course of discovering
something unpleasant about themselves, workshop leaders are often unable to
help them. Thus the casualty rate can be high and the objective benefits are often
questionable.
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Behavioral Change

Clinicians have developed very effective procedures for changing clients. (Clin-
ician here represents a psychologist, counselor, or psychiatrist, while a client
represents a patient) However, these changes require quite a lot of one-on-one
work and are quite expensive for organizations. For example, Kanfer (1988) has
developed a “self-regulation” approach that begins with the clinician working
on the client’s motivation to want to change. Next, the client is helped to see
that certain settings, stimuli, and people are the causes of the undesirable behav-
iors. The client has to learn to avoid such situations and thus master a particular
technology that keeps the undesirable behaviors at a low probability.

Clients take responsibility for arranging contingencies—that is, placing them-
selves in situations where the undesirable cues are not present, so the behavior
that needs to be suppressed is less likely to occur, and placing themselves in
situations that contain the desirable cues, so that the desirable behavior increases
in probability. Once the desirable behavior takes place, the clients learn to
reward themselves. The clinician helps the client set goals and define the desired
responses and the specific rewards to be administered after each goal has been
reached. Thus clients learn to monitor their own performance and to compare it
to established criteria, as well as to self-administer rewards. Also, the client has
to learn to resist temptation—that is, to avoid behaviors that are immediately
enjoyable but detrimental in the long run. This requires learning to recall the dis-
tant undesirable effect at the moment a behavior is chosen. The amount of time
required for an important change using this kind of approach is approximately 40
hours of clinician time. Thus, the cost is in the thousands of dollars. However, if
the effectiveness of an important manager is reduced by the undesirable behavior,
the organization may well be able to justify such expense.

13.5 GROUP CHANGE: TEAM BUILDING

One of the reforms frequently used in organizations is called team building . The
team definition is simply “a group of people who must relate to each other in order
to accomplish some task.” Team building is the process of encouraging effective
working relationships among members of the team, and also reducing barriers
that exist in effective cooperation of members of the team. There is no doubt that
many teams do not work very well. Some people are not well integrated, and
team members do not plan together. They do not use their resources to achieve
needed communication, and people misunderstand or do not trust each other. A
team facilitator can help members talk to one another so they can discover how
much they have in common. For example, superordinate goals (goals desired
by both teams that neither team can reach without the help of the other) might
become salient, and members of the organization may realize that some of the
mutual distrust they feel is not justified.

Since a lot of team building involves interactions with colleagues, it is a
very sensitive matter. It is true that if reform does not work out as planned, the
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relationship may become worse than before. Team building can only be effective
if the total culture of the organization supports it. In fact, the emphasis on team
building used today contrasts with the emphasis on sensitivity groups that was
more prevalent about 40 years ago. This is a result of the realization that one has
to work with the whole organization rather than with just a few groups if one is
to be effective in changing the organization.

One of the problems management faces when it attempts change is that the
change may affect only isolated individuals. In the past, individuals from differ-
ent parts of the organization were selected by management and sent for training.
When these trainees were returned to the organization, they found that the orga-
nization did not respond to the change that they had experienced. As a result,
they went back to their old habits and the effect of the training was wiped out.
In contrast to training specific individuals, team building involves training every-
body who is part of the team; it also ensures that other groups, particularly other
teams that are part of the organization, receive the training.

An effective approach is to allow members of the team to talk to one another or
send messages to each other concerning behaviors that they find desirable, objec-
tionable, or neutral. One such technique is called “From Me to You.” Each team
member writes a message on a sheet of paper aimed at another team member. The
message specifies behaviors that should be kept up (“keep doing that”), stopped
(“stop doing that”), or started (“it would be nice if you did that”). Some of these
behaviors can be job-specific. Other behaviors might be social. For example, a
subordinate may ask a boss for more frequent comment on the boss’s perception
of the subordinate’s work performance or for an invitation to the boss’s house
once a year. These messages may be sent anonymously, or not, depending on the
extent the team members are ready for the exchange of intimacies. A contract
might be negotiated as a result of such exchanges. For example, “If you do more
of this, I will do more of that” could be part of the agreement.

A related technique is role clarification. The trainer asks each member to
identify the four or five people the member interacts with most frequently when
on the job. The member then “visits” each of them and asks them to describe
how they perceive the member’s job. “What do you think I am supposed to
do? With what frequency? When, where, how?” Such information defines the
“emitted job role” as perceived by that person. By going on to all the relevant
others (superiors, subordinates, and peers), the person can identify varieties of
the “emitted role.” Quite frequently there will be a discovery that the various
important others define his or her role differently. Then it is possible to discuss
the discrepancies with them as a group. The role can then be clarified. This can
be very helpful in improving job relationships. The team member can negotiate
a different role and align the subjective and emitted roles. The subjective role
is thus more salient and clearer to everyone, and the enacted role can become a
much closer version of the subjective role.

A usual approach to team building is to begin with a diagnostic phase, in
which team members answer a questionnaire that indicates team problems and
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difficulties. Usually about 10 questions are asked about each of the following
areas (Francis and Young, 1979):

1. Effective Leadership. For example, “Team members are uncertain about
their individual roles in relation to the team.”

2. Suitable Team Membership. For example, “We need an input of new knowl-
edge and skills to make the team complete.”

3. Team Commitment . For example, “No one is trying hard to make this a
winning team.”

4. Team Climate. For example, “There is much stress placed on conformity.”
5. Team Achievement . For example, “In practice the team rarely achieves its

objectives.”
6. Relative Corporate Role. For example, “We do not work within clear strate-

gic guidelines.”
7. Effective Work Methods . For example, “Team members rarely plan or pre-

pare for meetings.”
8. Team Organization. For example, “We do not examine how the team spends

its time and energy.”
9. Critiquing . For example, “The team is not good at learning from its

mistakes.”
10. Individual Development . For example, “The team does not take steps to

develop its members.”
11. Creative Capacity . For example, “Good ideas seem to get lost.”
12. Intergroup Relationships . For example, “Conflicts between our team and

other groups are quite common.”

If a team agrees with many negative statements in a particular area, it indi-
cates that some team building work is needed. Special exercises are available
corresponding to each of these 12 areas. For example, the “From Me to You”
exercise described above can be used to improve team climate.

Team building also involves communication exercises, reviewing the progress
that is made in each of the areas that has been targeted for change, and, finally,
taking a second measure with the questionnaire mentioned above. The second
time, if the team checks fewer negative items that correspond to the 12 dimen-
sions of team building, one can assume that some positive change has occurred.
However, a multimethod approach to team change evaluation is recommended
and should include a wide range of measurements.

The different phases of team building can include cognitive, affective, and
behavioral changes. Specifically, after the administration of an instrumentation,
such as the one previously described, there is bound to be some cognitive
change—for example, “our team has a problem learning from its mistakes.”
The various team-building exercises change both affect (how people feel about
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themselves and their team colleagues) and behavior (how people respond to each
other). Decisions by the team to institute new standard operating procedures result
in behavior change. Of course, some behaviors are easier to change than others.
If the behaviors are automatic and determined by habits, there needs to be a
substantial interference with the cue-behavior sequence to modify the behavior.
Other behaviors are easy to change. For example, discovering that a task one
finds unpleasant to do is undesirable from a wide variety of perspectives can
easily lead to change.

13.6 ORGANIZATIONAL CHANGE

Two techniques, survey feedback and grid organizational development, can at
times be useful in understanding organizational problems and ways to overcome
them. These techniques require administering a questionnaire and working with
different levels of management. This means an experienced consultant would be
needed to help implement these techniques.

Survey Feedback

In this case a consultant distributes a questionnaire throughout the organization,
the data collected are aggregated in a variety of ways and fed back to the orga-
nization, and the organization discusses them in several sessions. Much of the
discussion turns out to be technical: It criticizes specific ways of doing things
and indicates how they can be interpreted in different ways. The organization can
obtain some benefit from this exercise, particularly when top management real-
izes that certain departments do have low morale, that communication upward is
poor, that supervisors are really unaware of problems faced by subordinates, and
that researcher ideas are not sought for organizational goal setting. Management
can use survey results to focus on the problem and to introduce change using
techniques such as team building.

Grid Organizational Development

This approach starts with top management and works through to the bottom of
the managerial structure in an attempt to sensitize managers to the importance
of the human factor and healthy relationships. Generally, managers are task-
oriented (otherwise they would not have gotten there), so the emphasis on human
relationships sensitizes them to a dimension that they tend to underuse. The
approach also provides training in conflict management and is an opportunity
to review policies and objectives, make plans, and evaluate changes that have
already been made. In the hands of a good consultant this approach is quite
helpful.
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13.7 EVALUATING ORGANIZATIONAL CHANGE

The several kinds of change outlined above need to be evaluated. The organization
needs to know whether the cost of particular changes can be justified. It needs
to assess what techniques of change work and what techniques are ineffective.
Since each organization is to some extent unique and with its own culture, the
fact that one technique worked in another organization does not mean it will be
effective in your own.

The most important attitude that managers need to develop about organiza-
tional change is that every change is an experiment. When we do an experiment
we modify some independent variables and measure some dependent variables.
Similarly when we undertake an organizational change (our independent vari-
able) we must measure its effects on the organization (our dependent variable).
The reason we do experiments is to unlock the secrets of nature. Organizations
are also part of nature. In fact, they are a very complex part of nature. Designing
changes for organizations that will improve them is much more difficult than
doing a chemistry experiment. So we must be modest in our expectations and
not anticipate miracles. But with systematic change and careful measurement, we
should be able to sort the changes that are effective from those that are ineffective
or hurt the organization.

Unfortunately, administrators often have the wrong attitudes about organi-
zational change. Since they are the ones who approved the change, they feel
ego-involved. Since they want the change to succeed, they are unable to take
an objective, open, experimental approach. Yet that is exactly the approach that
is needed. It is important that managers train themselves to see organizational
change supportively, but also critically. If it fails, try again. In other words,
the correct attitude is to view change as an experiment, which may or may
not work. If all our experiments came out the way we expected, there would
be no point in doing them! It is exactly because we get unanticipated results
that we keep experimenting. Similarly, we should not assume that every inno-
vation will benefit the organization, and we should not put down our peers
or subordinates who fail to introduce successful innovations. In fact, if one
never fails, this may be a sign of too low a level of risk. The bold inno-
vator has more failures than successes, but the few successes often change
the world.

In sum, we must not expect that our first idea about organizational change is
going to work. Try, and try again. Keep measuring what happens and you will
gradually find out what works.

When doing evaluation research following organizational change, we need to
use many and very different methods. For example, one may wish to measure job
satisfaction, turnover rates, productivity rates, quality of publications, and many
other dependent variables before deciding that a particular reform has or has not
been successful.
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In evaluating reforms, one must also consider that any particular reform con-
tinues over time and thus cannot always be evaluated at only one point. In fact,
people who are specialists in evaluation research have distinguished between for-
mative and summative evaluation. Formative evaluation examines the effects of
the change as it happens. Thus one modifies the organizational change to take
into account the results of the evaluation. In the case of summative evaluation,
on the other hand, one waits until the change has occurred, and has been in place
for some time, before making the evaluation.

Specialists in evaluation have used a variety of ways to make their evaluations.
For example, some people advocate self-study as a means of getting the group
affected by the change to assess how the particular reform has worked for them.
Another approach consists of forming a blue-ribbon committee, usually consisting
of people outside of the administrative unit in which the change has occurred, who
come in, ask a lot of questions, and make a judgment as to whether the particular
reform has been effective. Still another method is to look at particular data sets as
criteria for an effective reform. These data sets may include the dollar amounts of
grants and contracts obtained to support the research, the number of publications,
judgments about the quality of the publications, the extent to which the persons
or groups who were part of the changes are being quoted, or the reputation of the
group. Still other possibilities include bringing in a specialist with an adversarial
view, whose role is to discover that the reform is ineffective. This specialist is
usually a critic of the reform and may often uncover problems that the participants
may not see. Still another approach is goal-free evaluation, in which the evaluator
simply tries to find out what “really” is happening or has happened. The idea in
this case is that the evaluator is an unbiased spectator who can evaluate the change
most appropriately. There are also classical evaluation specialists, who utilize
“experimental” and “control” groups or look at the results of change over time.
They use the particular group’s performance prior to the introduction of a reform
as a control for the evaluation of the change that has occurred since the reform
was introduced. Still another approach is the one used by anthropologists who
look at what is happening and describe it as well as they can from the perspective
of the “natives” (the members of the organization). This is done without any idea
about the antecedents or the correlates of the observations they make.

It is often the case that a combination of these approaches may be optimal in
order to gain a really good understanding of the effects of the reform.

Another issue in evaluation research is the question of whose perspective to
take more seriously. For example, in a department in a particular organization,
the members of the department may represent one perspective, top management
may represent a different perspective, the supervisor of the department may
have a third perspective, and the peers in other departments may have a fourth
perspective. Who is to say whose perspective should be taken more seriously?
Should one weigh the various perspectives to get a single index that reflects the
particular reform?
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13.8 CASE STUDY IN ORGANIZATIONAL CHANGE

Hank Shakes the Technical Ladder

Gale Cutler, Research-Technology Management: May–June 2007

With the retirement of Tom Evers after 20 years as XYZ’s R&D vice president,
company management was forced to look outside for a replacement. They
eventually selected Henry (Hank) Sympson, a senior scientist from one of the
company’s suppliers. Hank boasted a long list of significant achievements,
many of which had benefited XYZ, so it was not surprising that management
looked to him to revitalize some of its R&D activities and improve the devel-
opment of new or improved products, which had been lagging in the last few
years. Hank set to work quickly to acquaint himself with the technical person-
nel makeup of R&D. Going over organization charts and personnel records
with Pete Gettings, the director of R&D personnel. Hank commented, “I see
a scattering of people—they seem to be fairly senior—with titles like ‘Staff
Scientist,’ ‘Staff Engineer,’ and ‘Principal Scientist.’ Who are they and what
do they do?”

Pete explained that these were the top two levels of XYZ’s technical
ladder—its top technical talent. “How do they get promoted to the top of
the technical ladder and to whom do they report?” Hank asked. Pete replied,
“Most of them were technically top notch and had run out of salary room
in their present assignment—so we made two new grades at the ‘staff’ and
‘principal scientist’ level to give them more salary room. But there is also one
case of a senior researcher who was made manager of a department but didn’t
do well in that role. Because he had been an excellent researcher, we didn’t
punish him for his inept management, we simply relieved him as a manager
and promoted him to a top spot on the technical ladder, which kept him at
the same salary level he’d had as a manager.

“The technical ladder as we use it is largely recognition for outstanding
technical performance—sort of a long term bonus,” Pete explained. “Technical
ladder personnel continue to report to the same department they were in before
their promotion to these top spots.” “These people are not a cohesive unit as
I see it,” Hank observed. “They just keep doing the same research work
and report in the same structure they previously did.” “That’s correct,” Pete
replied. “The technical ladder, as I said, is largely a reward for previous work.
We expect them to continue to be good researchers and also to spend some
time watching out for new technologies and also for any technologies that
might threaten our business. However, mostly they have just continued in
their normal research assignment.”
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Misusing the Talent?

Hank retorted that he didn’t think XYZ was using its top technical talent
properly at all. “You are emphasizing recognition when I think the emphasis
should be on utilization. You’ve just rewarded people for past efforts. I see
the top levels of the technical ladder as a separate unit made up of folks who
have demonstrated certain characteristics.” Hank listed the following:

• A source of sustained value creation for the company through their tech-
nological contributions

• A recognized innovator in their technical field
• A go-to person in their technical area for help on hard challenges and

problems
• A mentor for young scientists and engineers
• A strategic business thinker who is adept at linking new technology pro-

grams to significant business results
• An idea leader with the skills to work an issue within the organization

“I also think it’s wrong to leave top-level members of the technical lad-
der scattered throughout the organization,” Hank continued. “They need a
definite amount of autonomy, access to resources, and interaction with top
management. As soon as we can accomplish it practically, I want these folks
organized into a separate unit and I want them to report to me.” Hank told
Pete that he expected these people to continue to do research in the field of
their expertise but also to function as:

• A corporate conscience for challenging management’s thinking about
technology, related business practices and strategy

• An effective technological networker, both inside the company and in the
external scientific community

• A technology champion for emerging technological initiatives with
important business potential

• A leader who helps to strengthen the technical ladder by fostering
employee development and strategic thinking about the company’s
technology needs

• Gatekeepers in key technical and business processes

Pete thought a few moments and replied, “This is really a major organiza-
tional change. How soon do you want to implement it?” Hank said he would
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go over this with the department heads and then meet with the entire top
technical ladder group. “They will take a major share of their present work
with them but that research work will be secondary to their main function as
technology champions. This is really a strengthening of our R&D effort, par-
ticularly in the direction of new technologies. We may discover, in time, that
some of the folks we are now considering to be top technical ladder material
really don’t belong there and will have to be moved back to regular research
assignments. We should think about how to cross that bridge when the time
comes.”

Tapping Industry Peer Networks

Hank explained further that he needed to get XYZ’s top technical ladder
members into networking—connecting to key scientific/engineering com-
munities both internally and externally. He had heard about industry peer
networks—networks of noncompeting peers from other areas of the country
and from abroad. More than trade associations, industry peer networks
comprise small groups of noncompeting peers who gather regularly to
exchange information. They have to do this in an atmosphere of significant
intimacy and trust. The principal problems they can help with are inertia and
myopia. The inability of U.S. manufacturers to respond effectively in the
1980s to the entry of Japanese autos, cameras, copiers, and televisions is a
prime example of how immersion in a local context may blind companies to
disruptive external events. That’s myopia. Inertia is based on a sense that
things will always continue as they are.

“If we can get our top technical ladder people hooked into some sort
of industry peer group it might stimulate us to make some performance-
enhancing changes,” Hank exclaimed. “I’m confident that if we get our top
technical ladder people deployed in an optimal manner and urge them to do
their best, they can be expected to make strong contributions in four areas:
challenging management’s thinking about technology and strategy; effective
technological networking inside the company and in the external scientific
community; championing technological initiatives with important business
potential; and strengthening the technical ladder by fostering employee devel-
opment. Pete, I’m anxious to meet with these people and get them enthused
about my ideas of what being a member of the top of the technical ladder
means!”

Questions

1. Many (perhaps most) companies use promotion to the top spots on
the technical ladder as a reward for outstanding technical performance.
Would they truly benefit from reorganizing these members of the tech-
nical ladder along the lines Hank has suggested above?
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2. Can members of the technical ladder, most of whom have had no signifi-
cant business experience or training, be expected to be strategic business
thinkers capable of linking new technology programs to significant busi-
ness results?

3. In highly competitive industries, is it conceivable that an industry peer
network can function without giving away competitive information
which needs to be protected?

4. For a science and technology based enterprise, what skills are most
important for those holding leadership positions?

5. How important is diversity (ethnic, gender, nationality) in the ranks of
top technical talent?

13.9 SUMMARY

Organizations often need to be changed. One needs to understand problems asso-
ciated with organizational change and the action steps that might help overcome
these problems. Some individual changes can be accomplished through train-
ing, whereas others require extensive one-on-one clinical work. Some group
change can be accomplished by team building techniques; other techniques for
organizational change involve survey feedback and grid organizational develop-
ment. These aspects of individual and organizational change are discussed in this
chapter. Evaluation of the change is necessary to ascertain that desired objec-
tives are reached. Different procedures for evaluating change are outlined in the
chapter. A combination of these approaches needs to be used to cover many
perspectives and to reduce bias.

13.10 QUESTIONS FOR CLASS DISCUSSION

1. Suppose you were going to do some “team building” in your R&D lab. What
would be the steps?

2. What would be some considerations that may militate against team building?

3. What criteria for effective team building would you use?

4. Review the methods of evaluation of an organizational change. Which
method should be used for which condition?



14
MANAGING THE NETWORK
OF TECHNOLOGICAL
INNOVATION

The major players in the network of technological innovation—industry,
government laboratories, universities, and not-for-profit institutions—generally
have different goals and settings. However, they share a common emphasis
on ensuring that science and technology benefit social and/or economic ends.
Successful innovation depends upon managing relationships and communication
flows across these organizational boundaries. Moreover, activities throughout
the innovation chain—from R&D through marketing—increasingly extend
globally, and thus international networks must be accessed and managed. This
chapter addresses patterns in R&D and innovation within and between the
major sectors of industry, government, and universities. The concept of open
innovation is then discussed, followed by emerging trends related to innovation
within regional and global contexts.

14.1 OVERALL TRENDS WITHIN AND BETWEEN SECTORS

Total funding for R&D in the United States in 2006 was $340 billion. From
2002, this represented a 2.5 percent average annual change in inflation-adjusted
terms (NSB, 2008). The bulk of R&D funding is for development (60 percent),
followed by applied research (22 percent) and basic research (18 percent). Indus-
try provides the majority of funding for total research and development, plus
its implementation. It is also the major source of funding for applied research
and its implementation (Table 14.1). The federal government dominates fund-
ing for basic research, and development (mainly related to the military); while
universities dominate the performance of basic research.

274
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TABLE 14.1 Major U.S. Players in the Network of Technological Innovation

Total Basic Applied Development
$340 billion $62 billion $75 billion $204 billion

Industry Funding
Performance

$223 billion
$242 billion

$10.5 billion
$ 9.3 billion

$44 billion
$48 billion

$169 billion
$184 billion

Government Funding
Performance

$ 94 billion
$ 38 billion

$36.6
$10 billion*
*(includes
$5 billion in
FFRDCs)

$25 billion
$12 billion*
*(includes
$4.3 billion
in FFRDCs)

$33 billion
$16 billion*
*(includes
$4.3 billion in
FFRDCs)

University Funding
Performance

$ 12 billion
$ 46 billion

$ 6.2 billion
$34.7 billion

$2.4 billion
$10 billion

$0.5 billion
$1.8 billion

Other
non-profit
institutions∗∗

Funding
Performance

$ 11 billion
$ 14 billion

$ 8.4 billion
$ 7.5 billion

$3.4 billion
$4.7 billion

$1.7 billion
$2.0 billion

∗∗Includes nonprofit research institutions, and state and local governments.
Note: FFRDCs are Federally Funded Research & Development Centers.
Source: National Science Board, Science and Engineering Indicators (2008).

The pattern of R&D funding in the United States has changed markedly over
the past three to four decades. The federal government led total R&D funding
up to 1979, but by 2006 funded only about 28 percent of total R&D. Before the
late 1960s, the federal government was the primary source of funds for industrial
R&D, but it now represents less than 10 percent. While funding from academic
institutions, not-for-profits labs, and state and local governments comprises a
smaller proportion of total R&D compared to industry and the federal govern-
ment, funding from these sources grew at a rate of 6 percent per year between
1986 and 2006, which exceeded the growth rates of other funding sources (NSB,
2008). Most of this was invested in research performed in the academic sector.

While funding and performance of R&D are necessary, they are not sufficient
for innovation, which implies the creation of social or economic value in the
marketplace. Industry, through the sheer magnitude of the R&D it funds and
performs—as well as its profit orientation—plays the most prominent role in
the creation of economic value. Traditionally, innovation in the government and
universities has focused more on creation of social value. For example, the fed-
eral government supports the agricultural extension service, NASA, and funds
substantial development within the military. Universities have focused on the
goals of generating knowledge and educating the citizenry; while land grant
institutions have partnered with the government in a variety of areas, notably
agricultural extension. Not-for-profit labs such as Battelle Columbus Laborato-
ries and SRI, International, attract funding from the government and industry to
undertake research of interest to these clients. However, in the past two decades,
government, university, and not-for-profit labs have taken on a more prominent
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TABLE 14.2 Formal Mechanisms for Collaboration among Sectors in R&D
and Innovation

Government Not-for-profit
Companies Labs Universities Labs

Interaction across
sectors focused
on research and
development

FFRDC
Contract/Joint

Research
Precommercial

Research
Consortia

FFRDC FFRDC
Contract/Joint

Research
Precommercial

Research
Consortia

FFRDC
Contract/Joint

Research
Precommercial

Research
Consortia

Interaction across
sectors involving
technological
innovation.

Patent Licensing
SBIR
STTR
ATP
CRADA
New Ventures/

Spin-offs

Patent Licensing
SBIR
STTR
ATP
CRADA
New Ventures/

Spin-offs

Patent Licensing
New Ventures/

Spin-offs

Patent Licensing
New Ventures/

Spin-offs

FFRDC: Federally Funded Research and Development Center
SBIR: Small Business Innovation Research
STTR: Strategic Technology Transfer Research
ATP: Advanced Technology Partnership
CRADA: Cooperative Research and Development Agreement

role—directly and indirectly—in commercialization of research through inter-
action with industry as well as through business start-ups based on technology
developed in their labs. Table 14.2 lists major formal mechanisms through which
the sectors interact at the levels of both R&D and innovation. Some of the mech-
anisms involve a “hand off” or transfer of technology from one sector to another,
with little interaction. Other mechanisms for technological innovation involve
collaboration among the sectors to a greater or lesser degree. Many of these
mechanisms will be addressed more fully in the following sections.

14.2 TRENDS IN RESEARCH, DEVELOPMENT, AND INNOVATION
IN THE COMMERCIAL REALM

Industry is the main arena in which science and technology are commercialized,
and industry now dominates both total R&D funding and performance. This is
true not only in the United States, but also in the European Union, and in the
United Kingdom, and in Japan, Korea, and China (AAAS, 2007).

In the United States, industry employs the majority of all individuals whose
highest degree is in science and engineering S&E (NSB, 2008). In 2003, nearly 60
percent were employed by industry, including 33 percent of S&E doctoral degree
holders, and 44 percent of graduates of four-year colleges and universities. The
distribution of scientists and engineers varies among different sizes of firms. For
example, there is a tendency for doctoral-level scientists and engineers to be
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employed in very small firms (10 employees or less), or in large firms of over
25,000 employees.

What role does industrial R&D play in the innovation network? Companies
receive funding from the federal government for R&D activities, and industry
also funds research at universities and not-for-profit institutions. In 2006, industry
received $22.6 billion in R&D funding from the federal government and another
$2.42 billion in industrial FFRDCs. In 2006, industry invested $2.3 billion in
R&D at colleges and universities and another $1.4 billion in nonprofit research
organizations. However, the bulk of R&D funded by companies is spent inter-
nally or for contract R&D performed by other companies. In 2006, less than 2
percent of business R&D funding flowed to universities and other not-for-profit
organizations. Industry funds only 5 percent of all university R&D.

Table 14.3 shows how funding from industry is broken down into basic,
applied, and development.

How effective are companies at converting R&D to innovation? The amount
of R&D spent does not appear to be correlated with the ability to commercialize
it. This is demonstrated in a study reported by Studt (2007). Companies were
ranked in innovativeness as defined by metrics such as R&D as a percentage of
sales, number of patents granted, the number of new products as a percent of
sales, changes in R&D headcount, the number of new products in the pipeline,
and the organization’s overall investment in new product development. IBM,
General Electric, and DuPont led the list, followed by 3M, Toyota, Google,
Apple, Microsoft, Genentech, and Dow Chemical. However, of these top ten,
only one, Toyota, was also in the top spenders in terms of total R&D. The
average spending ranking among these top ten innovative companies in terms of
R&D budget alone was number 50, and the rankings ranged from number 2 to
number 105.

TABLE 14.3 Industrial Funding and Performance of Research and
Development in 2006

Total U.S. Basic Applied Development
$340 billion $62 billion $75 billion $204 billion

Industry Funding
Performance

$223 billion
$242 billion

$10.5 billion
(4.7%)
$ 9.3 billion
(3.8%)

$44 billion
(19.7 %)
$48 billion
(19.8%)

$169 billion
(75.8%)
$184 billion
(76.0%)

Funding $219.6 billion
to industry
$ 2.3 billion
to universities
$ 1.4 billion
to nonprofits

$8.1billion to
industry $1.7
billion to
universities
$0.75 billion
to nonprofits

$43 billion to
industry $0.62
billion to
universities
$0.34 billion
to nonprofits

$168.4 billion
to industry
$0.137 billion
to universities
$0.258 to
nonprofits

Source: National Science Board, Science and Engineering Indicators (2008).
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Mature and Start-up Companies

Both large, established companies, such as those in Table 14.4, and start-up
companies are important to technological innovation. The “unique blend of
entrepreneurial and big firm capitalism” has been a recognized and envied
competitive advantage of U.S. industry for years (Baumol et al., 2007, p 90).
Freeman and Engel (2007) suggest the wisdom of recognizing the distinct
capabilities and limitations of mature corporations and start-ups and leveraging
these through partnerships to the overall benefit of innovation. Larger, more
risk-averse companies that prefer more predictable innovation can partner with
smaller, more flexible companies open to breakthrough technology.

Small business formation is important to a variety of technology based indus-
tries, as shown in Table 14.4. Note the number of businesses formed has decreased
after the “dot-com” meltdown in 2000–2001.

TABLE 14.4 U.S. High-Technology Small Business Formation, by
Technology Areas: 1991–2004

Technology area 1991–93 1994–96 1997–99 2000–02 2003–04

All formations 3,122 4,176 3,862 2,197 1,136
Factory automation 241 187 125 141 175
Biotechnology 151 138 148 133 69
Chemicals 68 48 23 23 12
Computer hardware 305 301 201 159 112
Defense 20 14 10 6 14
Energy 106 85 65 65 70
Environmental 121 101 51 32 14
Manufacturing

equipment 171 177 115 82 109
Advanced materials 134 86 58 32 76
Medical 195 162 136 85 54
Pharmaceuticals 66 79 90 67 26
Photonics 85 63 58 44 41
Computer software 608 789 980 569 117
Subassemblies and

components 222 177 111 102 105
Testing and

measurement 93 67 46 51 30
Telecom/Internet 486 1,674 1,619 590 71
Transportation 50 28 26 16 41

Notes: Small businesses are firms with <500 employees. Firms are partnerships or private or publicly
owned companies that are not units of other companies or partnerships. Technology areas defined
by Corporate Technology Information Services, Inc. (Corptech).
Source: Corptech, http://www.corptech.com/index.php, special tabulations (15 June 2007). NSB,
Science and Engineering Indicators, 2008.
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Risk Capital and Technological Innovation

Funding through risk capital, which includes venture capitalists and angel
investors, is requisite for a thriving environment for start-ups. The risk capital
community also plays an important networking role in joining start-ups and large
companies. The United States has established itself as the global leader in risk
capital. According to Ernst and Young (2007), the major areas of investment for
U.S. venture capitalists tend to be concentrated in technology-based solutions in
leading edge areas such as:

• Cleantech: Energy, air and water treatment, industrial efficiency, new mate-
rials, waste, and management

• Web 2.0: Dynamic interface facilitating participation through user-created
content, networking, and collaboration; pod-casting, tagging, blogs, social
networking, mash-ups, and wikis

• Healthcare: Biotechnology, pharmaceuticals, and devices

The amount invested and the level of risk associated with ventures is aligned
with economic trends overall, as can be seen in Table 14.5. From 1997
through 2006, the number of start-ups funded with venture capital peaked
in 2001 and dropped precipitously thereafter. While most start-ups fail, the
10 percent that are successful take one of two major routes: an initial public
offering (IPO) or a merger/acquisition with another more established company.
A merger or acquisition is the most frequent route to exit for venture-funded
companies.

After 2001, venture funding shifted toward investment in expansion and later-
stage investments in existing businesses versus more risky seed/start-up and early
stage funding. Another sector of investors, angel investors, has emerged to fund
companies in these nascent stages (Table 14.6). The global economic downturn
that became evident in 2008 has substantially reduced the level of angel investing
and caused early-stage inventors to become more circumspect.

14.3 TRENDS IN RESEARCH, DEVELOPMENT AND INNOVATION
IN THE FEDERAL GOVERNMENT

The major goal of federally funded R&D is to fulfill the government’s mission
in areas such as defense, health and energy, social welfare, as well as economic
growth. In 1964 the federal government funded 67 percent of all U.S. R&D;
in 2006 funding decreased to 28 percent or $94 billion of all U.S. R&D. This
downward trend in the percentage of government funding of total R&D expen-
ditures is reflected in many other major countries, including the European Union
overall, as well as France and the U.K.; and Canada. In Japan and Germany the
proportion of R&D funded by the government between 1990 and 2002 remained
more stable (Science and Engineering Indicators, 2006).
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TABLE 14.5 U.S. Venture Capital Investment, by Number of Businesses
and Financing Stage: 1997–2006

Stage 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Number

Businesses 2,536 2,973 4,410 6,340 3,787 2,619 2,416 2,574 2,646 2,910

Investment ($mils)

All stages 14,903 21,099 54,206 104,983 40,697 21,830 19,685 22,138 22,779 25,923
Seed/
start-up 1,316 1,769 3,254 3,119 722 297 338 412 795 1,146
Early 3,580 5,549 11,910 25,672 8,708 3,904 3,546 4,032 3,689 3,951
Expansion 7,728 10,554 30,182 59,867 23,088 12,383 10,047 9,261 8,678 11,479
Later 2,279 3,227 8,860 16,325 8,179 5,246 5,754 8,433 9,617 9,347

Percent Distribution

All stages 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Seed/
start-up 8.8 8.4 6.0 3.0 1.8 1.4 1.7 1.9 3.5 4.4
Early 24.0 26.3 22.0 24.5 21.4 17.9 18.0 18.2 16.2 15.2
Expansion 51.9 50.0 55.7 57.0 56.7 56.7 51.0 41.8 38.1 44.3
Later 15.3 15.3 16.3 15.6 20.1 24.0 29.2 38.1 42.2 36.1

Notes: Business includes anything from an entrepreneur with an idea to a legally established oper-
ating company. Seed/start-up includes proof of concept (seed), research, product development, or
initial marketing. Early includes financing for activities such as initial expansion, commercial manu-
facturing, and marketing. Expansion includes major expansion of activities, or to prepare a company
expecting to go public within 6–12 months. Later includes acquisition financing and management
and leveraged buyout.
Source: Thomson Financial, National Venture Capital Association Yearbook 2007, National Venture
Capital Association. NSB, Science and Engineering Indicators, 2008.

TABLE 14.6 Investment, Number of Businesses, Investors,hb and
Employment for Angel Investment: 2001–06

Businesses
receiving Angel Total Average

Investment investment investors employment Employment/ investment/
Year ($billions) (number) (number) (number) business business ($)

2001 30.0 NA NA NA NA NA
2002 15.7 36,000 200,000 NA NA 436,111
2003 18.1 42,000 220,000 NA NA 430,952
2004 22.5 48,000 225,000 141,200 2.9 468,750
2005 23.1 49,500 227,000 198,000 4.0 466,667
2006 25.6 51,000 234,000 201,400 3.9 501,961

NSB, Science and Engineering Indicators, 2008.
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The federal government is the primary supporter of R&D at universities and
colleges in the United States (NSB, 2008). In 2006, 30 percent of federal R&D
funds were awarded to universities, and this represented 57 percent of total uni-
versity R&D funding. Twenty-six percent of the $94 billion went to federal
agencies, 24 percent to industry, and 6 percent to nonprofit R&D labs. The
remaining 14 percent went to Federally Funded Research and Development Cen-
ters (FFRDCs) associated with industry, universities, or nonprofits. The federal
government performs about 11 percent of the nation’s R&D.

Seven agencies account for 96 percent of the $24 billion funding to federal
agencies, and about half is typically allocated to the Department of Defense. The
Department of Health and Human Services (HHS)—predominantly the National
Institutes of Health (NIH)—was awarded $5.6 billion in FY 2007. The United
States Department of Agriculture (USDA) and the National Aeronautics and
Space Administration (NASA) each received over $1 billion. Thirteen billion
of the federal funds went to the Federally Funded Research and Development
Centers (FFRDCs). First established during World War II, these centers are inde-
pendent nonprofit entities sponsored and funded by the U.S. government to bring
together the expertise of government, industry, and academia to solve complex
technical problems. There are currently more than 40 different FFRDCs funded
by the government. They operate in defense, energy, aviation, space, health and
human services, and tax administration related agencies. Nearly one-half are
associated with the Department of Energy (DOE).

Vehicles for Commercializing Technology

The federal government has long supported application of the technology it funds
or develops. Extension services associated with federal agencies, most notably
the USDA, have traditionally diffused government-funded technology to users.
Those in the United States, according to Walsh and Kirchhoff (2002, p 137), “are
no longer solely funded to provide technology for national security imperatives.
Instead they have been given a new set of objectives that add a focus for creat-
ing technology for commercial use and transferring it to the private sector.” To
facilitate this process, Chifos and Jain (1997) developed a method for selecting
technologies developed in federal labs that have the most potential for licensing
to industry.

With the exception of research funded by DOD, which is often classified,
the federal government has increasingly encouraged the commercial exploitation
of the R&D it funds not only in federal agencies, but also in universities and
not-for-profit labs. Since the early 1980s, the federal government implemented
a set of initiatives that actively encourage commercialization of the research it
funds or performs (Table 14.7). The Federal Technology Transfer Act of 1986,
also known as the Bayh-Dohl Act, catalyzed technology transfer by allowing
licensing of patents resulting from federally funded research to companies. It
also established Cooperative Research and Development Agreements (CRADAs),
which involve not only licensing but increased collaboration with industry in
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TABLE 14.7 Federal Initiatives Implemented to Encourage
Commercialization of Research*

(1) 1980: Stevenson-Wydler Act made technology transfer a part of government
R&D agencies’ missions and created mechanisms to facilitate transfer;
required set up of technology transfer offices.

(2) 1980 and 1983: Bayh Dole Act of 1980, and 1983 Presidential Memorandum
on Government Patent Policy, authorized government agencies to license
government technology to commercial firms.

(3) 1984 and 1986: Trademark Clarification Act of 1984 and Federal Technology
Transfer Act of 1986 eliminated potential barriers to technology transfer and
provide government agencies incentives to enter into agreements.

(4) 1986: Federal Technology Transfer Act required scientists and engineers to
consider technology transfer to be an individual responsibility and stipulated
technology transfer activities to be included in performance evaluations; also
enabled government owned and operated labs to enter into Cooperative
Research and Development Agreements (CRADAs) to negotiate licensing
agreements and to exchange personnel, services and equipment among labs
and nonfederal partners.

(5) 1987: Executive Order 12591 required labs to grant contractors titles to patents
when the patent was developed with federal funds in exchange for a
royalty-free license to enable government use.

(6) 1989: National Competitiveness Technology Transfer Act extended use of
CRADAs to government and contractor operated labs.

(7) 1995: National Technology Transfer and Advancement Act made CRADAs
more attractive to federal labs and scientists and private industry by assuring
companies would be granted adequate Intellectual Property to motivate
prompt commercialization of inventions that arose from a CRADA; also
gave companies the right to exclusive or non exclusive license to inventions
arising from a CRADA.

∗Derived from: Franza and Grant, 2006.

technology development through exchanges of personnel and equipment. Other
programs supported the creation of entrepreneurial ventures from federally funded
research.

Table 14.8 shows trends in patenting associated with research performed in
government labs. Patenting by the U.S. government has declined, from 1258
granted in 1994 to 724 in 2007, mainly because it now encourages recipients
of federal funds to patent findings and to license them. Note, too, that patents
granted to the U.S. government have historically been dwarfed by patents granted
to U.S. corporations and foreign corporations. (Table 14.9).

Collaborative Models for Technological Innovation

The distinction between licensing of intellectual property and “co-development”
of technology is important, and demonstrates that contemporary models of tech-
nology transfer have become less linear and more interactive. The U.S. Federal
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TABLE 14.8 Federal Technology Transfer Indicators and Intellectual
Property Measures, by Selected U.S. Agency: FY 2002–05

Agency 2002 2003 2004 2005

USDA
Patents issued 53 64 50 27
Active invention licenses 267 270 296 320
New invention licenses 26 27 29 33

DOD
Patents issued 617 619 559 430
Active invention licenses 350 361 364 406
New invention licenses 39 49 360 60

DOE
Patents issued 551 627 520 467
Active invention licenses 1,327 1,223 1,362 1,535
New invention licenses 206 172 168 198

NIH/FDA
Patents issued 88 86 122 66
Active invention licenses NA NA NA NA
New invention licenses 231 209 276 313

NASA
Patents issued 128 136 157 NA
Active invention licenses 290 295 345 NA
New invention licenses 52 66 90 NA

NSB, Science and Engineering Indicators, 2008.

TABLE 14.9 U.S. Patents Granted to the Federal Government

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

U.S. Govern-
ment

1258 1028 924 944 1028 984 928 957 913 882 842 698 792 724

All U.S.
Patents

101676 101419 109645 111984 147518 153485 157494 166035 167331 169022 164291 143806 173772 157283

Source: US Patent and Trademark Office.

Laboratory Consortium, for example, defines technology transfer as “the process
by which existing knowledge, facilities or capabilities developed under federal
R&D are utilized to fulfill public or private domestic needs.” In this sense tech-
nology transfer connotes a hand-off of technology from the organization to the
client and reflects a sequential technology push model that begins with basic
research, which is then applied and developed. While licensing of technology
developed with federal funding remains important, other more interactive mech-
anisms that join personnel from government funded laboratories and industry in
the development and commercialization of technology have emerged. In addi-
tion, private government labs now encourage their scientists and engineers to
participate in business start-ups as a vehicle to transfer and develop technology.
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Examples of collaborative mechanisms for encouraging commercialization of
federally funded R&D are summarized in Table 14.10.

Tables 14.11 to 14.13 provide trend data relevant to these collaborative mech-
anisms. Table 14.11 shows that the amount of funding for SBIRs (Phase I and
II) increased from $916 million in 1996 to $1.9 billion in 2005. The amount of
funding for STTRs also increased, from $64.4 million in 1996 to $220 million in
2005 (Table 14.12). ATP funding for high risk research peaked in 1995 at $827
million and has since leveled off to $270 mil in 2004 (Table 14.13). Acronyms
are spelled out in Table 14.10

Since the National Competitiveness Technology Transfer Act (NCTTA)
was implemented in 1989, national labs have been encouraged to foster
entrepreneurial ventures as a way to transfer technology. Spin-off activity
has historically been low in government labs and universities. Kassicieh
and colleagues (1996) researched the environmental variables that supported
entrepreneurial spin-offs and the frequency of spin-offs in three large national
labs—Sandia, Los Alamos, and Oak Ridge. From about 1985 through 1995, Los
Alamos reported 36 spin-offs, Oak Ridge 25, and Sandia, the largest in terms of
number of employees, had only four spin-offs. Unlike the other two labs, Sandia

TABLE 14.10 Mechanisms to Encourage Collaboration across Sectors
in Technological Innovation

Cooperative Research and Development Agreement (CRADA)
An agreement between a government agency and a private company to work together.
A CRADA is intended to speed the commercialization of technology, optimize
resources, and protect the private company involved. Formed by the Stevenson-Wydler
Technology Act of 1986, a CRADA also allows both parties to keep research results
confidential for up to five years under the Freedom of Information Act.

Small Business Innovation Research (SBIR)
Started in 1982, SBIR funds the critical start-up and development stages and
encourages commercialization of technologies, products, or services, which, in turn,
stimulates the U.S. economy. Government agencies identify problems and provide
support to Principle Investigators at small companies to address solutions.
Coordinated by the Small Business Administration (SBA) and directed toward
American-owned for-profit business with fewer than 500 employees.

Small Business Technology Transfer Program (STTR)
Expands public/private sector partnerships between small businesses and nonprofit
U.S. research institutions. Five federal departments and agencies are required by
STTR to reserve a portion of their R&D funds for awards to small business/nonprofit
research institution partnerships. Coordinated by SBA.

Advanced Technology Program (ATP)
Started in 1990. ATP helps industry invest in longer-term, high risk research.
Although the ATP was designed to assist U.S. businesses specifically, its defining
legislation also directs that it “aid industry-led U.S. joint R&D ventures, which may
include universities and independent research organizations.”
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TABLE 14.11 SBIR Award Funding, by Type of Award and Federal agency:
FY 1983–2005

(Millions of current dollars)
FY All DOD HHS NASA DOE NSF DHS1 USDA DOT EPA ED DOC

1996 916.3 479 189 114 62 41 na 9 7 5 3 6
1997 1106.9 569 252 121 75 54 na 10 8 6 4 7
1998 1066.7 540 267 96 76 53 na 13 6 5 5 7
1999 1096.5 514 314 89 81 60 na 13 6 5 5 7
2000 1190.2 549 355 93 86 65 na 15 6 8 6 7
2001 1294.3 576 412 106 87 72 na 16 6 6 7 7
2002 1434.7 621 487 110 96 78 na 17 6 6 8 7
2003 1670.3 804 531 109 94 90 na 17 3 6 8 8
2004 1867.6 929 572 106 104 90 19 19 4 8 9 9
2005 1865.9 926 580 113 100 79 22 19 4 6 8 9

Science and Engineering Indicators, 2008.

TABLE 14.12 STTR Award Funding, by Type of Award and Federal Agency:
FY 1983–2005

(Millions of current dollars)
FY All DOD HHS NASA DOE NSF

1996 64.4 29 18 9 5 3
1997 69.0 37 13 12 4 3
1998 64.8 33 17 6 5 3
1999 65.0 31 20 6 5 3
2000 70.0 33 22 6 5 5
2001 71.4 27 25 6 5 8
2002 91.6 43 31 7 6 6
2003 92.1 43 31 6 6 6
2004 184.6 89 67 13 11 10
2005 220.3 114 73 13 12 9

Science and Engineering Indicators, 2008.

had no formal preference policy for local development or spin-offs, no incentive
for patenting, no sharing of licensing royalties with inventors, and no allowance
for external consulting and thus exposure to business. Given the importance
of personal characteristics to entrepreneurship, they recommended hiring
people who are predisposed to entrepreneurial activity as indicated by external
consulting and involvement in business outside the lab. Since that study, Sandia
has made important strides in its efforts to commercialize research. Along with
the National Renewable Energy Lab and Oak Ridge National Laboratory, it is
a key player in DOE’s Entrepreneur in Residence (EIR) program. Implemented
in spring 2008, its goal is to allow entrepreneurs with proven start-up ability to
work directly with scientists and engineers at National Labs. They help identify
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TABLE 14.13 Advanced Technology Program Projects, and Funding:
FY 1990–2004

Year Projects $Total $ATP $Industry

1995 103 827 414 413
1996 8 37 19 18
1997 64 304 162 142
1998 79 460 235 225
1999 37 212 110 102
2000 54 274 144 130
2001 59 286 164 122
2002 61 289 156 133
2003 67 257 154 103
2004 59 270 155 115

Science and Engineering Indicators, 2008.

opportunities and develop business plans and structures and also will aid in
redesigning the lab’s overall approach to spin-offs.

What contributes to successful technology transfer from federally funded R&D
to the market? Regardless of whether technology transfer involves licensing or
more collaborative arrangements, formal and informal structures that facilitate
communication between organizations, adequate funding, and a business plan
are key. In their study of U.S. Air Force Research, Franza and Grant (2006)
found seven critical factors that had the greatest impact on whether technology
transfer in publicly supported labs succeeds or fails:

1. The developer establishes a dedicated technology transfer unit within the
organization.

2. The transfer agent is located close to the developing organization.
3. The developing organization targets advertising to relevant industries.
4. The acquiring organization facilitates informal transfer processes.
5. The acquiring organization funds the transfer project adequately.
6. The acquiring organization has a business plan for commercializing tech-

nology.
7. Both the developing and the acquiring organization share personnel over

the life of the transfer project.

14.4 TRENDS IN RESEARCH, DEVELOPMENT, AND INNOVATION
IN UNIVERSITIES

As indicated in Table 14.4, while universities performed only 14 percent of U.S.
R&D in 2006, they performed about 56 percent of the nation’s basic research.
This has historically been the case. Universities performed $10 billion (about 13
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TABLE 14.14 University Research Funding and Performance in 2006
(NSB, 2008)

Total U.S. Basic Applied Development
$340 billion $62 billion $75 billion $204 billion

University Funding

Performance

$12 billion
(3.5%)
$46 billion
(13.5%)

$6.2 billion
(10%)
$34.7 billion
(56%)

$2.4 billion
(3.2%)
$10 billion
(13%)

$0.5 billion
(0.25%)
$1.8 billion
(0.9%)

percent) of the nation’s applied research, and $1.8 billion (less than 1 percent)
of U.S. development (excluding university administered FFRDCs). Universities
obtain research funding mainly from the government (61 percent). Approximately
20 percent is funded from internal institutional sources, and the remaining 20
percent comes from state and local government and business. By supporting
research in academia, industry gains access to both cutting-edge research and
highly talented personnel trained at the academic institutions. On the other hand,
the university researchers benefit from funding, industry research facilities, and a
clear understanding of user and societal needs. Many industry–university inter-
actions have benefited from a variety of federal and state government programs
set in place explicitly to encourage such collaboration. This sort of interaction
has also helped in undertaking research activities that cover the full spectrum
from basic research to application and commercialization.

Universities have increasingly been trying to attract revenues for their research
through both licensing and start-up activity. High-profile university spin-offs
include Google, Genentech, Chiron, Cirrus Logic, and Netscape (Baumol et al.,
2007, p. 263). Table 14.15 shows marked increases in university-based patents,
licenses, revenues, start-ups, and equity positions.

As government support for university research has declined, technology
licensing has augmented revenue. The Bayh–Dole Act of 1980 requires that
licensing revenue from federally funded research be split between the university
and the faculty inventors; the university portion of revenue can be spent only on
research (Thursby and Thursby, 2007). Other factors beyond Bayh-Dole explain
the proliferation of patents and licensing by universities, including the rise in
research related to the fields of genetic engineering and computers software; the
U.S. patent office also widened the range of inventions that could be patented
(Colyvas et al., 2002).

The Bayh-Dole Act also influenced the rise of university-based technology
transfer offices, which often have the responsibilities of deciding which inven-
tions will be patented, funding patenting, and negotiating licensing rights for
inventions. The prevailing model of a centralized office for bridging between uni-
versities and industry has recently been questioned. Litan and colleagues (2007)
and Baumol and colleagues (2007) argue that centralized university technology
transfer offices have become bottlenecks rather than the facilitators of innovation
they were originally intended to be. Because technology transfer offices typically
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TABLE 14.15 Academic Patenting and Licensing Activities: 1996-2005.

Activity 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
indicator (131) (132) (132) (139) (142) (139) (156) (165) (164) (158)

Millions of Dollars
Net royaltiesa 290.1 391.1 517.3 583 1,012.00 753.9 868.9 866.8 924.8 1,588.10
Gross royaltiesa 365.2 482.8 613.6 675.5 1,108.90 868.3 997.8 1,033.60 1,088.40 1,775.00
Royalties paid to

others 28.6 36.2 36.7 34.5 32.7 41 38.8 65.5 54.4 67.8
Unreimbursed

legal fees
expended 46.5 55.5 59.6 58 64.2 73.4 90.1 101.3 109.2 119.1

Number
U.S. patents

granted 1,776 2,239 2,681 3,079 3,272 3,179 3,109 3,450 3,268 2,944
Start-up

companies
formed 184 258 279 275 368 402 364 348 425 418

Revenue-
generating
licenses/
options 4,958 5,659 6,006 6,663 7,562 7,715 8,490 8,976 9,543 10,251

New licenses/
options
executedb 2,209 2,707 3,078 3,295 3,569 3,300 3,660 3,855 4,087 4,201

Equity licenses/
options 113 203 210 181 296 328 373 316 318 278

NA = not available
a One-year spikes in royalty data reflect extraordinary one-time payments.
b Data prior to 2004 may not be comparable with data for 2004 and beyond due to change in survey
wording.
Notes: Number of institutions reporting given in parentheses. Data from nonuniversity hospitals and
medical institutes not included.
Source: Association of University Technology Managers, AUTM Licensing Survey (various years).
NSB, Science and Engineering Indicators, 2008.

measure their effectiveness in terms of revenues generated versus the volume of
and speed of licenses implemented, they focus on what are viewed as the most
lucrative licenses versus smaller innovations or those with predominantly social
benefit. Moreover, the offices tend to foster a linear model of innovation: research
is performed, inventions are disclosed, technology licenses are executed, income
is received, and wealth is generated. Technological innovation is increasingly
dependent on networks, however, and technology transfer might best be accom-
plished by being decentralized and placed in the hands of university faculty, who
act as free agents. Their social capital—relationships with peers inside and out-
side the university—allows them to recognize opportunities for research and for
commercializing findings, whether through licensing or spin-offs. In this model
the success of technology transfer is based on volume versus revenue maximiza-
tion. Technology transfer offices serve as one option for the university inventor in
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seeking services and expertise related to licenses and start-ups. However, faculty
can also patent and negotiate terms with licensees on their own, so long as there
is a return to the university.

Patents and licenses have limitations as a means to transfer technology from
universities. First of all, while the number of licenses has increased, ten or so top
research intensive universities dominate in patents granted. And, of these patents,
only a handful benefits their universities through license fees and royalties. Very
few university-based technology transfer offices break even. Secondly, the value
of university patents as a technology transfer mechanism appears to be related
to the industry sector and the level of development of the technology. Perkman
and Walsh (2007) found that patents ranked low as a mechanism except in the
pharmaceutical industry; and Colyvas and colleagues (2002) found that patent-
ing was important for a subset of university technologies: embryonic research
activities for which few networks exist.

It appears, then, that universities should not pursue licensing revenue at the
expense of other more traditional open channels; and university success in
catalyzing innovations should not be measured solely by patents and licenses.
Research by Perkman and Walsh (2007) suggests that through consulting
and contract research universities played a role in the latter stages of the
innovation cycle related to commercialization. Cohen and colleagues (2002)
showed that the most important channels for accessing public research were not
licenses or even cooperative ventures but decentralized and long-standing public
and personal channels—publications, conferences, informal interactions, and
consultancies.

In summary, there are many ways industrial and governmental research lab-
oratories can leverage their investment in research by developing partnerships
with academic institutions. For example:

• Provide seed money to a university researcher to explore an area of interest
to an industrial consortium. If research results are promising, other agencies
such as the National Science Foundation (NSF) may provide funding to
continue the effort.

• Provide support to carry out, beyond the basic research stage, research activ-
ities originally funded by NSF or other noncommercial organizations.

• Provide graduate student support for research projects. This engages not
only the student but a significant effort of faculty in a research area at a
very nominal cost. Experience shows this has other benefits as well, such
as the availability of trained scientists in areas of interest to the sponsor.

• Jointly build and operate some aspects of a research facility, thus sharing
equipment, personnel, and costs. There are numerous successful examples
of such endeavors.

• Create research technology centers at universities.
• Exchange research personnel.
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14.5 OPEN INNOVATION, REGIONAL ECONOMIC DEVELOPMENT,
AND THE GLOBAL INNOVATION NETWORK

The preceding discussion showed the growing interaction among the indus-
trial, government, and university sectors throughout the innovation process, from
R&D to the marketplace. Reaching beyond organizational boundaries is part of
a broader trend of “open innovation,” or “networked innovation,” in which ideas
and talent are accessed from wherever they are needed and in which a diver-
sity of perspectives and creativity leads to greater variety and problem solving.
(Chesbrough and Appleyard, 2007; Harryson, 2008).

Open innovation is predicated on the fact that no one organization alone
has the requisite depth and breadth of expertise in R&D, market intelligence,
scale-up, and commercial launch requisite for consistent success in technological
innovation. In the commercial realm, Proctor and Gamble is among the leading
companies that have embraced open innovation (Dodgson et al., 2006). CEO
A.G. Lafley has established a company-wide of objective of obtaining 50 per-
cent of its new products from the outside. P&G’s global Connect & Develop
initiative has become a model other companies are attempting to mimic (McGre-
gor, 2007). Technology powerhouse IBM has recognized the need to leverage
its own well-endowed R&D efforts with external partnerships. Cisco’s devel-
opment of telepresence has catalyzed collaboration at a distance, even globally,
by providing an increasingly authentic experience between people, places, and
events. Moreover, Cisco’s innovations resulted from R&D and partnerships with
both customers and competitors, making it a truly collaborative and networked
enterprise. The trend toward open innovation is also reflected in the collabo-
rations among industry, the government, universities, and not-for-profit labo-
ratories discussed above: licensing, SBIRS, STTRs, ATPs, and entrepreneurial
spin-offs.

The power of open innovation is being harnessed in regional economic
development as well as in the international arena, each of which is discussed
below.

Regional Economic Development and Innovation: Clusters

The concept of cluster development has gained attention as a means of spurring
regional economic development based on innovation (Weick et al., 2003; Porter,
1998). Michael Porter defines clusters as geographic areas of integrated activity
among a variety of competing firms, their suppliers and customers, and other
firms and institutions that provide infrastructure, education, and coordination.
The dynamic interaction of people from commercial, government, academic, and
not-for-profit organizations in close proximity has led to hotbeds of innovation in
areas such as Silicon Valley, Research Triangle Park, Austin (Texas), the Wash-
ington, D.C., area, and San Diego. Less high-profile areas also have benefitted
from the cluster concept. While the specific combination of cluster participants
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in these areas differs, the common factors of success in clusters include the
following:

• Highly skilled labor, most often associated with a university
• Small and large companies, which can leverage one another’s expertise,

distribution channels, reputation, and so on
• An investor community (venture capital and angels), which not only provides

funding for new ventures, but also links entrepreneurial firms with larger
corporations and other resources

• Government-assisted programs for recruiting firms to a region and sponsor-
ing business incubators

• Professional service organizations—executive search, accounting and law
firms, which broker relationships

• A “work, live, and play” environment that supports an appealing quality of
life and fosters tolerance for diversity (Florida, 2002; Kao, 2007, p. 122)

While electronic communication would seem to make geographic proximity
less important, regional clustering still matters (Lipinski et al., 2008; Kao, 2007;
Florida, 2002). The personal and professional relationships among cluster par-
ticipants engender trust, which translates into the “social capital” that holds a
cluster together and insures that technological opportunities remain in a region.

Global Innovation Networks

Science, technology, and innovation are increasingly distributed globally. Geo-
graphic clustering is important, but so is networked innovation that transcends
national boundaries and links local and global activities. The United States is
not alone in focusing on innovation as a source of competitiveness, and has no
monopoly on talent and resources behind innovation. A review of a sample of
indicators related to R&D and innovation demonstrates its global nature.

1. Total U.S. spending on R&D places it first in the world, followed by China,
Japan, Germany, and France. However, when national R&D as a percentage
of GDP is considered, Japan and Korea are followed by the United States
(Table 14.16).

2. When natural science and engineering degrees per 100 24-year-olds are
measured, countries on the top include Taiwan, Finland, Lithuania, South
Korea, and Australia. The United States ranks only in the top 20 (Science
and Engineering Indicators, 2006).

3. The number of utility patents in force worldwide in 2005 was highest in
Japan, followed by the United States, Korea, Germany, and France. While
Japan and the United States also dominate patents filed, the growth rates of
Korea and China and the total applications filed were notable and exceeded
that of the European Union (WIPO, 2007).
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TABLE 14.16 International R&D Funding*

Amount Invested (and % of
total world R&D) in 2007, Total National R&D as a %

Country in $U.S. billion of GDP in 2006

U.S. $ 353 (31%) 2.7%
China $ 175 (16%) 1.4%
Japan $ 144 (13%) 3.4%
Germany $ 65 (6%) 2.5%
France $ 44 (4%) ---
India $ 42 (4%) ---
U.K. $ 40 (4%) ---
S. Korea $ 38 (3%) 3.0%
Other EU $ 101 (9%) ---
All Other $ 123 (11%) ---
Total World $1,124 billion

∗Source: AAAS, 2008.

4. Venture Capital: While the United States has the strongest venture capital
community and levels of investment ($25.7 billion in 2006), risk capi-
tal is growing in Europe, China, Israel, and India; and future growth is
expected in Brazil, Russia, Korea, Turkey, Indonesia, and Vietnam. (Ernst
and Young, 2007).

5. From the standpoint of industry, of the top 20 companies worldwide that
fund R&D, in 2006, eight were U.S. based, eight were European-based,
and four were headquartered in Asia (Dehoff and Sehgal, 2007).

6. Countries the world over have designed novel ways of fostering techno-
logical innovation. Kao (2007) has identified strong growth in innovation
hubs in Singapore, India, Finland, Denmark, China, and Brazil.

7. As R&D and innovation have spread globally, so has transnational activity
as measured by co-authored scientific articles, co-invented patents, and
cross-border investment by venture capital firms as described below:
• From 1985 through 2005, the number of internationally co-authored arti-

cles has risen six-fold (OECD, 2007).
• The world share of patents involving co-invention increased from “4

percent in 1991–93 to 7 percent in 2001-03” (OECD, 2007).
• In 2005–06, 30 percent of all venture capital invested was cross border,

intra-regional and transatlantic/Pacific (Ernst and Young, 2007).

U.S. companies are investing overseas not only to manufacture and sell prod-
ucts, but are increasingly setting up R&D laboratories. Establishing “global
innovation networks” allows companies to gain customer input into new prod-
ucts, meet regulatory requirements, and tap into local pockets of expertise (Wolf,
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2006; Dehoff and Sehgal, 2007). Foreign affiliates of U.S. multinational corpora-
tions performed about $28 billion in R&D abroad in 2004. Boeing, for example,
has research activity in Australia, Canada, Japan, Russia, Europe, and a small
presence in China. General Electric has established labs in China and India.
Proctor and Gamble has R&D activities in Europe, Asia, India, Latin America,
and Canada. Companies from overseas also invest in the United States over $25
billion annually, and nearly $30 billion in 2005.

Start-ups are increasingly international from their advent (Kao, 2007; Doz et
al., 2001). SKYPE, for example, was founded by entrepreneurs from Sweden and
Denmark, using software developers from Estonia and start-up capital from U.S.
and European VCs. “Weightless ventures” that rely mainly on global outsourc-
ing are emerging. Kao (2007, p 189) writes of a virtual biotechnology venture
that operated with a single employee from chemical research through phase two
clinical trials thanks to global alliances and contracts.

Accessing and Managing the Open Global Innovation Network

The research community has long participated in international conferences and,
as was mentioned above, collaborative research projects that result in co-authored
articles and patents are commonplace. New mechanisms that facilitate interna-
tional relationship building related to technological innovation have now emerged
given the number and breadth of linkages possible in global innovation networks.
National governments have sponsored offices in other countries with the purpose
of learning about innovation models and fostering cross-border linkages. Through
“Finnode” for example, Finland has gained presence in California’s Silicon Val-
ley, as well as in Japan. Denmark has established similar outposts (Wolf, 2006).
Networking conferences have emerged throughout the world in which research
institutes actively seeking global partnerships in technological innovation show-
case their abilities. Other conferences provide a venue in which inventors and
start-up companies from throughout the world can expose their venture ideas to
investors. These events often have themes such as clean-technology or bioscience.

Several Internet-based services are available, which widen access to the global
innovation network for R&D providers and users, including universities, gov-
ernment and not-for-profit labs, small and large companies, and independent
inventors (Table 14.17).

Open innovation implies managing a network of organizations in which valu-
able knowledge must sometimes be shared. Organizations and managers need
to create conditions that build and sustain trust, and insure equitable allocations
of the returns earned from innovation (Miles, 2007). Leaders need to regularly
acknowledge the contributions of the various organizations involved.

Global innovation networks clearly offer a powerful manner of harnessing
talents and resources regardless of location. The long-term success of these
networks, however, is predicated on a human concept more fundamental than
prowess in science and engineering, skills in production and marketing, and
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TABLE 14.17 Internet-Based Technology Transfer Services

UTEK Corporation (utekcorp.com)
Global network of over 2,000 universities, research laboratories, and companies.
Facilitates worldwide technology transfer via a proprietary database of intellectual

properties available for license.

yet2.com
Online international marketplace of technology for license.
Provides consulting services related to out-licensing as well as technology needs; and

assists in deal making.

InnoCentive.com
Matches organizations with problems—corporations, government agencies, and

nonprofits—with problem solvers.
Organizations post challenges related to product development and other business and

science problems, and cash rewards are offered to people who can solve the problems.

financial resources. The most formidable challenge to realizing the promise of
global innovation networks is establishing a foundation of trust.

14.6 SUMMARY

Modern technological innovation is best understood as an open, decentralized
global network of organizations. In the United States, companies, government,
and universities fund and perform different types of research. Industry dominates
in total R&D funded and performed, as well as applied research and devel-
opment funded and performed. The federal government dominates in funding
basic research, and also in funding development related to the military. Univer-
sities dominate in the performance of basic research. The major players in the
network share a common emphasis on ensuring that science and technology ben-
efits social and/or economic well-being, and increasingly the latter. Formal and
informal mechanisms for transferring technology from government and universi-
ties to the commercial realm, and mechanisms in which business, academe, and
government collaborate in technological innovation are proliferating. Patenting,
licensing, and start-up activity from universities is increasing, government labs
are supporting spin-offs, and SBIR and STTR awards have increased.

In the United States, seed and venture funding has fueled technology-based
entrepreneurial ventures, though the availability and direction of this funding is
highly sensitive to economic conditions in general. A weak economy means less
risk capital and less opportunity to fund early-stage technology-based ventures.

The network of technological innovation has become globalized in terms of
R&D funding, education in science and technology, patenting, and venture capi-
tal. Innovation hubs that rival those in the United States are emerging worldwide.
Cross-border collaboration in research and development as well as commercial-
ization is on the rise. Indeed some new technology-based ventures—Skype, for
example—are international from their inception.
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What does this dynamic, complex, open network imply for managing tech-
nological innovation? Organizations need to focus on what they do best and
embrace opportunities to partner with organizations with complementary capa-
bilities, domestically and internationally. Informal professional contacts of R&D
personnel, and professional business development personnel, are critical to identi-
fying and forging linkages. Mechanisms for communicating and accessing oppor-
tunities for relationships through consultancies, conferences, and electronic means
are flourishing. The success of networked innovation, however, requires that a
foundation of trust be established. Partners must believe that contributions and
benefits will be fairly distributed.

14.7 QUESTIONS FOR CLASS DISCUSSION

1. What technology-based clusters are in your region, and how successful are
they? If there are no clusters, which ones might be appropriate given regional
resources and economic development goals?

2. Consider organizations in the commercial realm, the government, and
academe. What steps would you take to access information on opportunities
for collaborating with other organizations domestically and internationally?

3. If you are in a university, what model of technology transfer is employed,
and how might it be improved?

4. What specific behaviors establish the foundation of trust among partners in
the innovation network? What specific behaviors damage trust?

5. Innovation hubs are emerging the world over. What are the positive and
negative implications to the United States?
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UNIVERSITIES AND BASIC
RESEARCH

Vannevar Bush (Science the Endless Frontier , 1945) articulated national sci-
ence policy after World War II. He described the relationship between basic
research and application and how basic research leads to new knowledge. He
suggested that basic research is scientific capital, a common fund from which
practical applications can be derived and which provides a rationale for pub-
lic support of basic research. The academic research enterprise has benefited
and flourished as a result of public support for Vannevar Bush’s basic research
policy.

While the basic research enterprise in the United States is composed of govern-
mental, industry, and academic institution research labs, the largest and probably
the most creative segment in the United States resides primarily within the aca-
demic institutions (National Academy of Engineering, 1993, p. 63). Some of the
unique characteristics of the U.S. academic research enterprise relate to free flow
of ideas and talent from throughout the world, a long history of public support
for this enterprise, the opportunities it provides for the initiative of individual
scientists at relatively early stages in their career, and the history of preeminence
of the academic institutions in the scientific accomplishments (National Academy
of Engineering, 1993).

Much of the research funding at academic institutions comes from govern-
mental and nonprofit organizations. Industry support has been increasing during
the last decade, but it still represents less than 10 percent of the total funding.
University–industry linkage is important, however, for reasons other than abso-
lute numbers in terms of research funding. To understand the reasons for this

296
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and to understand other issues related to the university research enterprise, we
discuss the following topics in this chapter:

• Basis for university research activities
• Federal support of university research: an entitlement or a means to achieve

national goals?
• Basic research: who needs it?
• University–industry linkage
• Rethinking investment in basic research

15.1 BASIS FOR UNIVERSITY RESEARCH ACTIVITIES

There is considerable debate about the role and purpose of research and scholarly
activities in research-intensive universities. It is suggested that the research grant
at a university has become the true badge of honor and that the faculty member
who devotes primary energy and creativity to teaching is in fact penalized and
often looked down upon by peers (Griffiths, 1993). It is well known that promo-
tion and tenure decisions at universities are greatly affected by a faculty member’s
accomplishments in research, and these accomplishments are to a great degree
affected by research grants. Thus, research grants become the driving forces for
faculty recognition and promotion. As an example, one dean refused to promote
a biologist who did not have outside support on the grounds that tenure commits
$1 million to a professor’s career, and making such a commitment is too risky
if the federal government is not participating financially.

A comprehensive university is more than a teaching college. A university is a
repository of new knowledge. Scholars at a university generate new knowledge
and participate in disseminating this knowledge through teaching and research
publications. The university community also participates in many outreach and
service activities.

Quality graduate education is undoubtedly linked to research and scholarship.
The American higher education system is unique in that the education of scien-
tists and engineers takes place at academic institutions where basic research is
undertaken and thus new knowledge is generated. Research in academia, there-
fore, serves the most crucial purpose of educating the next generation of scientists
and engineers.

A clear connection between academic research and commercial use of tech-
nology and innovation is difficult to establish. In a recent study Mansfield (1995,
p. 64) concluded, “a substantial proportion of industrial innovation in high-
technology industries like drugs, instruments, and information processing have
been based directly on recent academic research.”

To clearly understand the importance of research to a university, imagine the
implications of a precipitous decline in external research funding at a university.

At the outset, there would be an immediate impact on all budgets. Why? Sim-
ply because, at most research-intensive universities, external research funding
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represents more than 50 percent of the budgets of science-and-technology-based
departments and colleges within the university. Much of the research infrastruc-
ture at a university is supported by external research funding. The effect on such
research infrastructure would be considerable. This would, in turn, affect the
quality of the graduate program. Since many of the graduate students in science
and engineering are supported from external research funding, the number of
graduate students would decline.

Many faculty members draw supplemental compensation for summer research
activities from research grants. This is an important issue. First-rate faculty mem-
bers are naturally drawn to research-intensive universities where they can work
on significant research programs and are usually able to augment their normal
academic salaries with funds drawn from research grants. Thus, a decline in
external funding would inevitably affect the faculty quality at a given university
and, in turn, affect the program quality and reputation, especially at the graduate
level.

One could argue that undergraduate programs benefit from high-quality faculty
and that a decline in the research funding would also affect the quality and
reputation of the undergraduate program. Finally, many outreach programs and
service through innovation would be adversely affected if the research funding
were to decline.

Many crucial decisions affecting faculty promotion and tenure, program qual-
ity, and the reputation of a university are all inextricably tied to external research
funding. For universities that are not research-intensive, arguments presented here
may not be as relevant.

Notwithstanding all of these points, arguably, research in academia is best
justified to support the institutions’ primary mission of education, generating
new knowledge, and service.

Walter Massey, former director of the National Science Foundation (1994,
p. 201), has stated, “Commitment to scholarship and research is what distin-
guishes the research university from other types of institutions, but it does not
define them.” He further suggests that the primary mission of a research university
still is to educate and it is this mission that an academic institution needs to focus
on. Research and scholarship in an academic institution should be undertaken to
support excellence in teaching and service.

15.2 FEDERAL SUPPORT OF UNIVERSITY RESEARCH: AN
ENTITLEMENT OR A MEANS TO ACHIEVE NATIONAL GOALS?

Vannevar Bush’s assertion that benefits from basic research would be too far in
the future for industrial support and that the cost is too great for philanthropy
alone has historically proven to be correct. Over the years, industry has accounted
for less than 10 percent of the total research funding at academic institutions in
the United States (as discussed later in this chapter on sources of academic
research funding). This then points to the need for the government to assume
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this responsibility and to nurture basic research efforts. It was further argued that
such basic research would take place primarily in the universities and that major
decisions regarding the allocation of funds for basic research are best left to the
scientific establishment (Bush, Science, the Endless Frontier , 1945).

As discussed earlier in the chapter, U.S. academic institutions’ unique char-
acteristics are related to (a) free flow of ideas and talent from throughout the
world, (b) a long history of public support for this enterprise, (c) opportunities
it provides for the initiative of individual scientists at relatively early stages in
their career, and (d) the history of preeminence of U.S. academic institutions in
scientific accomplishments (National Academy of Engineering, 1993).

Neal Lane, director of the National Science Foundation, has stated that the
federal government’s support for basic research at academic institutions is impor-
tant because it fulfills crucial national objectives to generate new knowledge and
to educate scientists and engineers. Furthermore, many authoritative studies have
shown that support for basic research is a prudent investment that pays substantial
dividends, exceeding 20 percent in real economic terms (Lane, 1996).

U.S. industry leaders, normally critical of government spending, recognize the
importance of federal government support for academic research. Fifteen chief
executive officers of the largest U.S. corporations, in letters to the Senate Majority
Leader and Speaker of the House (March 13, 1995), vigorously supported federal
investment in academic research and they stated:

We . . . urge your continued support of a robust federally supported university
research program. We recognize you face some tough choices as you delib-
erate and ultimately decide which federal programs merit continued support.
We understand that priorities must be established. We strongly recommend,
however, that you maintain a high priority on supporting the research efforts
being carried out in our universities.

. . . America’s leadership position in an ever-increasing globally competitive
economy has been fueled by our technological prowess. Our universities, and
the research programs pursued therein, have played a pivotal role.

Our message is simple. Our university system and its research programs
play a central and critical role in advancing our state of knowledge. With-
out adequate federal support, university research efforts will quickly erode.
American industry will then cease to have access to the basic technologies
and well-educated scientists and engineers that have served American interests
so well.

As stated in the National Science and Technology Council report 1999
(p. 1-12), “Federally supported university-based research is a critically important
investment by the nation in its future prosperity and wellbeing. Federal
investments in university-based research are an integral component of the larger
research and development enterprise that has enabled approximately half of the
nation’s productivity and growth in the last 50 years.”

“The manner in which we have chosen as a nation to invest in scientific
and engineering research has, not surprisingly, reflected the pluralism of our
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communities and the decentralized structure of our governing institutions . . . .
Universities have served not only as critical research locations, but as a training
ground for the next generation of scientists and engineers. The close coupling of
research and education has become a hallmark of the U.S. system of higher edu-
cation, producing the finest scientists and engineers prepared to perform cutting
edge research and to manage high-technology enterprises across a broad range
of disciplines and in multiple venues.”

Dr. Alan I. Leshner (2009), CEO of the American Association for the
Advancement of Science (AAAS), the nation’s largest scientific organization,
sent a letter to the Speaker of the House of Representatives and the Senate
Majority Leader on February 19, 2009, to urge Congress to support science
and technology funding for the universities and other federal agencies in the
American Recovery and Reinvestment Plan. The letter stated, “Allocating funds
to S&T will create thousands of American jobs and bolster the economy for
years to come. Moreover, these funds will help secure the United States of
America’s leadership in emerging technologies and innovation.” The letter
further stated, “funding for research, infrastructure and education through a range
of agencies, universities, and laboratories is a vital element of this package.”

Investment in basic research is clearly needed to achieve national goals of
economic growth, job development, and international competitiveness and to
address crucial societal problems. Decisions about the level of investment in
basic research are an open question. This is further elaborated in the following
sections. Investment in basic research at universities, as discussed earlier, is best
justified to support the institutions’ primary mission of education, generating new
knowledge, and service. Thus, it is not an entitlement in any sense. Considerable
criticism, however, has been leveled against the university research enterprise.
Some argue that it has increasingly become an entitlement rather than a means to
achieve national goals. Questions have been raised about the utility, effectiveness,
and efficiency of this investment. Some examples of concerns and criticisms
related to the university research enterprise follow.

In the engineering colleges in the United States, there is an emphasis on
pursuit of excellence and leadership in basic research; this, in turn, leads to
undervaluation of other types of technical activity. By “overvaluing the pursuit of
original knowledge relative to excellence in execution, many engineering schools
have helped to create, or at least to sustain, dysfunctional walls between research
and other downstream technological activities in American industry” (National
Academy of Engineering, 1993, p. 64).

There is a mismatch between the university research agenda and the problems
and needs of society, especially those perceived by industry (Brooks, 1994a).
Academic research is inspired by the culture of the discipline. Problems and needs
of society arise in a complex technological and social context, thus requiring
cross-disciplinary collaboration. Though, recently, at universities, considerable
emphasis is being placed on interdisciplinary research collaboration, there is little
evidence that this is either rewarded or increasing in any appreciable manner.
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The manner in which Congress earmarks academic research is another rea-
son for serious criticism of the university research enterprise. Hanson (1994)
and Long (1992) discuss the practice of appropriating federal funds by the use
of academic earmarks. Universities use political clout to get funding, and this
political process is not reflective of the merit of or need for a particular research
project. This process would very likely gradually lower the quality of scientific
research by rewarding political strength rather than true scientific merit.

15.3 BASIC RESEARCH: WHO NEEDS IT?

The conduct of basic research that does not have immediate commercial benefit
raises questions such as “Who needs it?” and “Why do it?”

The genius of Vannevar Bush in articulating the importance of basic research
over half a century ago, when it was an untested concept, is quite remarkable.
In commenting (Bush, 1945, pp. vi, 1) on the importance of investment in basic
research, which is responsible for scientific progress, he stated:

Scientific progress is one essential key to our security as a nation, to our
better health, to more jobs, to a higher standard of living, and to our cultural
progress . . . . Without scientific progress no amount of achievement in other
directions can insure our health, prosperity, and security as a nation in the
modern world.

Benefits from basic research are hard to predict. Even the scientists are
unable to see how their discoveries could someday address crucial human needs.
J. Michael Bishop (Nobel Prize winner in physiology) describes his experience
to illustrate this point (1995, p. 63):

In 1911, Peyton Rous at the Rockefeller Institute in New York City discovered
a virus that causes cancer in chickens, a seemingly obscure observation. Yet
65 years later, that chicken virus was the vehicle by which Harold Varmus
and I, and our colleagues, were able to uncover genes that are involved in the
genesis of human cancer. The lesson of history is clear, the lines of inquiry
that may prove most fruitful to science are generally unpredictable.

As discussed in Chapter 1, “R&D Organizations and Research Categories, a
great majority (approximately 75 percent) of the research conducted at universi-
ties falls into the category of basic research. However, basic research conducted
at U.S. industry and government laboratories is a much smaller proportion of
their overall research activities: about 4 percent and over 20 percent respec-
tively. Thus, investment in basic research by the nation is of special concern to
the university community.

In the public sector, as in the industrial sector, decision-makers are often
concerned with current problems and issues. Since basic research involves discov-
ering fundamental mechanisms rather than achieving practical applications, and
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there is considerable uncertainty and risk, it is not difficult to understand why
support for basic research is not always as strong as one might expect.

Personnel involved in basic research need resources to undertake such activ-
ities. In addition, scientists want freedom to investigate the topics they deem
worthwhile. Basic research requires a great deal of time, but decision makers
tend to be impatient; when faced with the problem of distributing scarce resources
among competing requirements, decision makers may find it difficult to support
basic research.

One could argue that if resources are not invested in basic research, the foun-
dation necessary for technological innovation (infrastructure for training scientists
and engineers at universities, trained personnel, and new inventions) would be
missing. On the other hand, without technological innovation and investment in
technology, the increase in productivity and the general economic well-being
of society would be missing. After all, commercialization of technology is the
engine that produces resources for use in basic research and for investment in the
future. While the scientific and the university community may want the decision
makers to understand the importance of basic research for the long-term viabil-
ity of an industrialized society, it is equally important that scientists understand
the importance of the innovation process, which turns outputs from research and
development into useful commercial products so that the extra resources needed
for basic research can become available.

Basic research focuses on the development of new knowledge, much of which
is embodied in scientific information that cannot be turned into a marketable
private property. As Merton (1973, p. 273) has suggested, the findings of sci-
ence are a product of collaboration within the scientific community. Discov-
eries are the property of the commons, and the rights to these properties are
assigned to the wider scientific community. This implies that in most cases
the output from basic research is not directly marketable. This raises questions
such as:

• Who should fund basic research?
• How should the resources devoted to basic research be determined?
• How should efficiency in the use of these resources be achieved?

Funds for Basic Research

There seem to be three major possible funding sources: private enterprise through
the free market economy, governmental agencies, and nonprofit foundations. It
is useful to examine which sources are most likely to fund activities that will
improve society.

Discussing the allocation of resources for invention, Arrow (1974, pp. 144–
163) has treated this subject very elegantly and thoroughly. He suggests that the
possible failure of perfect competition to achieve optimal resource allocation
through the free market system is related to several factors. His discussion
is too technical for review here, but the conclusion is clear: The free market
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system is not going to be able to allocate the necessary resources to basic
research activities. In addition, no matter what the demand for the output of
basic research might be, it would be less than optimal in a free market system,
for two reasons: “(1) since the price is positive and not at its optimal value of
zero, the demand is bound to be below the optimal; (2) . . . at any given price,
the very nature of information will lead to a lower demand than would be
optimal” (Arrow, 1974, p. 154). What this means is that even if the free market
system could provide the necessary basic research funds, this would not be in
the best interest of society since the basic research output would be utilized
at a level that is less than optimal for society. Noncommercial sources have
historically been the major funding sources of basic research. And this not only
makes sense, but is desirable from a societal viewpoint.

It is important to note that sometimes the output from basic research is needed
to conduct applied research and that science (the output from basic research) and
technology interact with the market or human needs to foster the innovation
process. Logically, the only basic research supported by industry then would
be in areas where investment in basic research is essential to complete product
developments that have present or potential commercial benefits.

In discussing this issue of basic research, Professor Andrew Schofield of
Cambridge University pointed out that in pursuing new knowledge, in addition
to the wages paid to a researcher and the capital invested in laboratory facilities,
there is the fundamental issue of the individual scientist’s motivation and drive to
discover. Many scientists invest considerable personal time, effort, and emotional
energy in pursuing new knowledge regardless of its marketability or immediate
utility. This investment by the individual scientist may be far more important
than the institutional investment in basic research. Management practices that
recognize this and foster an innovative environment—via job design, organiza-
tion development, and reward system—may result in increased effectiveness of
institutional investment in basic research.

The realms of industry, as well as government, academia, and not for profit
labs are clearly placing more emphasis on applying science and technology often
to commercial ends. Where does basic research—research undertaken with no
application in mind—fit? The quest for knowledge as a human endeavor has
intrinsic value, but fundamental research may eventually lead to innovation. How-
ever, it typically requires long periods of time and its application can often only
be appreciated retrospectively. Given its intentional lack of market orientation,
is it possible the attention to innovation and economic rewards may eclipse the
need for investment in basic research, and thus ultimately darken the nation’s
long term leadership prospects in technological innovation?

Three trends underlay the concern:

• Industry dominates R&D funding and naturally tends to focus on applied
research and development that will lead to profitability.

• The federal government, the major supporter of basic research, has become
a less prominent funding source of R&D in general.
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• Universities, the major performer of basic research, have turned to licensing
of technology as a source of revenue, which may divert attention away from
basic research.

Table 15.1 sheds light on the issue by contrasting funding for basic research
overall and by sector in the years 1980 and 2006.

The key points from this analysis are as follows:

1. In 2006, basic research accounted for about 18 percent ($53 billion) of
the total R&D funded in the United States, while in 1980, basic research
accounted for 14 percent of total R&D funding.

2. Industry, which dominates R&D overall, represented about the same pro-
portion of all basic research funding in 2006 (17 percent) as it did in 1980
(15 percent).

3. Between 1980 and 2006, industry funding of basic research increased
282 percent.

4. Of industry’s funding for all R&D, it dedicated about the same percent of
funds to basic research in 2006 (5 percent) as it did in 1980 (4 percent).

5. The federal government’s proportion of basic research funding overall
has declined about 10 percent (from 70 percent to 59 percent) from 1980
to 2006.

6. Between 1980 and 2006, federal funding of basic research increased
174 percent.

7. The federal government dedicated more funding for all R&D as a percent
of funds to basic research in 2006 (38 percent) as it did in 1980 (20
percent).

8. While universities represent a small proportion of R&D funding over-
all, funding of their own basic research has more than quadrupled over
the period from 1980 through 2006; universities in 2006 represented 10
percent of all basic research funding versus 6 percent previously.

9. In 2006, 69 percent of university research funding went to basic research
versus 59 percent in 1980.

10. Other sources of funding—foundations (10 percent) and state and local
governments (3.5 percent)—are playing an increasingly important role in
funding basic research at universities—up from 9 percent to 14 percent.

The comparison of these two snapshots in time implies that support for basic
research in the United States has increased, and that the decreased proportion
funded by the federal government has been compensated for by increases in fund-
ing by universities, as well as foundations and state and local governments. Indus-
try as a proportion has remained stable. While this analysis is encouraging, a close
look at the growth trends of basic research suggests that concern is warranted.

Figure 15.1 shows trends in total funding (federal, industry, and university
sources) for basic research from 1980 through 2006. In the first 20 years, funding
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Figure 15.1. Trends in Basic Research Funding

for basic research grew at about 5 percent per year. However, during the five-year
period from 2001 through 2006, the average annual growth rate was 2.6 percent.

Further, the NSF (Science and Engineering Indicators 2008) has reported, “in
this century the industry share of support for basic research in universities and
colleges, the primary performers of U.S. basic research, has also been declining.
Likewise, Federal Government support for academic R&D began falling in 2005
for the first time in a quarter century, while Federal and industry support for
their own basic research has stagnated over the last several years. These trends
are especially alarming in light of the growing importance of knowledge-based
industries in the global economy.” Just as global competition in R&D and innova-
tion is growing stronger, the United States may not be priming its basic research
pump adequately.

Economic and political changes clearly influence the amounts and types
of research funding. Even the meaning of basic research can drift, so that it
implies less directed applied initiatives versus undirected fundamental research.
In the commercial realm, a handful of companies with deep financial resources
are actively pursuing basic scientific research. IBM, for example, recently
announced basic research initiatives in physics, chemistry, and math, though
these are focused on generating breakthroughs in the applications of semicon-
ductor electronics, data processing, quantitative problem solving, and cloud
computing. Companies need to maintain fundamental research initiatives in order
to retain research scientists and engineers who can maintain external linkages
to knowledge generated in universities. Pharmaceutical and scientific R&D
services companies especially need to maintain capabilities and communication
channels in basic research. However, industry sponsored R&D overall—and
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basic research in particular—is subject to the vagaries of larger economic trends.
Historically large high-profile corporate research laboratories like those at RCA,
Xerox, and AT&T’s Bell Labs have been dismantled. More recently, Motorola
has significantly downsized its basic research efforts and redirected R&D toward
applications. Venture capital funding also mirrors economic trends. As was shown
in Chapter 14, U.S. venture funding has not returned to the levels prevalent in
2000, and the distribution is away from high-risk seed and early-stage funding
based on emerging technology and toward expansion of more proven ventures.

Pressure to maintain profitability will tend to drive industrial R&D toward
shorter-term applications. Thus the federal government must remain vigilant in
its support for basic research, especially at universities. There is good reason
behind their dominant role in basic research. Universities are particularly well
suited to higher-risk research. While the university setting does not offer the
salary levels of industry, university scientists and engineers value the relative
autonomy of academic institutions, and the ability to publish their research and
thus promote dissemination of findings. And while, on the surface, it might
appear that increased emphasis on commercial licensing of research performed
at universities might dampen basic research efforts, this does not appear to be
the case. In their study of university licensing, Thursby and Thursby (2007) con-
cluded that, although researching the issue is difficult, the threat of eclipsing basic
research efforts is not strong, given that a minority of faculty on U.S. campuses
is involved in licensing. As long as a meaningful proportion of university licens-
ing revenues is reinvested in fundamental research, a healthy balance can be
achieved.

Level of Resource Allocation

Because of the reasons cited above, private enterprise is not able to allocate
the necessary resources for basic research using the efficient competitive market
processes, except where basic research is needed for commercial product devel-
opment. Any time government or other nonprofit organizations find themselves
engaging in such activities, the level of resource allocation becomes a problem.
Other surrogate measures and social needs have to be used, recognizing that
the level of resource allocation in such cases cannot be as efficient or as self-
correcting as the market mechanism. Discussion of some of these measures and
needs follows.

Economic Considerations. Presumably, resources should be allocated so that
the expected marginal social benefit exceeds or equals the marginal social benefit
of competing usages. Because of considerable uncertainty and other complexities,
these computations may simply be based on a preference index, which might
itself be determined by the expected economic benefits. As mentioned earlier,
authoritative studies have shown that support for basic research is a prudent
investment that is estimated to pay dividends to society exceeding 20 percent in
real economic terms (Lane, 1996).
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Its Contribution to Social Welfare. As Freeman and Soete (1997) have stated,
“The advance of science and technology must find its support and its justifica-
tion, not merely in the expectation of competitive advantage, whether national or
private, military or civil, but far more in its contribution to social welfare, con-
ceived in a wider sense.” One of the colleagues at Cambridge University stated
that basic research should be looked at as “an important cultural activity. If one
is looking for direct returns, one is not likely to see a penny back.” Therefore,
decisions on allocating resources for basic research have to consider its enormous
societal benefits.

Based on Comparative Needs. By looking at the historical record, one could
gather percentages of gross national product devoted to basic research by other
nations and compare these data to the impact of varying percentages of investment
in basic research on economic productivity and the social welfare of society.

Other Considerations. In discussing this with some eminent R&D managers
(identified in the preface), a number of other practical considerations emerged, as
reflected in the following questions. Basic research investment should run 10–15
percent of total R&D and depends on:

“Do we have the people who are interested?”
“Do we have the people who have the time?”
“Do we have the people who are able to conduct basic research?

This really determines the level of basic research funding in most cases.
As discussed in Chapter 1, a scientist who engages in a mix of basic and

applied research is likely to be more productive than one who does not. There-
fore, even for a profit-oriented industrial organization, allowing the scientist to
undertake some basic research, regardless of its profitability or immediate utility,
is best for all concerned. This will keep the scientist at the cutting edge of the
discipline, provide a higher level of motivation, and, inevitably, result in greater
productivity in the applied aspects of the research as well.

Efficient Usage of Basic Research Investment

At the macro level, efficient usage is partially achieved by establishing an appro-
priate science policy. For basic research, by and large, payment is independent
of the results achieved. So, the traditional market mechanism is irrelevant. There
are, however, other mechanisms that ensure efficiency at the macro and micro
levels:

• The peer review process to determine the merits of proposed basic research
projects

• Awarding research contracts to those who have previously performed
research successfully
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• The ethos of the scientific community (universalism, communalism, disin-
terestedness, and organized skepticism) that provides a vigorous review and
analysis mechanism contributes to efficiency

• Suggestions presented in this book, for creating a productive and efficient
R&D organization, that might be helpful

Peer review and other processes mentioned here have historically worked well,
but they tend to be a bit conservative and lack flexibility. Major breakthroughs are
unlikely to be anticipated by a committee. In an R&D organization a portion of
total R&D funding can be provided to managers at different levels as discretionary
funds to be used for high risk research projects. Our experience indicates that
this approach has proved very fruitful. It reduces the lead time required for the
normal funding cycle for a project and provides the flexibility so necessary to
undertaking high-risk, exploratory research requiring relatively low investment.

15.4 UNIVERSITY–INDUSTRY LINKAGE

As participants in a technological innovation symposium savored the food and
drink in the Fellows’ Dining Room at Churchill College (Cambridge University),
Maurice Goldsmith (1970, p. xiii) stated, “it was easier to accept why the ‘edu-
cational purists’ of the past, in such a cloistered, cultivated atmosphere, had been
able to contribute to Britain’s slow decline in industrial efficiency by insisting
on the separation between the university, technology and industry.”

If a university can contribute to the decline of a major world industrial power
like Great Britain, presumably the same university has the potential to contribute
to the rise of a nation to a world industrial power. This would further point to the
importance of the university community contribution to innovation and indus-
trialization. Cambridge University provides an example of university–industry
cooperation that is worth noting.

The Cambridge Phenomenon

Notwithstanding Goldsmith’s comments, the fact is that few universities, if
any, have contributed so much to Britain’s industrial efficacy, economic
well-being, and technological leadership as has Cambridge University. During
World War II, Cambridge scientists helped develop technologies such as radar,
telecommunications, and nuclear physics that helped provide the allies with a
winning edge. At present, the well-known “Cambridge phenomenon,” which
has helped foster development of many science parks around Cambridge, has
resulted from the collaboration between the Cambridge University community
and industry. Capital investment for the infrastructure (land, buildings, and
laboratory facilities) for one of the largest science parks around Cambridge was
provided by one of the colleges of Cambridge University (Wicksteed, 1985). In
fostering university–industry links, Cambridge University consciously avoided a
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structured and detailed policy governing these ties. On the issues of intellectual
property rights, risk and liability, and industrial liaison, the university position
evolved as follows.

Cambridge believes that the ownership of intellectual properties rests with the
individual university member, unless the contract governing the work in which
the know-how is acquired specifies otherwise. The university does not exercise
any control over, or have a financial interest in, the exploitation of an academic’s
knowhow, unless the academic asks the university to play such a role. It is felt
that successful exploitation must ultimately depend on the motivation and skill
of the academic.

Cambridge University has consistently taken a relaxed and liberal attitude
toward the time spent by faculty on outside work. It is presumed that outside
activities will be beneficial to teaching and research activities. The university
does not accept any legal liability for work done by faculty members for outside
organizations. Naturally, if the rewards accrue to the academics, the latter must
accept the risks too and make their own arrangements for professional liability,
and so on.

The Cambridge experience shows that a relaxed attitude and the simplicity of
this industrial liaison arrangement have helped nurture a culture that encourages
and is supportive of university links with industry (Wicksteed, 1985, p. 77). As
exemplified by the Cambridge phenomenon, the university–industry link posi-
tively affects the institution’s responsibilities for teaching, research and public
service. In addition to direct economic benefits to the nation, this link enhances
the faculty’s intellectual and technical capabilities.

Science Parks

In the United States, high-technology enclaves include Silicon Valley in Cal-
ifornia, Route 128 in Boston, the Research Triangle Park in North Carolina,
and others. In 1940 Santa Clara County, where Silicon Valley is located, was
a peaceful agricultural region with a population of only 175,000. It is now one
of the densest concentrations of high-technology enterprises in the world and
has reached a population of over 1 million. A 1984 estimate put the number of
high-technology firms in Silicon Valley at a little over 1,200, employing around
190,000 persons (Washington Post , December 3, 1984). This development has
been fostered by the presence of major universities such as Stanford and the
University of California, Berkeley. Similarly, the Route 128 phenomenon has
been helped by the proximity of MIT and other universities in the Boston area.
The size and scope of spin-off industries in both Silicon Valley and Route 128
are far more extensive than the industrial parks around Cambridge. In the United
States there are other university locations as well where there is a concentra-
tion of high-technology industry, though none on the scale of Silicon Valley or
Route 128.

Discussing the lessons from establishing science parks, Saxenian (1994) writes
that California’s Silicon Valley and Boston’s Route 128 attracted international
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acclaim in the 1970s as the world’s leading centers of innovation in electronics.
As traditional manufacturing sectors and regions fell into crisis, policy makers
and planners around the world looked to these fast-growing regions as models
of industrial revitalization, seeking to replicate their success by building science
parks, funding new enterprises, and promoting links between industry and uni-
versities. In the years following the high-tech manufacturing slump of the 1980s,
Silicon Valley rebounded strongly while Route 128 did not. Silicon Valley’s
experience shows that, paradoxically, some regions offer an important source of
competitive advantage even as production and markets become more global.

A case study of the Connecticut Technology Park near the University of Con-
necticut was used to examine the question of whether such university-related
high-technology parks represent an effective development tool for the university
and the region (Lewis and Tenzer, 1992). Findings indicated:

• These ventures require time and money to succeed.
• The choice of methodology for implementation is critical.
• Poor relations with governments at the national, state, and local levels

inevitably cause bureaucratic delays and political dissention.
• There must be some reasonable expectations that market demand for the

project exists or will exist in the society and economy.
• Projects should have clearly defined objectives and goals.

Increasingly, industry is looking to outside sources for conducting research
and for technology development. Maintaining in-house high-quality personnel
and laboratory facilities is becoming increasingly expensive. Leveraging industry
investment in research by collaborating with academic institutions is likely to
become more prevalent than ever before.

Roberts (1995) conducted a study looking at university–industry linkages
in the United States, Europe, and Japan as related to four areas: collaborative
research efforts, obtaining innovative ideas, determining technology trends, and
training company personnel. In all of these categories, European and Japanese
firms displayed far greater commitment to university–industry linkages than did
the U.S. firms. For example, university collaborative research activities were 2.5
times greater for Japanese firms than for U.S. firms.

15.5 RETHINKING INVESTMENT IN BASIC RESEARCH

The debate about benefits from investment in basic research and how such activ-
ities should be managed is likely to continue. Some of the general comments and
differing views are summarized as following:

• Basic research is a source of fundamental knowledge, leading to inno-
vation, technology development, and economic growth. Basic research is
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best conducted primarily in universities without political constraints or
application-oriented management. Overemphasis on application orientation
would be an unmitigated disaster. The contrary view is that all basic
research should be tied to application and so managed.

• One view is that individual-investigator-initiated research is the only way
to produce new ideas. The opposite view is that the researcher-initiated
projects would lack a clear understanding of technology and its application
and, thus, are not likely to produce good science or robust new ideas for
possible utility to society.

• Scientific excellence as judged by peer review is the best criterion for
research funding, and research funding for basic and applied research should
be managed by an individual with technical expertise. The opposing view
is that research funding for basic and applied research should not be judged
only by scientists. Individuals knowledgeable about application and market-
ing should have a major role in these decisions. Peer review process is too
conservative and is not likely to produce major breakthroughs.

• Applied research is likely to restrict creativity and serendipitous discovery.
The connection between research results and societal benefits is indirect;
this means that high-quality basic research will naturally translate into more
benefits for society at large. The opposing view is that investment in basic
research can only be justified by the direct benefits to the nation in terms
of economic well-being and quality of life. This connection needs to be
explicit and not indirect.

• Science and technology have served society well. The high standard of
living enjoyed in the industrialized countries is a tangible example of this.
Investment in basic research, mostly at universities, has contributed greatly
to this. The contrary view is that science and technology have not served
society well; that is, they are considered to be a Faustian bargain. All benefits
have had a darker side even more devastating. Examples are chemicals,
drugs, pesticides, and herbicides that are having long-term adverse effects
on human health and the environment.

• Scientific research conducted at academic institutions has not contributed
significantly to international economic competitiveness and national eco-
nomic well being. Economic benefits as evidenced by commercialization
and industrial success from such research have not been fully realized. The
other view is that scientific research conducted at universities is only a small
part of commercialization and industrial success; the scientific community
is being held hostage for the rest of the system failure (Brooks, 1994b).

15.6 SUMMARY AND CONCLUDING COMMENTS

What follows are our opinions about investment in basic research. Readers may
find them debatable, but we hope to stimulate their thinking on this subject.
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• In the United States, the largest and the most creative segment of the basic
research enterprise resides at academic institutions (National Academy of
Engineering, 1993).

• We believe that both the public and Congress need to be educated about the
importance of basic research and about the need for increased funding of
this activity. In a democracy there is always some pressure to fund projects
that would meet constituents’ current needs. Basic research often has its
payoffs years later and, at times, after the present constituents have died. It
is important to understand this time lag.

• The National Research Council of the National Academy of Sciences did
a very thorough review of the evidence and concluded that it is very clear
that basic research gets initiated by individuals. It recommended support of
investigator-initiated, merit-reviewed, university-based research to a much
greater extent than support of particular universities in particular states
(funding favored by some members of Congress, for obvious reasons). For
details see Allocating Federal Funds for Science and Technology (1995),
National Academy Press, Washington, D.C.

• There is a need for research on science and society. Some scientific
developments have adverse effects on health, social well-being, and the
environment. A full understanding of these relationships is important
and can be used to influence some applied research. In our opinion,
basic research rarely can be blamed for the adverse effects of science on
society. It is usually the applications of basic research that lead to societal
problems.

• The amount spent on basic research is minuscule relative to the amount
spent on applied research. It is not appropriate to blame basic research
for not solving the problems of international competitiveness. The blame
can often be placed on the poor decisions of corporate boards of directors.
In Japan the Chief Science Officer of the corporation is a member of the
board of directors in about 95 percent of the corporations; in the United
States, that is the case for only 20 percent of the corporations (Roberts,
1995).

In sum, we believe that basic research must receive considerably more empha-
sis in the future if U.S. competitiveness is to be maintained in the international
marketplace.

15.7 QUESTIONS FOR CLASS DISCUSSION

1. What problems do you see with the university research enterprise? And what
strategies do you propose to address those problems?
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2. What policies and strategies would you propose to ensure that research and
scholarship in academia support all of the institutions’ main missions: edu-
cation, research, and service?

3. What are the main sources of academic research support? Why do some
sources play a prominent role?

4. Should university–industry–government research laboratory linkages be
strengthened? If so, how?



16
R&D ORGANIZATIONS
AND STRATEGY

Why should R&D organizations focus on strategy? Like any other organization,
a variety of events or challenges can trigger the need to think deeply about
long-term objectives, and the actions required to achieve them, including:

• When a new organization—or a new division within an existing
organization—is started

• When an organization has new leadership
• When a division wants to raise its profile in the larger organization
• When a division wants to integrate itself into a broader corporate strategy

process
• When a “strategic inflection point” changes the fundamentals of the way an

organization approaches the future (Grove, 1996)
• When a gap in performance occurs
• When external forces—partners, lenders, or acquirers—require that a strat-

egy is needed to address important issues

According to a study by Rheem (1995), which investigated the relationship
between productivity growth and corporate activities, highly productive com-
panies had long-term strategic planning whereas less productive ones did not.
High-performing companies planned four to six years ahead and reviewed their
plans every two to three years, whereas low-performing companies did not
have a long-term strategic plan. If long-term thinking and strategic planning
are important for corporations in general, then strategic planning for R&D-based
organizations is arguably even more important because of the future orientation

315
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of the enterprise, and the dynamic environment that has become synonymous
with technological innovation.

In this chapter basic concepts of strategy related to formulation, implemen-
tation, evaluation, and innovation are addressed. Many of these concepts are
applicable to organizations in general; however, where appropriate the concepts
are tailored to R&D-based organizations in which science and engineering play
defining roles. At the end of the chapter a model for a process is proposed, which
can be used to develop strategy.

16.1 WHAT IS STRATEGY?

Strategic management is a conscious thought process in which individuals and
organizations set goals and means to reach them that guide action. In the military
context, General Maxwell D. Taylor has characterized strategy as consisting of
objectives, ways and means, which can be expressed as follows (Lykke, 2001,
p. 179):

Strategy = Ends + Ways + Means

Component Definition

Ends Objectives toward which one strives
Ways Course of action
Means Instruments by which some end can be achieved

While the processes proposed for use in strategy formulation and implemen-
tation are often data based, analytical, and rational, it is imperative to recognize
that strategy is also a synthetic process in which creativity is key in envision-
ing entirely new directions as well as novel approaches to reaching goals. And
while strategy may seem highly abstract, it is truly among the most practical
subjects related to organizations. It requires operating in between the forest and
the trees, and integrating the various functional areas of an organization into a
cohesive whole. An effective strategist will heed the advice of the sixteenth-
century philosopher Francis Bacon (Russell, 1972; p. 544), who said, “We ought
to be neither like spiders, which spin things out of their own insides, nor like
ants, which merely collect, but like bees, which both collect and arrange.”

Andrews (1980; p. 45) defines strategy as “The pattern of decisions in a com-
pany that determines and reveals its objectives, purpose or goals, produces the
principle policies and plans for achieving these goals, and defines the range of
business the company is to pursue, the kind of economic and human organization
it is or intends to be, and the nature of the economic and noneconomic contri-
butions it intends to make to its shareholders, employees, customers and com-
munities.” The interdependence (and coherence) of plans and policies,” Andrews
continues, “crystallizes formless reality into a set of problems an organization
can seize upon and solve.” Strategic thinkers are adept at taking what appears
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to be messy quantitative and qualitative data and paint a picture that gives the
organization a sense of direction.

At the most basic level, strategy consists of:

• Objectives, which describe what the organization wants to achieve, and when
they want to achieve it

• Policies, which are general guidelines the organization follows
• Programs, which are step-by-step action sequences that, within the guide-

lines, help an organization reach its objectives

James Brian Quinn (1980) makes an important distinction between strategic
issues and decisions versus operations. Strategy determines the overall direc-
tion of an enterprise and its ultimate viability in light of the predictable, the
unpredictable, and unknowable changes that may occur in the surrounding envi-
ronment. Strategy:

• Delineates broad limits within which the enterprise operates
• Dictates the resources the enterprise will have accessible for its tasks
• Determines the effectiveness of the enterprise, and whether the thrusts are

in the right direction

Operational decisions focus on managing for efficiency and involve day-to-
day issues. Strategic objectives are long term, transcend functional areas, and are
often but not always quantifiable (Andrews, 1980).

A mission underpins an organization’s objectives, policies, and programs. It is
the foundation of the strategy and expresses the organization’s philosophy—why
the organization exists—and what it aspires to be. In his syndicated cartoon,
“Dilbert,” Scott Adams parodies the corporate world in a humorous and insightful,
though sometimes scathing, manner. Mission statements are among his targets of
ridicule, and the Dilbert website even provides a mission generator, which creates
a statement by organizing a random set of terms. Adams surely has a point, and
the development of mission statements and strategic plans often elicits criticism
as a waste of time and resources. But it need not be that way. If accomplished in
an inclusive manner—and in a genuine manner—crafting a mission can be an
enlightening and even inspiring process in which people consider what deeply
motivates them, and what sort of organization they wish to create. A good mission
statement:

• Gives stakeholders a sense of what the organization values and what it
aspires to be

• Provides a fundamental sense of values to return to during down times
• Establishes criteria for decision making regarding personnel, growth, and

reacting to changes in the environment
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What can be done if participants in a strategy process resist crafting a mission?
One antidote is to ask them why they chose to work in their organization and not
another, or why they chose their profession over another, or even their spouse over
another. Their own responses typically help to convince them that considering
the deeper purposes for their choices is a worthwhile and even necessary activity.
Who wants to approach life without a purpose? An organization devoid of purpose
has no meaning.

An organization’s mission is typically long-lasting. Consider, for example that
America’s mission as expressed in the Declaration of Independence has guided
the country for over two hundred years. Other elements of strategy typically
have less longevity. Strategic objectives often cover a three- to five-year time
frame, as do policies. Programs, however, may vary frequently and often change
year to year. There appears to be a cultural difference in strategic time frames.
Although admittedly a generalization, American companies tend to have a shorter
time frame than companies in Europe or Asia, and this needs to be recognized,
especially when pursuing international collaborative endeavors. Time frames can
also vary depending upon industry. For example, the pharmaceutical industry and
hybrid seed industry have longer time frames related to their longer product life
cycle than, for example, a personal computer manufacturer. A research-intense
company often has to consider multiple strategic time frames, which vary for
products and longer-term technological development.

While some elements of strategy are common to all organizations, regard-
less of whether they emphasize technological innovation, R&D organizations
need to adapt the elements of strategy—objectives, policies, and programs—to
their unique situation. Selected strategic objectives related to degree and type of
technology-based innovation provided in Chapter 12, section 2, should be among
those considered as strategy is shaped. Policies consistent with these objectives
include, among many others, the funding associated with R&D, often expressed
as a percentage of sales. Other desirable policies and programs will center on
the innovation process or processes employed in an organization (e.g., stage gate
and/or venture board); whether open innovation is emphasized; how global the
organization’s research needs to be; how actively involved the customer is to be
in innovation; what the organization’s policies in regard to intellectual property
protection are, whether personnel time is allowed to pursue projects of interest
beyond the corporate thrusts, and so on. For example, if a university develops
a policy to encourage formation of interdisciplinary research teams, programs
might include having the university college research offices:

• Provide seed money to develop ideas and working relationships among
researchers that lead to interdisciplinary research programs

• Actively assist in preparing a minimum number of interdisciplinary research
proposals each year, with a goal of successfully acquiring a specific dollar
goal for interdisciplinary research annually
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16.2 STRATEGY LEVELS AND PERSPECTIVES

Strategies are often developed at different levels with different perspectives. For
example, in corporations they could be at the corporate, divisional, and functional
levels. In a research organization or in academia, perspectives similar to a corpo-
ration are relevant. A research unit would correspond to a functional level and it
would need to understand and respond to requirements postulated at higher levels
that are consistent with overall university and college educational missions.

In a research organization, horizontal strategic integration is often not well
done due to the disciplinary interests of individual scientists and due to the
further segmentation of research programs and projects within a research unit.
In academia, this is a very real problem. Faculty members are recognized and
rewarded for their disciplinary work which requires little or no horizontal inte-
gration. Interdisciplinary research, so necessary for addressing crucial societal
problems, does not get the support it needs. Thus, by and large, the culture of
research organizations and the reward systems of research organizations work
against horizontal strategic integration.

Take the example of a research-intensive college in a university. It would be
prudent to identify potential opportunities to undertake interdisciplinary research
and related educational programs. By establishing superordinate goals for the
departments of the college, this synergism can be fostered. This would clearly
add value beyond the simple sum of independent departments or units. Hax
and Majluf (1996) suggest that appropriate pursuit of horizontal strategy may
be one of the most critical ways to establish a superior competitive position.
While many management approaches could help bring about horizontal strategic
integration, rewards and organization culture that foster such integration are the
key to shaping such behaviors.

16.3 STRATEGY FORMULATION AND IMPLEMENTATION

There is no one way to formulate and implement strategy—the approach depends
on the organization, the situation, and individuals involved. A rich variety of
concepts and tools have been developed that can facilitate the process.

Strategy formulation may be viewed as a well-thought-out and disciplined
effort to establish a mission, define long-term goals, and develop an action plan
for achieving those goals. A strategy process can serve many useful purposes.
It can:

• Help provide a unity of direction and a cohesive framework for action
• Assist in coordinating disparate organizational goals and resources from a

total organizational vantage point
• Provide an assessment of both the internal and external organizational

context
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• Provide a mechanism for focusing on future needs and staying in tune with
fundamental organizational priorities

• Engage, orient, and energize members of a group

At its most fundamental level, strategy is formulated by identifying threats
and opportunities in an organization’s environment, analyzing the organization’s
internal strengths and weaknesses, and then creating a strategic direction (objec-
tives, policies, and programs) that leverages, builds on, or bolsters these strengths
and weaknesses. The SWOT analysis has become a mainstay of strategy formula-
tion. It entails surfacing the strengths and weaknesses internal to an organization,
and the opportunities and threats in an organization’s environment. A subtle but
important shift in this analysis, however, is recommended. If internal strengths
and weaknesses are identified prior to external trends, an organization is encour-
aged to define its environment in terms of its current abilities and deficiencies;
thus seemingly unrelated but in fact important trends may be neglected. There-
fore, in practice, the environmental analysis should precede the internal analysis
(i.e., SWOT becomes OTSW).

Defining core competencies is central to strategy formulation. These are a
set of corporate skills and knowledge sets, which create unique and long-term
value for the customer (Quinn and Hilmer, 1994). These competencies should be
ones in which the organization can dominate, are adaptable and thus durable, and
are embedded in the value and managerial systems. Core competencies lead to
maximized return on internal resources by focusing on what the company does
best, fortifying barriers against present and future competition, and attracting
the best people. The combination of Apple’s design flair, user-friendly interface,
and dazzling marketing approaches are exemplary of core competencies, though
the company’s apparent overreliance on one person, CEO Steve Jobs, calls into
question how well the competency is embedded in the organization’s wider value
and managerial systems.

Implementation is the Achilles heel of strategy. A well-formulated strategy
is empty if it cannot be executed. Zagotta and Robinson (2002) have developed
a comprehensive list of actions that can increase the probability of successful
execution.

• Quantify the vision: derive measurable goals and interim milestones.
• Communicate through mantras—simple but meaningful phrases.
• Express interim goals specifically, with a time frame, and assign responsi-

bility; review and understand progress toward achieving the goals.
• Plan what not to do, avoid taking on too much.
• Open strategy to the organization—align day-to-day activities throughout

the organization with the bigger picture; communicate and measure what is
important.

• Automate status and progress management: focus meetings on decision mak-
ing versus reviewing information.
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• Create a virtuous circle of execution and strategy, an ongoing process for
reviewing and maintaining strategic progress.

Note that many of these actions can be integrated into strategy formulation,
so that successful implementation is essentially built in. Quantifying long-term
and interim goals, planning what not to do, opening strategy to the organization
by communicating with and involving people: all of these can be employed as
strategy is devised as well as implemented.

16.4 STRATEGY EVALUATION

The success of an organization’s strategy can be monitored by tracking perfor-
mance in relation to strategic objectives. Success implies these objectives are
met or exceeded. If performance exceeds or lags behind the objective signifi-
cantly, the organization would be wise to consider why. Thus strategy becomes
not only a manner of guiding future action, but also of learning what works and
what does not. Richard Rumelt (1980) points out, however, that while monitor-
ing progress toward achieving objectives is important, this approach focuses on
what has already happened. Thus he proposes a set of criteria that aids in eval-
uating strategy in terms of future viability. He proposes that four potential flaws
in strategy be continually reviewed, in “an attempt to look beyond the obvious
facts regarding the short term health of a business and appraise instead those
more fundamental factors and trends that govern success.” They are consistency,
consonance, advantage, and feasibility.

• Consistency asks whether the organization’s objectives, policies, and pro-
grams are internally aligned.

• Consonance asks whether environmental trends will sustain not just the
organization of interest, but its entire industry.

• Advantage asks whether the organization is superior to its rivals.
• Feasibility asks if the organization has the quantitative and qualitative

resources to carry out the strategy in the long term: Are finances and physical
resources adequate? Does the organization have the problem-solving capabil-
ity and coordination and motivation of key people requisite for implementing
the strategy?

Applying each of the criteria on an ongoing basis can bring out flaws that can
be addressed via redirecting objectives, policies, or programs.

Strategy is often described as much more of an algorithmic process than it is
or, argues Henry Mintzberg, really should be. Mintzberg has long argued against
the wisdom of treating strategy as a rational step-by-step process that begins
with formulation and continues to implementation. His metaphor of the potter
as strategist and clay as strategy leads to a much more organic process that
allows for flexibility and adaptation. His crafting process joins formulation and
implementation, and allows new information to enter in and redirect strategy.
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In his article “The Fall and Rise of Strategic Planning” (1994), Mintzberg con-
trasts two styles of managing the strategy process, the calculating style and the
committing style. In the calculation style, the leader fixes on the destination and
determines what the organization must do to get there; and focuses on bring-
ing order to the organization. This style, however, assumes the future can be
predicted, which is often a faulty assumption. Mintzberg prefers the committing
style, which posits strategy as a less defined journey in which everyone helps
shape its course. This approach is effective because a wider set of people—not
only the leader—give the strategies meaning. He also makes an important dis-
tinction between strategic planning and strategic thinking. Planning, he argues, is
an analytical function that is an input to strategic thinking. Versus only looking
at hard data, Mintzberg’s advocates learning from all sources, including softer
and qualitative insights gained from experience. His admonition to “find strategy
in strange places” seems particularly germane to organizations intent on being at
the forefront of innovation.

Nadler (1994) has suggested that in many organizations too much effort is
spent on strategic planning and not enough on strategic thinking. Inordinate
amounts of time are spent on analysis and drawing up strategic plans that influ-
ence very little behavior and that cause no real changes to occur. The real value
of strategic planning should be in the learning and development of a common
frame of reference and the shared context for many decisions that are made in
an organization over time (Nadler, 1994).

16.5 STRATEGY AND INNOVATION

Our concepts of strategy are often derived from military and athletic contexts—
sometimes ancient ones—and thus emphasize an organization’s position in
relation to enemies or competitors. Michael Porter’s ubiquitous Five Forces
framework, for example, views an organization’s strategy in light of a set
of external forces or threats, which includes not only rivals, but suppliers,
substitutes, new entrants, and customers (Porter, 2008). And there’s a reason
Intel’s co-founder Andy Grove titled his book Only the Paranoid Survive
(1996). Overemphasis on competition, however, can result in defensive “me-too
strategies,” in which competitors simply attempt to one-up one another, and thus
end up as followers rather than leaders. Alternative approaches to strategy seem
more conducive to innovation. Kenichi Ohmae (1988), for example, argues that
a focus on beating the competition eclipses the real reason companies exist—to
provide superior products and services to customers. More recently, in their
book Blue Ocean Strategy, Kim and Mauborgne (2005) make a convincing
case that organizations that develop strategy around the competition ultimately
settle for lower performance than the “pioneers” who develop strategy around
creating and satisfying new customer values, and therefore make the competition
irrelevant (Table 16.1). They have developed a number of tools to aid in
developing blue ocean strategies, one of which is the strategy canvas. The
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TABLE 16.1 Red and Blue Ocean Strategies*

Red Oceans: Settlers Blue Oceans: Pioneers

Limits actions to beating competitors,
positioning against them

Makes the competition irrelevant

Aligns the whole system of a firm’s
activities with the strategic choice of
differentiation or low cost

Aligns the whole system of a firm’s
activities in pursuit of differentiation
AND low cost

Assumes existing buyer values and
existing products

Creates new set of buyer values and new
products

Assumes existing market space Creates and captures new demand

∗Source: Derived from Kim and Mauborgne, 2005.

organization first identifies the customer values that are currently assumed, and
maps their competitors on the basis of these factors, high or low. They then
develop their own strategy by asking:

• Which factors that the industry takes for granted should be eliminated?
• Which factors should be reduced well below the industry standard?
• Which factors should be raised well above the industry standard?
• Which factors should be created that the industry has never offered?

Kathleen Eisenhardt (1997) has proposed a model for strategy formulation
and implementation that is particularly germane to innovative high-technology
contexts: fast-changing and highly competitive settings demand fast decisions
flexible enough to permit adaptation as circumstances change. Her improvisation
model helps companies manage the tension between deciding quickly and adap-
tively and yet executing on time and on budget, efficiently. The major elements
of Eisenhardt’s approach are as follows:

• Strategic choice is conducted by a small group of decision makers who are
highly skilled and who often have specific expertise.

• Decision makers rely on limited knowledge of all variables involved in the
decision-making process.

• Strategy is based on a few operating principles that are rigorously adhered
to (e.g., maintaining control of inventory, attentive customer service, low
debt: equity ratio).

• High levels of communication, formal and informal, are maintained, as is
an intense emphasis on real time information.

• The focus is on the “now”—there is no dwelling on the past or looking too
far out to the future,

• A large number of alternatives are generated and considered.
• Conflict generating processes are used to create and explore alternatives, but

there is no particular decision process and no extensive analysis of most of
the alternatives.
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• Decisions are reached via consensus, with qualification; if consensus cannot
be achieved choice falls to a particular member of the group, normally the
leader.

Overemphasizing competition also prevents an organization from engaging in
“open innovation,” which was described earlier in Chapter 14. Open innovation
involves interaction not only with customers, but also with partnerships with not-
for-profit organizations and even competitors. Anthes (2008) demonstrates that
eschewing traditional strategies for gaining advantage over direct competitors in
favor of collaboration has allowed icons including IBM, Hewlett Packard, and
Microsoft to become better and faster innovators.

16.6 TECHNOLOGY AND STRATEGY

Most of the decisions about investment in R&D companies to develop technolo-
gies are made in the corporate board rooms. An absence of top level involve-
ment with technical education in setting priorities for resource allocation and
making tradeoffs among competing demands is very likely to result in under-
investment in R&D. There is ample evidence that this is happening in U.S.
industry. For example, Japan and Germany spend approximately 3.1 percent and
2.5 percent, respectively, of their GDP on nondefense R&D, while the U.S. in
comparison spends only 2.1 percent. Technology perspectives in industry thus
can increasingly become short-term, making U.S. industry less competitive in a
technologically intensive world.

Engineers and scientists, who benefit from increased support for R&D, can
naturally be viewed as making self-serving arguments for enhanced research
support. For an R&D unit in an organization, the arguments need not focus on
increased R&D investment. Instead, the R&D units should involve top corporate
managers in the research strategic plan development and in ensuring that tech-
nology strategy is integrated with corporate strategy. In the long run, we hope, in
the United States as in other highly successful industrialized nations like Japan,
the top-level research leaders will be represented in the great majority of the U.S.
corporate boards, especially in those corporations that are technology-intensive.

Since 1995 there has been a shift in the United States. More Standard and
Poors CEOs (the largest U.S. companies) obtained their undergraduate degrees in
engineering than in any other field (Science and Engineering Indicators, 2006).
This means that top administrative positions in companies are increasingly being
occupied by personnel who are trained in technical fields, and thus have an
appreciation of the important role science and technology can play in developing
business strategy.

A variety of frameworks have been developed expressly to integrate techno-
logical issues with business strategy (see, for example, Burgelman, Christensen,
and Wheelwright, 2009; Chinowsky, 2001; Hensey, 1991). White (1978), for
example, addresses the challenging decision making associated with determining



16.7 APPLYING A STRATEGY PROCESS 325

TABLE 16.2 White’s Framework for Integrating Technical and Business
Issues*

Inventive Merit
Does a fundamental new combination of scientific principles underlie the invention?
A truly inventive concept will use its combination of principles to relieve or avoid

major constraints inherent in the previous art; however, the new art may create new
problems as well as solving old ones (e.g., increased cost).

Embodiment Merit
Is substantial additional engineering to a creative invention needed to enhance the core

invention, and does this dilute the invention?
The ideal is to minimize dilutions of the value of the inventive concept while

maximizing the enhancements.
Operational Merit
Does the invention require changes on the company’s existing business practice?
Substantial change complicates existing practices, and can be costly.
Market Merit
What is the level demand by the end customer?
Ideally, versus substituting an existing product, a new market will be created.

∗Derived from White (1978).

which technological alternatives warrant major investment by breaking the deci-
sion down into four variables. The first two variables are related to “technology
potency” and address inventive merit and embodiment merit. The second two
variables are related to “business potency” and address operational merit and
market merit (Table 16.2). Top managers analyze technological directions—for
example, algae based biomass energy and wind turbines—in light of the vari-
ables, and surface pros and cons for each. Once selected, identifying ways to
overcome the cons surrounding a technological alternative helps to set the future
research agenda.

The approach to strategy used by the Materials Information Society (also
known as ASM International), which has been described by Tucker (2004),
provides an example of strategic management in a technically oriented not-
for-profit organization. ASM’s annual strategic plan is provided on its website:
http://asmcommunity.asminternational.org/portal/site/www/About/.

16.7 APPLYING A STRATEGY PROCESS

As has been emphasized throughout this chapter, strategic management is a mul-
tifaceted process for which many models and tools have been developed for
organizations. While there is no one way to craft a strategy, it is fair to say that
several activities are common to most strategy processes:

• Develop the mission statement, which, in combination with the long-term
strategic objectives, expresses the organization’s vision, philosophy, and
deeper purpose.
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• Identify trends, potential opportunities and threats . Include information
about external trends based upon environmental scanning; identify major
potential opportunities and threats that are likely to affect the activities and
the mission of the organization.

• Identify strengths and weaknesses . Delineate inherent competencies and
emerging deficiencies.

• Strategic objectives . This would include (mostly quantifiable) objectives the
organization as a whole would like to achieve within a certain time horizon.

• Policies . This regards the general guidelines within which the organization
operates, and are often associated with functions or other recognizable areas
within an organization.

• Critical success factors. Describe overarching dimensions crucial for orga-
nization success.

• Specific actions . These are specific activities and programs the organization
needs to undertake to reach each of the goals and objectives.

• Resource Allocation. This would include allocation of resources and the
determination of performance metrics for management control.

Who should be involved in this process? Including participants from
throughout the organization—and from relevant external stakeholders if
appropriate—ensures that a variety of insights is mined. Moreover, people
who are involved in the process understand best how to implement it and to
communicate to others the direction and expectations of the organization. In
small organizations—those with twenty people or fewer—everyone can and
should participate. However, in larger organizations this is not possible, and it’s
necessary to involve representatives of various parts of the organization.

Figure 16.1 provides a visual representation of a strategy process, which
can be adapted to organizations of many types—academic, government, and
industrial—and at various stages of development. For example, an organization
that has a longstanding mission statement might want to begin by reviewing this
statement and then proceed to an environmental analysis. A brand new organiza-
tion might start the process with an environmental analysis, and then proceed to

Environmental Analysis 

Internal Strengths and 
Weaknesses

Core Competencies 

Growth Strategies

Competition Analysis 

Resource Allocation 

Strategy Evaluation 

Picture of Strategy: 
Objectives, Policies and 

Programs

Figure 16.1. Major Elements of a Strategy Process
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internal strengths and weaknesses prior to mission development. In all cases, it is
important to keep in mind that the process is iterative—the activities constantly
influence one another. Implementation of strategy, of course, also influences
formulation. Practically speaking, however, one has to start somewhere in the
process. Each of the elements is described further in the following sections.

Environmental Analysis: Generation and Prioritization of Trends

In this stage, participants are asked to generate quantitative and qualitative trends
over a given time frame, which are related to the various dimensions and geo-
graphic scopes (Table 16.3). This chart helps ensure that all areas of the envi-
ronment are considered. Once trends are identified, discussion should surround
whether they represent opportunities or threats (or both). If numerous trends sur-
face, it may also be necessary to prioritize trends as to the degree of their impact
and probability of occurrence.

A small sample of some trend areas to examine may include:

• National and international security issues
• Changing world order
• National policies related to climate change, stem cell research, and so on
• Customer dynamics
• Level and type of investment in science and technology
• Population, family structure, and other demographics
• Interest rates changes, and availability of capital
• The natural environment
• Human health and welfare
• Educational levels
• Workforce demographics
• Trends towards public-private partnerships

Strengths and Weaknesses Analysis: Generation and Prioritization

Next, participants are asked to identify the organization’s strengths and weak-
nesses in various areas, as outlined in Table 16.4.

TABLE 16.3 Environmental Analysis Framework
Economic Technological Socio-cultural Political/Legal/Regulatory Other

Industry

Nation

World
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TABLE 16.4 Strengths and Weaknesses Framework
Strengths Weaknesses

Products/Services

Research and Development Resources

Financial Resources

Operational Resources

Managerial and Personnel Resources

Other (reputation, etc.)

Core Competency Analysis

Once identified, an organization’s unique strengths—including skills and knowl-
edge sets—can be combined into core competencies that create long-term value
for the customer (Quinn and Hilmer, 1994). As mentioned earlier in the chapter,
these competencies should be ones in which the organization can dominate, are
adaptable, durable, and are embedded in the value and managerial systems.

Developing a ‘‘Picture’’ of Strategy: Mission, Strategic Objectives,
Policies and Programs

An organization’s strategy emerges in the course of determining how an organi-
zation’s combination of major strengths can be leveraged to take advantage of
key opportunities and mitigate threats in the environment; and how to strengthen
major weaknesses. A framework for capturing strategy is provided in Table 16.5.
Included in this “picture” of strategy are the objectives, policies, and programs
that can be used to communicate the organization’s future directions. Note that

TABLE 16.5 A Framework for Picturing Strategy

Objectives Policies Programs
What is to be Achieved, General Guidelines Step by Step Action Sequences
and Why (within areas) (within areas)

Mission Finance Finance
Strategic Objectives Accounting Accounting

Long term Human Resources Human Resources
Transcends Functions Production Production
Often but not always

quantitative
R&D R&D
Innovation Innovation
Marketing Marketing
Management Management
Growth Growth
Acquisition Acquisition
Globalization Globalization
Others? Others?
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under policies a list of areas is provided. This is not meant to be exhaustive; nor
do these apply to all organizations. The point is that typically there are general
guidelines or goals that need to be established so that people know the boundaries
within which they are expected to operate.

A word of caution is necessary regarding quantifying objectives, policies or
programs. While it is desirable to provide concrete targets to which an organiza-
tion can judge its progress and hold itself accountable, overemphasis on numerical
goals and rigid deadlines may undermine the very objectives the strategic plan
intends to achieve. As strategy is developed, care must be taken to avoid the estab-
lishing of trivial goals and exaggeration or even falsification of results achieved
such that targets appear to be met.

Growth and Competition

The dynamic nature of R&D intensive enterprises means that addressing growth
is an ever-important topic. The blue ocean strategies discussed Section 16.5 lead
organizations continually to seek new products and new markets, in short, to be
pioneers.

Pioneering does not imply ignorance of competitive forces. But the point in
time in which competition enters into the picture of strategy is key. A novel
approach is more likely when a picture of strategy is developed that:

1. First matches an organization’s internal condition with environmental
trends and customers needs; and then

2. Looks at how this stacks up against competitors.

Focusing on competition too early—consciously or not—may well lead to
imitation.

Resource Allocation

In the absence of resources, even the best-formulated strategy is doomed to
failure. Thought must be put into the specific types and amounts of financial,
physical, and human resources needed to fulfill an organization’s picture of
strategy. What weaknesses in resources surface in the analysis above require
strengthening?

Evaluation

Finally, an organization’s picture of strategy needs to be evaluated. Again,
the elements in Figure 16.1 are iterative: strategic thought and action are
deeply intertwined. Focusing on Rumelt’s four critical flaws on an ongoing
basis—consistency, consonance, advantage, and feasibility—ensures that
strategy is continually revitalized.

Keeping the strategy and the strategy process fresh is among the major chal-
lenges faced by leadership. In Dilbert’s world, the cynicism arises because the
process itself—the dreaded annual retreat—becomes the focus, not the substance
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of strategy. Leadership must center the process on the very real opportunities and
threats faced by organizations and the individuals who comprise them. The rea-
son the term “picture” is used rather than “plan” is that plan connotes a bulky
document that gathers dust. Weick (2005), in fact, prefers to see the strategy pro-
cess as akin to an impressionistic painting, in which there is “enough structure to
guide, but not so much as to stifle and confine.” The ideal approach to strategy
may be that expressed by Peters and Waterman in their modern classic, In Search
of Excellence (1982:75–76).

“The stronger the culture and the more it was directed toward the marketplace,
the less need there was for policy manuals, organization charts, or detailed
procedures and rules. In these companies people way down the line know what
they are supposed to do in most situations because the handful of guiding values
is crystal clear.”

16.8 SUMMARY

Strategic management and thinking are particularly important for research organi-
zations due to many uncertainties and to the need to coordinate disparate activities
to meet organizational goals and objectives. A strategy process can help focus
the organization on future needs and thus stay in tune with fundamental organi-
zational priorities and goals.

Strategy comprises a mission, strategic objectives, policies, and programs.
Developing this picture of strategy is accomplished by scanning the environment
for trends that imply opportunities or threats to the organization, analyzing inter-
nal strengths and weaknesses, identifying core competencies; creating growth
strategies, analyzing the competition, and then identifying and allocating the
resources necessary to fulfill strategy.

Overly specific quantitative goals and related action plans established in a
strategic plan can be detrimental if misused. For example, overemphasis on
numerical goals and targets often proves to be too rigid and tends to undermine
the dynamic flexibility and creative vision that a strategic plan should strive to
achieve.

16.9 QUESTIONS FOR CLASS DISCUSSION

1. What major elements would you include in an R&D organization’s strategy
process? Strategic plan?

2. Why is an understanding of external trends important?

3. Who should be involved in developing a strategic plan?

4. How does one ensure that a strategic plan remains a flexible, dynamic, and
useful document?



17
RESEARCH, DEVELOPMENT,
AND SCIENCE POLICY

We added this chapter because researchers need to see how their activities relate to
social and economic goals, and they must be able to understand trends that shape
science policy. Since they do have some choices of how they will spend their
time, they must be able to influence funding for their research by understanding
broader policy implications.

Science policy should not be shaped only in the nation’s capital. Unfortunately,
one of the major problems in the United States has been insufficient participa-
tion by scientists in shaping policy. In discussing research goals with colleagues,
supervisors, subordinates, and science policy framers, researchers need to know
something about the formulation of science policy. In a democracy, if govern-
ment alone is left to decide such matters, it will result in second-rate policy.
Participation by scientists is necessary for the sound development of such policy.
To do this effectively, scientists need to understand relationships between:

• Science and technology
• R&D expenditures and economic development
• R&D expenditures internationally and nationally
• R&D expenditures and science policy

Some of the information in this chapter provides a global view of international
and national investment in research. While this may seem to be of little utility to
a principal investigator or a research manager, there is no question that the infor-
mation included here provides a broad understanding of the research enterprise
and its implication for science policy and thus has a number of possible uses at
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certain times or at some levels. Some suggestions on how a principal investigator
or a research manager can use this information follow.

A persuasive case has been made that investment in R&D plays a crucial
role in the economic well-being of a nation, the profitability of business enter-
prises, and the effectiveness of technology-based governmental agencies. There
is evidence that the return on R&D investment in industry is higher than invest-
ment in other activities (Nadiri, 1980). Described in Tables 17.1 and 17.2 are
annual rates of return data on public R&D investment—as demonstrated by the

TABLE 17.1 Annual Rate of Return of Public R&D Investment

Rate of Return to Public
Studies Subject R&D (percent)

Griliches (1958) Hybrid corn 20–40%
Peterson (1967) Poultry 21–25%
Schmitz-Seckler (1979) Tomato harvester 37–46%
Griliches (1968) Agriculture research 35–40%
Evenson (1968) Agriculture research 28–47%
Davis (1979) Agriculture research 37%
Evenson (1979) Agriculture research 45%
Davis and Peterson (1981) Agriculture research 37%
Mansfield (1991) All academic science

research
28%

Huffman and Evenson (1993) Agriculture research 43–67%
Cockburn and Henderson (2000) Pharmaceuticals 30%+
Source: A. Scott, G. Steyn, A. Geuna, S. Brusoni, W.E. Steinmeuller. “The Economic Returns
of Basic Research and the Benefits of University-Industry Relationships.” Science and Technol-
ogy Policy Research. Brighton: University of Sussex, 2001. Available at: www.sussex.ac.uk/spru/
documents/review_for_ost_final.pdf.

TABLE 17.2 Annual Rate of Return on Private R&D Investment

Estimated Rate of Return %

Researcher Private Social

Nadiri (1993) 20–30 50
Mansfield (1977) 25 56
Terleckyj (1974) 29 48–78
Sveikauskas (1981) 7–25 50
Goto-Suzuki (1989) 26 80
Bernstein-Nadiri (1988) 10–27 11–111
Scherer (1982, 1984) 29–43 64–147
Bernstein-Nadiri (1991) 15–28 20–110

Source: Center for Strategic and International Studies. Global Innovation/National
Competitiveness . Washington, DC: CSIS, 1996.
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National Academy of Science and the National Academy of Engineering (NAS
and NAE, 2007) in their publication Rising above the Gathering Storm: Energiz-
ing and Employing America for a Brighter Economic Future (NAS-NAE, 2007,
pp. 48–49). As indicated in one of the footnotes to the tables, caution must
be used in regard to the reliability of these numerical results. Reasons for this
relate to biased information processing, using only projects that have been suc-
cessful and ignoring some costs. That notwithstanding, annual rates of return are
quite significant. There are also other returns from R&D that are incommensurate:
R&D outputs, for example, can provide real choices for addressing crucial social,
economic, health, and environmental related challenges, otherwise not possible.

Another point made in the NAS, NAE report (2007) is that return-on-
investment data normally fluctuate in various studies; however, most economists
agree that federal investment in research pays substantial benefits. Table 17.3
shows the large number of jobs created and revenue generated by Information
Technology (IT)—an industry that did not exist until recently. This industry
flourished because of the federal investment in R&D (providing the patient
capital) and entrepreneurial spirit. The power of the research enterprise is
demonstrated not by any single discovery or innovation but by the ability of this
human endeavor to create entirely new industries. These industries have become
some of the most powerful economic drivers nationally and internationally.
R&D managers can use this information to develop a strategy for making a case
for R&D funding support in their own programs.

Using national information as a model, the R&D manager of a research group
or a laboratory may want to conduct a study to check the effectiveness of its
research activities. For example, return on investment (ROI) of selected com-
pleted research projects can be analyzed. To minimize biases, some research
organizations have a third party conduct such ROI studies. In conducting such a

TABLE 17.3 Sales and Employment in the Information Technology (IT)
Industry, 2000

NAICS Sales Revenues Number of
Code ($ billions) Jobs (1,000)

IT Manufacturing
Computer and peripheral equipment 3341 110.0 190
Communications equipment 3342 119.3 291
Software 5112 88.6 331
Semiconductors and other
electronic components 3344 168.5 621
IT Services
Data processing services 5142 42.9 296
Telecommunications services 5133 354.2 1,165

NAICS-National American Industry Classification System
Source: National Research Council. Impact of Basic Research on Industri al Performance. Washing-
ton, DC: National Academy Press, 2003.
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study, tangible benefits accrued from the use of research output are documented
and analyzed through direct discussions with the users, while costs are deter-
mined through discussions with the research group. In one case, such an activity
demonstrated that the ROI from completed research projects was, on the aver-
age, 30 to 1. As a note of caution, since only completed research projects can
be analyzed and since there is a natural bias built into selecting more successful
projects than others, the overall ROI may be somewhat lower than such a study
may show. In any case, such information can provide a powerful argument for
convincing research sponsors to provide the necessary resources. The ROI in
research, including the importance of basic research, was further discussed in the
chapter on university research enterprises.

Research requires considerable resources; it is indeed an expensive activity.
The data we present here may be used to support the need for realistic budgets
that may seem inflated to those who are unfamiliar with R&D. For research
excellence, it is necessary to attract talented scientists and have well-equipped
laboratories. None of this is possible without sufficient funding. Seeking funds
for research is also an excellent way to test the market and user response to
previous research outputs. Making a successful case for research funding and
convincing sponsors and customers of the considerable benefits that R&D output
provides is, in the final analysis, an effective feedback mechanism that is healthy
for all concerned.

17.1 RELATIONSHIP BETWEEN SCIENCE AND TECHNOLOGY

There is consensus in the literature and among knowledgeable scientists that
technology stimulates science. As Bondi (1967) put it: “It is certainly a matter of
experience that every time our experimental technique has taken a leap forward,
we have found things totally unexpected and wholly unimaginable before. I see
no reason whatever to expect that future improvements in experimental tech-
niques will not have the same effect.” This comment reminds us of the advances
in astronomy after the development of the telescope, in bacteriology after the
invention of the microscope, and so on.

Less obvious examples include advancements in meteorological prediction
after the invention of the supercomputer, and advancements in oceanography
after the invention of applications of the Doppler Effect (such as SONAR and
Acoustic Doppler Current Profiler). Innumerable other examples are possible.
It is important to note the distinction between a singular technology transform-
ing innovative processes and those processes becoming parental to more new
processes. As an example, the innovation of refining and manufacturing pro-
cesses to create silicon microchips has transformed various fields of study and
has expanded the technological capacity of the world. This process and the tech-
nology produced from the process have also simplified existing—and created
new—innovative processes itself. In this way, innovative processes become self-
perpetuating, whereas unique technologies are often independent of the processes
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they impact. Yet that process itself is not wholly unique to one field of study,
nor can its application be tied to a single field of scientific or social discovery
in the same way as a telescope can be linked to the discovery of new stars and
planets.

The process we use to understand outer space, whether from Earth or the Hub-
ble Telescope, or using thermal or radio imaging, constantly grows and changes,
but the central technology—telescopes—remains largely unchanged in function-
ality, even if size and location changes with the processes. Associatively, while
silicon microchips can be used in computers that design better microchips, the
observation of stars will not produce a better telescope no matter how long we
look. In this way, there is a differentiation in fields that require research to begin
and expand away from the original technology, and fields that take the basic
research of their own beginning and multiply it into various new areas of applied
research.

The reality of both branches is that investment in basic research leads to the
development of unique technologies that allow new fields to propagate. However,
due to the complex relationship between unique technologies and the processes
those technologies spur on (which often create more unique technologies by
themselves), it’s not always obvious that basic research has such a necessary role
in the development of new technological fields. The importance of investment
in innovation is such that many new fields have an early dependency on basic
research that they do not always outgrow. An example of this dependency is the
field of computers, and the silicon chip. The field of computer engineering was
dependent on basic research into material testing to discover the data capacity of
silicon (and more recently, diamonds). However, the transfer between universities
performing basic research, and the industries that could use it via manufacturing
processes, requires appropriate linkages and further investment in development
activities.

The National Science Foundation (NSF) developed the Industry/University Co-
operative Research Program to help address the disconnect perceived between
research performed at universities and the subsequent technology used by various
industries. This in turn led to the economic idea of “New Growth Theory,”
which postulates that the growth of knowledge is a society’s greatest resource
(NAS, 2008, p. 9). Therefore, investment in basic research allows developed
societies to have access to an arguably infinite resource vital for their continued
economic growth and for addressing crucial social, environmental, human health,
and sustainability needs that otherwise are not likely to be addressed effectively.

The best conclusion, it seems, is to think of the scientific and technologi-
cal systems as mutually supportive and interacting. Science, technology, and the
market are interrelated (Freeman and Soete, 1997), and in developing science
policy we ought to consider support for both science and follow-up activities for
the innovation process. Science generates understanding of fundamental mecha-
nisms and new knowledge and the innovation process focuses on commercial and
societal use of knowledge.
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17.2 TECHNICAL INNOVATION AND ECONOMIC DEVELOPMENT

Labor, capital investment, the availability of natural resources and raw materials,
technical innovation, and management skills all contribute to high productivity
and economic development in a nation. Here the discussion will focus on the
role that R&D plays in technological innovation and economic development.

The discussion on the output of science and technology pointed out that R&D
productivity to some degree can be measured by output in terms of scientific
literature, patents, and the gross domestic product of each employed person . A
general relationship or correlation between investment in R&D and these three
entities seems to exist. This general correlation can never be high because factors
other than R&D (such as capital, quality of the labor force, social, economic, and
political factors, among other variables) also play a major role. There is also the
phenomenon of economic cycles. Studies conducted by the Systems Dynamic
Group at MIT suggest that economies move through long waves of approxi-
mately 50 years’ duration. In the early part of the cycle, productivity per person
increases. This upswing is due to an increase in capital investment per person, but
after the accumulation of physical facilities and capital investment, adding more
capital does not necessarily add to productivity (Rothwell and Zegwell, 1981,
p. 39).

Technological innovation, as discussed previously, combines understanding
and invention in the form of socially useful and affordable products and processes.
To produce this basic understanding and invention, investment in basic research
is required. One could argue that the investment in one country could be in basic
research, but that the benefits might accrue to another country that combines the
results of basic research with the capacity to produce useful and commercially
profitable products and processes. In any case, looking at the world as a complete
system, investment in R&D is necessary for innovation.

In examining the role of technology in enhancing productivity for the private,
nonagricultural sector of the U.S. economy, we see that from 1909 to 1949 the
cumulative percentage change in output per work-hour amounted to 80.9 percent
(Rothwell and Zegwell, 1981, p. 24). Of this, 87.5 percent of the total increase in
output per work-hour was due to technical change; the rest was due to increased
capital per work-hour (Solow, 1957).

When Robert Solow originally published his paper “Technical Change and
the Aggregate Production Function” (1957), he determined that the aggregate
production function increased at an average of 1.5 percent per year for the years
1909–1949. This means that according to his model, the United States was
increasing production in all fields (excluding agriculture) at a given numeric rate.
What made his work outstanding was the connection between this increase in pro-
ductivity and the investment in technical change through research. In fact, Solow
attributed seven-eighths of total increase in the production function to technical
change. This average upward trend has continued, and in order for it to continue
to do so, there must be a consistent commitment to investment in research as
well as continued development in methods of technology transfer to appropriate
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fields. Between 1997 and 2004 the United States increased R&D/GDP spend-
ing by 0.91 percent, ahead of most countries but behind Japan and Denmark.
This ratio of change in R&D spending to total GDP is a reflection of a coun-
try’s “investment in knowledge” and is an indicator of how a nation prioritizes
increased innovation and technological change (OECD, 2007).

Commenting on the role of technological innovation in economic development,
Charpie (1970, p. 3) states that in industrialized economies, all of the studies show
that 30–50 percent of long-term economic growth stems from innovation that
either improves productivity or leads to new products, processes, or completely
new industries. It is further suggested (Charpie, 1970, p. 51) that technology
affects international trade in several ways. International payments for technology
such as patent royalties, payments for technical know-how, and so on, flow
predominantly to the nations that invest heavily in research and development.
For example, according to OECD figures as reported by the NAS, the United
States receives 2.3 times as much in technological payments from abroad as it
makes in such payments to other nations Figure 17.1.

Possession of high-technology capacity has worked to the advantage of inno-
vative industrialized nations in many other ways. When low-technology natural
products are produced in low-labor-cost countries, industrialized countries can
overcome the labor cost disadvantage by producing high-technology products
for export, thus more than replacing the import balance. However, since 2002
the United States has been running a high-technology trade deficit, as can be
seen in Figure 17.2, which is a serious matter that requires thoughtful analysis.
Industrial and science policy that fosters the effective use of R&D output to
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produce products and systems—an effective innovation process—that makes us
internationally competitive needs to be developed and implemented: clearly a
challenging task.

While in the short run economic progress may be made by applying the
existing scientific knowledge base, in the long run this simply is not possible.
Freeman and Soete (1997) state:

It is only to assert the fundamental point that for any given technique of produc-
tion, transport or distribution, there are long-run limitations on the growth of
productivity, which are technologically determined. No amount of improvement
in education and quality of labor force, no greater efforts by the mass media,
no economies of scale or structural changes, no improvements in management
or in governmental administration could in themselves ultimately transcend
the technical limitations of candlepower as a means of illumination, of wind
as a source of energy, or iron as an engineering material, or of horses as
a means of transport. Without technological innovation, economic progress
would cease in the long run and in this sense we are justified in regarding it as
primary.

It is important to note that factors such as the education and training of the
labor force, an efficient industrial infrastructure (such as transportation and
communication networks), capital investment, intellectual property protection,
a culture that encourages risk taking, and management skills all contribute to
economic productivity. But without new inventions and the scientific base to
produce them, economic growth and productivity simply will not continue
to increase.
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In the United States, the federal government continues to be the primary source of
basic research support, providing nearly three-fifths of the total funding (Science
and Engineering Indicatos, 2006). This is quite understandable. Results of basic
research are a property of the commons, and these results are shared widely and
without regard to commercialization. Since no property rights can normally be
attached to the basic research output, significant investment by industry in basic
research is unlikely. Table 17.4 shows percentage of funding by the performing
sector for different countries. Of the $340 billion spent on R&D in 2006, only
18 percent was for basic research, as shown in Figure 17.7. Of this 18 percent of
expenditures on basic research, 59 percent was from the federal government and
only 17 percent was from industry, while the remaining percentage came from
other private or nonprofit sources.

What investment industry does make in basic research serves the special needs
of some high-technology companies. The reasons for such investment may relate
to (1) industry recognition of the link between science and technology and, in
turn, the link between basic research and innovation, (2) the need to have a diverse
portfolio of activities to increase research productivity, (3) industry recognition
that providing opportunities for conducting basic research is essential to keep-
ing high-caliber scientists, and (4) attempts to reduce the time between basic
research output and innovation by funding its own, rather focused, basic research
to achieve a competitive advantage.

Federal government and industry investment in basic research is necessary to:

• Support the science and engineering (S/E) education process and to train
the needed S/E manpower

TABLE 17.4 R&D Expenditures for Selected Countries, by Performing
Sector, Most Recent Year (percent)

Country Industry Higher Education Government Other nonprofit

South Korea (2005) 76.9 9.9 11.9 1.4
Japan (2004) 75.2 13.4 9.5 1.9
United States (2006) 71.1 13.7 11 4.2
Germany (2005) 69.9 16.5 13.6 NA
China (2005) 68.3 9.9 21.8 NA
Russian Federation (2005) 68 5.8 26.1 0.2
United Kingdom (2004) 63 23.4 10.3 3.3
France (2005) 61.9 19.5 17.3 1.2
Canada (2006) 52.4 38.4 8.8 0.5
Italy (2004) 47.8 32.8 17.9 1.5

Sources: National Science Foundation, Division of Science Resources Statistics, National Patterns
of R&D Resources (annual series); and Organisation for Economic Co-operation and Development,
Main Science and Technology Indicators (2006). Science and Engineering Indicators, 2008.
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• Provide a vigorous link between invention and innovation
• Maintain international competitiveness for industry
• Provide technologies for critical national needs such as public health and

national defense

National investment in basic research benefits industry and the public, and
therefore it is an important element of national science policy. Sustained federal
government investment in basic research was strongly supported and thought-
fully articulated by the Chief Executive Officers of major U.S. corporations as
described in the chapter on university research enterprise.

17.4 R&D EXPENDITURE

Investment in R&D in the United States and other countries increased rather
rapidly during the decade from the mid-1970s to the mid-1980s, although Amer-
ica’s most rapid growth occurred between 1994 and 2000. The trend in recent
years has been mixed, with Japan, Germany, and France still showing steady
increases in spending up through 2006, while China’s rate of increase is such
that they will begin to surpass countries like France in a few years. The United
States has also had mixed progress, with R&D investment slowing significantly
after the turn of the century. These trends are shown in Figure 17.3. The expen-
ditures as shown in Figure 17.3 have been converted into constant 2000 U.S.
dollars, taking into account inflation and differences in the power of the national
currencies of the countries involved.

Table 17.2 showed a rate of return of 7–42 percent on public R&D investment;
the rate of return to society is even higher, ranging from 20 percent to 110 percent.
Of course, if investments in R&D were at a higher level, it is very likely that
the ROI would be lower. However, the fact that return on investment is now
high suggests that we have not yet reached optimal levels of R&D activities.
This does not imply that consulting engineering and professional firms or small
industries could always profitably engage in internally funded basic or applied
research. The size of the firm, the technology of the enterprise, the availability of
resources for investment in research, the competitive market situation, the need
for R&D activity, and an effective R&D organization within the firm should be
evaluated before undertaking an investment in R&D.

Perhaps one of the best measures of R&D activity in a country is the number
of scientists and engineers (S/E) employed in conducting R&D. Figure 17.4
shows the relative R&D efforts of four major research regions as indicated by
the proportion of the labor force employed as scientists and engineers in R&D.
Figure 17.5 shows national expenditures for R&D as a percentage of GDP for
selected countries over a time scale showing the fluctuations from the Cold War
and the turn of the century. R&D expenditures as a percentage of GDP has
become one of the most widely used indicators of a country’s commitment to
scientific knowledge growth and technology development. In the post–Cold War
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world of today, the ratio of nondefense R&D expenditures is probably a better
yardstick of a country’s true commitment to the advancement of science and tech-
nology than most other measures. International comparisons of R&D expenditures
change dramatically when defense-related expenditures are excluded. As seen in
Figure 17.5, the nondefense R&D ratios of both Germany and Japan have been
considerably greater than that of the United States after the turn of the century.
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In the United States, R&D investment reached a level of $340 billion in
2006. Information regarding trends in R&D investment is shown in Figure 17.6.
The relative distribution of R&D expenditures in 2006 by source, performer,
and type of R&D is shown in Figure 17.7. As one would expect, industry-
supported R&D focused on developing commercial products for marketing in the
United States and overseas, whereas federally supported R&D focused on such
areas as defense, health, space, energy, agriculture, and other noncommercial but
nationally important areas.

The U.S. Office of Management and Budget (OMB) divides the federal
budget into functional categories that reflect areas of U.S. federal government
responsibility. Of the 16 major categories that contain R&D programs, national
defense receives the largest share of U.S. federal investment in R&D, and health
accounts for the next largest. Looking specifically at federal funding for basic
research, the functional distribution is somewhat different, with health receiving
the largest proportion, followed by general science and space. Basic research
expenditures for defense were about 9 percent of the 1996 basic research total
(Science and Engineering Indicators, 1993). This fraction of the budget has
decreased to 5 percent for 2008. Relative distribution of U.S. federal funds
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for R&D by selected budget function is shown in Figure 17.8 (Science and
Engineering Indicators 2008).

How different governments invest in R&D clearly shows the socioeconomic
objectives considered important at the policy level. In the United States, much
of the federal government investment is for defense, health, and civil space,
while investment in energy is moderate and investment for industrial develop-
ment is almost nonexistent, as shown in Figure 17.9. For Japan and Germany,
government R&D support patterns are much different. For France and the United
Kingdom, while the investment in defense is sizable, their investment in indus-
trial development compares favorably with Japan and Germany. In the United
States, historically, the direct role of government in industrial development or
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investment in R&D has not been well accepted by industry or science policy-
makers. The question is often raised: Should the government pick “winners” and
“losers” by supporting certain R&D projects for industrial development?

It is generally believed that, in the long run, government is not likely to allocate
resources as efficiently as the market. As discussed earlier in the chapter on
university research enterprise, the government’s proper role is investing in basic
research, which provides a foundation for innovation without selecting winners
and losers; and investing in nationally important missions such as defense, health,
and civil space is a prudent course of action. Providing incentives to industry for
taking a long-term view of investment in R&D could fulfill the need for increased
industrial investment in R&D in the United States.

Since defense-related R&D is not primarily oriented toward a nation’s trade
competitiveness, its public health, or other nondefense objectives, a comparison
of nondefense R&D expenditures to GDP may be of interest. Figure 17.5 provides
this information.

The major market economies of the world spend similar proportions of their
GDPs (between 2.2 and 3.2 percent) on all research and development. How this
has varied over the years is shown in Figure 17.5. Differences among the five
nations are more dramatic when R&D expenditures for nondefense purposes
are compared. For instance, Japan is spending in excess of 50 percent more as
a percentage of GDP on nondefense R&D as compared to the United States,
France, or the United Kingdom. It is significant to note, however, that funding
of defense-related R&D for 1992–1994 represented between 33 percent and
55 percent of total government R&D funding in the United States, the United
Kingdom, and France. At the same time, this expenditure was only 8.5 percent in
West Germany and an even smaller 6 percent in Japan (Science and Engineering
Indicators, 1995). Clearly, as the share of national R&D effort devoted by a
country to defense-related activities increases, resources available to business-
related research activities decreases. Historically, the reasons that West Germany
and Japan spend less on defense-related R&D are the legal and constitutional
constraints placed on these countries by the Allies at the end of World War II.

Data show that countries that spend proportionally less of their national R&D
resources on defense enjoy the greatest GNP and productivity growth rate (Roth-
well and Zegwell, 1981, p. 26). Clearly, there are many technical spin-offs from
defense-related R&D, but this is not an efficient way to develop new technology,
and the opportunity cost to economic growth of defense-related R&D is clearly
high (Rothwell and Zegwell, 1981, p. 26).

In developing national science policy, it is important to understand the crit-
ical need for R&D investment in defense-related activities. National policies in
the United States and other industrialized countries with similar international
responsibilities (e.g., United Kingdom and France) favor such expenditures. This
is one area where the federal government, and not industry, must assume its
proper responsibility and provide for an adequate national defense. Since R&D
expenditures can increase productivity, R&D expenditures on defense-related
activities can therefore reduce the proportion of GDP allocated to defense and
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thus lessen the nation’s total defense related expenditure to achieve the same
defense capabilities.

A National Academy of Sciences (1995) report argues that the federal research
budget is now defined so broadly that it is difficult to say how relevant it is to the
health of U.S. science. The report suggests that a more meaningful definition of
R&D that includes only activities that generate new knowledge or technologies
and leaves out items that are related to mission-oriented agency activities (e.g.,
new military hardware that consumes enormous R&D budgets) would provide a
much sounder basis for understanding real national investment in science. In turn,
this would provide a more meaningful basis for science policy making. If this
approach were used, the current federal R&D budget would be about half of the
total sum the government now claims to spend on R&D. Another benefit from
this approach from a science policy point of view would be that mission-oriented
agency programs that are now lumped in the total R&D budget would have to
be defended on their own terms rather than for their contribution to science.
Explicit decisions then could be made for these funds in terms of their tangible
contribution to agency missions.

17.5 R&D PRODUCTIVITY

In this section, the emphasis is on R&D productivity at the national level. R&D
productivity at the organizational level is discussed in the chapter, “Creating
a Productive and Effective R&D Organization.” R&D organization productiv-
ity is defined as an organization effectiveness vector that includes quantifiable
and nonquantifiable organization outputs, and this vector reflects the quality and
the relationship of outputs to organizational goals and objectives. Individual
researcher productivity follows the general pattern of the organization effective-
ness vector and is discussed in the chapter on performance appraisal.

Figures 17.3 through 17.6 provide information about the magnitude of selected
countries R&D investments. In addition to the monetary investment, in the long
run, the ability of a nation to conduct research in science and technology is con-
strained by the ability of the nation’s education system to produce the necessary
science- and engineering-trained manpower.

It is difficult to compare the training of engineers and scientists from dif-
ferent countries because the curricula vary and the quality of training and the
degrees conferred convey different meanings. Consequently, the number of engi-
neers and scientists that a country trains may not predict its strength in science
and technology. Nevertheless, the number of scientists trained is an indication of
disciplinary emphasis by the country, and, over time, this is bound to affect the
ability of the country to conduct research in science and technology. Therefore, it
is important to note that in 2006 several countries awarded higher percentages of
their first university degrees to candidates in the natural sciences and engineer-
ing than the United States (32 percent—456,000 S&E graduates). These include
China (56 percent—672,000), Japan (63 percent—349,000), the European Union
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(38 percent—617,000), the United Kingdom (38 percent—110,000), and Ger-
many (62 percent—51,000). It’s also important to note that at 32 percent the
United States is below the world average of S&E graduates.

The figures for developing countries, where higher education is still a rela-
tively elitist commodity, are somewhat misleading. China, for instance, has the
lowest percentage of colleague cohorts obtaining a college degree (1.67 percent)
compared with the United States, which has the highest percentage of population
receiving tertiary education (39 percent) (Science and Engineering Indicators,
2006).

In addition to the number of engineers and scientists produced by a nation,
R&D productivity is also a function of the quality of the training, effectiveness
of R&D management, availability of modern research equipment, and computer
technology. Some surrogates of R&D productivity could be the extent of the
scientific literature, the number of patents, and the overall economic activity
represented by the gross domestic product (GDP).

Scientific Literature

The relative strength of a country’s R&D activities can be measured, to some
degree, by its share of publications in the world’s leading scientific journals.
The United States share of world scientific and technical articles is shown in
Figure 17.10 and Table 17.5 (National Science Board, 2008, Appendix Table
5-34, p. A5-57). Relative ranking of countries’ output of S&E selected fields
is shown in Table 17.6. Table 17.6 demonstrates that the United States, as of
2005, is still ranked first in output in every category of technical article. Perhaps
more significant than this is that the United States held 54 percent of the top 1
percent cited articles (National Science Board , 2008, Appendix Table 5-39, p.
A5-74). This alignment of data would suggest that although the United States
may be producing less information than the 27 countries of the European Union,
the quality of the information produced is recognized as being one of the highest
caliber. When looking at the rate of article growth, it becomes evident that this
lead is not secure. With the Asia-10 countries increasing at a rate of 6.6 percent
from 1995 to 2005 and the United States growing at a rate of only 0.6 percent
per year in the same time frame, Asia may in time surpass the United States in
article output.

Patents

Data on patent activity permit some overall comparisons of the output of inventors
in different countries. Significant inventions are patented in the host country
and in other countries as well. Thus, the number of U.S. patents granted to
foreign inventors provides an indicator of the level of invention in those countries,
while the proportion of foreign to U.S. inventors receiving U.S. patents provides
a measure of the comparative inventiveness of foreign versus U.S. inventors.
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Figure 17.10. S&E Articles in Selected Fields, by Region/Country/Economy:
1995–2005
(Sources: Thomson Scientific, SCI and SSCI, http://scientific.thomson.com/products/categories

/citation/;ipIQ, Inc.; and National Science Foundation, Division of Science Resources Statistics,

special tabulations.)

TABLE 17.5 World Share of Scientific Publication by Selected Regions:
1995–2005

Number of Articles Percent of Total Average Annual Growth

World 709,541 100% 2.3
United States 205,320 29% 0.6
European Union 234,868 33% 1.8
Asia-10 144,767 20% 6.6

Source: Science and Engineering Indicators, 2008, Appendix Table 5-34, p. A5-57.
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Figures 17.14a and 17.14b show number of triadic (three or more) families by
nationality of inventor for selected countries and patents in force by country
of origin, respectively. In 2005, applications from Japan and the United States
counted for 28 percent and 21 percent, respectively of the patents in force world-
wide. Also, in Figure 17.1 it can be seen that the United States continues to
produce and sell more usable intellectual property than other countries. This
denotes the existence of innovative culture of America. Similarly, data gathered
between 2001 and 2003 shows that the United States owns 17.5 percent of for-
eign inventions (a 5.5 percent increase over data collected from 1991 to 1993).
However, foreign ownership of U.S. inventions from 2001 to 2003 has risen
5.6 percent since 1991–1993, from 8 percent to 13.6 percent. In order for the
trend demonstrated in Figure 17.1 to continue, the United States must continue
to invest in basic research and applied research.

Another trend in patent activity that may indicate the condition of Amer-
ica’s innovation is the number of foreign co-authors on American patents: this
trend can be viewed either positively or negatively. It is a positive trend if it
reflects a globalization effort on the part of US scientists to be actively engaged
in the greater intellectual community beyond its domestic borders. This will
allow technology transfer to occur and general scientific knowledge to increase
in developing countries at a higher rate, further increasing their rate of economic
development, which will in turn allow new markets to be formed in otherwise
undeveloped regions of the world. The trend may be negative if it reflects foreign
scientist’s efforts to displace U.S. scientists in domestic research, further pushing
the U.S. scientific community into the reputation of adopting and adapting to
foreign inventiveness. Regardless of the interpretation, the data collected by the
OECD Patent Database in 2007 shows that the number of foreign co-authors has
nearly doubled, from 6.7 percent in the early nineties to 12.2 percent at the turn
of the century (OECD, 2009).

Economic Activity

In a real sense, successful inventive and innovative activity over time should
result in increases in an economy’s ability to produce goods and services in a
cost effective manner. Increased productivity and the resulting improvements in
the standard of living for the nation’s citizens are clearly the important bene-
fits of an R&D activity. Consequently, one measure of the impact of science
and technology on society is the value of the production accounted for by each
employed person. Gross domestic product (GDP) measures the value added by
industry and individuals in each country. In addition to the input provided by
science and technology, GDP per employed person reflects factors such as avail-
ability of natural resources, expertise of the workforce, investment in industry,
and many other social and economic factors. Among the many sources of pro-
ductivity growth, science and technology have been identified as major causal
factors. GDP, therefore, to a great extent represents the strengths of science and
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technology of a nation. Real GDP per employed person in selected countries is
shown in Figure 17.12.

17.6 GLOBAL PERSPECTIVES ON INNOVATION

We are finding that many of our competitors, especially in Japan and Germany,
are able to go through each turn of the innovation cycle more quickly than their
competitors in the United States. As one would expect, it takes only a few turns for
the company with the shortest cycle time to build up a commanding lead in terms
of productivity and the latest technology in the product . Strategies that allow a
company to shorten the innovation cycle inevitably make them more competitive
so they can be leaders in the global market.

Many Europeans, on the other hand, feel that Americans are better than
they are at adapting and exploiting technology and that there is a good work-
ing relationship between the university community and industry in the United
States. According to Goldsmith (1970, p. xvi), American skills lie in adapt-
ing and exploiting rather than in creating. To support this statement, he has
given a number of examples of recent European developments that have had
a major impact on American engineering techniques: the triple-deck railway
wagon for transporting automobiles (German), the horizontal climbing crane
(French), the flotation process for plate glass (British), the basic oxygen furnace
(Austrian), the Hovercraft (British patent), and the fundamental digital computer
(British).

This is one interesting European perspective. A number of examples of devel-
opments from U.S. and other countries could be equally as interesting. It may be
prudent to look at some substantive scientific accomplishments.

Notwithstanding the American ability to adapt and exploit technology
developed elsewhere, let us examine the American ability to create and invent.
The American share of world scientific and technical articles (Figure 17.7 and
Table 17.5), patent applications (Figure 17.11a), and the number of prestigious
awards (see Figure 17.13 and Figure 17.14 for Nobel Prizes for Scientific
Discoveries) earned by American scientists would indicate that American
scientists are indeed leaders in inventing and creating new knowledge. As can
be seen in Figure 17.15, there is a trend formed after World War II in which the
number of U.S. laureates began increasing at a substantial rate. In fact, in the
two decades of 1988–2008, United States citizens were sole or co-recipients
of 88 percent of Nobel Prizes given in the fields of chemistry, medicine, and
physics (Figure 17.13). And of the 61 prizes awarded in the past twenty years,
31 percent have been given solely to Americans (Figure 17.14). Perhaps many
scientists and engineers in America feel, and rightfully so, that the emphasis on
American investment in R&D needs to be strengthened further so as to sustain
and enhance this leadership position. To the extent that this is not happening,
many may feel that the United States is falling behind. One factor in the recent
decline of American innovation may be the improvement in the conditions of



17.6 GLOBAL PERSPECTIVES ON INNOVATION 353

20,000

18,000

16,000

14,000

12,000

10,000

8,000

6,000

4,000

2,000

0

N
um

be
r 

of
 T

ri
ad

ic
 P

at
en

t F
am

ili
es

United Kingdom

Germany

France

China

Japan

India

(a)

United
Kingdom

Germany

France

United states

China

19
85

19
87

19
89

19
91

19
93

19
95

19
97

20
01

19
99

20
03

India

Japan

United States

Notes: Patents on fractional count basis, i.e., for patents with inventors from multiple
countries, each country receives fractional credit based on proportion of its participating
inventors. Number of patents estimated between 1998 and 2003 by OECD.

Figure 17.11a. Number of Triadic Patent Families by Nationality of Inventor,
Selected Countries: 1985–2003
(Source: Appendix Tables 6-50 and 6-51, Science and Engineering Indicators 2008, p A6-138.

National Science Foundation, http://www.nsf.gov/statistics/seind08.)

(b)

2004 2006
1,800,000

1,200,000

600,000

0

N
um

de
r 

of
 P

at
en

ts
 in

 F
or

ce

Unit
ed

 S
tat

es
 of

 A
meri

ca

Rep
ub

lic
 of

 K
or

ea

Germ
an

y

Fran
ce

Rus
sia

n F
ed

era
tio

n

Unit
ed

 K
ing

do
m

Ja
pa

n (
20

05
)

Countries of Origin

Figure 17.11b. Worldwide Patents in Force by Country of Origin: 2004–2006
(WIPO Patent Report, 2008, p. 23.)



354 RESEARCH, DEVELOPMENT, AND SCIENCE POLICY

1989 1991 1993 1995 1997 1999 2001 2003 2005
0

10

20

30

40

50

United
States, 41.8

Japan, 31.4

EU, 31.1

50

40

30

20

10

0

20
02

 U
.S

. P
PP

 d
ol

la
rs

 (
th

ou
sa

nd
s)

Notes: GDP converted to U.S. dollars using 2002 PPPs at 2005 price level. GDP per
capita calculated using midyear population estimates. EU excludes Bulgaria and Romania.
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scientific work in other countries, which has reduced the “brain drain” to the
United States.

Nevertheless, some Europeans feel that the climate for research, development,
and innovation is more favorable in the United States than in most European
countries. The following are some examples (Charpie, 1970, p. 9):

• The U.S. tax code provides an assured flow of high-risk investment capital
to those would-be innovators who are able to establish contact with ade-
quate venture capital sources. The capital gains provisions of the U.S. tax
law provide an incentive for taxpayers in high-income brackets to assume
substantial investment risks in anticipation of sharply reduced tax rates on
high profits.

• America has a tradition of publicly appreciating and recognizing the success
of antiestablishment people. In addition, the mobile, less-structured Amer-
ican society is technologically sophisticated and is receptive to new ideas
and inventions. American society is conditioned to give praise and prestige
according to accomplishments and it does not ignore a person of humble
beginnings who chooses to fight the system and thus achieves success.

• One of the most important factors is the evidence of successful entrepeneur-
ship surrounding the world-be entrepreneurs in America.
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Billings and Yaprak (1995) argues that inventive (R&D) efficiency may be
an important factor in the competition for global market shares and goods and
services. R&D efficiency is compared for 14 industrial groups in the United
States and Japan using multiple indices of inventive efficiency. Examples of
these indices are:

• The marginal product of R&D capital
• The rate of change in total factor productivity
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• The effect of R&D on future sales
• The effect of R&D on future value added

Findings show interesting differences in inventive efficiency across industrial
groups and between the United States and Japan. U.S. food, textile, chemical, rub-
ber, metals, fabricated metals, and other miscellaneous manufacturing industries
appear to be relatively more efficient in inventive efficiency than their Japanese
counterparts. In contrast, the Japanese excel in paper, petroleum, machinery, and
scientific equipment industries; they display greater inventive efficiency than their
U.S. counterparts (Billings and Yaprak, 1995).

According to a report in November 1995 by the Department of Commerce’s
Office of Technology Policy (OTP), foreign-owned companies are dramatically
increasing R&D spending in the United States, with expenditures reaching $14.6
billion in 1993. At the same time, OTP says, U.S. companies have also increased
R&D done abroad, nearly doubling spending between 1987 and 1993, reaching
an investment of $9.8 billion in 1993 (Rotman, 1995). This trend of foreign-
owned companies performing research in the United States has increased, as the
NAS reported that in 2004 foreign-majority owned companies within the United
States performed nearly $30 billion of R&D. Between 1999 and 2004, the rate at
which foreign investment in R&D increased in the United States was 1.9 percent
greater than the rate of growth from domestic companies investing in similar
R&D (National Science Board , 2008, p. 4-51).
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17.7 R&D EXPENDITURE AND SCIENCE POLICY

The information and analyses presented here should provide an overview of the
considerable investment industrialized nations are making in R&D. The impor-
tance of this investment in both basic and applied research cannot be overstated.
Discussions related to the importance of basic research and the impact of techni-
cal innovation on economic development may provide some information useful
for developing a national science policy.

Science policy is the nexus of science (in general: basic research, applied
research and development, and innovation) and public policy (broadly speaking:
public decision-making processes, generalized guidelines, regulatory measures,
and funding priorities). Nations will rely on the vitality of the science and
technology enterprise to address some of the most challenging issues related
to climate change, job creation, economic growth, energy, environmental pro-
tection, human health, national defense, and affordable and sustainable food
supply.

Nations have evolved different ways of investing in science and technology
and developed policies integrating various constituencies in the process. The role
of scientists and engineers in this area was highlighted in the Rising above the
Gathering Storm report (NAS, NAE, 2007), which stated:

Since the Industrial Revolution, the growth of economies throughout the
world has been driven largely by the pursuit of scientific understanding, the
application of engineering solutions, and continual technological innovation.
Today, much of everyday life in the United States and other industrialized
nations, as evidenced in transportation, communication, agriculture, education,
health, defense, and jobs, is the product of investments in research and in the
education of scientists and engineers.

Some interesting issues related to the global economy and science policy
were raised in a publication by the National Academy of Engineering (1993).
In this report, relative roles of industry, the university community, and govern-
mental agencies were discussed and goals and policy recommendations to further
productivity and growth of the U.S. economy were articulated. Clearly, the per-
formance of the nation’s technology enterprise—that is, its total capacity for
creating, developing, and deploying new technology—is a key factor in increas-
ing the economic productivity and sustaining the growth rate of the U.S. economy
(National Academy of Engineering, 1993).

Some goals and policy recommendations related to science and technology
are (National Academy of Engineering, 1993):

• Foster the timely adoption and effective use of commercially valuable tech-
nology throughout the U.S. economy.
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• Increase civilian R&D investment in the U.S. economy and close emerging
gaps in the nation’s civilian technology portfolio.

• Access and exploit foreign technology and high-tech markets more effec-
tively to advance the interests of U.S. citizens.

• Create a strong institutional framework for federal technology policy in
support of national economic development, and integrate the planning and
implementation of federal technology policy with that of national domestic
and foreign economic policy.

In a general sense, these goals provide a blueprint for creating, developing, and
deploying new technology to provide for increased productivity and the sustained
economic growth of the economy.

R&D Expenditures and Society

An analysis of R&D investment by the major industrialized countries gives an
indication of the emphasis each nation places on its needs and the priorities
each nation has established among competing social needs. Since investment in
R&D affects the innovation process and thus the goods and services available to
consumers, the nature of R&D investment may to a large degree determine the
real choices available to society . Consequently, R&D investment at the national
level cannot be viewed primarily in terms of profitability.

Freeman and Soete (1997) argued:

The advance of science and technology must find its support and its justification,
not merely in the expectation of competitive advantage, whether national or
private, military or civil, but far more in its contribution to social welfare,
conceived in a wider sense. The funding of R&D is extremely important for
these basic goals.

Because of the problems of the commons and other associated issues, there
is a tendency for R&D investments in industry and in government to focus
primarily on short-term projects and not on problems of the environment, energy
sustainability, and the like. As Freeman and Soete (1997) stated:

Present R&D project selection techniques are biased overwhelmingly towards
technical and short-term competitive economic criteria. This is true of both cap-
italist and socialist economies. An extremely important problem for research
and social implementation is the evolution of quite new techniques of selection
and assessment which could be applied both in the private and public sectors.
These should take into account aesthetic, work satisfaction and environmen-
tal criteria as well as other social costs and benefits which today are almost
excluded from consideration.
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Only when a national science policy explicitly recognizes that market rate
of return cannot properly account for the investment needed in either basic or
applied research can we begin to develop a broader and a more comprehensive
approach to investment in research. This argument does not necessarily lead to
more investment in research. Instead, it may lead to modifying some of our priori-
ties and may also lead to analyzing both monetary and human capital investments
in R&D explicitly.

R&D Expenditures on Space and Defense

Let us take the case of major research and development efforts that are undertaken
to focus on national priorities such as space or defense. Without making any
political judgments, although these can be important, it would be salutary to look
at investments beyond the monetary aspects—for example, the investment of
scientific talent incurred for these activities. Commenting on the desirability of
the Strategic Defense Initiative, the Nobel Prize recipient John Bardeen stated that
investment in this research program alone could be larger than the entire amount
spent by the government for all nonmilitary research, including the National
Science Foundation and the National Institute of Health. Perhaps, he stated, the
country can afford this multibillion-dollar investment in monetary terms , but
not in the diversion of the top talent of scientific manpower to such activities
(Bardeen, Daily Illini , April 21, 1986).

Further commenting on a similar experience in the early 1960s, Bardeen (Daily
Illini , April 21, 1986) has stated that the Apollo Program in the early 1960s was
a great technical success, but the real cost to the United States was far greater
than the dollars spent might indicate, because it was during the 1960s that the
aerospace industry expanded rapidly to meet military and space needs and drew
scarce top technical talent from civilian and other human needs. This, in turn,
provided nations such as Japan and Germany the opportunity to establish a lead
in civilian-based industries and markets. Large undertakings such as the Apollo
Program historically have caused perturbations in the supply and utilization of
top technical talent, so that the aerospace or military industry grew faster than
could be sustained in the long run. Within a decade of its expansion in the early
1970s, highly trained engineers, ill suited for civilian needs, were being laid off
by the aerospace industry.

No one questions the importance of national defense. Indeed, it is one of
the most important priorities for a nation and especially so for countries like the
United States. As a matter of national policy, however, it is important to consider
not only the expenditures in major research programs of the magnitude of space
and defense, but also the investment of top scientific talent in such activities.
The impact that their programs have on the utilization of scientific talent is an
important consideration.
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It would seem that a vigorous debate on these issues is essential so that var-
ious national priorities are appropriately balanced. Such a debate should bring
into consideration a science policy that explicitly addresses the issue of top talent
diversion to different national efforts in addition to the monetary aspects . Edu-
cational and training programs could then be geared to produce the necessary
technical talent, perturbations could be minimized, and essential defense needs,
along with other nonmilitary and human needs, could be effectively satisfied.
This would produce a more sustainable defense policy, which would be less
costly to the nation because engineers and scientists that are highly trained and
experienced in addressing military needs would not be rendered useless when
there are major funding shifts and the resources and manpower normally wasted
in start-ups and wind-down activities for large project undertakings for space and
defense would be eliminated or minimized.

Choices among Competing Priorities

As the cost of specific projects (e.g., the supercollider) increases, some critics
claim that “big science” threatens to eliminate “small science.” Thus it seems
that establishing science policy will eventually require making choices among
competing national priorities. Is there a role for the science community in making
these choices and formulating a national science agenda? In an address to the
members of the National Academy of Science, Frank Press (1988) stated that
“we must also be willing, for the first time, to propose priorities across scientific
fields . . . . We can do so in a manner that is knowledgeable, responsible and
useful. We should accept the challenge.” If the scientific community does not get
involved in proposing priorities and in formulating a national science agenda,
others will set this agenda without critical analysis and proper knowledge. Such
a national agenda is not likely to have the support of the science community, the
confidence of the public, or the long-term commitment of the nation for financial
support.

In making choices among competing national needs and proposing priorities
across the scientific fields, a set of credible evaluation criteria is needed. The
weight given to various elements of the criteria would naturally differ among
scientists themselves and other decision-makers. It should, however, not be too
difficult to reach an agreement on the major elements of such criteria.

Dutton and Crowe (1988) have proposed a set of evaluation criteria (see
Table 17.7) with a series of questions under each of the main elements. They
propose that each major research program of national significance be evaluated
using such criteria so that comparable judgments can be made across programs.

Depending on national priorities, each nation, at a particular time in history,
will need to develop a thoughtful far reaching and visionary strategy and evalu-
ation criteria for research programs of national significance.
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TABLE 17.7 Evaluation Criteria for Research Programs of National
Significance

Scientific Merit

1. Scientific objectives and significance
What are the key scientific issues addressed by the initiative?
Why are these issues significant in the context of science?
To what extent is the initiative expected to resolve them?

2. Breadth of interest
Why is the initiative important or critical to the discipline proposing it?
What impact will the science involved have on other disciplines?
Is there a potential for closing a major gap in knowledge either within a discipline or

in areas separating disciplines?
3. Potential for new discoveries and understanding

Will the initiative provide powerful new techniques for probing nature? What advances
beyond previous measurements can be expected with respect to accuracy, sensitivity,
comprehensiveness, and spectral or dynamic range?

Is there a potential for insight into previously unknown phenomena, processes, or
interactions?

Will the initiative answer fundamental questions or stimulate theoretical understanding
of fundamental structures or processes related to the origins and evolution of the
universe, the solar system, the planet Earth, or life on Earth?

In what ways will the initiative advance the understanding of widely occurring natural
processes and stimulate modeling and theoretical description of these processes?

Is there a potential for discovering new laws of science, new interpretations of laws,
or new theories concerning fundamental processes?

4. Uniqueness
What are the special reasons for proposing this initiative? Could the desired knowledge

be obtained in other ways? Is a special time schedule necessary for performing the
initiative?

Social Benefits

1. Contribution to scientific awareness or improvement of the human condition
Are the goals of the initiative related to broader public objectives such as human

welfare, economic growth, or national security? Will the results assist us in planning
for the future?

What is the potential for stimulating technological developments that have application
beyond this particular initiative?

Will the initiative contribute to public understanding of the physical world and
appreciation of the goals and accomplishments of science?

2. Contribution to international understanding
Will the initiative contribute to international collaboration and understanding?
Does the initiative have any aspects requiring special sensitivity to the concerns of

other nations?
3. Contribution to national pride and prestige

How will the initiative contribute to national pride and to the image of the United
States as a scientific and technological leader?

Will the initiative create public pride because of the magnitude of the challenge, the
excitement of the endeavor, or the nature of the results?

(continues)
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TABLE 17.7 (continued)

Programmatic Concerns

1. Feasibility and readiness
Is the initiative technologically feasible?
Are new technological developments required for the success of the initiative?
Are there adequate plans and facilities to receive, process, analyze, store, distribute,

and use data at the expected rate of acquisition?
Is there an adequate administrative structure to develop and operate the initiative and

to stimulate optimum use of the results?
2. Scientific logistics and infrastructure

What are the long-term requirements for special facilities or field operations?
What current and long-term infrastructure is required to support the initiative and the

processing and analysis of data?
3. Community commitment and readiness

Is there a community of outstanding scientists committed to the success of the
initiative?

In what ways will the scientific community participate in the operation of the initiative
and the analysis of the results?

4. Institutional implications
In what ways will the initiative stimulate research and education?
What opportunities and challenges will the initiative present for universities, federal

laboratories, and industrial contractors?
What will be the impact of the initiative on federally sponsored science? Will new

components be required? Can some current activities be curtailed if the initiative
is successful?

5. International involvement
Does the initiative provide attractive opportunities for involving leading scientists or

scientific teams from other countries?
Are there commitments for programmatic support from other nations or international

organizations?
6. Cost of the proposed initiative

What are the total direct costs, by year?
What are the total costs, by year, to the federal budget?
What portion of the total costs will be borne by other nations?

Source: J. A Dutton and L. Crowe (1988). Setting priorities among scientific initiatives. American
Scientist , journal of Sigma xi, 76, 600–601. Reprinted by permission.

17.8 SUMMARY

In summary, science and technology are closely interrelated. Investment in R&D
is essential for economic development and for sustaining economic growth. The
level of support should be determined by the social benefits of competing usages
of the funds. The few clues that we have at present suggest that in the United
States the benefits from increased support for R&D will be greater than the
benefits that society will derive from competing usages of the funds.
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Views on R&D expenditure and science policy, the topic discussed at the end
of this chapter, naturally vary. Public policy decisions related to science policy
and research expenditure affect resources available for conducting research and
the emphasis on such research. Consequently, participation of engineers and sci-
entists in the policy-making stage, where tradeoffs between competing demands
are considered, needs to be reemphasized and institutionalized.

Scientists and engineers engaged in conducting and managing R&D constitute
a substantial portion of the American electorate. Over 1.4 million people, in
a country where half the population usually does not vote, can be a critical
force in some elections. The data presented here suggest that the United States
lead in science is slipping. Furthermore, too much is spent on research that has
little potential for technological innovation spin-offs, while other countries, such
as Japan, are graduating more engineers as a percent of total graduates than
the United States, produce more patents per capita, and do more research in
areas that have such spin-offs. Should these trends be reversed? In a democracy,
such changes come from concerned segments of the broader electorate, including
scientist and engineers knowledgeable about such matters.

17.9 QUESTIONS FOR CLASS DISCUSSION

1. How may the difference between unique innovation (such as the telescope)
and “self-perpetuating” innovative processes (such as the silicon chip) con-
tinue to become undistinguished in the future? How may the role of science
(understanding fundamental mechanisms) and the innovation process (social
uses of knowledge) continue to develop in the future?

2. Solow attributed seven-eighths of production growth to technical change;
How may this be affected if a nation reduces investment in R&D?

3. Four reasons for government investment in basic research were mentioned in
this chapter. In your opinion, what other reasons may exist for government
support of basic or applied research?

4. Is it a sound public policy for the U.S. government to spend more than
50 percent of its R&D budget on defense? How can this investment serve
broader national needs as well?

5. What criteria would you use to determine whether a nation is well developed
scientifically and why?

6. How would changes in international patent policy and tax code affect the
amount of scientific activity and investment in R&D in a nation?

7. How would you set research program priorities to address crucial national
needs?
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Praise for the Second Edition
“This is a superbly written book and could make an excellent reference and text for related university courses.”

—E. LILE MURPHREE, JR., PHD, former Chairman, Department of Engineering Management, 
The George Washington University
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