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ABSTRACT 

This study was undertaken to investigate management techniques 

being used in research and development (R&D) organizations and to 

determine if Management by Objectives (MBO) can be applied to R&D 

activities to improve their effectiveness. 

Organizations which accomplish an extended R&D-innovation 

process were selected to be the research subjects for this study. The 

R&D-innovation process was defined as including eight basic activities: 

(1) establishing corporate goals, (2) setting R&D goals, (3) generating 

R&D proposals, (4) evaluating and selecting R&D projects, (5) project 

technical planning, (6) project performance, (7) production, and (8) 

marketing. Seven research propositions were developed to test the 

general thesis that the use of MBO processes through participation by 

R&D managers and project engineers in R&D management functions and 

decisions lead to increased R&D effectiveness. 

On site interviews were conducted in twelve firms which 

developed, produced, and marketed electronic computer equipment. 

Descriptive information was collected on the management techniques used 

to accomplish R&D activities. Perceptual ratings and economic data were 

obtained on the extent of R&D management and project engineer participa

tion and on the perceived and measured results. 

The descriptive information showed that five of the twelve firms 

in the research sample were using planned MBO programs, and two addi

tional firms had recently implemented MBO programs. In recent years, a 

xii 
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strong trend had developed in the use of integrated planning committees 

with a high degree of participation by R&D managers in top level 

planning and by project engineers in project planning, performance, and 

evaluation. These findings appeared to support the research thesis 

that MBO is a viable and effective system for managing R&D programs. 

The individual research propositions were tested by non-

parametric statistical techniques. The results did not strongly 

support the research propositions at the desired level of significance. 

However, interpretative analyses indicated that the lack of statistical 

support was possibly caused by a lack of variability in the independent 

variables, small sample sizes, and unusual patterns in the dependent 

variables because of extraneous factors. The descriptive analyses pro

vided some support for the research propositions and indicated that 

participation of R&D managers and project engineers in management 

functions and project decisions related to R&D activities contributes 

to the effectiveness of R&D programs. 

This study was considered to be a pilot study of R&D activities 

and management techniques in one technology area. Further studies are 

recommended for other technologies with the hope that they will increase 

the effectiveness of R&D programs. 



CHAPTER 1 

INTRODUCTION 

Scientists and engineers, through their discoveries and 
innovations, expand the range of choices open to a nation 
and its people. In the United States, we look to our 
scientists and engineers to help make the nation strong, to 
advance the prevention and cure of disease, to deepen our 
understanding of man and nature, to educate and train 
tomorrow's scientists and engineers, and in many other ways 
to help us attain our individual and national goals (Killian, 
1964, p. 1). 

This study basically has three purposes: (1) to examine research 

and development (R&D) as the domain in which scientists and engineers 

accomplish their achievements; (2) to review the benefits, management 

techniques, and problems identified with R&D programs; and (3) to 

investigate the feasibility of using Management by Objectives (MBO) to 

increase the effectiveness of R&D programs. This chapter contains a 

discussion of the relationship of R&D to technical innovation, as well 

as a description of the need for the research as shown by a resume of 

the importance and growth of R&D, the effects of the recent economic 

recession upon R&D, and the need for improvement in R&D activities. The 

chapter concludes with the presentation of objectives of this research 

and organization of the dissertation. 

R&D and Technical Innovation 

The process through which the achievements of scientists and 

engineers are realized is commonly known as technical innovation. 

Technical innovation, as defined by the National Science 

1 
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Foundation—Office of National R&D Assessment (1975), includes the 

processes from conception or generation of an idea to its wholesale 

utilization by society including activities involved in the creation, 

research, development, and diffusion of new and improved products, 

processes, and services for private and public use. 

Technical innovation, as defined above, is intended to lead to 

capability and adaptability of industrial processes, products, and 

services to meet more demanding needs and to seize more challenging 

opportunities for economic and sociological growth. It is a connected 

process in which many and sufficient creative acts from research 

through service couple together in an integrated way for a common goal 

(Morton, 1971). Haeffner (1973) developed a model for technological 

innovation in which R&D is a necessary ingredient, but in itself, is 

insufficient for industrial economic growth. In his model, shown in 

Fig. 1.1, innovative activity and thereby technical progress are 

motivated by the state of development and economic conditions in the 

community. 

The role of R&D as part of the total process of innovation is 

further explained by Globe, Levy, and Schwartz (1973, p. 8): 

Innovation consists of a complex series of activities, 
beginning when the original idea is first conceived; 
proceeding through a succession of interwoven steps of 
research, development, engineering, design, market 
analysis, management decision making, etc. and ending at 
"first realization," when an industrially successful 
product or process is accepted in the market place. 

Research and development is the organized and managed search and 

discovery of new scientific knowledge and its systematic use in the 

invention and production of new or improved products, materials, and 
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Fig. 1.1. The Innovative Process — Source: Haeffner (1973, p. 19). 
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processes. Rubenstein and Douds (1969) suggested that the process by 

which the managed outputs of R&D reach industry markets is a sequence of 

linked events, as shown in Fig. 1.2. 

Although technical innovation, and through it technological 

change, has been identified as having broader aspects than R&D and, in 

fact, as including R&D, in the current literature the distinction 

between technical innovation and R&D has become quite blurred. Most 

discussions of productivity, processes, manpower, and expenditures in 

technical innovation are specifically concerned with R&D. For example, 

see Haeffner (1973), Logsden (1972), Mansfield (1968a, 1968b), and 

Morton (1971). This research shall be focused on R&D and all references 

to technology shall be within the context of R&D. 

Need for the Research 

While R&D has been credited with major contributions to the high 

standard of living and economic growth in the United States, a high rate 

of failures in carrying R&D projects through to industrial markets 

coupled with greater competition for funds because of the economic 

recession and identified problem areas indicate a need for improvement 

in R&D management and productivity. This need can be explained more 

fully by examining the following areas: (1) importance of R&D, (2) 

investments in R&D, (3) impact of the economic recession, (4) changes 

in the direction of R&D, and (5) specific needs for improvement. 

The Importance of Research and Development 

The greatest single contribution to the nation's economy in the 

past has come from long term research, and technological break-throughs 
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Fig. 1.2. Research to Marketing Linkage of R&D — Source: Rubenstein 

and Douds (1969, p. 137) . 
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have revolutionized key industries (Clauser, 1975). Examples include 

solid state electronics in communications and computers, nylon and other 

synthetic fibers in clothing, antibiotics in pharmacy, and Polaroids and 

Xerography in data reproduction. Less striking but equally as 

important are the contributions of R&D to productivity and to the 

myriad of new and improved products. 

Research and development form the scientific foundation for 

technological change, which has been identified by Mansfield (1968a) as 

one of the most powerful forces influencing the American economy. 

Contemporary economists have emphasized the fact the R&D leads to new 

techniques which create demand for capital goods and bring about 

investment and growth (Steiner, 1971). Between the years of 1919 and 

1955, 90 per cent of the increase in output per man has been attributed 

to R&D (Steiner, 1971; Walters, 1965). Mansfield (1972) questioned the 

above percentages but concurred that existing econometric studies do 

provide reasonably persuasive evidence that RSD had a significant effect 

on the rate of productivity increase in individual industries studied. 

Investments in R&D 

The contributions of R&D to economic growth have required 

tremendous investments. In 1968, the government and private sectors 

spent more than $25 billion on R&D. Of these expenditures, 64 per cent 

was financed by the government and 36 per cent by private sectors. 

Gurstenfeld (1970) estimated that R&D expenditures would reach $27 

billion in 1970 and $40 billion by 1980. However, the previous growth 

rates were slowed by the economic recession of 1969 to 1974, accompanied 
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by a change in the pattern of investments. The private sector share of 

R&D financing increased steadily and by 1974 reached 42.7 per cent of 

the total expenditures. 

The slump in R&D investments appeared to bottom out in 1973, 

and resurgence became clear in 1974. Research and development 

expenditures in 1974 were estimated to be $32.4 billion and were fore

casted to surpass $33 billion in 1975 (Jones, 1975). During this 

1968-1974 recessionary period, an upward trend was observed in Federal 

Government funds spent on R&D for civilian programs, notably by the 

Department of Health, Education and Welfare (HEW), the National Science 

Foundation (NSF), and the Department of Transportation. In 1975, the 

National Science Foundation spent $2 million on extramural research to 

find ways of improving the effectiveness of R&D in government, private, 

and public services (National Science Foundation, 1975). 

Impact of the Economic Recession 

The economic recession of 1968 to 1974 had a serious impact on 

the R&D programs of both the Federal Government and the private sector. 

During this recessionary period, the growth rate of R&D in both the 

government and the private sector of the United States slumped to one 

of the slowest growth rates in the industrialized world. Research and 

development measured as a percentage of gross National product (GNP) was 

reported by Sheridan (1972) to have decreased from 3.0 per cent in 1964 

to 2.5 per cent in 1972. In terms of constant (1967) dollars, total 

expenditures on R&D actually decreased by 10 per cent. This decrease in 

real R&D expenditures was reflected immediately in unemployment of 
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scientists and engineers (Clauser, 1971, 1972). In 1971 it was noted 

that the demand for technical manpower was dropping sharply. Along 

Boston's famed "Hi-way 128," one of the largest concentrations of R&D 

talent in the country, at least 10,000 of the estimated 50,000 

scientists and engineers had been laid off during an 18 month period 

(Clauser, 1971). 

It was reported in Industrial Research ("U.S. Technical 

Dominance Waning," 1975) that one indicator of the loss of R&D priority 

during the economic slump had been an increase in the percentage of 

foreign applications for U.S. patents, from 20 per cent of the total 

applications in 1961 to 36 per cent in 1973. Mr. William Magruder, the 

President's scientific advisor, stated in 1972 that we are losing our 

technological advantage in at least four vital industries: computers, 

exotic steels, civil aviation, and industrial machinery. Magruder 

warned that the public feeling that ending R&D efforts such as the space 

related programs will free money for other areas is a misconception. A 

trend in shifting R&D from non-social to social programs, while con

sonant with public interest in consumerism and welfare, will have a 

negative impact on the growth of the economy. It is the spin-offs from 

defense and aerospace related R&D, such as pocket calculators, that 

provide the break-throughs needed for economic growth ("Watch for 

'Negatives' as R&D Effort Shifts," 1972). It would be difficult to 

prove that "spin-off" products would not have been developed without the 

defense and aerospace research and development programs. However, 

Mansfield (1972) cited the computer, numerical control, and integrated 
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circuits among many significant advances that have stemmed at least 

partly from military R&D. 

Adding to the economic pressures of the recession, many 

political and business leaders began to question the need, direction, 

and effectiveness of expenditures in technology and in R&D. "... the 

pace of technology should be slowed down because the world is changing 

too rapidly" (Steiner, 1971, p. 271). 

Scholars like Everett Mendelsohn, Lewis Mumford and 
Herbert Marcuse claim, essentially, that modern science is 
a false god that must be eliminated lest the scientific 
method lead to a dehumanized society and possible total 
destruction. . . . that most of the forward momentum in 
science and all of it in technology be halted until we have 
conquered pollution, urban blight and all other problems of 
today (Wiesner, 1973, p. 10). 

. . . when capital equipment, marketing effort, back-up 
inventory and other capital needed to establish the 
product are precluded by economic conditions, there is 
no point in spending R&D funds to develop a product 
(Laserson and Sperling, 1973, p. 13). 

The fight against inflation with its tight money, high 
interest rates and other deflationary influences have 
caused dollar profits and dollar margins to fall. The 
resulting scramble to cut overhead again focuses on "non
productive" R&D, and tight money makes even the successes 
of R&D more difficult to invest in (Collier, 1971, p. 57). 

Herbert A. Simon (1973, p. 1110) countered some of the negative 

claims regarding technology, "The solution of today's major social 

problems will come from more and better technology, for technology is 

just another name for human knowledge. We need to deepen our scientific 

knowledge, broaden our repertory of alternatives and strengthen our 

technology and decision procedures." 

Jerrold R. Voss (1974) indicated a view very similar to that of 

Simon. Voss (1974, p. 16) wrote, 
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Improvements in the quality of life will be dependent 
on science and the way technology uses scientific outputs, 
and industrial R&D is a key link between science and 
products. Intrinsic to the notion of technology will be 
its social, political, and economic aspects. Thus R&D 
programs offer a unique environment for coupling science 
to social needs and contributes to bridging the gap between 
improving the quality of life and the means by which it is 
achieved. 

Frederick Seitz (1972) referred to the argument that technology 

in itself has gone too far, on a very wide front, and that we should 

arrest technological advance to give man more time to catch up. Seitz 

(1972, p. 15) agreed that a problem exists but disagreed with the pro

posed action, "We need technological innovation because of the things 

that it has done and can do to extend the capacity of mankind. Our 

technological advance must be designed in such a way that adequate 

attention is given to minimizing the harmful effects of any development." 

According to Conley (1973), many top managers had not supported 

R&D during the economic recession because they had not understood how 

R&D can support their objectives. Some industrial leaders, such as 

Edward Cole (1972) of General Motors, called for an accelerated pace 

of technological development to spearhead economic, social, and 

environment progress. However, Morton (1971) warned that R&D efforts 

are justified only when the generation of science is transformed into 

new and improved products for which people are willing to pay. Jeanne 

Stellman (1975) added that the benefits from R&D via productivity, 

jobs, and an increased quality of life be balanced against potential 

safety and health hazards before deciding if increased production is 

profitable. 



Change in the Direction of R&D 

The resurgence in R&D was accompanied by a keen awareness of the 

need for increased effectiveness and a redirection in emphasis. 

Emerging R&D efforts are geared more to the market place with focus on 

short term research, and new R&D projects have a close tie in with 

existing businesses through materials, markets, or manufacturing 

techniques or they will not be approved (Harwood, 1973). 

Increasing pressure on business caused by the general economic 

situation has caused industry to expect more output from R&D activities. 

High risk-high potential programs are being eliminated as new products 

are needed to counter the softening economy (Sheridan, 1972). Jerry 

Wasserman, senior consultant with Arthur D. Little, Inc., commented 

that after 25 years in which we have seen some of the most dramatic 

commercial innovations in history, now most so-called innovations build 

on existing technologies and simply extend the state of the art 

("The Breakdown of U.S. Innovation," 1976). The increasing economic 

pressures have resulted in the emergence of what one top research 

scientist dubs "the MBA syndrome": a super-cautious, no-risk management 

less willing to gamble on anything short of a sure thing. More 

emphasis is being placed on a short term return-on-investment basis 

(J. Allen, 1975; Sommers, 1975). 

This trend toward concentration on defensive R&D is considered 

a problem by Richard S, Morse of MIT, Solomon Dutha of Audits and 

Surveys Co., and Jacob E. Goldman of Xerox Corp. who warn that less 

innovation may mean less growth, fewer jobs, and loss of foreign 

markets. However, many manufacturers—high technology and low 



technology alike—are beginning to feel that the costs and risks of 

innovation may be more than any company can afford on its own- Some are 

going outside for help while others are looking for partners to share 

the burden and split the rewards ("The Breakdown of U.S. Innovation," 

1976). 

The economic problems identified above in 1975 and 1976 and the 

hard questions on technology assessment described previously appear to 

have been evident to some in 1973. For example, Harwood (1973, p. 10) 

wrote, 

The current business game plan has demanded a more 
responsive role in research, more closely coupled to the 
need and problem orientation rather than long range 
technological opportunities. If industrial technology is 
to meet its objectives, it must increasingly be concerned 
with having technical solutions compatible both with normal 
market forces and with realistic approaches to social 
problems. 

Need for Improvement in R&D 

Compounding the problems of maintaining high levels of R&D in 

the present and near-term future depressed economic conditions is the 

low rate of success achieved in marketing or otherwise making effective 

use of R&D outputs. Several studies referenced by Gurstenfeld (1970) 

indicate that more than 50 per cent of R&D projects fail to achieve 

desired organizational objectives primarily due to non-technical causes. 

New product failure rates continue to zoom as high as 80 per cent in 

some industries ("The Breakdown of U.S. Innovation," 1976). Gruber, 

Poensgen, and Prakke (1973) claim that a major reason for R&D failures 

is the isolation of R&D from other corporate functions and lack of 

management in R&D effort. For example, the basic processes to produce 
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Corfam were developed by DuPont in the late 1930's, and it took 25 years 

before this product progressed through the R&D work flow transition 

process and reached the commercial markets (Lawson, Lynch, and 

Richards, 1965). Also, orange juice concentrate produced by the 

vacuum-freeze process was not successfully marketed until 1948, 

although vacuum processes which would lead to this product were 

developed in the 1930's (Peters, 1968). 

Tansik (1970) explained that this "implementation problem" 

which contributed to the low rate of success in R&D projects may occur 

at any of the many successive stages of a project when the efforts of 

one stage are passed on to a subsequent stage with the two stages not 

being in strict agreement as to the nature of the transfer. After the 

initial project approval, implementation decisions must be made at each 

stage in the research, development, engineering, tooling, production, 

and marketing transitional process, shown in Fig. 1.2. Implementation-

related problems primarily at the transitional points of the R&D work 

flow have frequently caused time delays. 

When, for example, research passes on a new formula to 
development and suggests that development take over and make 
the item, there may be a high potential for implementation 
problems to occur, particularly if development has few, if 
any, ideas on how to make this item, even given the formula. 
At the end of this transitional process, implementation still 
is important. When a salesman is given a new product, he 
may, for instance, find that new methods of selling are 
required in order to successfully market the item. At all 
points in the transitional process, the potential for 
failure is present when there is an inability on behalf of 
the organization and its members to adapt attitudes and 
behavior in a manner required by the project or product at 
hand (Tansik, 1970, p. 19). 
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Churchman and Schainblatt (1965) had previously stressed that 

mutual understanding is required between a researcher and the manager 

in order to facilitate implementation. Churchman and Schainblatt were 

supported by Abrams (1965), Bennis (1965), and Duncan (1974). Duncan 

suggested that through interaction, researchers come to understand the 

politics of decision making while managers come to appreciate the 

creative processes and scientific values which influence the work of 

researchers. 

The indeterminate nature of R&D also contributes to the low 

rate of R&D successes. Research managers have encountered great 

difficulties in meeting cost, schedule, and technical performance 

objectives for creative basic research projects or development projects 

which require advances in technology state of the art (Gerloff, 1973; 

Walters, 1965). It is often impossible to predict success in innovative 

research, and it is difficult to measure R&D productivity even when 

research projects, especially basic research, are technically successful 

(Biller and Shanley, 1975). 

A management problem noted by Harrison (1974) is that R&D 

projects are often led by research scientists who experience considerable 

difficulty in identifying with basic management objectives and who do 

not possess the generalist's education and training necessary for 

effective interaction with other functions such as finance, accounting, 

and marketing. Scientists and engineers are generally acknowledged 

to be more difficult to manage than are production personnel because of 

their cosmopolitan attitudes which are reflected in higher loyalty to 

their professions than to their organizations (Gouldner, 1957). This 



problem is made more severe because R&D is labor intensive. In com

paring expenditures for labor and materials, R&D spends a far greater 

proportion on engineering and scientific labor than does manufacturing 

divisions (Hovanessian, 1975). 

Based on the foregoing discussion, there appears to be a need 

for a management system which can be used to improve the effectiveness 

of R&D programs. With funds available to R&D being limited because of 

the depressed economy while costs of R&D are accelerated due to infla

tion, the high failure rates appear to have an adverse impact on the 

nation's economy. Concurrently, the increased demands for techno

logical improvements in pollution abatement, health care, and other 

social programs, indicate a requirement that funds to be expended in 

industrial R&D to support corporate economic and social objectives 

achieve the maximum return on investment. Support, cooperation, and 

interaction must be developed and maintained among management, R&D, 

and other organization functions such as planning, marketing, finance, 

and manufacturing. 

Objectives of This Research 

The objectives of this research are to investigate management 

techniques which are being used in the accomplishment of R&D activities 

and to identify those techniques which appear to be most effective. 

Concurrently, field research will be conducted to determine if an 

existing management system, Management by Objectives, can be applied to 

R&D activities to improve their effectiveness. 
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Management by Objectives (MBO) is a management system which has 

gained widespread use in manufacturing and other production oriented 

environments over the past twenty years. Management by Objectives 

functions as a systematic process through which superior and 

subordinate managers of an organization jointly identify their common 

goals and define each individual's major area of responsibility in 

terms of the results expected of him. These goals, responsibilities, 

and plans for achieving them are used as guides for operating the unit 

and assessing the contribution of each of its members (Levinson, 1972; 

Odiorne, 1965). While longitudinal empirical studies on the imple

mentation of MBO are somewhat meager, the preponderance of the 

experiences that have been published have attested to increased pro

ductivity, greater employee participation, and higher morale. 

Organization of the Dissertation 

This first chapter has discussed the importance of R&D to the 

nation's economy. Then some of the problem areas that call for 

improvement were identified. 

Chapters 2 through 5 are based largely on a review of R&D and 

MBO literature. Chapter 2 explains various categories and the overall 

objectives of R&D. In Chapter 3, the basic management functions such as 

planning, organizing, directing, and controlling are discussed relative 

to R&D activities, with emphasis on problems identified in the 

literature. Chapter 4 summarizes the philosophy of MBO, conceptual and 

empirical studies of MBO, and management functions as accomplished in 

MBO systems. In Chapter 5, a comparison of the characteristics and 
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environmental settings of R&D programs with the environments in which 

MBO programs have been effectively implemented is discussed. That 

comparison, accentuating management functions, is used as the basis for 

conceptually determining if MBO processes can be used to improve the 

effectiveness of R&D management. 

Chapters 6 through 8 present the development of the field 

research program. In Chapter 6, the general research thesis is derived 

from the review of the literature, and a conceptual model for the thesis 

is developed. Specific research propositions to test the general thesis 

are formulated and the methods of testing are described in Chapter 7. 

In Chapter 8, a field interview program to collect descriptive and 

quantitative data for analysis is outlined. 

Chapters 9 and 10 present the results of the field research. 

Chapter 9 includes a discussion of the descriptive data relative to 

management techniques currently being used within R&D departments and 

techniques which appear to be more effective are discussed. Chapter 10 

focuses on the quantitative data. Statistical tests are performed to 

test the research propositions; interpretations and implications of 

the results are presented. 

The research program is summarized in Chapter 11. General 

findings and conclusions are presented and suggested implications for 

R&D management and for possible future research are included. 



CHAPTER 2 

RESEARCH AND DEVELOPMENT 

In this chapter, the various types, or categories, of R&D are 

defined, and the way each category fits into appropriate organizations 

is discussed. Emphasis is given to industrial organizations, since the 

complete technological innovation process is most frequently accom

plished by them. The overall objectives of R&D are examined as they 

relate to organizational objectives. 

Categories of R&D 

Rather than being one unified scientific process, R&D basically 

consists of three categories of activities: basic research, applied 

research, and development. However, there is considerably variation 

among contemporary writers as to the definition and content of each 

category. For examples of these variations, see Brown (1972), Bryan 

(1973), R. Clarke (1967), Gurstenfeld (1970), and Walters (1965). 

The complexity of the problem in reaching consensus on the 

definition and content of these three R&D activities can be seen by 

examining Figs. 2.1 and 2.2. As shown in Fig. 2.1, R&D cannot be 

differentiated on the basis of "inputs" since all inputs are required 

for each R&D activity. "Outputs" serves as a somewhat better basis, but 

even here, Outputs B and C do not adequately differentiate between 

applied research and development. Figure 2.2 depicts the sequential 

nature of R&D as viewed by Mansfield (1968a). In this flow diagram, 

18 
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1 .  Research and Development Input 

A B c  

Scientific Knowledge Laboratory buildings Management 
Creativity Equipment Planning 
Imagination Facilities Organizing 
Interest Maintenance Leading 
Feelings Investment Administering 
Effort of time Money Coordinating 
Scientists etc. Evaluating 
Engineers etc. 
Others 

1  • > t \ 

t 

A B C 
Basic Research Applied Research Development 

1  f > y • 

r 

2 .  Research and Development Output 

A B C 
New knowledge New products Improved products 
Theories Materials Materials 
Principles Processes Processes 
Ideas Prototypes Cost savings 
Reputation Designs Methods 
Respect (or no results) 
New technology 
Designs 
General welfare 

Fig. 2.1. Diagram of a R&D Management Input-Output System — Source: 
Walters (1965, p. 10, modified). 
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Inquiry Knowledge 

Production 

Development 

Imagination Observation 

New Products New Processes 

Social sphere 

New Materials New Knowledge New Techniques 

Basic Research 

Economic sphere 

State of the Art 

Applied Research 

Improved Products 

Geopolitical sphere 

Market Introduction 

Commodities and Services 

Increased Human Understanding 

New or Extended Theory 

Prediction 

Fig. 2.2. Flow Diagram of Technological State of the Art — 
-Mansfield (1968b, p. 23). 

Source: 
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"new materials" has been placed under applied research and "new 

products" under applied development. Walters (1965), on the other 

hand, has placed both new products and new materials under applied 

research. Seiler (1965) considers applied research as the application 

of knowledge to potential products or processes, and development as the 

design and development of new products or processes. The somewhat 

arbitrary nature of these classifications serves to further illustrate 

the difficulty in reaching definitional consensus. 

Definitions of R&D Categories 

The following definitions of research and development and their 

subordinate categories were developed from the various definitions and 

explanations given in selected references including Seiler (1965), 

Mansfield (1968a), and Gurstenfeld (1970): 

1. Research—the search and discovery of new scientific knowledge. 

Herein, research shall be within the context of the physical and 

not the social sciences. 

a. Basic research is concerned with acquiring a fuller 

knowledge and understanding of the technology area under 

study. It develops the knowledge base of new principles 

and theories on which technological advances can be 

pursued rather than developing a practical application 

theory. 

b. Applied research is directed toward a practical application 

of scientific knowledge to effect technological advances. 

It includes the demonstration of the feasibility of new 
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concepts in the development of new products or processes. 

Within industrial R&D, applied research has specific 

commercial objectives. 

Development—the systematic use of scientific knowledge in the 

design, development, and production of useful materials, 

devices, systems, or methods. 

a. Exploratory development is the application of basic research 

results to materials and processes to demonstrate the 

technical feasibility of new product ideas or operating 

principles. Exploratory developments of a product 

includes the fabrication and testing of a laboratory model 

which performs a function in a laboratory environment. An 

exploratory development model would not have the form, fit 

or make-up of an operational model. 

b. Advanced development encompasses the development and testing 

of prototype models of products or devices to demonstrate 

their capability to operate in the intended environment. 

c. Engineering development includes the design and operational 

testing of the final form of a product or device and the 

preparation of engineering and manufacturing specifications 

and supporting documents. 

Production—the planning, acquisition, and operation of 

facilities to manufacture and test the products and devices 

developed in the engineering development stage. Production 

engineers, tool engineers, and methods engineers must interact 

closely with development engineers to assure that a new item 
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can be economically manufactured as designed or that necessary 

design changes will not damage the design operating charac

teristics. 

4. Marketing—the recognition of customer needs, the identifica

tion of the product or services needed, and the integrated 

activities of functions necessary to satisfy that need. 

Marketing functions of market research, sales engineering, and 

sales methods, promotion, advertising, and distribution must be 

coordinated with development and production to assure that new or 

improved products are accepted for use by society and become assimilated 

into the goods and services of the market. 

Production and marketing are included in this section as a 

reminder to the reader that a R&D project cannot be considered complete 

or successful until, as noted by Rogers (1966), an invention becomes an 

innovation through acceptance and continued usage. 

Organizations Performing R&D 

While all types of R&D are accomplished in many types of govern

ment and industrial organizations, the manner in which R&D is accomplished 

may be significantly different. 

Government R&D Programs 

Historically, the majority of government R&D has been funded and 

managed by the Department of Defense (DoD). Within DoD, R&D programs 

include basic research, applied research, and product/systems develop

ment, conducted for and managed by the individual military service 



(R. Clarke, 1967). In essentially all instances, the performance of 

R&D is accomplished by civilian laboratories and contractors in 

accordance with Military Standards and Military Specifications which 

detail management requirements and project specifications. Basic 

research for DoD is conducted in specialized non-profit laboratories, 

private laboratories, universities, and research laboratories of large 

corporations. Applied research and product/systems development are 

conducted primarily by both large and small civilian contractors under 

military contracts. 

Other government agencies such as the National Science Founda

tion, the Department of Transportation, and the Department of Health, 

Education, and Welfare use similar methods in R&D programs. That is, . 

they typically provide general program and project management with the 

research or development being accomplished by outside laboratories and 

contractors. 

Industrial Research and Development Programs 

Industrial R&D programs vary considerably with the category of 

R&D and with the type of industrial organization. 

Basic Research. There is a point of view expressed by Lobb 

(1971) that basic research is not the charter of a corporation organized 

for profit but rather the province of universities, foundations, and 

government. However, many opinions support the performance of basic 

research by industrial organization (Fusfeld, 1972; Goldman, 1969). 

Furthermore, many of the largest corporations, such as Dupont, General 

Electric, Westinghouse, and Western Electric, achieved their growth 



25 

through basic research as well as applied research and product develop

ment (Walters, 1965). Basic research is typically performed in a 

research laboratory separated from other functional departments, and 

headed by a research manager who reports directly to a general manager 

or corporate executive. 

Applied Research. Applied research is performed in medium and 

large organizations which also perform product or process development. 

In large corporations, applied research departments use new techno

logical knowledge created by the basic research laboratory and investi

gate its applicability to new products or processes. In smaller 

organizations, applied research is conducted on technological knowledge 

generated by other organizations in the same area of technology or on 

ideas developed within the applied research or development departments. 

In some organizations applied research is conducted under the management 

of the Research Director and in other organizations, applied research 

laboratories are under the direction of the Director of Engineering. 

Development. Product and process developments are performed by 

most companies which are involved in the development, manufacturing, and 

marketing of products. Typically development is performed within 

engineering departments under the general management of the Director of 

Engineering. A typical organization chart for an engineering division 

which includes an R&D department is shown in Fig. 2.3. 

Development encompasses design, prototype development, testing, 

and preparation of manufacturing specifications for products to be 
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R&D Manager 

Advanced 
Development 

Hardware 
Development 

General Manager 

Field Engineering Engineering Services 

Director of Engineering 
Other Functional 

Departments 

Project Project 

Teams Teams 

Fig. 2.3. Simplified Organizational Chart of an Engineering Division 
with an R&D Department 



produced and marketed. Consequently, R&D managers and engineers work 

closely with manufacturing engineers and marketing personnel. 

Objectives of R&D 

The overall objectives of R&D are to build and maintain a 

technological base with which to develop new products, processes, and 

systems needed to achieve the organization's long range objectives. 

Only overall objectives are discussed here; the formulation of 

specific objectives is discussed in Chapter 3. 

Government R&D Objectives 

Government executives look to R&D for the continued growth in 

technology to sustain a healthy economy, provide for national defense, 

provide the technological base for world trade and to provide solutions 

to social problems in such areas as health, environment, and transporta

tion (Daddario, 1967; Logsden, 1972). 

Whether emphasis is placed upon basic research, applied 

research, or development depends upon the mission and responsibilities 

of the government organization. For example, the National Science 

Foundation concentrates largely upon basic research, creating new 

knowledge and developing new theories for use by other government 

agencies (National Science Foundation, 1975). Whereas, DoD agencies 

are actively engaged in all categories of R&D to continually advance 

the state-of-the-art in military systems and equipments (R. Clarke, 

1967). 



Industrial R&D Objectives 

Corporation executives expect R&D to introduce new technology as 

a basis for new business and to improve a corporation's profitability 

and social acceptance through products which meet the perceived needs of 

society, provide higher quality or lower prices (Ingersoll, 1972; 

Brown, 1972). The purposes of industrial R&D include the acquisition 

of new knowledge, the development of new and improved products, and 

professional development of scientists and engineers (Walters, 1965). 

Hillier (1972) and Conley (1973) observed that R&D organizations must 

work for the future within the constraints and conditions of today. 

Columbo (1973) suggested that R&D programs must be anchored to 

clear corporate strategic objectives and must be one of the basic 

elements on which corporate long-range strategy is defined. His 

position is compatible with an earlier statement by Seiler (1965) that 

the direction of a company's R&D effort will in the long run determine 

the nature of its products and its competitive position in the industry. 

Thus, the long-range objectives of a high technology firm would normally 

dictate that a greater proportion of its R&D effort be concentrated in 

basic and applied research. On the other hand, a strategy of maintain

ing market share seems to call for emphasis on development of new 

products and product improvements within an existing product line. The 

relationship between long-range objectives, research, development, and 

marketing as seen by Seiler (1965) is presented in Fig. 2.4. Conley 

(1973) suggested that in the final analysis, R&D strategy must be 

designed to support an all out organizational effort in maintaining its 
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technological capability and introducing new products to hold or 

increase its share of the market. 

Summary of the Chapter 

Research and Development is broadly categorized as basic 

research, applied research, and development. All three categories of 

R&D are performed within both government and industrial organizations, 

and have objectives which support the mission and long-range objectives 

of each organization. 

It appears to this researcher that of the three R&D activities, 

"development" is the most integral part of the operation of companies 

which develop, manufacture, and market products to achieve and maintain 

economic growth. Also, the problems noted in Chapter 1 which indicated 

a need for this research are more pertinent to development activities 

in industrial organizations. Thus, while the discussion of management 

of R&D in Chapter 3 will use the term R&D in its broad generic connota

tion, the remainder of this research will be focused on industrial 

organizations and on development projects and related activities. 



CHAPTER 3 

MANAGEMENT OF RESEARCH AND DEVELOPMENT 

A comprehensive definition of management of industrial research 

and development has been given by Walters (1965, p. 3) as: 

The dynamic process of planning, organizing, leading, 
performing, administrating, coordinating and evaluating 
the scientific study, investigation, experimentation, 
and production of new knowledge and the translation of 
that fundamental and basic knowledge into new products, 
processes, and procedures of value to an enterprise, the 
nation, and mankind. 

In this definition, the elements or activities can scarcely be 

called unique to R&D. They can all be fitted into the commonly 

described functions of management such as planning, organizing, 

directing, and controlling the activities of an enterprise. This 

chapter presents in some detail the results of a R&D literature 

search relative to planning, organizing, directing, and controlling 

R&D • 

Management Functions 

The management functions of planning (including the setting 

of objectives and the selection of R&D projects), organizing, directing 

(management of scientists and engineers), and control (including 

communications and evaluation) are presented next in some detail. 

31 
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Planning 

Planning for R&D, like planning for any other activity, begins 

with the determination of specific objectives toward which available 

resources and energies will be directed and continues through estab

lishing guidelines and criteria against which technical performance 

and progress can be measured. 

Establishing Corporate and R&D Goals. It has already been 

implied in Chapter 2, if not explicitly stated, that overall R&D 

objectives must be congruent with and in support of overall corporate 

objectives. Dr. Hibbard, Vice President for Technical Services, Owens-

Corning Fiberglas Corporation, stated in an interview reported in 

Business Week ("How Solid is Your R&D," 1971) that R&D planning must 

be based on a valid corporate long-range plan which includes a 

corporate mission, a corporate strategy, a business plan, and programs 

to accomplish it. 

Three basic approaches to formulating corporate and R&D goals 

have been found. The first, and majority, viewpoint is that R&D 

management should participate with top management in mutual selection 

of types of research technology and development projects to be under

taken (Columbo, 1973; Donley, 1974; Goldring, 1974; Harwood, 1973; 

Hillier, 1975; Ingersoll, 1972). Donley stated that for future company 

growth, R&D managers must participate in top management decisions and 

inject a forward-looking approach into the corporation's decision 

making process. There is evidence that top corporate executives have 

recognized the importance of having R&D managers participate in 



executive decisions. In a study of the Fortune 500 largest corpora

tions, Clauser (1973) found that 61 per cent of the top R&D executives 

report directly to the chief executive officers, and 14 per cent are 

members of the board of directors. 

The second (middle) position is that top management, through 

the corporate planning staff, should establish and give R&D specific 

R&D requirements which tie in with marketing needs, available resources, 

and manufacturing capabilities (Conley, 1973; Mansfield, 1968b; 

McLoughlin, 1970). Under this procedure, R&D management would respond 

to top management's goals without equivocation and would define and 

submit project proposals to meet the prescribed goals. 

The third viewpoint is that R&D directors should handle 

technical problems while others in the company handle getting into the 

market place. This position is based on thinking that if a researcher 

tends to worry about the market place, it shortens his research 

horizons ("R&D Comes Alive Again," 1974). 

Planning Processes. Hockenberry (1972) reported that some R&D 

managers are concerned that adequate R&D planning is not being 

carried out. He suggested that although R&D is subjected to great 

uncertainties which make planning difficult, planning is needed even 

more to overcome those uncertainties. Other writers have also con

sidered the uncertainties inherent in R&D as obstacles to adequate 

planning. For example, Glueck and Deich (1972) observed that R&D 

goals may be quite general, and even when goals are known, the output 

of R&D is sometimes not known in advance. Similarly, Connally (1975) 
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suggested that planning and budgeting of R&D is typically a complex 

sequential process with uncertainty prevalent in such decisions as 

(1) the specification of alternative actions, (2) the costs and benefits 

of each alternative action, and (3) the specification and relative 

importance of criteria to be applied in selecting alternatives. 

Ross (1971) performed an indepth analysis of methods commonly 

used in R&D planning. He discovered that reactions to attempts at 

R&D planning vary with the reacting individual's perception of the 

degree of rationality involved in the invention/innovation process. 

1. The rational view assumes that the R&D process is goal directed 

with the goal known in advance, and the process is essentially 

intellectual, exhibiting a unidirectional flow from the con

ception of ideas to the determination of feasibility and 

thence to development and demonstration—all occurring within 

an established discipline or technology framework. Under this 

rational view, R&D can be planned and managed similar to other 

functions; responsibility for planning is organizationally 

focused, and planning is viewed f:>rimarily as a function of 

upjjer level line managers and the corporate planning staff. 

A top down process is followed with duties and responsibilities 

assigned and subordinate level plans prepared to support top 

level plans, 

2. The non-rationality view emphasizes that the R&D process is 

infused with uncertainty and requires investigation of the 

unknown. Investigation encompasses both an intellectual and a 

creative process, and development exhibits a turbulent flow 
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with many possible iterations. Under this non-rational view, 

the R&D process cannot be managed by simply applying tradi

tional management principles. Responsibility for planning is 

diffused throughout the organization, and planning is viewed 

as the function of individual professionals, and a bottom-up 

planning process is followed. 

Ross concluded that neither approach is sufficient and contends 

that a convergence of the two views must be developed for effective 

R&D planning to be accomplished. 

One potential approach for effective R&D planning is based on 

close cooperation among R&D management, marketing management, financial 

management, corporate planning staff and top management. This 

approach, adapted from one proposed by Lindsay (1971), is summarized 

as follows: 

1. Proposed projects are defined by the R&D manager from ideas 

generated within laboratories and marketing departments in 

support of corporate objectives. 

2. The R&D manager prepares project definitions, exercises the 

project evaluation model and prepares justification forms 

stating financial and manpower requirements. 

3. The finance manager estimates the funds available for the 

planning period and compiles estimates of operating funds 

required for all departments. 
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4. The corporate planning staff reviews proposed programs and 

makes recommendations on programs to fund and on the proposed 

allocation of resources to various programs. 

5. Top management approves the selected programs and resource 

allocations. 

6. The approved project and resource allocations become the basis 

for project technical plans, specifications, schedules, and 

budgets. 

Planning tools commonly used for scheduling approved development 

projects include the critical path method (CPM), PERT networks, and 

milestone charts (Gurstenfeld, 1970; Seiler, 1965; Walters, 1965). 

B. Dean (1966) observed that those planning techniques are based on the 

assumption that the sequence of events and activities required to 

accomplish a R&D project are known with certainty, although completion 

times of such activities may be treated as random variables subject to 

probability distributions. Dean proposed the use of stochastic net

works which do not require these assumptions. Rather, by applying cost 

estimates to each primary and alternate knowledge state required to 

reach an objective, dynamic programming techniques can be used to 

determine an optimal priority of activities and allocation of resources. 

Generating Project Proposals. Conley (1973) recommended that 

R&D proposals be prepared which define projects to accomplish estab

lished R&D goals. However, Hogan and Cherichiello (1974) found that in 

many corporations, R&D proposals are prepared within the R&D department 

on the basis of internal interests or suggestions received from other 



departments, such as marketing. Those proposals are submitted to 

management who evaluates them against corporate objectives. In a study 

of 19 R&D laboratories, T. Clarke (1974) found that 62 per cent of the 

laboratories' work resulted from ideas generated internally by the R&D 

staff, 20 per cent from ideas proposed by the marketing staff, and the 

remaining 18 per cent from all other sources. 

In a study of a large corporation, Baker, Siegman, and 

Rubenstein (1967) concluded that knowledge of organizational problems, 

needs, and opportunities greatly influenced the R&D staff and accounted 

for nearly 75 per cent of the internally generated ideas. These 

authors observed that management has at least some control over the 

R&D staff's perceptions of goals, needs and time pressures and thus 

exerts some influence over the generation of project ideas. However, 

Baker, Siegman, and Larson (1971) subsequently noted that, generally, 

it is the perceptions of the R&D staff which are important in project 

definition and submission decisions; whereas, it is the perceptions 

of management which are important in project selection or disposition 

decisions. T. Clarke (1974) noted that management is more likely to 

consider an idea and to reward its originator if the idea satisfies 

an existing need, solves an urgent problem, or can be developed into 

a new product which is compatible with the overall goals and 

objectives, and can be investigated with existing laboratory resources. 

In summary, project proposals have been generated predominately 

by the R&D staff, but top management exerts influence on project 

proposals by communicating organizational needs to the R&D department. 
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Project Evaluation and Selection. The preponderance of 

research conducted during recent years on evaluation and selection 

of R&D projects has been in the area of mathematical models (Cetron 

and Martino, 1967; T. Clarke, 1974; Gillespie and Gear, 1973; Lucas, 

1971; Maher and Rubenstein, 1974; Walters, 1965). Cetron and Martino 

(1967) reported that thirty computerized models were introduced 

between 1959 and 1967. 

More than a hundred publications have been added to the 

literature since the 1967 study by Cetron and Martino, but T. Clarke 

(1974) observed that very few of the mathematical models have been 

used in actual business situations. This conclusion was supported by 

Souder, Maher, and Rubenstein (1972) and Souder (1973a, 1973b). 

Souder et al. (1972) perceived that although R&D managers desire 

improved methods and many mathematical models and techniques have been 

developed to fill that need, the models and techniques have not been 

tried in ongoing organizational settings. Souder (1973b) found some 

expected value models with capabilities for identifying higher value 

portfolios than those actually implemented, but those models were 

deemed acceptable in only two of seven organizations in which they 

were tested. 

A number of successful applications of computerized mathe

matical models have been reported. For example, Dean and Roepcke 

(1969) used a quantitative model to allocate resources with a R&D 

organization on the basis of cost effectiveness, and the American 

Cynamid Company (Atkinson and Bobis, 1969) successfully used a 
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probability simulation model to find the optimum expected value of 

projects. 

Many reasons have been given for the lack of usage of mathe

matical project evaluation models. Some of the reasons given most 

often are: 

1. The lack of upper management interest. Managers do not 

perceive that the benefits achieved justify the costs (Souder 

et al., 1972). 

2. The complex characteristics of the strategic decisions 

involved, such as the uncertainty of outcomes, the relative 

importance of various objectives, and the large number of 

economic, technical, and organizational factors (Gillespie and 

Gear, 1973). 

3. The complexity of the decision problem to allocate available 

resources within more projects than can be funded. Evaluation 

model inputs include project types, maximum funding level, 

funding requirements per project, projected economic values, 

and probabilities of success. These inputs appear to fit 

a straightforward linear program model, but when projects are 

given an order of priority and when differences in the life 

cycle of a product exist, judgment becomes a significant factor 

(Souder, 1973a). 

4. The priorities of administrators. Many administrators inter

viewed by Souder (1973b) viewed several non-monetary goals as 

being of primary importance, and some of the administrators 

indicated that various intrinsic properties of the portfolios 
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could be of more important consideration than short-term 

profitability. 

The position of one industry leader, Dr. Walter R. Hibbard, 

Vice President, Technical Services, Owens-Corning Fiberglas Corporation, 

is that evaluation of programs for decision making should be based on 

projecting anticipated results of R&D in an explicit way with an 

identifiable menu of probable products and processes. The projection 

should impact on the total business-—capital and cash requirements, 

manufacturing costs, selling price, market identification and penetra

tion, saleable volume, and profits for the estimated lifetime of the 

new product, material or process ("How Solid is Your R&D?," 1971). 

Gillespie and Gear (1973) appear to have synthesized the problem 

of evaluating and selecting R&D projects. They observed that while the 

use of a mathematical model in some form seems an obvious requirement, 

the necessity to select one from the whole range of alternative models 

poses a further problem. Selecting one model implies that a set of 

criteria for assessing models is available, but the very (complex) 

nature of strategic decisions make the process of assembling these 

criteria very difficult. 

It was concluded from the above discussion that mathematical 

models for evaluating R&D project proposals are needed and available 

but are being used very little. It is suggested by this researcher 

that R&D managers have the technical knowledge to understand the 

complexities and benefits of mathematical models, and increased usage 

of models might result from increased R&D management participation in 
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executive decisions as recommended by Donley (1974), Harwood (1973), 

and Ingersoll (1972). 

Organizing 

In the theoretical literature organizing is almost univer
sally viewed as a separate and distinct function; in the 
research literature it is not. Planning and organizing 
both are procedures for establishing role prescriptions, 
and thus both operate as input-improving mediators within 
the framework of our organizational model (Miner, 1973, 
p. 64). 

The literature search performed in this research supported 

Miner's position. More than 150 journal articles on R&D were reviewed, 

and none of them viewed organizing as a specific topic or as a specific 

problem area. Tests on R&D management generally discussed organizing 

from the viewpoint of organization structure. For example, Walters 

(1965) defined organization of R&D (rather than organizing) as the 

total coordination of group effort including tasks and functions of 

individuals, arrangement of jobs into projects, projects into groups, 

groups into sections, sections into departments, and departments 

integrated into the overall organization. 

Seiler (1965) referred to the importance of seeing that all 

parts of the organization are aware of and attuned to the company's 

technological needs and opportunities and that R&D projects are directed 

toward the areas of greatest potential value. Seiler recommended that 

team efforts be used at the project level, that departments be estab

lished at the intermediate level, and that top R&D management be placed 

at a level sufficiently high to permit active participation in estab

lishing company objectives and long range plans. 
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The recommendations of both of these writers are in consonance 

with the simplified organization chart of an engineering department 

given in Fig. 2.3, adapted from McLoughlin (1970). 

Directing—Leadership 

The management function of "directing" R&D personnel and 

activities is subsumed under the role of leadership. Leadership rather 

than directorship was inferred by Walters (1965) upon noting that at 

the middle and lower levels of R&D, the titles of project leader and 

group leader are commonly used. 

Badawy (1974, 1975) believed that unique problems existed for 

leaders of R&D activities. In his view, the high degree of profes

sionalism, individualism and other characteristics of scientists and 

engineers make common personnel management practices inapplicable. 

He stated that it is the unique goals, needs, and personality traits 

of R&D personnel which permit the high degree of imagination and 

creativity necessary for a successful R&D organization. 

Views similar to those of Badawy were expressed by Bucher and 

Gray (1971) and Doering (1973). They separately described scientists 

and engineers as being bright, belligerent, and independent persons who 

are driven by their work rather than directions from a superior. 

Scientists, and to a lesser degree engineers, appear to fit Gouldner's 

(1957) description of cosmopolitans who accord higher allegiance to 

their profession than to their employers. 

Baumgartel (1975) and Pelz and Andrews (1966) differed only 

slightly from the above writers when reporting that while effective 
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scientists valued their freedom and were self-directed, higher produc

tion occurred in both research and development laboratories when the 

researcher, his superiors, and his colleagues had some influence in 

direction and decision making. Harrison (1974) reported that some 

success has been achieved in managing scientists and engineers by 

making use of their characteristics of professionalism, individualism, 

and creativity through obtaining their cooperation in setting R&D 

objectives and defining projects. 

Gomersall (1971) suggested that the biggest challenge of R&D 

management is to define organizational goals which are congruent with 

the interests of scientists and engineers and to create conditions for 

motivation. Landis (1971) stated that R&D managers can most effec

tively promote motivation within their personnel through the estab

lishment of personalized and equitable organizational practices that 

allow for freedom of ideas and action within a defined scope and 

responsibility. Performance, once motivated, can be maintained by 

providing competent technical supervisors who have interpersonal 

abilities and who are aware of the importance of good human relations. 

Bucher and Gray (1971) and Bucher and Reese (1972) stressed 

that motivation must come from the individual, but there is considerable 

agreement on factors which contribute to its development. The Herzberg 

motivational factors and Maslow's higher level needs appear to apply to 

both scientists and engineers. Achievement is the most frequently 

identified motivator and is encouraged by challenging work and rewards 

and recognition for accomplishment (Gomersall, 1971; Landis, 1971). 
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According to Steele (1969b), R&D managers perceive their jobs 

as determining the technical program of their groups, guiding the 

conduct of research and evaluating its success while maintaining an 

effective relationship with corporate management and coordinating the 

efforts of R&D groups with other groups. In a separate publication, 

Steele (1969a) suggested that a highly participative style of leader

ship is required in R&D. He found that some scientists and engineers 

want their boss to have the ability to follow work in progress, 

understand its subtle nuances, and perceive its relevance to the 

organization but not to get involved in their technical work. 

The need for participative, democratic, leadership was supported 

by a study described by Hill (1970). Within a large organization, one 

R&D division of 40 scientists and engineers and 75 technicians and 

support personnel was divided into two sections in order to reduce 

span of control. The new leader of one group had an autocratic leader

ship style while the former leader, who retained responsibility for the 

other section, had a democratic leadership style. The section under 

the autocratic leader immediately experienced low productivity and low 

morale and shortly began to lose personnel. The section under the 

democratic leader at first maintained a steady rate of increasing 

productivity, but after a time began to experience low morale and low 

productivity. Hill inferred that the decrease in efficiency by the 

democratic section was caused by working in close proximity to the 

despondent atmosphere existing in the autocratic section. 

In summary, a participative leadership style of managing R&D 

was recommended in all of the literature reviewed. 



Control 

Control is discussed in three subsections of organizational 

control, communications and interaction, and evaluation. 

Organizational Control. The need for control was emphasized by 

McLoughlin (1970), who stated that effective planning and control of 

R&D programs determine the success of these efforts. He explained that 

organizational or administrative control procedures are needed to 

provide the direction of effort, rewards, and sanctions so that 

employee participation in planned activities can be assured. At the 

same time, McLoughlin recognized that effective control of R&D 

activities is difficult to achieve. He stated, "Many individuals, 

including a large percentage now actively engaged in R&D, categorically 

deny that research and even development can be controlled according to 

any fundamental management principle" (McLoughlin, 1970, p. 116). 

Pritchett (1972) shared the concern of McLoughlin and reported 

that management has generally neglected to place meaningful financial 

and schedule controls on R&D. Pritchett believed that this neglect has 

resulted from a philosophy that R&D is different from other functional 

areas of business such as finance, production, and marketing and that 

because of its creative atmosphere, it is not possible to appraise R&D 

productivity. 

There is some evidence that changes in the laissez-faire 

philosophy have occurred during recent years. Adoption of formal 

budget and control systems has been urged, and writers maintain that 

effective control models are available (Hockenberry, 1972; Pritchett, 
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1972; Seiler, 1965; Souder, 1968). In his study of experiences with R&D 

control models, Souder (1968, p. 48) concluded that an effective R&D 

control model will: "... (1) inform R&D management of achievement, 

cost, and/or time deviations from the plan, (2) indicate corrective 

action needed by management, and (3) communicate these indications to 

the project manager." 

Others have questioned the feasibility of applying strict 

controls on R&D (Gerloff, 1973; Killian, 1964; Likert, 1969). For 

example, Likert (1969, p. 169) warned: 

In both industry and government a costly and dangerous 
trend is emerging, a trend toward a kind of management 
system whose pattern is incompatible with that required for 
highly creative performance by scientific and engineering 
people. It is a trend toward tighter budgeting controls 
and tighter organization of work. . . . what appears to 
provide desirable results over a short-run period, may 
eventually damage an organization over a longer period of 

time. 

Killian (1964, p. 24) was not against control per se, but was 

concerned about its being imposed in a strict conventional manner, 

The desire of scientists and engineers for profes
sional achievement, if it is combined with the under
standing of corporate objectives and problems and 
augmented by proper management incentives and stringent, 
continuing selection processes, can mitigate the need 
for a great many administrative controls that, tradi
tionally applied, tend to frustrate high-quality 
professional performance. 

McLoughlin, while expressing the need for control, as noted 

earlier, appeared to support Killian in the manner of implementation. 

McLoughlin (1970, p. 119) considered subordinates' participation in the 

formulation of control procedures as the most important factor in 

achieving effective control, 



47 

If the individual scientist or engineer in research 
and development has the opportunity to help in the 
preparation of the control procedures and in the definition 
of the limits of control, the procedures will become the 
desired action guide and self-imposed control. However, 
procedures presented to scientific and technical personnel 
of R&D as a club, even though disguised, will be bitterly 

resisted. 

Souder (1968) observed that the control of costs presents a 

difficult problem because industrial R&D control procedures generally 

separate achievement reporting from cost accounting. A problem, 

identified by Gellein and Newmar (1973), lies in determining what 

expenditures should be included in R&D as costs versus capital invest

ments and in the timing of the amortization of them—real time versus 

deferred costs. Among the many proposals for improved control of 

costs, McLoughlin (1970) suggested operating the R&D department as a 

negative profit center in which cash flows and assets are applied in a 

conventional manner. 

Communication and Interaction. For top management, a control 

system transcends the R&D department and encompasses the whole 

organization. This need is exemplified by the problems inherent in the 

transfer of new technology from R&D through production and marketing 

into commercialization. Good R&D outputs which do not result in 

increased sales or lowt.r production costs are merely a source of 

frustration to R&D managers and of little benefit to the company 

(Gruber et al., 1973; Mansfield, 1968b). 

Rubenstein and Douds (1969) explained that by nature the R&D 

process is a series of linked functions with a roughly sequential flow 

of work in which communications and decision making are the principal 
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activities that occur across linkages. Prompt, accurate, and relevant 

information is required to flow across interfaces, and clear, organiza

tionally beneficient, timely decisions are required to achieve 

effective interface and technology transfer. Communications and 

decision problems can be visualized by noting the interfaces and the 

agencies involved in the development to production drawing flow chart 

developed by Burns (1961) and shown in Fig. 3.1. 

While R&D interaction and cooperation with marketing were 

emphasized by Ingersoll (1972) and Sommers (1975), it was previously 

noted (under the management function of planning) that effective 

planning and control require similar cooperation with finance, 

planning, production, and management. This cooperation may be 

facilitated via the use of an open system communications model 

presented by Gurstenfeld (1970), shown in Fig. 3.2, which shows that 

information flows between R&D and external agencies as well as between 

R&D and other organization departments. The importance of effective 

communications in accomplishing the control of R&D activities was 

further emphasized by T. Allen (1967), Roberts (1972), and Diehl and 

Howell (1976). Roberts noted that within the R&D department, the so-

called gap between management and R&D can be traced to a breakdown in 

communications. He attributed the problem in communications to the 

multiple links between top management, R&D management, and R&D 

personnel. Top management must make decisions on (often) inadequate 

information and transmit their decisions on corporate goals, R&D 

goals, operating ground rules and the system used to evaluate R&D. 

Research and development managers must provide an interface with the 
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workers, transmitting the goals and procedures downward and R&D results 

upward. To this, Diehl and Howell (1976) added that to effectively 

accomplish this communications link, R&D managers must be able to 

superimpose technical messages in-phase with emotional messages so 

that desired acceptance, response, and feedback are achieved. 

Evaluation. Control can also be defined simply as the compari

son of the status of an activity with a prescribed standard and the 

application of appropriate corrective action when the standard is not 

met. This comparison phase of control is addressed here as "evalua

tion. " 

It was generally found in the R&D literature that evaluation of 

R&D presents an imposing challenge to management. Galloway (1971) 

observed that standard procedures for performing evaluations which can 

be used so successfully in operations divisions seem to break down 

completely when R&D is concerned. Overall performance is difficult 

to express quantitatively or to measure in accordance with a schedule. 

To this, Collier and Gee (1973, p. 12) added: 

There is probably no organization that has the answer 
to the measurement and evaluation of research effective
ness. . . . without a valid method of evaluating R&D, it 
is difficult to know objectively whether the other pro
cedures for improving the various parts of the research 
process—project selection, creativity, communication with 
other departments, etc. are really effective. 

In many companies, attempts to apply standard evaluation tech

niques to R&D efforts have proved to be very disappointing. McLoughlin 

(1970, p. 137) reported that in many instances such attempts have led 

to gross misunderstandings between R&D personnel and upper management 
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charged with overall R&D responsibility, "R&D also need a measurement of 

progress, but a readily defined physical means of determination is lack

ing. Such tools as Gantt charts, project milestone charts, sophisti

cated computer-reporting techniques, and just plain guesswork, all are 

dependent upon subjective judgements." 

Some notable parameters and techniques have been identified 

which may be used to evaluate performance in R&D. Parameters suggested 

by Sandretto (1968) include the timeliness of achievement of technical 

goals, the proportion of technical performance specifications which are 

met, and a comparison of costs and performance schedules with those 

planned and budgeted. 

Augood (1975) recently developed a computerized method for 

evaluating R&D projects. His method consists of four computer programs 

with check lists to be applied sequentially at appropriate times to 

estimate the total investment, operating costs, projected return on 

investments, and progress. It still has potential shortcomings of 

requiring subjective estimates of progress achieved and probability of 

success as noted by McLoughlin (1970) . However, in a study of 11 

projects, Souder (1969) found that the project managers' perceptions of 

the probability of success in relation to the ultimate outcome of 

projects to be more valid than narrative status reporting or subjective 

ratings of the degree of achievement. 

Evaluation of completed R&D projects can be accomplished by 

recording R&D outputs and making judgments regarding their contribution 

to product lines or to advancements of technology (Collier and Gee, 

1973). One chief executive suggested that the effectiveness of a 



company's R&D effort might be evaluated by reviewing R&D expenditures 

and sales generated through the R&D effort over the past five year 

period. For example/ what per cent of total sales in 1970 came from 

products developed by R&D since 1967, and how much earnings per share 

can be traced to new products or processes developed by R&D (Lobb, 

1971)? 

Summary of the Chapter 

This chapter has discussed the management of R&D under the 

typical management headings of planning, organizing, directing, and 

controlling. Planning, as treated herein, encompasses the setting 

of corporate and R&D goals, planning processes, project proposals, 

and project evaluation and selection. Organizing was discussed 

briefly with regard to structuring organizations. Directing was 

discussed with emphasis on leadership. Control was discussed under 

the headings of organization control, communications and interaction, 

and evaluation. 

Three basic approaches to setting corporate and R&D goals were 

presented, each supported by a number of references. The majority 

viewpoint seemed to be for R&D managers to participate with corporate 

management in establishing corporate goals and strategies and R&D 

goals. The second viewpoint was that top management should determine 

corporate direction and provide R&D with R&D requirements. R&D 

managers would then propose R&D programs to accomplish corporate 

objectives. The minority viewpoint was that R&D directors should 
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handle only technical problems and let others in the company handle 

getting into the market place. 

Concern had been expressed that adequate R&D planning is not 

being accomplished because of the uncertainties inherent in R&D and the 

complex sequence of planning activities. It was recommended that a 

convergent top down-bottom up planning process be developed. A 

suggested model for effective R&D planning was based on close coopera

tion among top management, financial management, the corporate planning 

staff, and R&D management. 

Project proposals have been generated predominately by the R&D 

staff. Top management exerts influence on project proposals primarily 

by communicating organizational needs and opportunities and indicators 

of criteria for favorable consideration. 

Many quantitative analysis models for evaluation and selection 

of R&D projects have been developed and described in R&D literature; 

however, very few have been actually used in business situations. 

Reasons given include the complexity of models, the multitude of 

factors involved in decisions, and differences in priorities and 

judgments. There seemed to be agreement that projects should be 

evaluated on the basis of economic projections, but while the use of 

some form of mathematical model is needed, the variety of models 

available and the very nature of strategic decisions make the selection 

of an appropriate model very difficult. 

Organizing has generally not been treated as a specific topic 

or as a specific problem in R&D literature. Writers of texts on R&D 

management recommended that R&D activities be accomplished by project 



teams and that R&D managers be placed sufficiently high in the 

organization to participate in planning decisions. 

A participative leadership style of managing R&D scientists and 

engineers was recommended in all of the literature reviewed. 

Scientists and engineers were described as creative individualists who 

require freedom and autonomy in their work, and attempts to impose 

autocratic leadership resulted in lower morale and productivity. The 

R&D manager's primary role is seen by some as determining the technical 

program to be performed, following the work, and coordinating with top 

management and with other departments. 

There have been indications of inadequate control of R&D 

activities using traditional management techniques. The participation 

of R&D scientists and engineers in establishing control procedures and 

the use of formal planning and control techniques, such as network 

analysis, may assist in resolving the control problem. 

Communications within R&D organizations and effective interac

tion with other organization departments are considered essential for 

effective R&D programs. Emphasis is placed on close cooperation 

between R&D and marketing to achieve commercialization of R&D outputs, 

but similar cooperation is required with finance, planning, production, 

and top management. 

Evaluation of R&D projects in progress has been very difficult 

using standard procedures. All methods developed to date have the 

deficiency of requiring subjective judgments in measuring progress. 

Recommended methods of project evaluation include progress reviews at 

specified milestones measuring progress against planned goals, 



performance specifications and budgeted costs. Completed R&D proj 

may be evaluated by recording their outputs and assessing their 

contributions to the corporations' economic returns. 



CHAPTER 4 

MANAGEMENT BY OBJECTIVES 

An objective of this study given in Chapter 1 is to determine if 

MBO can be used as a management system to increase the effectiveness of 

R&D programs. The purpose of this chapter is to review the MBO 

literature and examine (1) the philosophy of MBO, (2) how management 

functions are accomplished under MBO, (3) the results of empirical 

MBO studies, and (4) the benefits and limitations of MBO. 

The Philosophy of MBO 

Drucker (1954) described a new concept of management, MBO, which 

he suggested would provide the best way a manager could perform his 

primary task of achieving the goals of an organization. Under the 

basic tenants of his concept, a manager defined the objectives of his 

job, identified the performance standards which he believed applied to 

him, and listed the things he must do to achieve his objectives. 

Hollmann (1973), in performing a more indepth study, noted that 

an important element in Drucker's concept of MBO was the opportunity for 

self-control. Drucker (1954, pp. 130-131) wrote: 

The greatest advantage of management by objectives is 
perhaps that it makes it possible for a manager to control 
his own performance. Self-control means stronger motivation: 
a desire to do the best rather than just enough to get by. 
It means higher performance goals and broader vision. Even 
if management by objectives were not necessary to give the 
enterprise the unity of direction and effort of a management 
team, it would be necessary to make possible management by 

self-control. 
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Opinions were also expressed by Howell (1967) and Reif and 

Bassford (1973) that MBO was based to a large extent on McGregor's 

Theory Y that people are willing to accept responsibility and will 

make their greatest contributions of greater self-direction and self-

control. Reif and Bassford further suggested that MBO is in 

consonance with Herzberg's two-factor theory of personal development 

and helps lead to self-actualization. 

Drucker was soon joined by others who shared his belief in the 

MBO concept. McGregor (1957) considered that MBO provided a workable 

solution to problems inherent in traditional performance appraisal 

systems. McGregor proposed that the subordinate first prepare a 

statement of the major features of his job which defined the broad 

areas of his responsibility. From this statement he would set his own 

goals for a specified time period. At the end of the period, he would 

assess his accomplishments in terms of the goals previously set and 

with his superior review the self-appraisal and set new targets for 

the next period. 

Much of the credit for the popularity and application of MBO 

has been attributed to George Odiorne by such writers as Levinson 

(1970) and Carroll and Tosi (1973). In a comprehensive treatment of 

the subject, Odiorne (1965) described MBO as a systematic process 

whereby the superior and subordinate managers jointly identify their 

common goals and define each individual's major area of responsibility 

in terms of the results expected of him. These measures are used as 

guides for operating the unit and assessing the contribution of each 

of its members. 
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Odiorne's position regarding the extent of subordinate 

participation in goal setting was not as affirmative as Drucker's or 

McGregor's. Odiorne suggested that MBO be implemented on a situational 

basis, and his concept of MBO has been criticized by Levinson (1972) 

and Strauss (1972) as being too mechanistic. However, that conclusion 

is inconsistent with Odiorne's description of MBO given above and with 

his emphasis that MBO is a system for making organizational structure 

work and to bring about more vitality and personal involvement of the 

people in the hierarchy. 

While MBO is generally accepted in the literature as a way of 

managing, there are those who view it as having specific purposes. One 

group including Howell (1967), Morrisey (1970), Mahler (1972), and 

Winning (1974) view MBO primarily as an approach to top management 

planning and control. Another group including Meyer, Kay, and French 

(1965), Schrieber (1968), and Koontz (1971) accentuate the use of MBO 

in personnel appraisal and evaluation. Regardless of specific purpose, 

Levinson (1970) concluded that the concept of MBO has by this time 

become an integral part of the managerial process. 

Management Functions Under MBO 

If MBO is accepted as a unique way of performing basic 

management functions, there must be certain characteristics of MBO that 

make it identifiable. Similar to the discussion of R&D, MBO literature 

was used as the basis for discussing next the management functions of 

planning, control, and directing activities under MBO programs. 
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Planning 

Planning is presented in two segments. Since the setting of 

objectives is given great importance in the MBO concept, it is dis

cussed first, followed by a more general coverage of the planning 

process. 

Setting Objectives. The first step in implementing a MBO 

program has already been identified from the work of Drucker, McGregor, 

Odiorne, and others as the identification of common goals for the whole 

organization for the coming year in terms of the controllable areas of 

responsibilities. Under traditional management practices, the setting 

of corporate objectives is commonly considered to be the responsibility 

of top management and the corporate planning staff. The unique 

characteristic under MBO is the degree of participation by subordinate 

managers in setting goals for which they are responsible. 

One major reason for subordinate participation in the goal 

setting process was given by Villarreal (1974). He expressed the 

belief that effective accomplishment of objectives require not only 

that goals must be structured at each level of an organization, but 

there must be congruency between personal goals, departmental goals, 

and organizational goals. Clear, congruent goals achieve higher 

interests, better cohesiveness, and commitment to achieving the 

accepted goals. 

Carroll and Tosi have treated goals and goal setting procedures 

quite extensively in a number of publications (Carroll and Tosi, 1970, 

1973; Tosi and Carroll, 1969, 1970). They have used goals and 
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objectives interchangeably and have classified objectives into two major 

categories of performance objectives and personal development objec

tives. Performance objectives refer mainly to the goals and activities 

that relate to the individual's position assignment, and personal 

development goals have to do with increasing the individual's skills, 

job knowledge, or potential. They reported that four processes are 

commonly used in the goal setting process. Process 1 had the highest 

level of mutual superior-subordinate involvement. In this process, the 

superior would first hold a departmental meeting during which the unit 

goals and projects for the coming operating period were discussed. The 

subordinate and the superior then individually prepared goals and 

targets for the subordinate which were discussed and mutually agreed 

upon. In Process 2 the subordinate would prepare his goals and target 

dates on the basis of the organizational meeting and would submit those 

goals to the boss for editing, discussion and approval. Process 3 was 

similar to Process 2 except that the edited goals were approved without 

mutual discussion. In Process 4, the boss presented the subordinate 

with a set of assigned goals. Carroll and Tosi (1971) found that the 

subordinate perceived his influence in goal setting and acceptance of 

goals in a direct relationship to his participation in the goal setting 

process. 

Carroll and Tosi concluded that subordinate participation in 

goal setting has resulted in greater levels of ego involvement, 

increased motivation, and increased planning behavior, all of which 

have a beneficial effect on performance. They further reported that 

many studies found that forcing subjects to set goals increased 



performance most where the tasks to accomplish them were difficult, and 

that setting goals for boring tasks increased interest (Tosi and 

Carroll, 1970). 

Odiorne's position seemed to be that the objectives were more 

important than the process through which they were set. He is 

attributed by Reif and Bassford (1973, p. 25) to have said, "Objectives 

often explain behavior better than any other contributing factor in a 

managerial situation, and the understanding and control of objectives 

provide the main energizing and directive force for managerial action." 

Planning Processes and Activities. It was mentioned in the 

discussion of the philosophy of MBO that many proponents view MBO 

primarily as a planning and control tool. A common theme was that 

corporate strategy to achieve objectives must be written and agreed 

upon. 

Strauss (1972) and Winning (1974) maintained that individual 

action plans are required to support the corporate strategy and should 

be checked to ensure that the person responsible for the action agrees 

to all elements of his work assignment. The planning process estab

lishes road maps for the attainment of objectives and defines the 

responsibilities and expectations of desired behavior of both the 

supervisor and the subordinate. This latter action is considered by 

Levinson (1972) to be a crucial step in implementing a MBO program. 

Participation in the planning process is considered to be 

essential by Tebay (1973) and Schaffner (1975). Although it is often 

difficult to get all line and staff managers to participate in the 
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planning process, the effort has been proven to be worthwhile, 

participation in the process generates within each participant a 

sincere desire to accomplish the objectives set. 

Odiorne (1974) warned that while MBO is logical and systematic, 

the planning process must consider a number of intangible factors such 

as the power and authority structure and the organizational form, other

wise the program may start with a flourish but gradually fade away if 

the values and expectations of supervisors and subordinates are not 

realized. French and Hollmann (1975) recommended a team approach to 

MBO planning integrating the participation of different department 

managers. Their team approach to planning taps the informal aspects 

of the organization and considers the attitudes, feelings and percep

tions about the total climate of the organization. Thus the partici

pant's inputs into plans leads to their acceptance and commitment to 

the tasks and responsibilities delineated in the plans. 

The importance of planning was emphasized strongly by Villarreal 

(1974) who recommended that MBO be implemented only where its planning 

can be integrated with its execution. 

Organizing 

Organizing is such an integral part of MBO that research writers 

generally have not addressed it as a specific topic. Rather, it appears 

to have been included in discussions of planning. For example, 

Odiorne (1965) identified the first two steps in implementing an MBO 

program as (1) identification of goals in terms of controllable areas 

of responsibility, and (2) clarification of the organizational 
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structure-'-titles, duties, and responsibilities. Establishing 

organizational structure is commonly thought of as an organizing process 

whereas assigning duties and responsibilities are frequently discussed 

under planning (Levinson, 1973; Strauss, 1972; Winning, 1974). 

The need for organizing when implementing an MBO program was 

emphasized by Odiorne (1974). He stressed that a successful MBO program 

requires the establishment of a power and authority structure that 

would match subordinate expectations to organizational needs. Here, 

organizing contributes to MBO. On the other hand, Stuart-Kotze (1971) 

claimed that some major benefits from MBO programs include focusing 

managerial effort on a common point and providing a framework for 

coordinated effort among managers. Here, MBO aids organizing. 

Thus, it appears that organizing is a necessary function in 

MBO, while MBO contributes to the effectiveness of organizing. At the 

same time, organizing is accomplished as part of the overall planning 

and implementation processes and is not given special attention in MBO 

literature. 

Directing'—Leadership 

Directing as discussed here, is restricted to autocratic and 

participative management styles in accomplishing the management function 

of directing the efforts of subordinates. Leadership is interrelated 

with the other management functions through all phases of the business 

operation and in both the activity domain and the time domain. 

The MBO emphasis to date was thought by Howell (1967) to have 

stemmed from behavioral scientists and has largely advocated 
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participative management. Writers who have devoted major portions of 

articles in support of participative management include Varney (1972), 

Jamieson (1973), and McConkey (1973). The strongest proponent appears 

to be Kleber (1972a) who maintained that an autocratic leadership style 

of the boss and an inability of the subordinate to be self-managing 

can doom the MBO process to failure. 

There are, of course, different viewpoints. It was previously 

noted that Odiorne (1965) stresses that the system of MBO works with 

either autocratic or participative leadership styles. In a later work 

Odiorne (1974) explained that the autocratic style is applicable when 

the boss has absolute power and is willing to use it if subordinates 

expect it. The authoritarian approach is also applicable when sub

ordinates need the leader for his knowledge, skills, and resources. The 

leadership style should be applied according to the situation, 

especially the needs and expectations of subordinates. 

The General Electric studies by Meyer et al. (1965) and French, 

Kay, and Meyer (1966) disclosed that a subordinate manager's usual 

level of participation in management decisions directly affected his 

reaction to participative forms of leadership and participative goal 

setting. That is, those managers with a high amount of usual participa

tion in their jobs displayed higher scores on performance improvement, 

acceptance of goals, attitudes toward superiors, and occupational self-

actualization after increased participation than did subordinate 

managers with a low amount of usual participation. 

The matching of the leadership style to the organizational 

situation proposed by Odiorne has received support in the literature. 
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Beck and Hillmar (1972) stated that the sensitivity of a manager to the 

needs and values of his people is necessary in determining when, where, 

and with whom a particular style of leadership is to be used. L. Allen 

(1973) observed that people's needs and values are determined by a 

highly complex set of factors that may be biological, social, or 

economic. Hersey and Blanchard (1974) also recommended that sub

ordinates help select the leadership style. 

Warning was given by Levinson (1968) and by Humphrey (1974) that 

some people are inflexible or unable to accept responsibility. In this 

situation the offer of greater responsibility and more active participa

tion in decision making is even more threatening to people already 

immobilized. Some senior executives do not understand that such 

pressure on a person already exerting great effort to control himself 

only increases the intensity of undesirable behavior. 

Control 

The philosophy of MBO is believed by Wood (1972) to be closely 

allied to generally accepted principles of management control through 

planning, communicating, monitoring, and corrective action. He 

described the MBO process of setting a target, developing a plan of 

action, communicating these to the people responsible for achievement, 

monitoring progress in relation to the plan, and taking appropriate 

corrective action when it is needed. 

Morrisey (1975) is another proponent of a strong control system. 

In his view, effective controlling provides visibility in a timely 

fashion, identifying what is likely to go wrong, how and when it will 



be recognized and what will be done about it. With effective use of 

these parts of a control system, the desired quantity and quality of 

results can be achieved with the least expenditure of time and other 

resources. He concluded that without control MBO is a waste of time. 

A characteristic of MBO that makes it different from other 

management systems is its emphasis on self-control. It may be recalled 

that self-direction and self-control were two key ingredients in the 

McGregor concept of MBO. A purported advantage of self-control is that 

problems are identified and corrective action decisions are made at the 

source, thus eliminating the need for long feedback and decision loops. 

The feedback mechanism provides a method of closing the control 

loop, and an important requirement is to provide feedback with suffi

cient timeliness to allow adequate lead time for corrective actions. 

A simplified model of a control loop developed from a synthesis of the 

positions of Wood and Morrisey is given in Fig. 4.1. It may be noted 

that the control loop could also serve as a simplistic model of the 

complete MBO process. 

It may be recalled that Morrisey's requirement for an effective 

control system includes visibility of progress and a provision for 

corrective action. One method in a MBO system for accomplishing these 

activities is the performance review. Under the basic philosophy of 

MBO, joint performance reviews are held at regular intervals. Carroll 

and Tosi (1970) and Odiorne (1965) seem to agree that the frequency of 

performance reviews and the frequency of feedback of results have a 

greater impact on performance than their intensity. Under the concept 

of self-control, subordinates exert an influence in performance reviews 



Objectives: 
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Measurable 
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Periodic reviews: 
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Decisions 

Corrective action 

Fig. 4.1. Simplified Model of a MBO Control System 
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and participate in decision making. The resulting immediate feedback 

was seen by Hammer and Ringel (1965) as having produced positive changes 

in decision making accuracy and precluded delaying decisions because of 

limited information. 

A recurring theme in the MBO literature is the completeness of 

the MBO system. The control process is straightforward when clear, 

measurable goals have been set and when explicit standards for 

measuring performance are given in the plans. Even when the charac

teristic of work tasks dominate the review process, the criteria for 

evaluating performance can be achieved through the use of a MBO 

system (Tansik, 1973). 

Empirical Studies of MBO 

Empirical literature on the results of MBO implementations are 

relatively scarce. Four indepth studies are summarized briefly and 

successful implementations in a variety of businesses and functional 

areas will be referenced. 

Carroll and Tosi (1971) reported that MBO was first implemented 

by large corporations, including General Electric, General Motors, 

Westinghouse, and Texas Instruments. According to Patton (1972), 

Drucker's original views on MBO were predominately based upon his 

earlier analysis of General Motors, in which he saw GM's use of 

objectives as the key variable in its economic success. 
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Empirical Research 

The General Electric Studies. The G.E. studies were conducted 

in two phases, both of which constituted an investigation of performance 

appra i sa1 s ys terns. 

In the first phase volunteer managers were divided into two 

groups. One group used high participation by subordinates in setting 

goals for improving future improvements, determining methods for 

achieving those goals, and in establishing appropriate measures for 

measuring progress toward them. In the other, low participation, group 

the manager prepared a set of goals for each subordinate, along with a 

means of achieving them and the measures of progress. In general, the 

results of this experiment supported the researchers' overall hypothesis 

that an increase in participation would produce increases in per

formance improvement, subordinate-superior relations (acceptance of job 

goals, perception of the manager as an expert in planning, and 

knowledge of expected improvement), attitudes toward the appraisal 

system, and occupational self-actualization. 

The second phase of the study involved all department managers 

in a comparison of the traditional appraisal method with a work planning 

and review process (WPR). Half of the managers used the traditional 

annual comprehensive method of appraisal and the other half used the 

WPR approach. After 15 months, the WPR group had shown more favorable 

attitudes on performance appraisals and on the same job related factors 

noted in the first study. 



71 

These brief conclusions were extracted from an excellent indepth 

analysis performed by Hollmann (1973). Details of the studies can be 

found in Meyer et al. (1965) and in French et al. (1966). 

The University of Kentucky Studies. Researchers from the 

University of Kentucky (Ivancevich, 1969, 1972, 1974) studied the impact 

of MBO on job satisfaction of six levels of management in two firms. 

Questionnaires were administered to measure the degree of satisfaction 

of certain needs, such as security, social needs, esteem, autonomy, and 

self-actualization—both before and after a MBO program had been intro

duced. The MBO program was introduced by the personnel department in 

one company and by top-level managers in the other. There was more 

improvement in need satisfaction in the organization in which top 

managers were actively involved in the MBO implementation program, and 

the most improvement in need satisfaction was among their subordinates 

in middle management. 

A longitudinal assessment of these two programs was given in 

Ivancevich (1972). Measurements of changes in need satisfaction were 

taken 12, 18, and 30 months after implementation as well as prior to 

implementation. The crucial finding was that the long term effects of 

the MBO program on job satisfaction were minimal unless some form of 

reinforcement of MBO training is provided. Without reinforcement the 

effects of MBO training are diluted or eliminated. 

Another study of Ivancevich (1974) further evaluated the 

effects of MBO training with and without reinforcements. Comparisons 

were also made between two functional areas of production and marketing. 
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The benefits of training with reinforcement were confirmed, and 

improvements in performance occurred earlier in production units than in 

marketing. 

The Purex Studies. An important study was reported by Raia 

(1965, 1966) who examined the results of a program called "Goals and 

Controls," a variant of MBO. Raia analyzed production records, con

ducted interviews, and administered interviews to 112 managers 

participating in the program. During the first year of the program, 

a decreasing productivity rate was reversed, a higher percentage of 

goals was achieved, and there was an increase in the setting of goals. 

Other advantages cited included better planning, identification and 

resolution of problem areas, and improved communications and mutual 

understanding. Some problems were observed. There was an apparent 

lack of understanding of the philosophy of the program; participation 

was limited at the lower levels; and many managers objected to the extra 

paperwork involved. 

The Carroll and Tosi Studies. The Black and Decker Company was 

the subject of a two-phase interview and questionnaire study by Carroll 

and Tosi after implementation of a work planning and review program 

(WPR). The WPR program included the mutual setting of annual 

objectives, target dates for completion, and measures of performance. 

Thus, it was discussed by Carroll and Tosi (1973) as part of a 

comprehensive treatment of MBO. 

In the interview study, 48 managers were asked to enumerate and 

explain the purposes of the program, the advantages of using the MBO 
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approach, the primary problems involved in implementing and carrying 

out an MBO program, and suggestions for improvement. 

The major perceptions of the purposes of MBO were to: (1) link 

evaluation to performance (35.4%), (2) aid managers in planning (25.0%), 

(3) motivate managers (22.9%), and (4) increase boss-subordinate 

interaction and feedback (22.9%). The purposes cited most frequently 

tended to parallel those stated in the company manual that introduced 

MBO, but the variability suggested little general agreement among ~ 

managers about the underlying philosophy and rationale of the program. 

The primary advantage of MBO was seen as the understanding of 

the subordinate of what is expected of him (58.6%), followed by the 

forced requirement for more planning, specification of projects and 

target dates (41.6%). Several managers (31.2%) felt that the program 

forced increased interaction with subordinates, providing more 

communications and feedback. 

With regards to problems perceived, 37.5 per cent reported that 

no major problems were encountered. Of the problems noted, the largest 

response was for excessive paperwork, a finding comparable to that by 

Raia (1965, 1966). 

Suggestions for ways to improve the program included procedures 

to: (1) ensure review and feedback (50.0%), (2) develop a way to update 

goals as changes became appropriate (41.6%), (3) communicate top 

management goals to lower levels (39.5%), (4) include personal 

evaluations in addition to goals (33.3%), and (5) obtain top management 

support of the program (31.2%). 
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In the second phase of the interview portion of the studies, as 

noted in the section on goal setting, Carroll and Tosi also learned that 

a manager's perceived influence varied directly with his degree of 

participation. They also concluded that perceptions of influence varied 

with the structural factors of organizational level and functional areas 

of the organization. The decreasing order of influence in the functional 

areas of marketing, finance, production, and engineering, was explained 

by increasing levels of control by the organization. For example, 

". . . engineers work on applied projects that are generally product 

changes or adaptations. These are usually specified by higher level 

management and invariably last for long periods" (Carroll and Tosi, 

1973, p. 29). 

The first phase of the questionnaire portion of the studies 

measured variables of: (1) the characteristics of goals, (2) charac

teristics of the review process, (3) characteristics of the boss-

subordinate relationship, (4) criteria of program success, and (5) 

personality and situational factors. Of the five major dimensions of 

the dependent variable "criteria of program success," only attitudes 

toward the WPR program was found to be statistically significantly 

related to a number of dimensions of goal characteristics. Partici

pants were more positively oriented toward the program when goals were 

clear, when a priority for self-improvement goals was established, and 

when goals were more difficult. 

The second portion of the questionnaire phase examined correla

tions between three characteristics of the review process, the criteria 

for program success, the goal characteristics, and supervisors' 



characteristics. Differences in the subordinate manager's perception of 

the review process were significantly related to differences in their 

perceptions of their superiors. A significant finding was that more 

frequent interviews resulted in more positive attitudes toward MBO, 

better boss relations, and higher goal accomplishment. 

The third portion of the questionnaire phase dealt with the 

relationship between the superior-subordinate relationships and to the 

end-use variables. They found that the inter-personal relationship 

with the boss is an important factor in the reaction of an individual 

to MBO. The subordinate was more satisfied with the program when the 

boss spent more time in setting goals, when there was more organiza

tional support for the program, and when the subordinate was more 

satisfied with his boss. 

Summary of Empirical Research Findings. The empirical studies 

were performed under such program titles as "work planning and review," 

"MBO," and "Goals and Control." All of these appear to be MBO 

programs. The results of each study are given in Table 4.1, and the 

overall results are summarized below: 

1. The extent of a manager's participation in setting goals and 

determining the methods for their achievement tends to result 

in increases in performance improvement, improved subordinate-

superior relations, attitudes toward the appraisal system, and 

occupational self-actualization. 



Table 4.1. Summary of Variables and Findings of Primary MBO Research Studies — Source: Hollmann 
(1973, pp. 57-62). 

Variable & Research Setting Findings 

Productivity & Performance 

Goal attainment and (Purex) 
productivity 

Performance improvement (GE) 

(B&W) 

Motivation to improve (B&W) 
performance 

Goal attainment increased from 96% to 98% after first year. 
Productivity increased from -0.3% to +0.4% after first year. 

Comparable trend continued during second year. 

Increased with experimentally-induced increase in subordinate 
participation in goal setting meetings. Greater effort to 
improve performance in response to WPR than under former 
appraisal program. 

Positively correlated with (a) high level of subordinate partici
pation in appraisal and development process, (b) supportive 
superior, (c) solution of problems hampering current job per
formance, and (d) mutual goal setting. 

Same as for "Performance improvement" above. 

Goal success (C&T) 

Unreasonable pressures (B&W) 
for performance improve
ment 

Positively related to increased effort for subordinates working 
under supportive superiors. 

Managers who perceive little pressure for job performance above 
what they thought was "reasonable" assessed the performance 
review process and its outcomes more positively than managers 

who perceived "unreasonable" pressure. 



Table 4.1.—Continued Summary of Variables and Findings of Primary MBO Research Studies — Source: 
Hollmann (1973, pp. 57-62). 

Variable & Research Setting Findings 

Attitudes Toward Program 

Attitudes toward appraisal (GE) Improved with an increase in subordinate participation, 
system 

Orientation toward WPR (GE) Managers were more positively oriented toward WPR when (a) goals 
were clear, (b) priority for self-improvement goals was estab
lished, (c) goals were relatively difficult, (d) boss spent more 
time on WPR, (e) there was more organizational support for WPR, 
and (f) subordinate was more satisfied with his boss. 

Job satisfaction (UK) After 12 months, perceived increase in need satisfaction (Porter 
Questionnaire) was greater in firm where MBO was initiated, used, 
and fully supported by top management (as compared to firm where 
MBO was instituted primarily by the personnel department). 
Improvements in need satisfaction were eliminated after 30 
months. 

Satisfaction with 
appraisal interview 

Rationale and purpose 
of program 

(B&W) Positively correlated with (a) high level of subordinate 
participation in appraisal and development process, (b) 
supportive superior, (c) solution of problems hampering current 
job performance, and (d) mutual goal setting. 

(C&T) Little general agreement. Highest response rates for: (a) link 
evaluation to performance, (b) aid in planning, (c) motivate 
managers, and (d) increase boss-subordinate interaction and 
feedback. 



Table 4.1.—Continued Summary of Variables and Findings of Primary MBO Research Studies — Source: 
Hollmann (1973, pp. 57-62). 

Variable & Research Setting Findings 

Advantages of the 
program 

(C&T) Little general agreement, but major advantage cited was that the 
subordinate knew what was expected of him. 

(Purex) Simplified performance evaluation, improved boss-subordinate 
communication, increased motivation. 

problems with the 
program 

(C&T) Major problem was excessive formal requirements (paperwork). 

(Purex) Lack of full participation, increased paperwork, difficulty in 
setting measurable goals, distortion in managerial philosophy. 

(UK) Lower level manager not fully involved, too much paperwork. 

Boss-Subordinate Relationships 

Change (improvement) in (C&T) 
bo s s-subo rdina te 
relations 

Man-manager relations (GE) 

Extent of boss help in (GE) 
performing job 

Positively correlated with (a) time boss spends on MBO, (b) 
amount of perceived psychological participation, (c) satisfac
tion with boss, and (d) boss involvement in helping the sub
ordinate perform his job. 

Perceived to have improved after experimentally-induced 
increase in subordinate participation in goal setting. 

Perceived to be greater after 15 months of WPR program. 

Opportunity to discuss (GE) 
job-related problems 

Perceived to be greater after 15 months of WPR program. 



Table 4.1.—Continued Summary of Variables and Findings of Primary MBO Research Studies — Source: 
Hollmann (1973, pp. 57-62). 

Variable & Research Setting Findings 

Mutual agreement of goals (GE) 

Help from boss in (GE) 
planning future develop
ment 

Perceived to be greater after 15 months of WPR program. 

Perceived to be greater after 15 months of WPR program. 

Participation 

Subordinate participation (B&W) 
in appraisal and develop
ment process 

Participation in the 
goal setting process 

(B&W) 

(C&T) 

Extent of participation (GE) 
appraisal interviews 

Usual level of partici- (GE) 
pation 

Positively correlated with subordinate's (a) satisfaction with 
appraisal interview, (b) motivation to improve performance, and 
(c) actual improvement in performance. 

Same as for "appraisal and development process" above. 

Subordinate perceptions of influence in goal setting were higher 
in goal setting processes that were more subordinate dominated. 

Experimentally-induced increases in participation produced 
significant increases in (a) performance improvement, (b) man-
manager relations, (c) positive attitudes toward the appraisal 

system, and (d) occupational self-actualization. 

Experimentally-induced increase in participation resulted in 
increases in (a) mutual understanding, (b) acceptance of job 
goals, and (c) occupational self-actualization for managers 
with high amount of usual participation in their jobs but not 
for managers with low amount. 



Table 4.1.—Continued Summary of Variables and Findings of Primary MBO Research Studies — Source: 
Hollmann (1973, pp. 57-62). 

Variable & Research Setting Findings 

Supportiveness 

Supportiveness of the (UK) More positive increases in need satisfaction occurred among 
organization managers in firm where MBO program was instituted, used, and 

fully supported by top management. 

(C&T) Subordinates were more satisfied with WPR program when there was 
more organizational support for the program. 

Supportiveness of the 
superior 

(C&T) Subordinates working under supportive superior showed more 
positive relationships between (a) goal difficulty and attitude 
toward WPR, and (b) number of goals set and increased effort. 

(B&W) Positively correlated with subordinate's (a) satisfaction with 
appraisal interview, (b) motivation to improve performance, and 
(c) actual performance improvement. 

(UK) Reinforcement of the content and process of MBO as presented in 
early stages of MBO training is important (note—this was a 
conclusion, not an empirical result). 

Goals 

Characteristics of goals (C&T) Managers were more positively oriented toward WPR when (a) goals 
were clear, (b) priority for self-improvement goals was estab
lished, and (c) goals were relatively difficult. 

Number of new goals 
set 

(Purex) Twenty-seven new goals set in seven new areas during the first 
year of program; rate of new goals decreased during second year. 



Table 4.1.—Continued Summary of Variables and Findings of Primary MBO Research Studies — Source: 
Hollmann (1973, pp. 57-62). 

Variable & Research Setting Findings 

Overall level of 
production goals 

Organization Level 

Perceived influence and 
organization level 

Involvement at differ
ent organization levels 

(Purex) Increased 3.0% in the first year and 2.7% in the second year. 

(C&T) Low perceived influence in goal setting at lower management 
1evels. 

(UK) Lower managers who perceived little increase in need satisfaction 
were not fully involved in the MBO program. 

(Purex) Lower managers not fully involved in Goals & Controls program. 

Miscellaneous 

Need for independence 

Personality traits 

Character of review 
process 

(GE) Managers with a high need reacted more favorably to experimentally-
induced increase in participation than those with low need. 

(C&T) Decisiveness in decision making significantly affected three 
relationships between goal-setting characteristics and criteria 
of program success: (a) clarity of goals & increase in effort, 

(b) clarity of goals and change in relationship with boss, and 
(c) priority for self-improvement goals and goal success. 

(C&T) Frequency of feedback was positively related to perceptions that 
(a) higher management supports the WPR program, (b) boss spends 
time with WPR, (c) subordinate has influence with boss, and (d) 
boss is interested in subordinates' well-being. 



Table 4.1.—Continued Summary of Variables and Findings of Primary MBO Research Studies — Source: 
Hollmann (1973, pp. 57-62). 

Variable & Research Setting Findings 

Fairness of performance (B&W) 
evaluation criteria 

Managers who felt the criteria were "fair" assessed the per
formance review process and its outcomes more positively than 
managers who felt the criteria were "unfair." 

Perceived influence and (C&T) 
functional area 

Perceived influence in goal setting varied with the functional 
area. The ranking, in descending order, was: marketing, finance, 

production, and engineering. 

Key to research settings: B&W = Burke and Wilcox 
C&T = Carroll and Tosi 
GE = General Electric 
UK = University of Kentucky 
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2. The manager's perception of the results of increased participa

tion in MBO activities is related (in a positive direction) to 

his usual level of participation. 

3. MBO seems to lead to increases in improved performance and 

productivity. 

4. MBO seems to lead to the satisfaction of an individual's needs 

of security, social needs, and autonomy, but continued training 

with reinforcement is needed to sustain the improvement. 

5. MBO appears to be most effective when: 

a. Goals are clear and more difficult. 

b. There is a high frequency of reviews. 

c. The boss spends more time in setting goals. 

d. The subordinate is more satisfied with his boss. 

6. MBO usually improves superior-subordinate relationships, and 

such improvement is generally associated with positive atti

tudes toward MBO. 

7. MBO is not being fully used throughout the managerial system; 

middle and lower level managers are not as involved as their 

superiors. 

8. Organizational and supervisory supportiveness appear to be 

important to the success of MBO, especially top management 

support. 

Types of Organizations Using MBO 

The organizations which first implemented MBO, including those 

which were the subjects of the empirical studies, were large 
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manufacturing corporations. This is consistent with the observation of 

Kleber (1972b) that for management jobs where the output is tangible 

and measurable, MBO is so natural that one would have to work very hard 

not to have at least a rudimentary MBO style. 

Other types of firms which have successfully implemented and 

used MBO include insurance companies (Cutterback, 1975), retail stores 

(Southerland, 1971), banks (Szatrowski, 1975), and in the public 

sector (Gazell, 1975). 

In addition to types of firms which have used MBO, there are 

numerous references to specific functional areas of responsibility in 

which MBO has been used. These include personnel management (Peach, 

1975), marketing (Cayley, 1975), purchasing (Deutscha, 1972), and 

budgeting (Edwards, 1974). 

The six hardest areas to manage by objectives were identified 

by Kleber (1972b) as (1) public relations, (2) engineering and research, 

(3) the controller function, (4) education, (5) non-profit volunteer 

organizations, and (6) government agencies. His reason given is that 

the output of each of these is difficult to measure quantitatively, and 

because their managers are generally professionals who may have little 

managerial experience or expertise. 

The successful application in two of these areas—the public 

sector and budgeting—appear to partially nullify the widespread belief 

that MBO is results oriented only and is applicable only to situations 

where objectives can be stated and measured quantitatively. In one 

study, Tansik (1973) found that organizations having less visible and 

measurable outputs were found to be associated with the use of 
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evaluative criteria based upon task characteristics rather than output 

measures. To the extent that the MBO approach makes evaluative criteria 

known and operational, there is a positive effort on behalf of organiza

tional participants to meet those criteria. 

Benefits and Limitations of MBO 

Management by objectives has been widely acclaimed by proponents 

as contributing to higher production, identification and better coordina

tion of objectives, focusing managerial efforts on common points, 

improved planning, clarification of responsibilities, and identification 

of organizational development needs (Stuart-Kotze, 1971). Individuals 

benefit from MBO through higher ego involvement, increased motivation, 

greater interest, and improved superior-subordinate relationships. 

These benefits have already been discussed in the preceding sections 

and will not be belabored here. 

Critics of MBO have pointed out a number of limitations of MBO 

and problems in implementing successful programs. Even such a strong 

proponent of MBO as Odiorne (1974) warned that unless the politics of 

implementation are taken into account, its constraints will outweigh 

the logical and behavioral effects that go into persuading and 

educating people to accept MBO as a new and improved system. For 

example, the perceived loss of power will be resisted by autocratic 

managers. Patience, continuous effort and persuasion are needed to 

achieve a change in management style. 

In the same vein, the method of application of MBO is 

criticized by Hoare (1972), Mahler (1972), and Byrd and Cowan (1974). 
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Their views are synthesized in the following statements: A successful 

MBO program must be tailor made to fit the needs and problems of 

specific organizations and organizational-wide acceptance is required 

to obtain the necessary cooperative behavior. A bureaucratic mechanis

tic application with too much emphasis on setting objectives and not 

enough on management can depress rather than increase the level of 

performance. 

Levinson (1970, 1972) expressed concern that the way that MBO 

programs are carried out may have undesirable results. His primary 

criticisms and caveats are: 

1. The setting of objectives may become an end in itself rather 

than a means toward better management. 

2. When the subordinate's perceived influence in setting objec

tives is low, MBO perpetuates and intensifies hostility, 

resentment, and distrust between an upper level manager and his 

subordinate manager. 

3. Many MBO programs fail because of the false assumption that the 

achievement of objectives per se provides the motivation for 

individuals. The deeper emotional components of motivation 

are not considered. 

4. Some present MBO programs foster a self-centered attitude which 

must be changed to group centered. A shift from an advisory 

psychology to a cooperative psychology is needed. 

5. The supra-subordinate interdependent relationship is often not 

recognized. A reward-punishiiunt philosophy makes people heavily 
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dependent upon their superior and leads to conformity to his 

expectations rather than to spontaneous contributions. 

Strauss (1972) offered additional criticisms. There is too 

little MBO type thinking about the concept of MBO; too often, in 

practice, MBO is a paper exercise not carried out. Goal conflicts are 

not resolved and subordinates efforts are expended in meeting standards 

rather than doing their best, sacrificing quality for quantity in order 

to meet their superior's expectations. 

In 1973 a survey of the "Fortune 500" largest industrial firms 

was conducted by Schuster and Kindall (1974) to determine the extent of 

the use of MBO. Although 45 per cent of the respondents initially 

reported the use of MBO, further questioning and analysis showed that 

less than 30 per cent had implemented planned MBO programs. Less than 

ten per cent of the firms reported highly successful applications of 

MBO. The primary reasons given for the lack of success were the 

subordinate managers' feelings that "Theory X" methods were being used 

to force "Theory Y" assumptions down their throats, the lack of high 

level involvement, the reluctance of managers to take the time to 

devote to MBO procedures, and that conflicts existed between the rela

tively tough management climate and the intent and philosophy of the 

MBO approach. The success of the few systematic implementations, 

however, led Schuster and Kindall to conclude that the potential of 

MBO is great but its implementation is difficult. A sizeable commitment 

of time and effort is required, and implementation should not be under

taken lightly without hard consideration of the underlying assumptions 
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and the implications for the management style and the climate of the 

organization. 

The reasons given by Schuster and Kindall for lack of success 

in some MBO programs appear to agree quite well with the foregoing 

criticisms. In essence, it seems that the limitations and problems 

of MBO are related to the need for well planned programs supported 

throughout the organizations with adequate training on the concept and 

philosophy of MBO. There was nothing in the criticisms that would 

indicate that the purported benefits of MBO are not achievable. 



CHAPTER 5 

COMPARISON OF R&D AND MBO ORGANIZATIONAL STRUCTURES 
AND MANAGEMENT PROCESSES 

In order to develop hypotheses concerning the applicability of 

MBO to the management of R&D, the organizational structures and the 

performance of management functions in R&D settings and MBO programs 

are compared, selectively drawing on Chapters 3 and 4. The organiza

tional structures are discussed primarily from the behavioral manage

ment point of view rather than via the organizational chart or models of 

organizations such as the job-task pyramid or matrix organization. 

Organizational Structures 

Organizational Structures in R&D 

The R&D organization is increasingly being viewed as an open 

system with boundaries that filter information in and out of the 

organization (Keller and Holland, 1975). Boundary spanning roles are 

required to interface with different external organizations in the 

transfer of non routine information and technology. Keller and 

Holland (1975, p. 130) reported that "Several researchers have found 

incumbents of boundary spanning roles to experience such dysfunctions 

as lower job satisfactions, higher role conflict, and higher role 

ambiguity because of the unclear expectations for role performance from 

the different organizations with which they interface." 

89 
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Katz and Kahn (1966, p. 112) identified four broad classes of 

organizations, all of which exist and function in industrial firms: 

1. Productive or economic organizations are concerned 
with the creation of wealth, the manufacture of goods, and 
the providing of services to the general public. 

2. Maintenance organizations are devoted to the 
socialization of people for their roles in the organization 
a n d  i n  t h e  l a r g e r  s o c i e t y  . . . .  

3. Adaptive structures (organizations) create knowledge, 
develop and test theories, and to some extent, apply informa

tion to existing problems. 

4. The managerial or political function, the organiza
tional activities concerned with the adjudication, coordina
tion, and control of resources people and subsystems." 

Adaptive systems are further described by Katz and Kahn as con

sisting of the R&D adjuncts of the government and business enterprises 

which concentrate on operational research and the independent research 

agencies and universities which concentrate more on basic research. 

Burns (1961) and Bucher and Gray (1971) agree that the high 

degree of professionalism, individualism, and demand for autonomy of 

scientists, and to a lesser degree engineers, are incompatible with 

conventional bureaucratic structures. An adaptive structure appears 

to permit the high degree of imagination and creativity necessary for 

a successful R&D organization (Badawy, 1974). 

The basic design of an organization is considered by Porter, 

Lawler, and Hackman (1975) to be singularly influenced by the immediate 

operating environment. Some evidence has indicated that if an organiza

tion's design is not commensurate with the salient features of its 

environment, it may not be effective. In discussing the environment 

surrounding R&D, they wrote: 
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Environments which have rapidly changing environ
ments and which involve a large component of un
certainty and unpredictability tend to lead to more 
fluidly designed organizations that deemphasize structural 
relationships and rely more on informal nonspecified-in-
the-advance arrangements for coping with operating 
problems (Porter et al.f 1975, p. 227). 

In a study of the growth of technology in England and Scotland, 

Burns and Stalker (1961, p. 5) discussed the unplanned evolution of 

the "organic" management system in rapidly changing market and techno

logical environments, 

Organic systems are adapted to unstable conditions 
when problems and requirements for action arise which 
cannot be broken down and distributed among specialist 
roles within a clearly defined hierarchy. Individuals 
have to perform their special tasks in the light of their 
knowledge of the tasks of the firm as a whole. Jobs lose 
much of their formal definition in terms of methods, 
duties, and powers which have to be redefined continually 
by interaction with others participating in a task. 
Interaction runs laterally as much as vertically. 
Communications between people of different ranks tend 
to resemble lateral consultation rather than vertical 
command. Omnescience can no longer be imputed to the 
head of the firm. 

An organization functioning in a stable environment is more 

likely to develop a "mechanistic" system which is described by Burns 

and Stalker (1961, p. 5) as follows: 

Problems and tasks facing the concern as a whole are 
broken down into specialisms. Each individual pursues 
his task as something distinct from the real tasks of the 
concern as a whole. Technical methods, duties, and powers 
attached to each function role are precisely defined. 
Interaction within management tasks tends to be vertical, 
i.e. superior-subordinate. Operations and working behavior 
are governed by instructions and decisions issued by 
supervisors. This command hierarchy is maintained by the 
implicit assumption that all knowledge about the situation 
of the firm and its tasks is, or should be, available only 
to the head of the firm. Management, often visualized as 
the complex hierarchy familiar in organization charts, 
operates a simple control system, with information flowing 
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upward through a succession of filters and decisions and 
instructions flowing downwards through a succession of 

amplifiers. 

Burns and Stalker stressed the appropriateness of each management 

system to its own set of conditions. Thus, there was no contention 

that organic systems were universally superior nor that they should 

supersede mechanistic systems in conditions of stability. This 

position received support from Lawrence and Lorsh (1967) who studied 

firms in unstable, moderate, and stable environments. High technology 

firms operating in unstable environments with high degrees of un

certainty and unpredictability required high differentiation among 

departments and high integration across departments within the firms. 

Differentiation referred to the difference in cognitive and emotional 

orientation among managers in different functional departments. 

Integration referred to the quality of the state of collaboration among 

departments to prevent differentiated departments from working at cross 

purposes. 

Gurstenfeld"s open system model of communications in R&D, 

previously shown in Fig. 3.2, may help to visualize the technological 

information, changing customer needs, and competitors' technological-

activities which flow across external environmental boundaries and 

maintain high levels of uncertainty. The continual interaction 

required with other functional departments such as planning, finance, 

marketing and production contribute to the unpredictability of the 

successful transfer of R&D outputs through the linkage to achieve 

commercial success described by Rubenstein and Douds (1969). Linkage 

between R&D and other organizational subsystems requires that either 



research personnel participate in larger decision making or managers 

without research background enter authoritatively into research 

activities (Katz and Kahn, 1966). 

It is inferred from the foregoing positions that R&D operates 

in a dynamic environment with high uncertainty and unpredictability. 

These characteristics will be examined further in considering the 

performance of management functions in R&D. The organic management 

system for R&D appears to provide the autonomy and freedom with 

informal collaboration required by researchers to stimulate their 

creativity and productivity (Pelz and Andrews, 1966). The organic 

system also seems to be analogous to the adaptive system described by 

Katz and Kahn (1966) and to be compatible with the open boundary 

system suggested by Keller and Holland (1975). 

Organization Structure for the Implementation 
of MBO 

Management by Objectives appears intuitively to be the natural 

management system for economic or production structures described by 

Katz and Kahn (1966). Kleber (1972b) commented that in management jobs 

where the output is tangible and measurable, one would have to work 

very hard not to have at least a rudimentary MBO style. 

One might think of a production department as the core of a 

long-linked technology which encompasses activities from the receipt 

of supplies and materials to the disposition of output. Thompson 

(1967) suggested that under norms oi; rationality, organizations seek 

to buffer environmental influences from their technical cores and to 

smooth out input and output transactions. Such buffering and smoothing 
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ments which permit and encourage highly structured organizations with 

strong controls and tightly specified duties. Porter et al. (197 5) 

classified such organizations as mechanistic systems under the Burns 

and Stalker description. 

The relatively scarce literature on empirical studies of MBO 

applications, such as Raia (1965), French et al. (1966), Ivancevich 

(1969), and Tosi and Carroll (1970), described the results and 

experiences in production organizations. The term production organiza

tion is used in the broad context described by Katz and Kahn (1966) 

to include in addition to manufacturing any routine or repetitive 

activities such as those performed in finance, accounting, or 

marketing departments. It was suggested that such structures tend 

toward a mechanistic management system which places emphasis on a 

vertical hierarchy of power, authority, and communications. Yet, MBO 

is described by its advocates as a humanistic system which places 

emphasis on joint participation and influence, mutual understanding, 

and lateral communications—all of which are ingredients of organic 

systems. Participation seems to be the key to the reconciliation of 

the contradiction in MBO theory and practice. Under MBO, while tasks 

are broken down into specialisms and the tasks and responsibilities of 

each organizational member are defined and translated into scheduled 

goals, the technical methodology and the duties and responsibilities 

are established jointly through mutual agreement between the superior 

and the subordinate. Such participation with meaningful, mutual 

influence translates the interaction within management tasks from the 
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vertical to a lateral orientation. In essence, MBO performs the 

organic system activities in an environment which is conducive to a 

mechanistic system. 

Perhaps the answer to the dilemma was given by Odiorne (1965) 

in describing MBO as a system for making organization structure work 

and for bringing about more vitality and personal involvement of the 

people in the hierarchy. To make MBO work, a supportive management 

in a favorable organizational climate is required. Hollmann (1973) 

performed an indepth study of the effect of organizational climate on 

the managerial assessment of MBO. Among his findings and conclusions 

were the following: 

1. A significant positive relationship exists between managers' 

perceptions of the supportiveness of the organizational climate 

and their assessment of MBO. 

2. Human relations oriented dimensions such as superior-subordinate 

communications and cooperation had higher correlations with the 

supportiveness of the organizational climate than did task 

oriented dimensions such as planning and organizing work and 

coordinating individual and work group objectives. 

One inference which can be drawn from this is that human 

relations and individual behavior are much more important than the type 

of organizational function in determining if MBO can be successfully 

used. Odiorne (1974) noted that attempts to apply MBO in a mechanistic 

system fail when superiors perceive themselves as losing the authority 

of their position and are unwilling to give it up. Levinson (1968) and 



96 

Humphrey (1974) also agreed that MBO will fail when subordinates are not 

willing to accept responsibility and to participate in management 

decisions with their superiors. 

Management Functions 

The management functions of planning, directing, and controlling 

the activities of an organization appear to be particularly pertinent 

to the applicability of MBO to R&D organizations. These functions are 

discussed from the point of view of how they are typically performed 

in R&D and in "ideal" MBO systems. 

Planning 

As done in the previous chapters, the function of planning is 

taken as including the setting of objectives, project proposal and 

selection, and the detailed planning of approved projects. 

Setting R&D Objectives. It is inferred from Chapter 3 that 

there is not one agreed upon methodology for setting R&D objectives. 

One view is that top management, through the corporate planning staff, 

should establish and assign R&D objectives and that R&D managers define 

and submit project proposals to meet the assigned goals (Mansfield, 

1968a; McLoughlin, 1970; Conley, 1973). This method has the inherent 

problem of concentrating on short-range low-risk projects, because of 

the shorter time horizons of non R&D managers, to the detriment of 

long range high-risk technological advances (Hahn, 1962; R. Dean, 1974). 

An opposite approach to setting R&D objectives being used in 

some corporations was noted by Hogan and Cherichiello (1974). In that 
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approach, the R&D department prepares proposals on the basis of internal 

interests and suggestions received directly from other departments and 

submits those proposals to management for evaluation against corporate 

objectives. This method has the potential problem of preparing and 

submitting proposals which are not compatible with corporate objectives. 

A more prevalent viewpoint is that R&D managers should participate with 

top management in the mutual selection of the types of research 

technology and development projects to be undertaken. This approach, 

which is compatible with the convergent top down-bottoms up approach 

to planning proposed by Ross (1971), is supported by Colombo (1973), 

Harwood (1973), Hillier (1975), Ingersoll (1972), and Goldring (1974). 

The planning of R&D objectives is made more difficult because of 

the great uncertainties of R&D and the problems of setting precise 

measurable goals as noted by Glueck and Deich (1973). It appears con

ceivable that the participation method which is compatible with MBO 

processes could contribute to the reduction of such uncertainties. 

Setting Objectives Under MBO. The first step in planning and 

implementing MBO is the identification of common goals for the whole 

organization for the coming year in terms of controllable areas of 

responsibility (Humphrey, 1974; Odiorne, 1965; Reif and Bassford, 

1973). The unique characteristic of setting objectives under MBO as 

identified by Carroll and Tosi (1970) and Odiorne (1965) is that top 

management sets each goal with the mutual participation of the manager 

who is responsible for its accomplishment. Carroll and Tosi (197J; 

later emphasized that goals should be defined as clearly as possible 
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and then stated both in terms of desired results and the general plans 

and programs to achieve them. 

Organizational objectives are then communicated downward, and 

specific objectives for lower level organizational units and subse

quently for individuals are derived from the organizational objectives. 

In this way, individual, unit, division, and corporate objectives are 

linked together. Effective accomplishment of objectives is hopefully 

enhanced by natural congruency between personal goals and organiza

tional goals through higher interests, better cohesiveness, and commit

ment to the goals by participants (Villarreal, 1974). 

Selection of R&D Projects. The project selection process is 

characterized by an often long list of alternative projects which 

exceed the resources available for R&D. There is a great deal of un

certainty in estimating the outcomes of a particular portfolio of 

projects, since a large number of economic, technical, and organiza

tional factors must be considered. These factors make the task of 

establishing a single efficient and acceptable mathematical model for 

evaluating and selecting R&D projects very difficult (Gillespie and 

Gear, 1973). 

A great number of operations research models and mathematical 

techniques have been developed to assist in project selection decisions, 

but several studies have shown that management is generally reluctant 

to use such models even though a number have been proven to be 

technically efficient (Souder, 1973a, 1973b; T. Clarke, 1974). 
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Selection of Projects Under MBO. In an ideal MBO process, the 

selection of projects is accomplished during the process of setting 

organizational or departmental goals and identifying the activities 

required to reach those goals (Carroll and Tosi, 1973). In a manu

facturing or similar production type of organization, it appears that 

the projects are in fact the on-going processes of the organization. 

This position seems to be supported by the limited number of empirical 

studies which have been published by Raia (1965, 1966), French et al. 

(1966), Ivancevich (1969), and Carroll and Tosi (1973). 

Planning of Approved R&D Projects. Each approved R&D project is 

individually planned with respect to the resources required, technical 

approaches, milestones, and schedules. A number of planning techniques 

have been developed which have been found to be useful in the planning 

of R&D projects, including the critical path method (CPM), PERT/time 

networks, and stochastic networks recommended by Walters (1965), B. 

Dean (1966), and Gurstenfeld (1970). Use of these techniques has been 

complicated somewhat by the requirement to assume the certainty of 

outcomes of uncertain events and the use of subjective evaluations of 

the probability of success (B. Dean, 1966; Souder, 1973a). 

Under the rational view of the invention/innovation process 

within the organization, a top down planning process is followed, 

wherein duties and responsibilities are assigned by top management and 

transmitted down through the organization. Under the non-rational 

view, which recognizes the interrelated complex tasks in R&D, the 

responsibility for planning is diffused throughout the organization, 
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and much of the planning is done by individual professionals in either 

an uncoordinated or a bottoms-up process. 

The uncertainty inherent in R&D planning was emphasized by 

Connally (1975). He suggested that planning and budgeting of large 

scale R&D is typically a complex sequential process of such decisions 

as the assignment-of decision roles to individuals, reporting and 

documentation requirements, and time sequences of events and deadlines. 

Project Planning Under MBO. The establishment of the road maps 

for the accomplishment of objectives, the delineation of tasks and 

responsibilities, and the documentation of the expectations of desired 

behavior of the supervisor and the subordinate are essential ingredients 

in the planning process of a MBO system (Levinson, 1972; Mahler, 1972; 

Strauss, 1972; Winning, 1974). Participation in the planning process 

leads to a commitment to the tasks and responsibilities delineated in 

the plans and a sincere desire to accomplish the objectives set 

(French and Hollmann, 1975; Tebay, 1973). 

The planning process is obviously made more simple in a 

manufacturing or other production process where the tasks are routine 

and specialized and standard procedures have been established. However, 

the complexity of the planning process such as in a R&D setting could 

benefit more from the participation of the personnel who will be 

responsible for the success of the planned activities. 



101 

Directing—Leadership 

Directing—Leadership in R&D. Some writers have claimed that 

the high degree of professionalism, individualism, creativity, and 

independence of scientists and engineers demand a managerial approach 

different from common personnel management practices (Badawy, 1974; 

Bucher and Gray, 1971). Likert (1969) and Steele (1969a) recommended 

a highly participative style of leadership that allows the researcher 

freedom in accomplishing research, with the manager having the ability 

to follow the work in progress. The manager participates in decisions 

on the direction of effort but does not get involved in the technical 

work. 

Some research managers, however, view their roles as determining 

the technical program of their groups, guiding the conduct of research, 

and evaluating its success while maintaining effective relationships 

with corporate management and other functional groups (Steele, 1969b). 

According to Steele, the R&D manager must assure the sponsoring 

organization that its support of longer rnage, more professionally 

significant work will be a worthwhile investment and assure the 

researcher of adequate tangible and intangible rewards for his work. 

Bucher and Gray (1971) and Gomersall (1971) agreed that the challenge 

for management is to define organizational goals which are congruent 

with the interests of scientists and to create the conditions for self 

motivation. 

Directing—Leadership Under MBO. The participative style of 

leadership is inferred from the description of the MBO process which 
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stresses participation in goal setting, the definition of responsi

bilities, the practice of self control, and performance evaluations 

(Carroll and Tosi, 1973; Howell, 1967; Jamieson, 1973). It was claimed 

by Kleber (1972a) that an autocratic leadership style by the boss and 

the inability of the subordinate to be self-managing can doom the MBO 

process to failure. 

The viewpoint was expressed by Odiorne (1965) that either the 

authoritative or participative style of leadership can be successfully 

used in MBO. The leadership style should be applied according to the 

situation, especially the needs and expectations of the subordinates. 

The selective application of a leadership style according to the 

biological, social, and economic needs of subordinates is supported by 

Beck and Hillmar (1972) and L. Allen (1973). Participation by 

subordinates in making the selection of the leadership style is 

advocated by Hersey and Blanchard (1974). 

Humphrey (1974) and Levinson (1968) maintained that some 

people are inflexible and are unable to accept responsibility, and they 

need direction and supervision. Their warning is somewhat in conflict 

with the need for participative management claimed by Kleber, but it is 

compatible with the concept of situational leadership given above. 

Control 

Control in R&D. In the context of the simplified definition of 

control as . . that decision process which keeps project expenditures 

and proportionate technical achievements within prescribed limits" 

(Souder, 1968, p. 39), control cannot exist without a plan. Thus, a 
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control system is beset with all of the uncertainties and problems 

identified in setting identifiable and measurable objectives, scheduling 

activities and milestones, and establishing criteria and measures of 

performance (Radnor, 1966) . 

McLoughlin (1970) reported that many individuals categorically 

deny that research and even development can be controlled according to 

any fundamental management principle. However, he disagreed with that 

philosophy and stated that the effectiveness of planning and control 

of R&D programs determine their success. Likert (1969) warned that a 

dangerous trend is emerging toward tighter budgeting control and 

tighter organization of work which will in the long run stifle highly 

creative performance by scientists and en jneers. A middle position 

given by Truemper and Dean (1974) was that if goals are properly 

written and defined, they will stimulate research along desirable 

paths, and while the technological approaches should not be restricted, 

they can be preplanned and controlled through network analysis and 

operations research techniques. 

The problems inherent in the transfer of new technology from 

R&D through production and marketing exemplify the need for a control 

system which transcends the R&D department (Mansfield, 1968b). For 

example, changes in market conditions which make a product under design 

obsolete before it is completed need to be recognized and communicated 

to the decision maker so that development efforts are redirected 

(Gurstenfeld, 1970; Gruber et al., 1973). The need for prompt, 

accurate, and relevant information to flow across the interface 

linkages between R&D and other organization functions was shown by 
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Rubenstein and Douds (1969). At the same time, efficient technology 

transfer at the interfaces is made more difficult by the decision 

related undertainties in R&D (Connally, 1975). Effective use of formal 

and informal communication paths is required to eliminate the isolation 

of R&D from other corporate functions, which was claimed by Gruber et 

al. (1973) to be a major reason for the high rate of non-technical R&D 

failures. 

The ability to communicate the deviation from the planned 

milestone necessitates a method for comparing the technical progress 

of the R&D project with the established standard. The evaluation of 

R&D presents an imposing challenge to management because of the diffi

culty in expressing performance quantitatively so that it can be 

measured (Galloway, 1971). Collier and Gee (1973) observed that there 

is probably no organization that has the answer to the measurement and 

evaluation of research effectiveness. Yet the evaluation of R&D 

becomes inescapable to provide a formal accounting to corporate manage

ment on achievements and costs as time and resources are expended. 

Parameters which have been identified by Sandretto (1968) as 

being useful in evaluating performance in R&D include the timeliness 

of achievement of technical goals, the proportion of technical per

formance specifications which are met, and a comparison of costs and 

performance schedules with those planned and budgeted. It can be 

inferred from the study by Souder (1969) that since the project 

managers' estimates of probability of success over several time periods 

are valid predictors of the ultimate success or failure of the 
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project, the technical expertise of the research personnel can be used 

to provide valid progress and performance measurements or ratings. 

The lack of quantifiable performance standards for the 

evaluation of projects is carried over directly into the performance 

appraisal of individual scientists and engineers. Evaluation of 

personnel performance on the basis of output is seen as being fairer 

and safer than evaluation in terms of personal characteristics. 

However, when measurement of output is difficult, appraisal, by 

necessity becomes a matter of interpersonal judgment. The difficulties 

noted by Thomason (1970) lie in the establishing and adhering to 

standards or criteria for comparison. 

Where no output criteria are available an effective performance 

appraisal system may be achieved through the ranking of factors on check 

lists and applying rating scales (Hattan and Cuthbertson, 1975). The 

use of such performance evaluations based on the characteristics of the 

performance of task operations or on specific attributes of the 

performance of organizational members was found by Tansik (1973) to be 

negatively correlated with the specificity of the organizational goal 

structure. That is interpreted to mean that performance measures 

are necessary in R&D organizations because of the difficulty in setting 

specific goals with quantifiable and measurable outputs. 

Control Under MBO. The importance of control in MBO is 

emphasized by Morrisey (1970), who developed a Management by Objectives/ 

Results process for planning and controlling. His control functions 

include (1) establishing standards, (2) measuring performance, and (3) 
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taking corrective action. Morrisey stated that without control, MBO is 

a waste of time. Wood (1972) places the control function in the 

perspective of being based on the setting of objectives, the prepara

tion of an action plan, and the communication of these to the people 

who are responsible for achievement. Provision of a methodology for 

comparing performance and results with prescribed standards and the 

provision of a feedback mechanism completes a closed loop control 

system. Significant characteristics of the MBO system are the 

exercise of self control by the subordinate in the striving toward a 

committed goal, comparing the progress/outputs against established 

criteria and participating in redirection decisions when deviations 

from accepted standards so warrant (Drucker, 1954; McGregor, 1960). 

Within a production organization the formal channel of 

communication is the single path of the closed loop control system. 

Under MBO, communications between superior and subordinates flow 

laterally within that channel with free exchange that tends to build 

mutual understanding and increase the efficiency within the control 

system (Carroll and Tosi, 1973). 

Communications are maintained under MBO through the frequent 

performance reviews and prompt feedback of performance appraisals which 

are part of the MBO concept as described by Odiorne (1965) and Tosi and 

Carroll (1970). Results oriented performance evaluations of depart

ments and individuals are simplified when specific measurable goals are 

established so that the rating is just a matter of determining whether 

an agreed upon goal is reached. In those instances where specific 

measurable standards cannot be established, evaluations based on 
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qualitative criteria are more feasible when such criteria are jointly 

selected and accepted by those who are responsible for achieving the 

performance (Tansik, 1973). 

Performance appraisals under MBO for objectives oriented and 

behaviorally anchored ratings were compared with each other and with 

two traditional systems of ratings by supervisors by Porter et a1. 

(1975). The two traditional systems evaluated were ratings by personal 

traits and the single global (one overall value) rating. The results 

of the comparisons made by Porter et al., summarized in Table 5.1, 

clearly show that measuring performance under the MBO process is 

superior to supervisor ratings. 

Summary of the Chapter 

R&D organizations are typically organic systems operating in 

dynamic environments with high uncertainty and unpredictability. 

Whereas, MBO appears to be espc. lally suited for production type 

organizations which operate in stable environments. Such systems tend 

to become mechanistic but arc made more organic by the participative 

nature of MBO. 

Management functions appear to be more complex in R&D 

settings than in "ideal" MBO systems. Planning of R&D, from the 

setting of goals to the selection and scheduling of R&D projects, it; 

made more difficult by the uncertainties inherent in R&D and by the 

complex sequence of decisions necessary at each interface in the work 

flow process. A participative style of leadership is required to 

provide for the motivation of personnel, allow freedom and autonomy in 
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Table 5.1. Evaluation of Approaches to Measuring Performance — 
Source: Porter et al. (1975, p. 332). 

Traditional 
Approaches MBO Approaches 

Evaluation Criteria 
Trait 
Ratings 

Single 
Global 
Rating 

Behaviorally 
Anchored 
Ratings 

Objectives 
Oriented 
Ratings 

1. Acceptability to 
superiors and sub
ordinates P M G G 

2. Counseling and 
development 
information P P M G3 

3. Slary and reward 
administration P M to G G M 

4. Motivation based 
on goal setting P P P G 

5. Clarify nature 
of the job P P M to G G 

Legend: P = poor; M = moderate; G = good. 

aGood if it includes activities measures. 
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technical performance, and still maintain effective relationships with 

other functional departments. Control of R&D is difficult to achieve 

using conventional control techniques. It appears that an effective 

R&D control system requires the participation of R&D personnel in 

formulating procedures to be used in self-control, participation of 

project engineers in both project and personnel evaluations and in 

corrective action decisions. There must be good formal and informal 

communications between management, the R&D department, and other 

functional departments. 

Planning is facilitated in typical MBO programs by joint 

participation in setting results oriented production goals and in 

planning routine projects having definable tasks. Participative 

leadership is generally recommended, but the style of leadership may 

be adapted to the type of routine work to be accomplished and to the 

needs of subordinates. Control in MBO is accomplished through a simple 

closed system, utilizing the concept of self-control, participative 

decision making, and joint performance reviews with free lateral 

communications. 

A summary of the characteristics of R&D and MBO organizational 

structures and management processes is given in Table 5.2. It may be 

significant that the resolution of the uncertainties inherent in R&D 

may be accomplished through participation by subordinates, which is the 

essential ingredient in MBO. 
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Table 5.2. Summary of the Characteristics of R&D and Typical MBO 
Environments 

MBO 
R&D Environments 

Organization Structure 

Adaptive organization; Production organization; 
open boundaries; closed boundaries; 
dynamic, uncertain environment; stable environment; 
organic management system. management by participation in 

objectives. 

Objectives 

Advancement in technology, knowledge Production objectives; 
and new products; 

Task oriented; Results oriented; 
Long time perspective; Short time perspective; 
Outcome uncertain; Outcome defined and measurable; 
Objectives set by top management, Objectives set with full 

corporate planners, with con participation by subordinates; 
flicting degree of R&D participa
tion; 

Uncertain congruence with corporate Natural congruence with corporat< 
objectives. objectives. 

Planning 

Diverse projects; Routine projects; 

multiple project selection no project selection problem; 
techniques with uncertain 
information; 

uncertain location of planning; participative planning; 

planning based on uncertain, sub planning based on definable 
jective information, tasks, and tasks, responsibilities, and 
milestones; milestones; 

uncertain resource requirements. known resource requirements. 

Control 

Complex control system with Simple closed control system; 
dynamic interaction; 

Multiple communications channels; Free lateral communications; 

Decision making authority ill Participative decision making; 
defined; 
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Table 5.2.—Continued 

MBO 
R&D Environments 

Performance, difficult to set 
criteria and measure; 

Complex feedback system. 

Joint performance reviews with 
definitive mutually acceptable 
criteria;a 

Prompt feedback from joint 
decisions. 

Leadership 

Participative management required 
to provide an environment for 
self-motivation of creative and 
individualistic professionals. 

Self motivation must be stimulated 
through job characteristics and 
organizational climate. 

Participative management pre
ferred, but style of leader
ship adaptable to subordinates 
needs. 

Motivation provided through 
joint goal setting, self 
control and performance 

reviews. 

aOne of the purported advantages of MBO is that by way of 
periodic progress reviews to measure and correct deviations from plans, 
a manager can take more prompt corrective actions rather than waiting 
until the end of the year. Thus the ability to correct rather rapidly 
may make MBO a very viable way for an organization to respond to the 
dynamic environment in which R&D operates. 



CHAPTER 6 

DEVELOPMENT OF THE RESEARCH PROPOSITIONS 

Primary objectives of this research are to identify management 

techniques currently used to manage R&D programs and to determine if 

MBO processes might be effectively used to increase the effectiveness 

of R&D programs. This latter objective is stated as a general thesis 

to be tested through field research. Conceptual models developed to 

guide the research include a simplified model of the R&D innovation 

process shown in Fig. 6.1, a simplified model of the MBO processes 

relative to R&D shown in Fig. 6.2, and a model of the R&D process with 

inputs and interactions shown in Fig. 6.3. Seven specific research 

propositions used to test the general thesis are developed and 

presented. 

General Thesis 

The general thesis to be tested is formulated directly from the 

objective of this research as follows: The greater the use of MBO 

processes in R&D management and decision making, the greater will be the 

effectiveness of a firm's R&D program. 

A simplified model of the R&D innovation process is shown in 

Fig. 6.1. The orocess starts with the formulation of corporate annual 

goals which, according to Colombo (1973), should include R&D goals in 

the selection of strategies. The remainder of this model is based on a 

synthesis of the innovative process developed by Haeffner (1973) and the 
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Economic Returns 

R&D Goals 

Basic Research 

Production 

Research 

Marketing 

Product Development 

Technical Planning/ 
Control Procedures 

Corporate Goals and Objectives 

Project Proposals, Evaluations 
and Selections 

Development: 
1. New products, materials, 

and processes 
2. Product improvements 

Pig. 6.1. Simplified Model of the R&D Innovation Process 
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Corp. annual goals 

R & D  g o a l s  

Project planning 
and control 

Progress reviews 
in terms of 
projects 

Evaluation, end of 
the period 

Organizational goals 

Departmental goals 

Activity plan 

— Control 

— Evaluation 

Fig. 6.2. Flow Diagram of MBO Processes in R&D 
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Setting 

R&D 
goals 

Establishing 
annual 

corporate 
\ goals / 

Top management: 
priori ties 

Development: 
new products 
produc t 
improvements 

Research: 
basic 
technology 

Corporate planning: 
alternative 
goals 

Marketing: 
alternative 
markets and 
product needs 

Corporate planning: 
alternative 
strategies and 
strengths 

R&D: 
alternative 
projects based 
on capabilities 
and interests 

R&D: 
technology 
capabilities; 
ideas for new 

R&D 

Top management: 
long range economic 
goals; social 
responsibilities 

Marketing: 
customer needs 
and oppor
tunities 

Fig. 6.3. Conceptual Model of the R&D Process with Inputs and Inter
actions 
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Technical 
plans and 
control 

procedures 

R&D project 
proposals, 
evaluations, 

and 
, selections> 

Top management: 
priorities 

Approved project 
portfolio 

Manufac turing: 
producibility 
criteria 

Operations Res. 

evaluation 

models 

Finance: 
resource 
constraints 

Plans: 
schedule 
requirements 

Comptroller: 
allocation 
of funds 

Manufacturing: 
facilities and 
requirements 

Marketing: 
product 
features; 
desired 
schedules 

Marketing: 

proposed projects 
market analysis 
sales estimates 

R&D: 
proposed projects 
resource requirements 
technical estimates 
model preference 

R&D: 
project teams; tasks 
and responsibilities; 
design approach 
milestones 

Fig. 6.3.—Continued Conceptual Model of the R&D Process with Inputs and 

Interactions 
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Top management, 
plans, and 
comptroller: 

status report 
requirements 

Manufacturing: 
producibility 
features; 
drawing 
requirements 

Top management, 
Plans: 

quantities 

schedules 

Design 
and 

develop 
ment 

Manufacturing: 
methods, 
facilities; 
personnel, 
production 

Marketing: 
advertising / 
sales 

—i 
distribution \ 

|Marketing 

R&D: 
technical performanc 
project reviews; 
control and 
evaluation 

Marketing: 
packaging requirements 
schedule 
monitoring 

rrxi 
I Production I 

R&D: 
design package; 
engineering 
support 

Marketing: 
schedule requirements 
and monitoring 

R&D and Production 
Engineering: 

operating and 
maintenance instruc
tions; field service 

Economic Returns 

Fig. 6.3.—Continued Conceptual Model of the R&D Process with Inputs and 
Interactions 
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research to marketing linkage of Rubenstein and Douds (1969). Corporate 

strategies influence R&D goals which may consist of basic research or 

new product development or both. R&D goals are here assumed to be 

achieved through projects which are defined through the project pro

posal, evaluation, and selection process. Technical plans and control 

procedures are typically prepared for the approved projects. 

The output of basic research may provide a basis for future 

corporate and R&D goals or can lead directly to product development. 

New products are usually designed, developed, and tested within the 

R&D department. Completed projects are then transferred to manufactur

ing for production and thence to marketing for sales and distribution. 

Successful projects contribute to the economic returns of the organiza

tion. 

The effectiveness of R&D programs is seen as consisting of a 

number of indices relating to the accomplishment of individual tasks and 

activities and the overall results and economic payoffs achieved. 

One could assert that the use of MBO processes could be measured 

simply as whether or not a formal MBO program has been implemented 

within a firm's R&D department. It appears, however, that a more 

meaningful analysis requries the identification and measurement of 

subordinate variables which indicate actual use of MBO practices in 

accomplishing various management functions and R&D activities. As dis

cussed in Chapter 4, there are differences in viewpoints on the 

philosophy of MBO. It was noted by Varney (1972) that MBO is one of 

the most widely practiced, but least understood and most poorly applied 

of all the managerial ideas introduced in the last 25 to 30 years. 
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Therefore, it is conceivable that firms which plan to use MBO may 

implement MBO processes differently and still other firms may use MBO 

processes without planned implementation programs. 

The MBO processes referred to in this study are based on the 

philosophy of participative MBO (Drucker, 1954; McGregor, 1957), the use 

of MBO for planning and control (Mahler, 1972), and for appraisal and 

evaluation (Koontz, 1971). The processes shown in a flow diagram in 

Fig. 6.2 are defined to include the following sequence of activities: 

1. Participation in formulating overall corporate goals, 

2. Participation in the setting of goals at each organizational 

level by the individual or group responsible for accomplishment 

of the goals. 

3. The preparation of plans setting forth methods of achievement 

of the goals, delineation of tasks and responsibilities, 

milestones, and performance review schedules and procedures. 

4. The exercise of self control and participation in making 

decisions relative to the performance of tasks which lead to 

the goals. 

5. Participation in performance reviews at specified milestones 

and at the end of designated periods. 

Development of the Conceptual Model 

It was inferred in Chapter 5 that because of the dynamic 

uncertain external environmental conditions which impact on R&D, the 

uncertain nature of R&D, and the interactions required with other 

functional departments, there is a natural tendency for an organic 
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management structure to evolve. In contrast, MBO appeared to be 

better suited to a production function operating within a relatively 

closed system within a stable environment; that is, a mechanistic 

management system. In operation, however, the participative nature of 

MBO tends to move the mechanistic system toward a more organic system, 

and as noted by Odiorne (1965), makes the system work. Thus the use of 

MBO in a R&D "organic" system appears to be feasible. 

Stuart-Kotze (1971) reviewed the conceptual and empirical MBO 

literature and suggested that the benefits achieved through MBO are 

derived from: 

1. Focusing managerial efforts on common points. 

2. Providing a framework for coordinated effort. 

3. Improving planning and control. 

4. Clarifying responsibilities. 

5. Identifying organizational development needs. 

6. Improving supra-subordinate relationships, communications, 

and understanding. 

7. Higher ego involvement and motivation of personnel. 

Model of the R&D Process 

A conceptual model of the R&D process, showing some of the 

significant inputs and interactions at each stage of the R&D process, 

is given in Fig. 6.3. The critical nature of interaction in the R&D 

process has been emphasized by Gruber et al. (1973), who described 

innovation as a complex series of interwoven steps of research, 

development, engineering, design, market analysis, and management 
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decision making. According to Biller and Shanley (197 5), the extended 

R&D process in industry depends upon fruitful collaboration between the 

R&D group and other functional units. Based on the premise that these 

inputs and interactions can be provided through MBO processes, 

especially the team approach to MBO proposed by French and Hollmann 

(1975), the conceptual model of the research propositions given in 

Fig. 6.4, is developed. In this figure, the general thesis is shown in 

the top block followed by propositions 1 through 7, respectively. 

The formulation of corporate annual goals is seen as an 

integrative effort to develop the first year's goals and programs of 

the long range plan. The long range economic goals and corporate social 

responsibilities brought to the process by top management establish the 

boundary constraints for the annual goals. Marketing managers identify 

customer needs and marketing opportunities from an analysis of the 

market based on existing product lines. R&D managers propose new 

product ideas based on current research and advanced development and on 

technological capabilities. Corporate planners develop alternative 

strategies based on an analysis of the strengths of the firm and the 

state of the economy. Optimal goals are thus established via joint 

decisions among the various departments. 

The R&D goals which contribute to the achievement of the 

overall corporate goals are established by a joint decision making 

unit. The R&D manager is seen as analyzing the product needb identified 

by marketing and proposing areas of research and product development 

projects that can be achieved within the technological and resource 

capabilities of the firm. Corporate planners evaluate alternate R&D 
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Test Independent Variable Dependent Variable 

General _ The use of MBO Effectiveness of 

thesis processes the R&D program 

Proposition 

1 

Participation in estab

lishing corporate goals 

Importance of R&D 
as a corporate goal 

Proposition _ Participation in Specificity of 

2 setting R&D goals R&D goals 

Proposition 
3 

Participation in gen Number of quality 

erating and defining '•> proposals for 
project proposals selectivity 

Proposition 

4 

Participation in 
R&D project evalua
tion and selection 
process 

Selection of pro
jects having highest 
expected values via 
math model 

Proposition 
5 

Participation in 
project planning and 
control procedures 

Comprehensiveness 
and acceptance of 
plans by R&D 
engineers 

Proposition 

6 

Proposition 

7 
Economic returns 
from R&D programs 

Accomplishment of 
development projects 
as planned 

Participation in 
all R&D management 
functions and 
decisions 

Participation in 
project performance 
and control 
decisions 

Fig, 6.4. Simplified Conceptual Model of Research Propositions to 
Test the General Thesis 
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goals for contribution to the corporate goals. The selected R&D goals 

which are then structured into appropriate research and product 

development projects. 

This conceptual model continues by including development 

activities as part of the extended R&D process. Project proposals are 

generated by R&D and marketing or are directly inferred from R&D 

goals. As noted in Chapter 3, several criteria are used in the 

project evaluation and selection process. Top management priorities 

are important considerations along with an analysis of costs, proba

bilities of technical success, market projections, manufacturing 

facility requirements and funding constraints. Inputs by functional 

departments are considered by the decision making unit in selecting an 

approved project portfolio. 

Technical plans and control procedures are largely the 

responsibility of the R&D department. However, inputs from the 

comptroller and the planning, marketing, and manufacturing departments 

are needed to ensure that plans include provisions for the control of 

funds, schedules which are in consonance with marketing requirements, 

and designs which can be produced with existing or programmed manu

facturing capabilities. 

Design and development are accomplished within the R&D 

department with monitoring by top management and by other functional 

departments. Interaction is required with marketing to ensure that 

decisions regarding schedule changes consider changes in market condi

tions. Manufacturing and R&D interaction is needed to ensure the 
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accomplishment of producibility features and the preparation of 

adequate manufacturing drawings and specifications. 

Project responsibility is transferred from R&D to manufacturing 

at the beginning of the production phase. While manufacturing provides 

the production personnel, facilities, and methods, R&D provides 

engineering support to make necessary design changes as production 

problems are encountered. Marketing monitors production schedules 

while preparing the marketing program. Top management and corporate 

planning participate in decisions regarding production quantities and 

schedules. 

As products are produced, the marketing department implements 

the advertising, sales, and distribution programs. The R&D engineers 

and production engineers interact with marketing personnel to provide 

operations and maintenance instructions and necessary field services. 

An effective extended R&D process culminates in economic returns 

to the corporation. The foregoing processes beginning with the 

formulation of corporate goals and continuing through product design 

and development, are considered in developing the research propositions. 

Establishing Corporate Goals 

The establishment of corporate goals was not included in 

previous discussions of the R&D process. It was included in Fig. 6.4 

and discussed now due to the belief that corporate goals which recog

nize the importance of R&D provide direction and impetus for the R&D 

program. As stated by Drucker (1974, p. 103), "Marketing and 

innovation (R&D) are the foundation areas in corporate objective 
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settings. It is the performance and contribution in these areas for 

which a customer pays." Columbo (1973) identified R&D as one of the 

basic elements on which corporate strategy must be defined, and 

Montleone (1976) wrote that the ability to improve product technology 

is the single most important factor in the continued growth of a 

company. 

In an argument reminiscent of zero-based budgeting, Thomason 

(1970) suggested that the proportion of a firm's resources to be 

invested in R&D should not be based on hunch, last year's budget, or 

even business acument alone. Rather, it should be based on a systematic 

analysis of where a firm is today, where it wishes to be tomorrow, and 

what technological advances needed to bridge that gap appear to be 

technically feasible and economically desirable. 

According to Hillier (1975) a most important facet of R&D 

management is the integration of R&D with the general management of a 

business. Participation of R&D managers provides for more objective 

decision making and the identification of technical programs for the 

present and future that are in consonance with the needs, resources, 

and strategies of the firm. Previously, Ingersoll (1972) and Berman 

(1973) had also stressed that R&D participation is needed to integrate 

R&D into the integrated business process and recommended a joint goal 

setting process. Gruber et al. (1973) stated that R&D participation 

in formulating corporate goals provided the information required for 

the development of corporate planning which integrates the opportunities 

of marketing, production, and R&D. 
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Carroll and Tosi (1973) reported that in the past, R&D has had 

minimal influence in the goal setting process because of a lack of 

participation. Shepherd (1965) and Emory and Niland (1968) suggested 

that participation in decision making by subordinates provides a 

process for integrating individual and organizational goals. The 

inclusion of well informed people in the decision making process brings 

new knowledge, viewpoints, and insights upon the goal setting process 

(Miner, 1973). 

Swager (1959) suggested that through joint effort, R&D views are 

better represented in major business decisions, and according to Price 

(1968), participation of R&D managers in corporate decisions influences 

other organizational departments to promote the institutionalization of 

R&D. 

In summary, the importance of R&D as a basic element in 

corporate strategy is stressed. Through participation, R&D managers 

bring their needs, knowledge, and viewpoints to the decision making 

process. Participation results in the representation of R&D views in 

major business decisions, the influence of other organization department 

to promote R&D, the integration of R&D with marketing and production, 

and the identification of technical programs which are in consonance 

with the needs, resources, and strategies of the firm. These results 

provide the bases for the concept that an increase in R&D participation 

in the corporate goal setting process will result in increased 

importance of R&D in corporate goals. 

Based on this discussion, the proposition pertaining to 

corporate goal setting was derived as: 
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Proposition 1: The greater the participation of R&D management 

in establishing corporate goals, the greater will be the importance 

of R&D as a corporate goal. 

Setting R&D Goals 

The next step in the extended R&D process is the setting of R&D 

goals which direct the departmental resources and energies into 

activities which contribute to the achievement of the overall corporate 

goals. Drucker (1974) stated that R&D goals provide the basis for the 

activities performed within the R&D department as well as the motivation 

of the R&D personnel to accomplish their duties and responsibilities. 

The importance of clarity and specificity of R&D goals is 

emphasized by several authors. Rubenstein (1965) in writing about 

operations research, stated that clear goals lead directly to project 

selection criteria. This statement appears to apply equally as well to 

R&D goals. Koontz and O'Donnel (1968) stated that clear specification 

of goals is required before subordinate managers can exercise initiative 

and make management decisions. Odiorne (1969) observed that setting some 

tough but attainable goals is part of the betterment process through 

decision making, but simply having an objective does not necessarily 

lead to sound decisions. Objectives, Odiorne contends, must be stated 

in measurable terms to facilitate their accomplishment. In a discussion 

of the results of differences in organizational goal structures, 

Tansik (1970) noted that where organizational goals can be stated in 

operational terms and are clearly construed, lower order or subunit 

goals ought to be easier to formulate so as to retain congruence. 
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Steele (1969b) identified the first element of a R&D manager's 

job as the determination of the technical program of his group, and 

Ingersoll (1972) added that the R&D department can and should exert a 

great amount of influence over the direction of research and the types 

of development projects to be undertaken. 

These statements are not interpreted to mean that the R&D 

manager alone should establish R&D goals. The degree of corporate top 

management participation in setting R&D goals is viewed by Gruber et al. 

(1973) as an indication of top management's interest and involvement in 

the management of the R&D process. The sequential decision model for 

setting R&D goals developed by Gloskey (1960) indicate that marketing 

needs and opportunities are essential ingredients in R&D goals. Con

currently, the recommendation by Miner (1973) for the inclusion of a 

number of well informed people in the decision making process is viewed 

here as being applicable to R&D project engineers, who contribute their 

knowledge, ideas, interests, and needs to suggested R&D goals. 

One method for developing specific goals is described by Emory 

and Niland (1968). In essence, that method consists of transforming 

general objectives into specific goals which are operationally defined 

so that achievement can be measured and which are functionally stated 

in terms of feasibility and constraints. In regard to R&D goals, 

general objectives may be established through a joint effort of top 

management, and representatives of functional departments such as 

marketing, corporate planning, and R&D. However, R&D managers and 

project engineers are the people who have the technical knowledge to 



define goals in terms of technical characteristics, feasibility, 

constraints, and schedules. 

Kleber (1972a) expressed the belief that participative MBO 

provides R&D management with clear goals. Such a belief is supported 

by the concepts of MBO developed by Drucker (1954) and McGregor (1957) 

whereby subordinates participate in setting their objectives, identify 

methods for accomplishing those objectives, and specify the methods to 

be used in appraising the accomplishment of those objectives. Carroll 

and Tosi (1973) found that participation in goal setting related 

positively to goal clarity. That result appears to be logical from the 

viewpoint that the persons responsible and accountable for achieving 

a set of goals would be more likely to specify those goals in clear 

measurable terms. 

In summary, clear measurable R&D goals are needed to provide 

the basis for R&D activities which support corporate objectives and to 

give direction to R&D project engineers for the accomplishment of their 

duties and responsibilities. The MBO concept that participation in 

goal setting by those responsible for accomplishment of those goals is 

related to the clarity of goals has been substantiated through empirical 

study. R&D managers and engineers have the knowledge, expertise, and 

self interest to define R&D goals in terms of measurable results, 

technical characteristics, feasibility, constraints, and schedules. 

Thus the concept was developed that an increase in R&D participation in 

setting R&D goals will result in R&D goals being better defined and more 

explicitly stated. 



130 

Based on this discussion, the following proposition relative 

to setting R&D goals was formulated: 

Proposition 2: The greater the participation of R&D managers and 

project engineers in setting R&D goals, the more specific will R&D goals 

be defined with regards to outputs and measurable results. 

Generating and Defining R&D 
Project Proposals 

The generation and definition of R&D project proposals is viewed 

here as being a continuation of the activities in which MBO processes 

can be used to focus managerial efforts on common points and to provide 

a framework for coordinated effort among team members. While estab

lishing corporate goals and setting R&D goals congruent with them 

provides the basis for R&D activities, it is the generation and defini

tion of projects which determine the work through which those goals can 

be achieved. The building of a dynamic organization requires a steady 

flow of ideas for screening, refinement, and evaluation and thence for 

product development (Blake and Mouton, 1969). 

Two studies of a large divisional R&D laboratory of a major U.S. 

corporation in a highly competitive market found that R&D managers and 

engineers tend to create ideas that are congruent with their perceptions 

of organizational goals and needs (Baker et al., 1967; Baker et al., 

1971). Researchers and engineers learn of organizational needs from 

management and by interacting with other departments, and greater 

knowledge of other organizational units increases the capability of a 

R&D unit to generate "relevant" projects. 



131 

Gillespie and Gear (1973) included technical design factors, 

economic returns, allocation of resources, and uncertainty of outcomes 

in a list of criteria for project selection decisions. Souder (1973a) 

noted that inputs into project evaluation problems include project 

types, funding requirements and resource constraints, projected 

economic values, and probabilities of success. Hibbard ("How Solid is 

Your R&D?," 1971) indicated that project decisions should be based on a 

comparison of the anticipated outputs of alternative products and 

designs with the projected development costs, manufacturing costs, 

market penetration, sales volume, and profits. 

From those factors in project evaluation and selection decisions, 

the criteria for a comprehensive project proposal appear to include: 

1. Product operation characteristics. 

2. Product design characteristics. 

3. Estimates of resource requirements. 

4. An estimated development schedule. 

5. The estimated probability of successful development. 

6. Estimates of sales and profits. 

Operational characteristics may be provided by the marketing 

department as a newly identified need or opportunity, may result from 

the definition of R&D goals, or may be generated within the R&D depart

ment as a new product idea or as an evolutionary advancement of existing 

products. 

Product design characteristics can logically be developed only 

by R&D engineers who are aware of the current state of appropriate 
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technology including internal or competitive developments which advance 

the state-of-the-art. Development schedules may be requested or 

suggested by other functional departments such as marketing. However, 

feasible schedules can be set by R&D personnel on the basis of the 

complexity of the design, technical difficulty and the number of 

components to be designed. Estimated development costs can be deter

mined more accurately by R&D managers and engineers based on the number 

of design engineers assigned, the estimated development schedule, and 

cost of materials and testing. Similarly, the probability of successful 

development requires estimates of the extent to which existing designs 

and components are used and the extent that current state-of-the-art is 

being advanced in the design. All of these technical inputs are either 

provided by R&D engineering personnel for self-generated proposals or 

obtained from R&D personnel in the case of externally generated pro

posals . 

Meaningful estimates of sales and profits require the joint 

efforts of marketing, R&D, and manufacturing personnel. The estimates 

of sales quantities and revenues made by marketing specialists are 

dependent upon sales prices which may be set on the basis of competitive 

prices, product unit costs, or some combination thereof. In either 

event, product unit cost needed to estimate profit margins is a function 

of design and production, and realistic estimates require the coopera

tion of R&D and manufacturing personnel. 

Since the R&D department is the primary source for most of the 

information needed to generate comprehensive R&D project proposals and 

is a contributing source for the remaining information, R&D is in the 
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best position to develop good proposals. Therefore, it appears logical 

that firms which encourage R&D participation in generating R&D pro

posals will have a better flow of ideas as recommended by Blake and 

Mouton (1969). On this basis, the following proposition was developed: 

Proposition 3; The greater the participation of the R&D managers 

and project engineers in the generation and definition of R&D project 

proposals, the greater will be the number of quality project proposals. 

R&D Project Evaluation and Selection 
Process 

Research and development project evaluation and selection 

techniques, discussed in Chapter 3, appear to be one of the most widely 

researched and published areas of the R&D literature. Many quantitative 

mathematical models have been demonstrated as being capable of aiding in 

selecting R&D project portfolios which could have increased the economic 

worth of the project protfolios actually selected (Dean and Roepcke, 

1969; Souder, 1973b). However, studies by Souder, Maher, and Rubenstein 

(1972) and Clarke (1974) concluded that very few of the mathematical 

models have been used in actual business situations. The primary 

reason given was the lack of management interest; managers did not 

per;: Lve that the benefits obtained from project selection models 

justified the costs. Those authors perceived that R&D managers desire 

improved methods of project evaluation and selection and that many of 

the mathematical models were developed in the attempt to meet that need. 

Souder (1973b) found that the actual utility of expected value 

models remains largely unknown. He also noted that administrators 

tended to reject the maximization of expected values as a basis of 
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project selection; instead they viewed several non-monetary goals as 

primary consideration. 

Baker et al. (1971) also emphasized the traditional role of 

management in project selection activities. They noted that decisions 

on the selection of projects are largely made on the basis of the per

ceptions of management. Souder (1973a) also found that the perceived 

value of a project selection model as a decision aid was highly 

dependent upon not only the form of the model but also upon the decision 

making climate and the status of individuals within the organization. 

Donley (1974) advocated increased participation by R&D managers 

in executive decisions because R&D managers bring a scientific and 

forward looking approach to decision making. Most of the project 

evaluation and selection models are mathematically constructed and are 

scientific in nature. Since R&D managers and engineers have more train

ing in mathematics and scientific methods than do general managers, it 

seems reasonable that R&D managers would be more likely to understand 

the operation of project selection models and to perceive the utility 

and benefits to be gained from the use of models than would general 

managers. 

In view of the availability of many mathematical models capable 

of estimating the highest payoff values for competing projects, the 

indicated desire of R&D managers for improved methods of project 

evaluation and selection, and the greater ability of R&D managers to 

understand the operation of models and to perceive their usefulness, 

the proposition pertaining to the R&D project evaluation and selection 

process is developed as follows: 
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Proposition 4: The greater the participation of R&D managers in the 

R&D project evaluation and selection process, the more will portfolios 

having the highest expected payoff values be selected via quantitative 

analysis models. 

Project Planning and Control Procedures 

The rationale for the use of planning and control techniques as 

an indicator of the effectiveness of R&D programs was verbalized by 

Blake and Mouton (1969). They indicated that effective planning will 

establish the most economic use of people, equipment, and facilities 

to accomplish planned activities. 

Hockenberry (1972) has reported that some R&D managers are con

cerned that adequate R&D planning is not being carried out. He felt 

that while R&D is subjected to great uncertainties which make planning 

difficult, there is an even greater need for comprehensive planning to 

overcome such uncertainties. Connally (1975) suggested that planning 

and budgeting of R&D typically involves a complex sequence of decisions 

such as the assignment of decision roles to individuals, time sequences 

and deadlines, and reporting and documentation requirements. 

Participation of the R&D staff in the project planning and 

control process is thought by McLoughlin (1970) to be both feasible and 

desirable. He suggested that scientists and engineers tend to reject 

imposed plans and controls; however, if they have the opportunity to 

help in the preparation of plans and in the definition of the limits of 

control, they will accept the procedures as the desired action guide to 

be accomplished through self-control. His position is supported by 
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Schaffner (197'-.), who warned that when tasks and milestone dates are 

imposed without participation, they are often resented by individualists, 

such as scientists and engineers, who feel that their superior is using 

this technique to make them "punch a tihiuclock." 

Likert (1969) warned that a recent trend toward over-control may 

inhibit the creativity of R&D scientists and engineers. However, 

Souder (1968) stressed that effective control procedures are needed 

to provide the capability of evaluating actual progress in terms of the 

plan and making necessary adjustments to keep the planned activities on 

schedule and within budgeted costs. Formal planning and control tech

niques for development projects include the critical path method (CPM), 

PERT networks, milestone charts, and stochastic networks. These tech

niques appear to be within the expertise of R&D project engineers and 

are recommended for use by them by Walters (1965), Seiler (1965), 

Dean (1966), and Gurstenfeld (1970). 

Many writers have noted that participation in decision making 

generally leads to greater acceptance and higher performance by sub

ordinates (Alutto and Belasco, 1972; Likert, 1969; Locke, 1967; Swager, 

1959). Alutto and Acito (1974) found that participation in decision 

making is much more important to subordinates who otherwise perceive 

themselves as being deprived without such participation. Their 

finding appears to particularly apply to scientists and engineers in 

view of the previously described beliefs of McLoughlin and Schaffner. 

Many managers believe that the major advantages of MBO are in 

the area of planning (Tosi and Carroll, 1968). These advantages 

include increased planning behavior (Tosi and Carroll, 1970), definition 
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of responsibilities and expectations of desired results (Winning, 1974), 

establishing road maps for the attainment of objectives (Strauss, 1972), 

and acceptance and commitment to tasks and responsibilities delineated 

in the plans (French and Hollmann, 1975). 

Synthesis of the concern of the R&D writers, the data on the 

effects of participation in decision making and the identified advantages 

of participative MBO served as the basis for: 

Proposition 5: The greater the participation of R&D project 

engineers in developing project plans and control procedures, the more 

comprehensive will such plans be and the greater will be project 

engineers' acceptance of responsibility and accountability for 

accomplishment of such plans. 

Project Performance and Control Activities 

The successful accomplishment of R&D product development 

projects is dependent upon creative performance of R&D engineers. 

Studies such as those by Marrow, Bowers, and Seashore (1967) and 

Seashore and Bowers (1963) have ,hown that employees in general achieve 

higher productivity and higher job satisfaction when they can partici

pate in management decisions regarding their work. Such findings appear 

to be even more appropriate for R&D engineers who, along with research 

scientists, are described by Bucher and Gray (1971) as being bright, 

belligerent individualists who are driven by their work rather than by 

their superior. 

Pelz and Andrews (1968) found that scientists and engineers 

function better and are more productive when they participate in 
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decisions regarding the direction of their work and are given freedom 

and autonomy in the performance of activities. 

McLoughlin (1970) stated that effective planning and control of 

R&D efforts determine the success of those efforts. As if in response 

to Likert's (1969) warning that tight controls and organization of work 

will not produce the highly creative performance desired of scientists 

and engineers, McLoughlin maintained that control can be achieved 

through the participation of scientists and engineers in developing 

control procedures for use in self-control. The demand for self-

control is substantiated by Steele (1969a), who found that some 

scientists and engineers want their superior to have the ability to 

follow work in progress but not to get involved in their technical work. 

This position is compatible with the concept of self-control considered 

by Drucker (1954) and Kleber (1972a) to be essential to MBO. An 

important requirement for effective control is prompt and timely feed

back. A study by Hammer and Ringel (1965) showed that promptness in 

feedback improved the subsequent decision making abilities of managers. 

From an MBO perspective, Tosi and Carroll (1970) found that subordinate 

participation and mutual influence in regular performance reviews led to 

increased promptness in feedback. 

The performance of R&D engineers can be measured by the 

successful completion of R&D projects and by personal performance 

reviews. In either method, mutual participation by engineers is seen 

as contributing to increases in levels of performance. 

Participation in regularly scheduled R&D project reviews and in 

corrective action decisions at those reviews enhances the ability to 
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identify and correct deviations from project plans. Joint decisions at 

the source of the problem and of the information shortens the feedback 

loop and are seen by Hammer and Ringel (1965) as improving the quality 

of decisions. 

Some parameters which may be used to evaluate project per

formance in R&D are achievement of technical specifications, control of 

costs, and meeting schedule milestones (Sandretto, 1968). 

Personal performance appraisals in MBO consist of joint reviews 

and mutual determination of accomplishments and new goals for the 

ensuing period. Porter et al. (1975) found that performance appraisals 

under the MBO process in greatly superor to supervisor ratings. 

Participation by subordinates in assessing his performance was shown bv 

French et al. (1966) and Tosi and Carroll (1970) to have led to 

increased performance, job satisfaction, and superior-subordinate 

relations. 

In summary, R&D engineers perform more effectively when they 

participate in decisions regarding the direction of their work and are 

given freedom and autonomy in the performance of duties. Management's 

need for control can be achieved without inhibiting creativity by the 

participation of engineers in establishing control procedures and using 

self-control. The measurement of performance is accomplished best 

through joint project reviews and mutual.personal performance appraisals. 

Participation by the responsible engineer in each of these processes is 

believed to contribute to increased performance, improved decisions, and 

job satisfaction. 
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Therefore, with regard to R&D project performance and control 

activities, the following research proposition is given: 

Proposition 6: The greater the participation of the R&D project 

engineers in the project performance, management decisions, and control 

activities, the greater will be the performance and control of the 

project development activities. 

Economic Returns from R&D Projects 

Each of the research propositions one through six was developed 

to test the effectiveness of R&D participation in individual R&D 

activities. However, it was felt by this researcher that a measure was 

needed of the overall effectiveness of R&D programs and of the contribu

tions of these programs to the success of the sponsoring organizations. 

In developing a model of the determinants of organizational 

effectiveness, Price (1968) defined effectiveness simply as the degree 

to which organizational objectives are achieved. Price specified 

productivity as the most important indicator in his model. Examples 

given for the productivity of a R&D activity included the number of 

patents and technical publications by scientists conducting basic 

research and the number of developments and technical problems solved 

for development engineers (Price, 1968; Pelz and Andrews, 1966). Since 

basic research is not included in this study, and since the performance 

of engineers in solving technical problems was included in Proposition 

6, it was necessary to identify other indicators for the overall 

effectiveness of R&D programs and their contributions to the success 

of the organization. 
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The extended R&D process shown in Fig. 6.1 culminates with R&D 

contributions to the economic returns of the organization. Gruber 

et al. (1973) observed that good R&D outputs which do not result in 

increased sales or lower production costs are of little benefit to the 

company. 

A number of individuals have proposed ways of measuring R&D 

effectiveness. For example, one chief executive has suggested that 

the effectiveness of a company's R&D effort might be evaluated by 

reviewing R&D expenditures and the proportion of current sales generated 

through the R&D effort over the past five years (Lobb, 1971). Dr. 

Hibbard of Owens-Corning Fiberglas Corporation has indicated that a 

value analysis can be performed to determine the return on investment 

from each R&D project ("How Solid is Your R&D," 1971). Harwood (1973) 

noted that a trend had developed over the five preceding years for R&D 

projects to be geared to the market place. It appears reasonable that 

this trend could contribute to increases in sales revenues. 

Rubenstein (1957) suggested that the direct outputs of R&D are 

information (from research) and new products (from development). He 

then identified indirect products from R&D as economic results of 

increased revenues, decreased costs, and increased profits. Rubenstein 

proposed criteria for judging the results of R&D. His criteria related 

to economic returns include: 

1. The effect on sales volume or revenues. 

2. Savings on materials, labor, and other costs. 

3. The effect on profits. 

4. Customer satisfaction. 
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However, as Rubenstein observed, organizational activities other 

than R&D (e.g., corporate management, finance, manufacturing, and 

marketing) can also significantly contribute to these indirect benefits. 

On the other hand, it is also possible that a poor marketing program or 

poor financing could undermine the positive contributions of R&D. Some 

of these inputs and interactions are shown in Fig. 6.3. Nevertheless, 

since no independent measures of R&D contribution to business success 

were found in the literature, this researcher decided that the results 

of the marketing of R&D products, as indicated by sales revenues and 

earnings per share, would provide useful indicators of the economic 

achievements from R&D programs. These economic results, in turn, are 

believed to provide a surrogate measure of the overall effectiveness 

of the R&D programs. 

All of the activities identified in propositions 1 through 6 

comprise the R&D contribution to these overall economic results. Conse

quently, the degree that participative MBO processes are used in the 

achievement of the overall results can be measured only through an 

analysis of the participation of R&D managers and project engineers in 

the individual activities included in the preceding research proposi

tions. 

On the basis of the above discussion, the research proposition 

relative to the economic returns from R&D programs was derived; 

Proposition 7; The greater the participation of R&D managers and 

project engineers in management functions and decisions relating to R&D 

programs, the greater will be the economic returns from R&D programs. 



CHAPTER 7 

OPERATIONAL INTERPRETATION AND METHODS OF TESTING 
THE RESEARCH PROPOSITIONS 

The seven research propositions developed in the preceding 

chapter are reinterpreted to give operational measures to their 

theoretical formulations. In addition, independent and dependent 

variables and their indicators are developed, and instruments for the 

measurement of variables are listed. 

Method of Testing Proposition 1 

Proposition Statements 

Theoretical Statement. The greater the participation of R&D 

management in establishing corporate annual goals, the greater will be 

the importance of R&D as a corporate goal. 

Operational Statement. The higher the rating by top manage

ment and R&D management of the participation of R&D managers in 

formulating and approving corporate annual goals, the larger will be 

the proportion of the corporate resources invested in R&D. 

Independent Variable, Indicators, and 
Instruments 

Variable. Extent of R&D management participation in formu

lating and approving corporate annual goals. 
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Indicators. 

1. Perceptions of top management and R&D management as indicated 

by their ratings of the amounts of inputs into corporate annual 

goals supplied by R&D management. 

2. Perceptions of top management and R&D management as indicated 

by their ratings of the amount of influence exerted by R&D 

management on corporate goals. 

Instruments. Interview questions to guide the researcher are 

given in Appendix A, and rating scales are given in Appendix B. The 

rating scales for this variable are: 

1. Input rating scale (Appendix B). 

2. Influence rating scale (Appendix B). 

Dependent Variable, Indicators, and 
Instruments 

Variable. The proportion of corporate resources invested 

in R&D. 

Ind i cators. 

1. R&D costs expressed as a percentage of total operating costs. 

2. R&D costs expressed as a percentage of total assets. 

3. R&D costs expressed as a percentage of the prior year's sales 

revenues. 

Instrument. A summary table of: 

1. Annual R&D costs. 

2. Annual total operating costs. 
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3. Annual total assets. 

4. Annual sales revenues. 

Method of Testing Proposition 2 

Proposition Statements 

Theoretical Statement. The greater the participation of R&D 

managers and project engineers in setting R&D goals, the more specific 

will R&D goals be defined with regard to objectives, outputs, and 

measurable results. 

Operational Statement. The higher the ratings of top manage

ment, R&D managers, and R&D project engineers of the extent of the 

participation by R&D managers and project engineers in establishing 

R&D annual goals, the higher will be the ratings of judges^ of the 

specificity of those goals with regard to objectives, outputs, and 

measurable results. 

Independent Variable, Indicators, and 

Instruments 

Variable. Extent of the participation of R&D managers and 

project engineers in setting goals. Here, participation is defined as 

1. The objective rating of the specificity of R&D goals 
requires a comprehensive analysis and comparison of the statements of 
goals. This researcher felt that this effort would require more time 
than would be available during interviews and that self-rating bias 
could not be prevented. Professors of management at The University of 
Arizona were obtained to comprise a neutral, unbiased panel to rate 
the specificity of goals obtained during the research. 
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including three factors: inputs, influence, and mutuality of manager-

engineer contributions. 

Indicators. 

1. Perceptions of top management, R&D managers, and R&D project 

engineers as indicated by their ratings of the amount of inputs 

by R&D managers and R&D project engineers in developing R&D 

goals. 

2. Perceptions of top management, R&D managers, and R&D project 

engineers as indicated by their ratings of the amount of 

influence exerted by those R&D personnel on the selection of 

R&D goals. 

3. Perceptions of R&D managers and R&D project engineers as 

indicated by their ratings of the extent of mutual R&D manager-

project engineer contributions to the R&D goal setting process. 

Instruments. 

1. Input rating scale (Appendix B). 

2. Influence rating scale (Appendix B). 

3. Mutuality rating scale (Appendix B). 

Dependent Variable, Indicator, and 
Instruments 

Variable. Specificity of R&D goals. 

Indicator. Perceptions of the judges as indicated by their 

rankings of the specificity of R&D goals with regard to objectives, 

results sought, and output measures. 
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Instruments. 

1. Statements of R&D goals. 

2. Rankings by the judges. 

Method of Testing Proposition 3 

Proposition Statements 

Theoretical Statement. The greater the participation of R&D 

managers and project engineers in the generation and definition of R&D 

project proposals, the greater will be the number of quality project 

proposals. 

Operational Statement. The higher the proportion of the 

project proposals submitted by R&D personnel, the more will the number 

of project proposals considered exceed the number which are approved so 

that a higher degree of selectivity is maintained. 

Independent Variable, Indicator, and 
Instrument 

Variable. The proportion of the project proposals provided by 

R&D personnel. 

Indicator. The proportion of proposals prepared and submitted 

by R&D as compared to those prepared and submitted by other departments. 

Instrument. Questions (Appendix A) on the proportion of R&D 

project proposals generated and processed, by department. 
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Dependent Variable, Indicator, and 
Instrument 

Variable. The ratio between the number of R&D proposals 

generated and evaluated to the number approved and funded. 

Indicator. A comparison of the number of acceptable project 

proposals generated and evaluated with the number approved and funded. 

Instrument. Questions (Appendix A) on the ratio of R&D 

projects evaluated to those approved. 

Method of Testing Proposition 4 

Proposition Statements 

Theoretical Statement. The greater the participation of R&D 

managers in the R&D project evaluation and selection process, the more 

will portfolios having the highest expected payoff values be selected 

via quantitative analysis models. 

Operational Statement. The higher the ratings by R&D managers 

of their participation in the R&D project evaluation and selection 

process, the greater will be the proportion of project portfolios 

selected on the basis of the highest expected payoff values estimated 

through the use of quantitative analysis models. 

Independent Variable, Indicators, and 

Instruments 

Variable. Extent of R&D management participation in the R&D 

project evaluation and selection process. 
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Indicators. 

1. Identification of the decision making unit with regard to 

project evaluation and selection techniques. 

2. Perceptions of R&D managers as indicated by their ratings of 

the amount of their participation in the decision to select 

and use an evaluation technique. 

Instruments. 

1. Recorded response to the question (Appendix A) on i_ne decision 

making unit with regard to R&D project evaluation and selection 

techniques. 

2. Rating scale (Appendix B) on the extent of R&D manager 

participation in the decision to use the selected project 

evaluation and selection technique. 

Dependent Variables, Indicators, and 
Instruments 

Variables. 

1. Use of quantitative analysis models. 

2. Use of expected payoff values as the primary criterion in 

selecting proposed projects. 

Indicators. 

1. The proportion of projects evaluated using a quantitative 

analysis model. 

2. The proportion of projects selected on the basis of highest 

expected economic returns. 



Instruments. 

1. Recorded responses to the question (Appendix A) regarding the 

description of project evaluation techniques and the proportion 

of projects evaluated via quantitative analysis models. 

2. Recorded responses to the question (Appendix A) regarding the 

proportion of approved projects selected on the basis of 

highest expected economic returns. 

Method of Testing Proposition 5 

Proposition Statements 

Theoretical Statement. The greater the participation of R&D 

project engineers in developing project plans and control procedures, 

the more comprehensive will such plans be and the greater will be 

project engineers' acceptance of responsibility and accountability for 

accomplishment of such plans. 

Operational Statement. The higher the ratings by R&D managers 

and project engineers of the extent that project engineers participate 

in developing project plans and control procedures, the higher will be 

the ratings by the same raters of the comprehensiveness of the plans 

and of project engineers' acceptance of responsibility and accounta

bility for accomplishment of the plans. 

Independent Variable, Indicator, and 
Instrument 

Variable. Participation in project planning. 
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Indicator. Perceptions of R&D managers and project engineers 

as indicated by their ratings of the participation of the project 

engineers in the planning process. 

Instrument. Rating scale (Appendix B) on the extent of project 

engineer participation in project planning activiti. .. 

Dependent Variables, Indicators, and 
Instruments 

Variables. 

1. Comprehensiveness of project plans. 

2. Acceptance of the plans by project engineers. 

Indicators. 

1. Perceptions of R&D managers and project engineers as indicated 

by their ratings of the comprehensiveness of project plans. 

2. Perceptions of those raters as indicated by their ratings of 

the acceptance of project plans by the engineers responsible 

for the accomplishment. 

Instruments. 

1. Rating scale (Appendix B) on the comprehensiveness of project 

plans. 

2. Rating scale (Appendix B) on the acceptance of project plans by 

project engineers for responsibility and accountability. 
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Method of Testing Proposition 6 

Proposition Statements 

Theoretical Statement. The greater the participation of R&D 

project engineers in the project performance, management decisions, and 

control activities, the greater will be the performance and control of 

project development activities. 

Operational Statement. The higher the ratings of RGD managers 

and project engineers of the extent of participation of project 

engineers in routine decision making relative to project performance 

and control, the greater will be the measurable successful achievements 

and the higher the ratings of those raters of effectiveness in solving 

technical problems. 

Many measures of project engineer participation in project 

performance and decision making activities can be enumerated. 

Similarly, many measures of project performance can be identified. 

Based on discussions of the conceptual development of this proposition 

in the preceding chapter, four independent variables and four dependent 

variables are selected. 

Independent Variables, Indicators, and 
Instruments 

Variables. 

1. Degree of freedom, autonomy and self-control practiced by 

project engineers. 

2. Degree of joint participation in project milestone reviews. 
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3. Degree of joint participation and mutual influence in personal 

performance reviews. 

4. Degree of joint participation in routine decision making. 

Indicators. Perceptions of R&D managers and project engineers 

as indicated by their ratings of each of the independent variables. 

Instruments. 

1. Rating scale (Appendix B) for the degree of freedom and 

autonomy given to project engineers. 

2. Rating scale (Appendix B) for the degree of project engineer 

participation in project reviews. 

3. Rating scale (Appendix B) for the degree of project engineer 

participation and influence in personal performance reviews. 

4. Rating scale (Appendix B) for the degree of project engineer 

participation in decision making with regard to assigned 

projects. 

Dependent Variables, Indicators, and 
Instruments 

Variables. 

1. Effectivener; in solving technical problems. 

2. Achievement of scheduled milestones. 

3. Achievement of scheduled technical performance parameters. 

4. Achievement of cost control. 
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Indicators. 

1. Perceptions of R&D managers and project engineers as indicated 

by their ratings of the effectiveness achieved in identifying 

and solving technical problems. 

2. Proportion of milestone events accomplished within the planned 

schedules. 

3. Proportion of technical performance and design parameters 

achieved. 

4. Proportion of project costs kept within the budgets. 

Instruments. 

1. Rating scale (Appendix B) for the effectiveness in solving 

technical problems. 

2. Recorded responses to the question (Appendix A) on the propor

tion of project milestones accomplished within schedules. 

3. Recorded responses to the question (Appendix A) on the propor

tion of design and performance objectives achieved. 

4. Recorded responses to the question (Appendix A) on the propor

tion of project costs controlled within budgets. 

Method of Testing Proposition 7 

Proposition Statements 

Theoretical Statement. The greater the participation of R&D 

managers and project engineers in management functions and decisions 

relating to R&D programs, the greater will be the economic returns from 

R&D programs. 
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Operational Statement. The higher the overall measures of R&D 

manager and project engineer participation in management functions and 

decision making relative to R&D activities (from propositions 1-6), the 

greater will be R&D contributions to the economic returns of the 

corporation. 

Independent Variable, Indicator, and 
Instrument 

Variable. Degree of participation of R&D managers and project 

engineers in management functions and decision making relative to R&D 

activities as ascertained from an analysis of the preceding six 

propositions. 

Indicator. An index of overall participation of R&D managers 

and project engineers drawn from propositions 1-6. 

Instrument. A summary table prepared of the measures of the 

independent variables in propositions 1-6. 

Dependent Variables, Indicators, and 
Instruments 

Variables. Contributions of R&D to corporate economic returns, 

as indicated below: 

1. The rate of increase in sales revenues. 

2. The earnings per share of stock. 

3. The ratio of current year sales revenues to prior year R&D 

costs. 

4. The proportion of current year sales revenues which are from 

products developed during the past three years. 
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Indicators. 

1. Recorded values for sales revenues, R&D costs, and earnings per 

share of stock. 

2. The ratios of current year sales revenues to R&D costs, 

calculated from 1, above. 

3. The proportion of current year sales revenues which are of 

products developed during the past three years. 

Instruments. 

1. Corporate annual reports. 

2. Recorded responses to questions (Appendix A) asked of 

corporate financial officers. 



CHAPTER 8 

THE FIELD RESEARCH 

This chapter describes the type of field study conducted, the 

rationale for its selection, the criteria and procedures employed in 

selecting and obtaining participating field site organizations, the 

performance of a pilot study, and data collection technique. 

General Methodology 

The general propositions formulated in Chapter 6 are structured 

to test the general thesis that use of participative MBO processes will 

lead to increased effectiveness of a firm's Ri*D program. A secondary 

objective of the field study is to discover the management techniques 

which are used by various organizations to accomplish R&D activities 

shown in Fig. 6.1 and to ascertain which of those techniques appear to 

be more effective. 

The indicators and measuring instruments developed for testing 

the research propositions call for a combination of factual data and 

perceptual ratings by respondents. Narrative information was selected 

as the method to obtain descriptions of the management techniques 

being used by the companies in the research sample. This process of 

acquiring and interpreting factual data, perceptual ratings, and 

narrative information necessitated a mixture of fact finding and 

critical interpretation. Fact finding is described as the collection 

of data without interpretation, and critical interpretation refers to 
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the reaching of conclusions resting mainly on logic and reasoned 

opinion (Hillway, 1964). 

It was decided that the data sought could best be obtained 

through field interviews. The use of mail questionnaires presented 

serious problems in the formulation of practical open-ended questions 

and self-explanatory perceptual rating scales. The field interview 

method of collecting data was also selected in an effort to identify 

and reduce potential personal bias in the use of rating questionnaires 

and to circumvent the potentially low rate of completion and return of 

questionnaires. 

A constraint of limited resources, both in money and time, 

necessitated the use of a small research sample and a concentrated 

geographical area. A particularly important requirement of the study 

was to define the research population as narrowly as possible to help 

ensure the maximum degree of sample homogeneity. Thus, three decisions 

were made. First, a decision was made to eliminate basic research as 

a study area and to concentrate upon firms which develop, produce, and 

market a specific product(s). Second, it was decided to select one 

industry rather than several. Third, insofar as possible, firms 

selected for the field research were matched by approximate size, 

economic environment, and markets in order to reduce the danger of 

spurious results which could be caused by factors other than management 

techniques or innovation processes. 

The study of basic research and product development did not 

appear feasible within one research study because of the magnitude of 

the effort and difficulty in obtaining a homogenous research sample. 
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Product development was selected over basic research because product 

development organizations typically engage in all activities of the 

extended R&D process. The selection of firms in one industry matched 

on as many factors as possible ensured the most homogeneous sample 

possible. 

The electronics industry was selected as the parent population 

because it is a high technology industry which has produced and 

marketed a relatively large number of innovations in recent years. 

Moreover, the electronics industry, more than many others, seemed to 

have a common technology base from which a variety of innovative 

industrial and consumer products have been developed and marketed. 

A literature search yielded little in the way of methodological 

guidelines for determining minimum sample sizes for field interview 

research. However, it was noted that Burns and Stalker (1961) per

formed in-depth studies of R&D in three firms, and that most empirical 

investigations of MBO applications have been conducted in one or two 

firms (Tosi and Carroll, 1968; Ivancevich, 1969; French et al., 1966; 

Raia, 1965, 1966). Because of the financial and time constraints, and 

because of difficulty in obtaining homogeneity within a large sample, 

it was subjectively decided that a minimum acceptable sample could 

consist of six firms matched on most major factors except the use of 

MBO. 

Selection of Sample Organizations 

The Western Electronics Manufacturers' Association Registry 

(1976) was initially used to identify firms located in the states of 
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Arizona and California. Then, the Standard and Poors Register (1976) 

was consulted to determine the standard industrial classification (SIC) 

of the products produced and marketed, size of the organizations in 

terms of the number of employees, and annual sales revenues. 

The selection criteria used to define the specific research 

population included the following: 

1. Each company must have an identifiable R&D organization with an 

R&D manager and a number of R&D project engineers. The rationale 

for this criterion is obvious; these are the units of observa

tion for the investigation of R&D management techniques. 

2. The size of the company should be between 300 and 1,000 

employees. The minimum size of 300 was chosen because it was 

felt that smaller organizations would not be likely to perform 

a significant amount of R&D. The upper limit of 1,000 was 

chosen because larger organizations would be more likely to 

differ from small organizations in formal and informal 

organizational structures. This would likely lead to differ

ences in project group behavior and communications. 

3. The companies should be engaged in the development, production, 

and marketing of electronic products of the same standard 

industrial classification. This criterion was established to 

help ensure that all activities in the extended R&D innovation 

process shown in Fig. 6.1 are performed while achieving maximum 

homogeneity in a competitive environment. 

4. The companies should be located within the states of Arizona 

and/or California in order to minimize differences in 
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geographical economic conditions and to keep the study within 

the resource constraints. 

Some 212 organizations were identified and screened against the 

selection criteria. The most frequently observed standard industrial 

classification found, 3573 (electronic computer equipment), was selected 

as the product criterion. Only five of the 212 organizations met the 

above described four selection criteria. Since no other single SIC code 

could be found with which to obtain a larger potential research sample, 

it was necessary to relax the product criterion to allow the original 

SIC plus one or two very closely related codes. Thus, 3679 (electronic 

components) and 3579 (electronic office machines) were deemed acceptable, 

since these are based on the same technology and are marketed in the 

same general market. 

Nineteen firms were identified under the revised criteria. Each 

of these firms was sent a copy of a letter (Appendix C) explaining the 

purpose of the research and requesting cooperation. These letters were 

mailed approximately four weeks before the field trip was to be made. 

During the two weeks prior to the field trip, - Jcphone calls were 

made, and interview schedules were arrange.I with those firms willing to 

participate in the study. As a result of the letters and telephone 

calls, nine firms agreed to cooperate. Table 8.1 summarizes the 

reasons for non-participation of the remaining ten firms. Since the 

number of cooperating firms a priori, exceeded the subjective minimum 

acceptable sample size, the field research effort was initiated. 
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Table 8.1. Reasons for Non-Participation of Some Companies in the 
Field Research 

Company Explanation 

1 Only corporate office is located in California; engineering 
and manufacturing facilities are in Alabama. 

2 Cooperating only with California universities. 

3 Company is in litigation. 

4 No interest in the research. 

5 Unable to reach the chief executive; left messages with his 
secretary, but phone calls not returned. 

6 Line managers stated that they could not spare the time. 

7 Company is negotiating a merger. 

8 Too busy due to recent surge in business. 

9 Could not meet the schedule constraints because of activities 
at the end of the fiscal year. 

10 Unable to arrange a feasible schedule. 

During the process of identifying potential firms for the field 

study, two Arizona firms were identified which met three of the four 

initial criteria established r a homogeneous research sample. The 

first company did not meet the SIC 3573 code criterion. The second 

company had only 125 employees, and thus did not meet the criterion for 

a minimum size of 300 employees. The chief executives of these firms 

were contacted, and they approved their firms' participation in pilot 

studies. 
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Before the completion of the pilot studies, it had become 

necessary to relax the SIC criterion to include the 3679 and 3579 

groups. Hence, the first company then met the criteria used in select

ing the research sample. Also, during the pilot study with the final 

second, smaller firm, it was learned that all of the activities in the 

R&D process were being performed by that firm. This indicated to the 

researcher that the minimum sample size criterion could be relaxed as 

long as the company was performing its own R&D and met the remaining 

criteria. Since the same methodology planned for the full study was 

used in the pilot study, and in view of the small number of firms 

obtained for the research, it appeared beneficial to code these two 

firms and to include them as participants in the full study. 

During the early phase of the research, an additional firm was 

identified which had earlier not been considered acceptable only because 

of its small size of 125 employees. Since the itinerary for the field 

research interviews had an open date, and since the interviews with 

the second pilot study firm had indicated that the minimum size of a 

participating firm could be satisfactorily reduced below the criterion 

of 300 employees if it performed R&D, the chief operating officer of this 

company was contacted by telephone. He confirmed that his firm had an 

active R&D department and agreed to participate in the research; 

accordingly, this twelfth firm was added to the sample. 
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Pilot Studies 

The interview schedules (questions) and rating forms were 

tested in two pilot studies in the two organizations noted previously. 

As a result of interviews held in one organization, two per

ceptual rating forms were revised and one set of questions was deleted 

from the interview schedules. Ratings of R&D project engineers' 

participation (in percentages of inputs) in the preparation of each 

element of project plans and of the comprehensiveness of each element 

in such plans were found to require an excessive amount of time. Those 

individual ratings were also found to be very difficult to combine into 

single ratings of participation and comprehensiveness which would be 

comparable to the data for the other variables contained in the research 

propositions. The revised rating forms requested a perceptual rating 

for each of these variables on the same 1 to 5 scale as other perceptual 

ratings. The questions requesting detailed quantitative data on each 

R&D project, such as cost, completion dates, and projected and actual 

sales revenues were found to be impractical. Such detailed data were 

in most cases not available. 

Interviews held in the second organization confirmed the 

inability to acquire detailed quantitative R&D project data and 

indicated that the revised rating forms were more acceptable. The 

revised interview schedules were then used throughout the research. 

Upon completion of the main field research, a second visit was 

made to the first pilot study firm. Responses were obtained on the 

revised rating forms and were included in the research data. The 
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ratings were on a totally different scale from that used in the first 

pilot study, and there was no indication of pretest/posttest bias. 

Data Collection 

Data for the study were collected entirely through a confiden

tial interview with each respondent. All interviews were conducted by 

the researcher. It was decided not to use a tape recorder for fear that 

it would retard the free expressions of the respondents. Instead, 

comprehensive, albeit abbreviated, notus were taken which were 

reviewed, clarified and summarized at the close of each day. 

The perceptual rating scales were shown to the respondents and 

were discussed briefly to assure understanding by the respondent. Every 

effort was made to minimize interviewer bias. For example, even when 

coaxing was needed to elicit a rating, possible responses across the 

spectrum were suggested rather than indicating an appropriate rating. 

To further minimize bias by the interviewer, the ratings from an 

organization were not summarized on a data summary form until the entire 

field study was completed. Hence, the researcher never "knew" the 

current status of the data results. 

To gain the confidence of respondents, the researcher care

fully explained the coding system that was designed to preclude the 

identification of any subject person or firm in the data. It was 

further promised that no actual quantitative corporate data would be 

published; only appropriate ratios would be used. Insofar as can be 

determined, the procedure was accepted by the officials of all subject 

o rga ni za tio ns. 
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Generally the researcher was received cordially and was given 

excellent cooperation. However, some data could not be obtained in a 

number of firms. In two instances personnel were not available for 

interviewing because of a breakdown in communications regarding the 

scheduled visit. In six other instances, subjects either advised that 

certain data could not be provided or gave personal estimates. The 

company, interview source, research proposition, and reason given for 

each item of missing data are listed in Table 8.2. 

The primary subjects interviewed were representatives of top 

management, R&D management, R&D project engineers, and finance 

officers. The data obtained through these interviews were used to 

perform the statistical analysis of the research propositions and in 

the general analysis of management techniques and procedures. In 

addition, brief interviews were held with representatives of the 

manufacturing, marketing, and planning departments to acquire informa

tion on the interfaces between these departments and R&D. The narrative 

information obtained was used in the qualitative analysis of management 

techniques and procedures used in the total R&D process. 



Table 8.2. Explanation of Data not Obtained 

Proposition 
Firm Source No. Data Reason 

2 Finance 1,7 Sales revenues; earnings Firm is a subsidiary of a larger 
per share; R&D investments corporation; corporate policy precluded 

the disclosure of actual data; ratios 
estimated by financial officer. 

4 R&D project 5 Participation in project 
engrs. planning; comprehensive

ness of plans Communications breakdown within the 
firm in scheduling interviews; the only 

6 Participation in project R&D engineer available without pre-
reviews; scheduling performed only advanced 
Participation in per- development and could not rate on 
formanee reviews; planning activities for product 
Effectiveness in solving development projects. 
problems; 
Effectiveness in meeting 
schedules 

5 Top mgmt. 1 R&D participation in 
corporate goals 

New management could not rate pre

2 R&D participation in 
existing processes. 

R&D goals 

Finance 1,7 Sales revenues; earnings Firm is a decentralized division of a 
per share parent corporation; finance officer 

advised that data were not available; 
gave estimates of ratios where 
possible. 



Table 8.2.—Continued 

Firm Source 
Proposition 

No. Data Reason 

6 Finance 1,7 Sales revenues; earnings 
per share; R&D invest
ments 

Firm is a decentralized division of a 
large corporation. P&L responsibility 
just given; prior data not available. 

9 Top mgmt. 2 R&D participation in R&D 
goals 

Communication breakdown; chief 
executive not available; representative 
unable to rate. 

R&D project 
engr. 

2 R&D participation in R&D 
goals 

The only engineer available without 
pre-scheduling expressed insufficient 
knowledge to rate. 

11 Finance 7 Earnings per share R&D and production of computer equip

ment product line done in one division 
of the firm; data not separated by 
division. 

12 R&D mgmt. 6 Effectiveness in meeting 
schedules 

Effectiveness in con
trolling project costs 

R&D manager stated that project 
schedules and cost budgets are not 

planned and controlled. 



CHAPTER 9 

DISCUSSION OF NARRATIVE RESULTS 

The characteristics of the twelve companies in the research 

sample are discussed in relation to the criteria by which they were 

selected. The management techniques and the methods being used by these 

firms to accomplish R&D activities relative to the research propositions 

are discussed, and the general descriptive findings of the field research 

are presented. These discussions are presented prior to the data 

analysis in order to provide a basis for better understanding and 

interpreting the results of the statistical analysis. 

The Research Sample 

As described in Chapter 8, attempts were made to identify and 

obtain a research sample of maximum homogeneity so that differences in 

research results could reasonably be attributed to differences in 

management techniques. For example, the standard industrial classifica

tion 3573 (electronic computer equipment) was selected as a primary 

criterion in the hope that sample firms would be developing similar 

product lines and would be competing in the same market segments. 

0rgani2ational Structures 

During the data collection phase of the study it was learned 

that only two of the twelve firms have directly competitive product 

lines. The other firms are developing equipment for different portions 

169 
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of large computer systems, and four of these ten are developing small 

computer systems for specialized markets. Some of the products are sold 

to commercial and industrial users while other products are sold to 

original equipment manufacturers for use in large systems. The 

heterogeneity in product lines could have a direct impact on the 

economic success of the sample firms through differences in competitive 

positions, market segments, and impact of changes in the economy. 

It was also planned that the firms in the research sample would 

be individual corporations of approximately the same size. Actually, 

only six of the twelve firms are completely autonomous corporations. Of 

the remaining six firms, two are decentralized divisions, two are wholly 

owned subsidiaries of parent corporations, and two are corporations that 

develop and market computer equipment products in one of three partially 

decentralized divisions. These corporate characteristics are summarized 

in Table 9.1. Within these last two firms, corporate planning and 

marketing departments participate in those functions at the division 

level. This heterogeneity in organizations made it impossible to obtain 

complete and comparable financial data on sales revenues, costs, and 

assets. 

The sizes of the firms range from 125 to 1700 employees. In 

spite of the seemingly large range in organization size, the differ

ences in size seem to have very minor effects on management techniques 

in the activities under study. For example, the largest corporation 

has a larger number of corporate vice-presidents as participants in 

strategic and product planning committees, while the smallest de

centralized division in the research sample has developed committees to 



Table 9.1. Organization Characteristics of Firms in the Researsh Sample 

Firm 

Characteristic 1 2 3 4 5 6 7 8 9 10 11 12 

Size of firm (no. of employees) 430 125 750 1400 125 300a 550 800 1700 300 650 300 

Type of firm: 
autonomous corporation 
decentralized division of a 

parent corporation 
wholly owned subsidiary 
corporation with partially 

decentralized divisions 

X 

X X 

X 

X 

X 

X 

X 

X X X X 

Organizational structure: 
functional departments 
matrix organization 

X X X X X X 
X 

X X X X X 

a 
In addition to manufacturing personnel—plant located elsewhere. 
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perform the same functions using very similar procedures. The primary 

effect of size sppears to be in economic achievements through economies 

of scale. This effect made the comparison of investments and sales 

revenues more difficult to interpret. 

Prom a structural point of view, eleven of the twelve firms are 

organized into functional departments with authority and accountability 

delegated to heads of departments; the twelfth firm uses a matrix 

organization within the engineering department. These corporate 

characteristics are summarized in Table 9.1. 

Management Systems 

Table 9.2 summarizes all of the salient management charac

teristics ox the twelve firms in the present research sample. The 

ensuing discussion examines these characteristics in greater depth. 

Respondents in five of the twelve firms comprising the research 

sample reported the use of MBO throughout their organizations, including 

the R&D departments. Two of these five firms have formally planned MBO 

programs that extend down to the project engineer level. The other 

three organizations use more informal versions of MBO, but the 

researcher was able to confirm by questioning respondents the existence 

of the key MBO processes of goal setting and review at specified time 

intervals, participation in planning activities, and joint personal 

performance reviews. 

In four of the five firms where MBO was used, a participative 

leadership style is used in the engineering departments (which included 

R&D). In the fifth firm, a new director of engineering practices 



173 

Table 9.2. Management Characteristics of Firms in the Research Sample 

Firm 

Characteristic 1 2 3 4 5 6 7 8 9 10 11 12 

Established MBO X X X X X 
New MBO X X 
Non-MBO X X X X X 
Authoritarian management X X 
R&D oriented management X X X X 
Corporate goals established 
through integrated planning 
committees X X X X X X X X 
R&D goals established through 
integrated planning committees X X X X X X 
R&D project proposals generated 
predominately by: 

R&D staff X X X 
Joint R&D and marketing X X X X X X X X 
Top management X 

R&D project proposal evaluation 
and selection techniques: 

Top management decisions X X X X X X X X X X 
R&D management decisions X X X 
Mathematical models used X 
Economic analysis used X X X X X X X X X X X 

Project planning: 
Engineer participation X X X X X X X X X X X X 
Formal planning techniques; 
Milestone charts X X X X X X X 
PERT/CPM X X X X 

Project monitoring by project 
engineers: 

Performance X X X X X X X X X X X X 
Schedules X X X X X X X X X X X X 
Costs X X X X X 

Personnel joint reviews X X 
MBO personnel review process X X X X X 
Technology transfer method: 

R&D engineers accompany 
projects int roduction X X X X X 

Joint R&D and rioduction 
engineers support X X X 

Computerized design package . 

with joint R&D and produc
tion support X X 

Unsupported transfer X X 



174 

autocratic leadership. The project engineer respondent stated that 

because of the autocratic leadership, morale in the R&D department is 

very low, and there had been a 50-per cent turnover in project 

engineers within the past year. 

Within two of the remaining seven firms, the philosophy of an 

authoritarian top management exists with management control responsi

bility vw; i-ud in a staff of vice-presidents. However, in all of these 

cases the chiefs of engineering are given authority and responsibility 

for operational management of their departments. 

The new vice-president and general manager of one of these 

seven firms stated that within his one year with the company he had 

implemented a participative MBO program. In one other firm the vice-

president for engineering advised that he had recently implemented 

MBO in the development engineering department although MBO is not used 

in the remainder of the organization. These two MBO programs had been 

implemented too recently to measurably affect the outputs of the 

departments. 

R&D Activities Relative to the Research Propositions 

The management techniques used in the accomplishment of each 

activity in the extended R&D innovation system modeled in Fig. 6.1 are 

discussed. 

Establishing Corporate Annual Goals 

Corporate annual goals may be viewed as consisting of the 

economic goals which are set by top management and the operational 

goals embodied in strategic plans for the achievement of economic 
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goals. Within this research sample of twelve companies, economic goals 

concerning growth rate, return on investments, and earnings per share 

are set by top management and approved by a board of directors. The 

specific operational goals are the ones directly related to the opera

tion of the firms. Until approximately three years ago, in all twelve 

firms studied these goals were established primarily by top management. 

The management of four firma was highly R&D oriented, and new products 

were developed and turned over to marketing, often with very poor 

economic results. Within the last three years, three of these four 

firms changed procedures; department heads began to submit departmental 

goals which are combined and summarized to become a part of corporate 

goals. This apparently has led to the evolution of corporate planning 

committees comprised of department heads or their representatives. 

At the time of this study, nine of the twelve subject firms had 

established executive committees through which heads of departments 

provide inputs to corporate goals. In all of these firms emphasis had 

been shifted from predominately R&D to marketing opportunities, 

accompanied by increased joint participation and cooperation between 

R&D and marketing. In addition to the use of executive committees, 

six of these nine firms have strategic planning and product planning 

committees under the executive committees. The planning functions being 

performed by these six committees are based on tenets similar to those 

recommended by Drucker (1974), including: 

1. The business the corporation wants to be in. 

2. The present market position. 

3. Marketing needs and opportunities. 
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4. Product lines which are needed to satisfy the marketing needs 

and opportunities. 

Representatives of upper management stated that the shift to 

using planning committees to establish corporate goals that integrated 

marketing opportunities and R&D product development was accompanied 

by increased growth in sales revenues. 

It is important to note the relationship between the use of MBO 

and the use of the planning committee method of formulating corporate 

goals summarized in Table 9.2. Recall that five of the 12 firms 

studied have used MBO for some time, and two others recently implemented 

MBO, Six of the seven firms formulate corporate goals through the 

planning committee method. Although no definite conclusions can be 

drawn from this relationship, one might suggest that the formulation 

of corporate goals through integrated planning committees could be a 

useful way to implement MBO. 

Setting R&D Goals 

Up to two years prior to the field research, R&D goals were set 

primarily by the R&D department within seven firms. Of the remaining 

five organizations, upper management assigned R&D goals in two firms, 

R&D goals were assigned by the parent corporation in one division, and 

R&D goals were established but were not formally documented in the last 

two firms. 

Within the last two years, however, R&D goal setting techniques 

have been significantly modified. In six of the 12 firms R&D goals are 

now developed by integrated product planning committees in which R&D 
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management fully participates. Their R&D goals integrate marketing 

requirements and opportunities with R&D capabilities and new product 

ideas. Goals are proposed by R&D managers and approved by top manage

ment, or are assigned by top management in general terms and then 

defined and negotiated by R&D managers in the remaining firms with 

approximately equal rates of occurrence. 

Regardless of whether the R&D goals are developed through 

either the planning committee procedure or upper management-R&D manage

ment procedure, the goals are defined by the R&D department to include 

product specifications, development schedules, and estimated costs. 

Project engineers participate in the definition and to a lesser extent 

in proposing the goals that are sent up for management approval. 

In essence, the setting of R&D goals, which is the second 

ingredient in MBO, was being performed by all firms in the research 

sample. Within this research sample, a trend had recently developed 

for the goal setting process to be more of an integrative effort in 

which inputs are provided by marketing and R&D along with evaluation 

by the product planning committees. This procedure, used by both MBO 

and non-MBO organizations, helps to ensure that R&D goals directly 

support corporate goals, and contribute to fulfilling marketing needs 

and opportunities. Accordingly, it seems that in the present sample, 

R&D goals are being set in an MBO manner regardless of whether or not 

MBO is being formally implemented. 
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Generating R&D Project Proposals 

The majority of R&D project proposals have historically been 

thought to be largely generated within R&D departments. A study by 

Mansfield (1968a) found that 60 per cent were internally generated 

with the remaining 40 per cent coming from operating divisions. T. 

Clarke (1974) reported that 62 per cent of R&D laboratory work resulted 

from ideas generated by R&D staff and 20 per cent, from the marketing 

staff. 

Within this research sample, the trend toward the integration 

of R&D and marketing noted in the establishment of corporate and R&D 

goals continued into the generation of project proposals. Many project 

proposals are generated through the sequential definition of corporate 

and R&D annual goals, and most of the remaining proposals are prepared 

by R&D and/or marketing personnel. Since this procedure has played a 

significant role in reducing development of products for which there was 

no marketing need, the joint generation of R&D project proposals appears 

to be more effective than having the preponderance of proposals 

generated solely within R&D. 

R&D Project Evaluation and St '• action 
Techniques 

The use of subjective priorities in selecting R&D projects and 

the lack of use of available quantitative analysis models are widely 

discussed in R&D literature, as noted in Chapter 3. 

In nine of the twelve firms studied, as shown in Table 9.2, 

top management decides which evaluation and selection techniques are 

to be used, and only two of the twelve firms use any quantitative 
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analysis evaluation models. It is important to note, however, that even 

without formal automated models, a very positive trend toward the use of 

economic analysis has developed. More specifically, eleven firms have 

implemented an economic analysis to estimate some form of return on 

investment, market opportunities, or profit margins. Only one firm 

reported using the "squeaky wheel" theory to focus development projects 

on product lines where market share is being lost. 

Thus, the information received during the field research 

corroborated the findings of Souder et al. (1972) and T. Clarke (1974) 

that very little use is being made of operations research computerized 

quantitative analysis project selection models. However, the trend 

toward the use of formal and informal manual economic analysis indicates 

an improvement over the previous subjective preferences used in select

ing R&D projects noted by Souder (1973b). The use of projected economic 

returns from R&D projects also indicates that R&D is becoming a more 

active constituent in the total business as recommended by Conley (1973) 

and Harwood (1973). 

Project Planning 

Participation in project planning is a key ingredient in MBO 

with purported benefits of higher ego involvement and commitment to the 

planned activities as well as improved planning and control. 

Within this research sample, a high degree of participation in 

project planning is almost universal. It is normal practice to 

prescribe certain design standards, establish design criteria, and 

assign projects to project engineers with little opportunity for 
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personal preference. Beyond this, however, project engineers are given 

wide latitude in planning technical approaches and determining milestone 

schedules and project reviews. In eleven of the twelve firms, project 

engineers use formal planning techniques to establish project milestone 

schedules. As shown in Table 9.2, milestone charts are used in seven 

firms, and PERT, CPM, or combination thereof are used in four firms. 

As could be predicted from the philosophy of MBO, project 

engineers generally rated project plans to be sufficiently comprehensive 

without being constrictive. Correspondingly, R&D managers and project 

engineers stated that project engineers had a high degree of acceptance 

of and commitment to project objectives. There were some instances 

where high degrees of commitment were attributed to professional 

characteristics of the engineers, but in most cases, participation in 

the planning process was identified as a major contributing factor to 

the high degree of acceptance and commitment. 

In this research sample, high participation in R&D project 

planning is the normal practice with the desired results of project 

engineer commitment to planned activities. Thus, it appears that MBO 

processes are being successfully used in this phase of R&D activity with 

or without formal MBO programs. 

Project Performance 

Management techniques investigated relative to project 

performance included the style and closeness of supervision, the deci

sion making processes and the project and performance review procedures. 
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All R&D managers interviewed in this research expressed the 

belief that the participative style of management is necessary in R&D 

departments. Even in the one firm in which a new director of engineer

ing is autocratic, the R&D supervisor is participative in dealing with 

project engineers. In all twelve firms studied, project engineers 

are assigned responsibility for projects and are given maximum freedom 

and autonomy in project activities. At the same time, several R&D 

managers noted that all project engineers are not equally effective and 

self-sufficient. More guidance and assistance are given those in need 

through open, horizontal, informal communication facilitated by the 

small number of engineers in the department. Approximately half the 

contacts are initiated by R&D managers and half by project engineers. 

In keeping with the participative style of management, project 

engineers fully participate in routine technical decisions regarding 

their projects. Decisions that would result in major changes in 

schedules, costs, or equipment performance are reportedly coordinated 

with and jointly made by engineering and marketing. 

It is normal practice not to hold regular project reviews on 

individual projects. R&D management maintains awareness of project 

status through milestone charts and daily contact with project 

engineers. Some R&D managers commented that the need for formal project 

reviews is minimized by the effective informal communications between 

themselves and the project engineers. In eight of the twelve firms 

studied, monthly status reviews are held with upper management and other 

departments. In essence, then, projects are reviewed by the R&D 
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manager and occasionally by project engineers as needed on a management-

by-exception basis. 

Personal performance reviews are performed semiannually or 

annually in all of the firms in this research sample. The performance 

review procedures followed in ten of the twelve organizations begin with 

the supervisor preparing an appraisal form which is reviewed by the 

engineer being evaluated. The appraisal is discussed by the supervisor 

and engineer and amended where mutually acceptable. The completed form 

is then reviewed and signed by the engineer, the supervisor, and the 

supervisor's superior. Within the remaining two (MBO) firms, the 

supervisor and the engineer discuss the engineer's goals, achievements, 

deficiencies, etc., and jointly prepare a performance summary. Other 

than the performance interviews held with these two MBO firms, the basic 

difference between the MBO and non-MBO firms is in the performance 

appraisal forms. Non-MBO firms used ratings of personal traits, as in 

Appendix D, referred to by Porter et al. (1975) as a traditional 

approach. The forms being used by all five MBO firms are objectives 

oriented, as in Appendix D. 

R&D managers perceive greater mutual particioation in personal 

performance reviews than do project engineers. Some project engineers 

expressed an awareness that while they are allowed to provide inputs 

into performance reviews or to comment on the ratings, the final ratings 

are made by the supervisor. 

Information was sought with which to evaluate the effect of 

using the foregoing management techniques. R&D managers and project 

engineers were questioned regarding the effectiveness in solving 
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technical problems and in achieving project performance, schedule, and 

cost objectives. 

With regard to effectiveness in identifying and solving 

technical problems, R&D managers and project engineers were in effect 

asked to rate their own effectiveness. The overwhelming majority of 

all ratings obtained were of high effectiveness, which could indicate 

bias resulting from a self-rating "halo" effect. The apparent reason 

for these high ratings is that R&D managers and project engineers feel 

that the technical problems are not complex and that equipment being 

designed is not radically different from that previously designed. One 

R&D manager did make an interesting observation that the most dedicated 

and technically capable engineer is often less effective in solving 

problems because of a tendency to "do it himself" rather than to use 

available assistance. 

The high ratings for effectiveness in solving technical 

problems were accompanied by information that more than 90 per cent of 

equipment design specifications are equaled or surpassed. One notable 

low rating was given by the new vice-president of engineering of one 

company who indicated that a rating of 70 per cent of design objectives 

achieved would be increased to nearly 100 per cent by the end of the 

current year by using MBO processes within the engineering department. 

It was found that projects generally tended to have some 

schedule slippage during the development programs. Although some 

projects are delayed because failures during prototype tests necessitate 

redesign, most of the slippage, however, was attributed to causes 

beyond the control of the R&D department, such as the shifting of 
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priorities because of changes in market environments or the inability 

to procure parts needed for test models. 

The control of costs appeared to be of less concern to R&D 

managers than control of any other performance factor. In seven of the 

twelve firms studied, project engineers are not required to monitor and 

record project costs. According to data estimates provided by R&D 

managers, actual costs range from 75 to 125 per cent of scheduled 

cost; most are concentrated around 100 to 105 per cent. 

To summarize the general findings regarding R&D project per

formance, participative management is universally used within the R&D 

departments of the twelve firms in the research sample. Project 

engineers are given freedom and autonomy and participate in routine 

project decisions as recommended by Bucher and Gray (1971), Pelz and 

Andrews (1966), and Souder (1974). Formal project reviews are not 

held regularly for all projects, but project engineers perceive 

themselves as fully participating in project reviews through open, 

informal communications. Performance appraisals are predominately made 

by supervisors with engineers having the right to discuss results. 

Although only two companies use mutual open interviews, as recommended 

by MBO authorities, all five MBO firms use objective-oriented rather 

than traditional personal trait rating forms. 

The quality of performance, as indicated by effectiveness in 

solving technical problems and achievements of design objectives, is 

quite high in all firms. Some schedule slippage seems to be inherent 

in all design and development projects, but does not appear to be 

serious within the research sample. The control of costs appears to 
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have received the least attention, and accordingly, has had the poorest 

results. 

R&D departments seem to use participative management and MBO 

processes in either a planned manner or as a natural occurrence in the 

performance of R&D projects. The overall performance in the firms 

studied was found to be quite high as would be predicted by participa

tive management and MBO enthusiasts. 

Transfer of Products to Production 
and Marketing 

The extended R&D innovation process in Fig. 6.1 shows that new 

products must be produced and marketed to obtain economic returns from 

R&D investments. Problems in technology transfer have been noted for 

some time by Burns (1961), Gruber et al. (1973), Gurstenfeld (1970), 

Mansfield (1968a), and Steele (1975). During the first pilot study, 

the general manager commented that the transfer of newly developed 

projects between R&D and manufacturing is one of his most persistent 

problems. Within the sample, four methods of handling the transfer 

of projects from design and development engineering to production were 

found, as listed in Table 9.2. The most common method (five of twelve 

firms) is for R&D project engineers to accompany the project into manu

facturing and to assist with the production of the first few units. 

Three firms which have been the most effective have production engineers 

assist the R&D engineers in prototype fabrication and testing, and then 

R&D project engineers assist production with pre-production pilot runs. 

Two firms use computerized design documentation and parts lists which 

are jointly reviewed and approved by R&D and manufacturing. The final 



186 

two firms are using an unsupported transfer process between depart

ments. In one of these latter firms the production engineers were 

reported to be eager to take over projects and often were thought to do 

so too early. In the other firm, the chief production engineer was 

reported (by R&D) to be a frustrated designer who at times delayed 

projects four to eight months by attempting to make design changes. 

The R&D-production technology transfer problem has been well 

recognized by most of the firms included in this sample, and progress 

has been made toward its solution through improved interface and 

cooperation. 

The technology transfer to marketing is not currently a problem 

for the firms in this sample. This is possibly because of the trend 

toward higher mutual cooperation between R&D and marketing in establish

ing R&D goals, generating projects, coordinating schedules, and 

cooperating in the project transfer process. 

Economic Returns 

Indicators selected to evaluate the economic returns of firms 

in the research sample included the average annual rate of increases in 

sales revenues, earnings per share of stock, sales revenue per R&D 

investments, and the proportion of sales revenue resulting from 

products developed within the last three years. 

The individual indicators arc. /aluated later in Chapter 10. 

One general finding should be underscored at this juncture. From 194 5 

through 1974 annual compounded sales growth rates were reported in 

Business Week ("The Breakdown of U.S. Innovation," 1976) to be 16.5 per 



cent for five leading innovator companies and only 7.8 per cent for 

six large, mature, and less innovative companies. Nine firms included 

in this research, for which data were available, had annual sales 

revenue growth rates ranging from 7.41 to 800 per cent. These growth 

rates for eight of the nine firms equalled or surpassed the 16.5 per 

cent reported for the five leading innovator companies. Even after 

excluding two newer firms with growth rates of 271 and 800 per cent 

respectively, the average of the seven remaining firms was 25.7 per 

cent, which greatly exceeded the 16.5 per cent noted for the five 

leading innovator companies. All of the firms are in a dynamic 

technology and appear to have R&D departments and programs which have 

been effective in developing and marketing new equipment to keep pace 

with advances in technology and changes in market conditions. 

Summary of the Findings 

Five of the twelve firms had implemented MBO programs prior t;o 

the field research. Two additional firms were in the process of 

implementing MBO; one throughout the organization and one just in the 

engineering department (including R&D). The information obtained on the 

techniques used to accomplish each of the activities related to the 

research propositions provided strong indications that the MBO 

processes considered in this study either are being applied in both 

MBO and non-MBO firms or can bo ^plied with no changes in the manage

ment techniques being used. This assertion is based on the following 

individual findings: 
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1. The use of integrated planning committees is an effective way of 

implementing MBO in the formulation of corporate goals and R&D 

goals. 

2. Joint participation by R&D and marketing in generating R&D 

project proposals appears to be effective in ensuring that 

proposed projects fulfill marketing needs and opportunities. 

This method can be used equally as well in MBO and non-MBO firms. 

3. While as yet little use is being made of available quantitative 

analysis project evaluation and selection models, the increased 

usage of projected economic returns appears to be an improvement 

over prior subjective preference criteria. This method can also 

be used in MBO systems as well as other management systems. 

4. The high degree of participation by project engineers in project 

planning and performance activities are key ingredients in MBO. 

Excellent results from the participation were reported. 

5. The economic returns achieved by the firms included in the field 

research were much higher than the average growth rates for 

five large innovator companies reported in Business Week ("The 

Breakdown of U.S. Innovation," 1976). 



CHAPTER 10 

DATA ANALYSIS AND RESULTS 

The methods of statistical analysis used to evaluate the 

research data are described first. The remainder of the chapter is 

devoted to detailed analysis of the seven research propositions, includ

ing test results and interpretations. 

Statistical Analysis Techniques 

The perceptual rating scales were designed with the intent that 

the data would constitute a continuous interval scaled variable. Each 

scale was divided into five intervals with descriptors provided at each 

integer of the scale as shown in the following example: 

ACCEPTANCE OF AND COMMITMENT TO PLANNED ACTIVITIES 
AS PERSONAL GOALS AND RESPONSIBILITIES 

Acceptance Acceptance Moderately Well Fully 
by with some accepted accepted accepted 

direction reservations as because of because of 
as to reasonable inputs being mutual 

achievability used in the decisions 
decisions 

Therefore, it was originally assumed that the rating values could be 

treated as interval-scaled data so that standard parametric tests such 

as correlation analysis and linear regression techniques could be used 

for inference. 

189 
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It may be recalled from Chapter 7 that most of the research 

propositions are comprised of more than one independent and dependent 

variable. Further, the ratings recorded for each subject firm were 

obtained from a number of individuals occupying positions at three 

organizational levels: top management, R&D management, and project 

engineers. 

Canonical correlation analysis described by Green and Tull 

(1975) is especially appropriate for analyzing multivariate models when 

there are no strong a priori grounds for combining variables into 

single predictor and single criterion measures. Canonical analysis 

provides a technique for studying the association between predictor and 

criterion variables as groups and for determining the overall relation

ship between subset: of criterion variab]us and predictor variables. 

Outputs of canonical correlation analysis can: 

1. Provide measures of the degree of independence among variables. 

2. Find the linear combination of predictor and criterion sets 

that maximizes correlation when the linear combinations are 

themselves correlated in a two-variable sense. 

3. Identify which variables in each of the two sets contribute 

most to the between-set association. 

Two major assumptions are required in order to use canonical 

correlation indexes for statistical inference: (1) both criterion and 

predictor sets are made up of interval-scaled variables, and (2) the 

observed data represent a random sample of observation vectors drawn 

from the same multinormal universe. 
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Based on the prior assumption of interval-scaled data, it was 

thought that the ratings by individuals within each firm could be 

averaged so that each proposition could be tested by only one statisti

cal analysis. Upon making a visual comparison of the ratings and a 

further analysis of the scales, it became apparent that: 

1. The assumption of interval-scaled data could not be sub

stantiated. There is no way to assure that all, if any, of 

the raters viewed the intervals as being equal. 

2. The perception of the rater could not be assumed to be 

independent of his position in the organization. Combining 

of ratings within a firm would result in an average that would 

be weighted by an unknown coefficient with unequal numbers of 

raters, as well as obscuring the variability of ratings within 

the firm. 

Based on these observations and analysis, it was concluded that 

the ratings c< uld only be treated as ordinal-scaled data and that each 

variable must be analyzed individually for each subset of the raters: 

top management, R&D management, and R&D project engineers. 

Since the assumptions required for the use of canonical 

correlation analysis could not be made, it was decided that a non-

parametric technique must be used for tests of statistical signifi

cance.' However, canonical correlation analysis is used where appro

priate as a descriptive technique to gain insight regarding the 

relationships between the sets of variables. 
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A search was made for the most powerful statistical technique 

compatible with the sample data. The Friedman two-way analysis of 

variance by ranks was suggested by Sieyel (1956) as having been 

empirically demonstrated as providing favorable results when compared 

with the most powerful parametric test, the F test. However, the 

Friedman test is a balanced test; i.e., it requires equal numbers of k 

related samples subjected to two or more individual treatments. While 

this research had a sample size of twelve, an even number, it was 

found that the firms could not be logically divided into two equal 

groups. Thus, the Friedman test had to be discarded. 

The Wilcoxon rank sum test for two populations, equivalent to 

the Kruskal-Wallis one way analysis of variance for k populations, 

appeared to be comparable to the Friedman test in power. As noted by 

Summers and Peters (1973), if the assumptions of normality are met, 

these tests have an efficiency of 0.955 relative to the F test. The 

Wilcoxon test is particularly sensitive to differences in location for 

two populations. It can be used with unequal data groups, and tables 

are provided where the smaller sample has as few as one observation 

(Gibbons, 1976, Table H). Therefore, the Wilcoxon test is the primary 

statistical technique used to test the research propositions. 

The Spearman rank difference test, also discussed by Summers and 

Peters (1973), is used to supplement the Wilcoxon test where appro

priate—for two sets of ranked data. 

In order to perform the Wilcoxon rank sum test, the subject 

firms were divided into two groups (high-low) for each independent 

variable for each organizational level of respondents. The values for 
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each corresponding dependent variable were ranked from the smallest to 

the largest value. A one-tailed hypothesis test was made to determine 

if the response distributions of firms classified in the low category 

had a location significantly different from that of the firms classified 

as high. 

The null hypothesis, Hq, was stated as follows: 

H : There is no difference between the location of the score 
o 

distributions for the dependent variables for firms classified as 

high or low on the basis of the independent variables. 

The alternate hypothesis was stated as: 

H^: The location of the score distributions for the dependent 

variables for firms classified in the low category of an individual 

variable is less than the location of the score distributions for 

the dependent variables for firms classified in the high category. 

The rejection of the null hypothesis, or acceptance of the 

alternate hypothesis, would indicate support of the proposition being 

tested. Conversely, acceptance of the null hypothesis would indicate 

a lack of support for the proposition. 

Analysis of Research Propositions 

This section provides an indepth sequential analysis of all 

seven research proposetions. The data collected for each proposition 

are provided in tabular form, the test results are given, and explana

tory information and inferences are presented. 
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Proposition 1 

The operational statement of Proposition 1 is: 

The higher the ratings by top management and R&D management 

of the participation of R&D management in the formulating and 

approving corporate annual goals, the larger will be the proportion 

of corporate resources devoted to K&D. 

Ratings for the independent variable were obtained from R&D 

managers and from representatives of top management. The ratios for 

the dependent variables were calculated from the data provided in 

annual reports or by financial officers of the firms. The data for all 

variables are given in Table 10.1. 

The Wilcoxon rank sum test was performed for four independent 

variables against each of the three dependent variables. The test was 

also performed separately for each combination of independent and 

dependent variables at both organizational levels of the raters. Thus, 

the test was performed twelve times for Proposition 1; two independent 

variables times three dependent levels at both organizational levels. 

When performing the Wilcoxon rank sum tests an effort was made 

to divide the firms into the high-low participation categories at the 

median rating value of the independent variables. When equal ratings 

occurred across the median, the division was made at the nearest upper 

or lower value which allowed a reasonable separation of the ratings. For 

example, the median value of the first independent variable in 

Proposition 1, rated by top management, was 3.0, which was given twice. 

A choice had to be made whether the firms having ratings of 3.0 would be 



Table 10.1. Summary Data for Proposition 1, Corporate Goals 

Compa ny 

Variable 10 11 12 

Independent 
Top management 

Input ratings3 3.5 4.3 3.5 3.5 n.a. 2.7 3.0 3.0 2.0 2.0 1.0 4.0 
Influence 4.5 4.5 4.0 3.6 n.a. 3.5 3.5 3.5 2.0 2.7 1.0 4.0 

R&D management 
Input 4.0 4.5 4.5 4.5 2.0 3.6 3.5 3.4 3.0 3.0 4.0 2.0 
Influence 4.0 4.0 3.5 4.0 2.0 3.5 3.0 3.8 3.0 3.0 4.0 2.5 

Dependent 
R&D as % budget 11.74 8.25 6.73 7.94 15.50 n.a. 7.89 4.49 G.09 9.47 5.47 3.79 
R&D as % assets 22.86 7.93 5.79 11.37 35.00 5.00 10.42 5.36 7.68 12.81 2.00 3.95 
R&D as % sales 14.88 8.65 10.51 8.52 12.00 6.18 7.30 5.96 6.19 8.79 5.67 3.65 

Input and influence ratings are on a scale of 1 to 5 with 1 being the lowest and 5 the 
highest. 

n.a. = not available. 
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placed in the high or the low classification, and in this case 3.0 was 

placed in the low category. 

With the division point being between 3.0 and 3.5, the resulting 

sample sizes were m (low) = 5 and n (high) = 5. Two data points were 

unusable because of missing data. The "low" firms, m, were firms no. 

7, 8, 9, 10, and 11. Their rank values for R&D costs as a per cent of 

total operating costs were 6, 2, 9, 4, and 3 respectively, and their 

rank sum was W = 24. In Appendix H of Summers and Peters (1973), the 

lower tail critical value for m, n = 5 is given as W = 20, at the 0.10 
^ c 

level of significance. Since 20 is less than 24, is less than W, 

and the correct decision was to accept the null hypothesis, Hq. 

An alternate method of showing this result based on Table H of 

Gibbons (1976) is P(W<24) = 0.274. Since 0.274 is greater than 0.10, 

the acceptance of the null hypothesis as the correct decision was 

confirmed. This method provides more precisely stated results and is 

used to display all of the Wilcoxon .test results. The results obtained 

for Proposition 1 are given in Table 10.2. 

Interpretation and Implications. It can be seen from the last 

column of Table 10.2 that it was necessary to accept the null hypothesis 

in each test for Proposition 1. The obvious inference that can be drawn 

for this proposition is that the degree of participation of R&D 

management in formulating and approving corporate annual goals has no 

statistical reJationship to the proportion of corporate resources which 

are devoted to R&D. However, acceptance of this inference requires the 
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Table 10.2. Results of the Wilcoxon Rank Sum Tests for Proposition 1 

Independent 
variable 

Dependent 
variable 

Category 

low high 
m n Result 

Input rating 
Top mgmt. 
R&D mgmt. 

Influence rating 
Top mgmt. 
R&D mgmt. 

R&D costs 
as % of 
budget 

5 
7 

7 
7 

P(W<24)=.274 
P(W<25)=.536 

P(W<16)=.500 
P(W<30)=.842 

Input rating 
Top mgmt. 
R&D mgmt. 

Influence rating 
Top mgmt. 
R&D mgmt. 

R&D costs 
as % of 
assets 

5 
4 

3 
5 

8 
7 

P (W<28) =.500 
P (W<28) = .596 

P(W<16)=.388 
P (W<40) = .866 

Input rating 
Top mgmt. 
R&D mgmt. 

Influence rating 
Top mgmt. 
R&D mgmt. 

R&D costs 
as % of 
sales 
revenues 

5 
8 

P (W<24) = .274 
P (W<24) =.404 

P (W<15) = .315 
P (W<41) = .899 
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acceptance of three major assumptions. These assumptions are given and 

discussed as follows: 

Assumption 1: The rating scales are sufficiently sensitive to 

detect meaningful differences in the degrees of R&D management 

participation. 

This assumption was tested by an analysis of the high-low 

classifications of the firms for the independent variables of Proposi

tion 1. These classifications are: 

Firms 123456789 10 11 12 
Top mgmt. 

Input HHHH-LHHL L L H 
Influence HHHH-HHHL L L H 

R&D mgmt. 
Input HHHHLHHHL L H L 
Influence HHHHLHHHL L H L 

It may be observed that seven of the twelve firms were con

sistently placed in the high classification—firms 1, 2, 3, 4, 6(3 of 4), 

7, and 8. Four of these seven firms had been reported to be using MBO— 

firms 1, 2, 3, and 7. The planning procedures used in firms 4, 6, and 

8 were reviewed to determine possible reasons for these firms being in 

the high classification. Salient findings are discussed in the ensuing 

paragraphs. 

In firm no. 4, the vice president of engineering had implemented 

MBO approximately nine months prior to the interview even though the 

firm was not included in the MBO firms. Also the vice president of 

plans had instituted a new strategic planning system in which the R&D 

manager fully participated. The plan for the first year within the six 

year plan incorporated the corporate annual goals. The combined effects 
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of these activities could account for the classification of H for 

company 4. 

In company no. 6, corporate goals are established through a 

series of formal planning phases initiated and managed by the product 

management department with participation by management 3nd the marketing 

and R&D departments. The top management representative rated the R&D 

manager's inputs as approximately equal to other departments and rated 

the R&D manager's influence higher than that of other department 

managers. 

The president of company no. 8 subscribes to the participative 

management philosophy of Peter Drucker, who is given much of the credit 

for the development of MBO. This executive sets the tenor for 

participative management, and while he has not formally implemented an 

MBO program, he has instituted a strategic planning committee and a 

product planning committee which together establish corporate and R&D 

goals. The R&D manager is a member of the strategic planning committee 

and is the chairman of the product planning committee. Thus ratings of 

high participation within company no. 8 appeared to be reasonable. 

Thus, MBO procedures and/or product planning committees were 

used in establishing corporate annual goals in the seven firms con

sistently in the high category. The tentative conclusion drawn in 

Chapter 9 that the use of MBO and product planning committees are 

effective methods of establishing corporate goals seems to explain and 

justify these high ratings. 

With regard to the low ratings, only one MBO firm was included. 

The top management representative for firm no. 9, in the absence of the 
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president, stated that because of a poor aconomic year two years prior 

to the current fiscal year, a corporate goal "to turn the company 

around" was set by the chief executive. This could explain the low 

ratings which were given both by that representative and the R&D 

manager. 

The inclusion of partially high and partially low ratings by 

firms 11 and 12 may be partially explained by strong differences in the 

perceptions between top management and R&D management with regard to 

goal setting. Their perceptions were also given in comments which 

corroborated their ratings. 

A summary of the classification of firms on the basis of high-

low participation ratings is shown in the matrix given below. In this 

matrix, MBO firms include the five firms with established MBO programs, 

two firms with recently implemented MBO programs, and two firms which 

use MBO procedures in formulating corporate joals, through integrated 

product planning committees. 

4-H 3-H 2-H 0-H 0-H 
1-L 2-L 2-L 4-L 

MBO firms 6 10 11 

Non-MBO firms 0 0 2 0 1 

The ability to classify firms as high or low on the asis of 

the perceptual ratings with the classifications corroborated by general 

findings and comments lends support to Assumption 1. 

Assumption 2: The perceptual rating scales are sufficiently clear 

so that they are interpreted in essentially the same manner by each 

rater. 
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This assumption is believed to be supported by the concordance 

between the use of MBO and the classification of "high in participa

tion" discussed under the first assumption, especially the consistency 

between top management and R&D management. A Spearman rank correlation 

test was performed on the ratings of upper management and R&D management 

of the five companies which use MBO. For the variable "R&D inputs into 

corporate annual goals" the coefficient of rank correlation, rg, was 

0.86. For the variable "R&D influence on corporate annual goals," rg 

was 0.97. The test .was repeated for the input variable using all of the 

twelve companies. This test yielded a rank coefficient of correlation 

of 0.35, which indicated a weak relationship. However, when companies 

no. 11 and 12 were excluded because of the strong conflicting positions 

noted in the discussion of the first assumption, the test yielded a 

coefficient of correlation of 0.91. Thus, it appeared that these 

Spearman rank difference tests supported the second assumption. In 

addition, the clarity of the scales and the ease of discriminating 

between intervals were specifically discussed during the two pilot 

studies and were considered to be very good by all respondents. 

Assumption 3: The ratings made by each rater are sufficiently un

biased so that the relative ratings among raters provide valid 

indicators of the degree of participation. 

This third assumption is somewhat difficult to thoroughly 

evaluate because of the perceptual nature of all ratings. It could be 

argued that the large proportion of ratings of 3.0 or greater (85 per 

cent of the total ratings) indicate a tendency for inflated self-

ratings. On the other hand, since the organizations were classified 
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by relative rather than absolute ratings, it appears that the effect of 

any potentially inflated ratings has been minimized. In one firm, one 

interviewee was in the process of voluntary termination which was in 

part caused by his dissatisfaction with one rigidly enforced company 

policy. The ratings and comments by that respondent were on the average 

equally as high as the other respondents of that firm. 

If the above assumptions are deemed to be reasonable and if the 

Wilcoxon rank sum tests are accepted as being meaningful, it would 

appear that either the use of MBO processes in establishing corporate 

annual goals does not affect the proportion of corporate resources 

devoted to R&D or that the conceptual model developed in Chapter 6 is not 

valid. These alternatives were examined, and pertinent findings are 

submitted for consideration. The methods used by the subject firms to 

establish annual goals were presented in Chapter 9. The factors which 

influence the relationships between R&D investments and corporate 

budgets, assets, and sales revenues are discussed next. 

The following discussion of factors which contribute to the 

relationship between R&D investments and corporate budgets, assets, 

and sales revenues is somewhat subjective. Some of the inferences are 

based on observations made and information received during the field 

research, while other inferences are based on personal experiences and 

general information. 

The annual cost of R&D is largely a function of the number of 

technical personnel employed in the developnent engineering department. 

Five companies provided data on the number of R&D personnel and actual 

R&D costs. Within these firms the average cost per employee for 1975 



ranged from $19,010 to $26,421 with an average of $23,000. A least 

squares regression analysis with the number of employees being the 

independent variable and sales revenues being the dependent variable 

yielded a regression line with a slope of $20,211 per engineering 

2 
employee. The coefficient of determination, p , of 0.93 indicated a 

strong linear relationship. 

Two of the twelve firms are presently in a high growth period 

and are in the process of increasing their engineering personnel by 

approximately 25 per cent. The time required for the recruiting, 

hiring, and orientation of the new engineers causes a lag in R&D 

expenditures and contributes to an apparent low proportion of resources 

being devoted to R&D. 

Sales revenue data were available for eight of the twelve 

firms. These sales revenues ranged from $9.12 million to approximately 

$59 million for the last fiscal year. A simple direct comparison of 

the sales revenues appeared to be of little or no value because sales 

volume is a function of the number of employees of the firm and of 

several other factors. Therefore, a least squares analysis was per

formed on sales revenues versus the numbers of employees. Over the 

ranges of the variables, the regression line had a slope of $35,380 per 

2 
employee. The coefficient of determination, p , of 0.866 indicated 

a strong relationship between total sales revenues and the number of 

employees. A cause-effect relationship is not inferred since it could 

not be determined which is the leading (causal) factor. 

The individual data points were then converted to sales revenues 

per employee for further analysis. These results ranged from $29,688 to 
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2 
$67,267 per employee. Notwithstanding the high value of p , noted 

above, this variability indicates that other factors, in addition to 

the number of employees, strongly influence the amount of sales 

revenues. Since the standard industrial classification criterion failed 

to obtain a homogeneous sample with regard to products developed, some 

possible explanations for the differences in sales revenues would be: 

that the companies are operating in different competitive environments, 

variations in the effect of the economy on different market segments, and 

variations in the effectiveness of the firms' marketing programs. 

Of the two companies having competitive products, the firm using 

MBO had a more integrated R&D and marketing program, had more recently 

developed products, and is in a growth phase. This company achieved 

sales revenues of approximately $55,800 per empLoyee during the last 

fiscal year. The other non-MBO company appeared to "react" to competi

tive developments rather than planning them, is in a stabilized slow 

growth situation, and achieved $30,400 in sales revenues per employee 

during the last fiscal year. 

One company that has been developing and marketing equipment for 

a specific market segment achieved a rapid growth in sales revenues for 

four consecutive years, averaging 48 per cent per year. During the last 

fiscal year, however, this company encountered recessive economic condi

tions in its market and had a reduction in sales. During this past year, 

that company has implemented an integrated R&D and marketing product 

planning committee, and an official reported that sales recovery began 

in the third quarter of the fiscal year. 
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The total operating costs for the firms included in the 

research sample were generally stated in annual reports in terms of 

cost of goods sold (CGS) and general and administrative costs (G&A). As 

expected, CGS comprised the majority of the operating costs. For the 

six firms that provided annual reports, CGS ranged from 63.2 to 83.4 

per cent of total costs. Since CGS includes the materials and supplies 

used in manufacturing, it was expected that CGS, and hence total costs, 

would relate directly to sales revenues. A Pearson correlation analysis 

of total operating costs versus sales revenues yielded a correlation 

coefficient of 0.99, which confirmed this expectation. 

The relationship between R&D costs and total operating costs 

was examined further by a comparison of the respective changes between 

the last two fiscal years. For six of the twelve firms for which data 

were available, the rates of change s appeared to agree very closely, 

although a Spearman rank coefficient of correlation of 0.543 was not 

statistically significant. It might be considered important that one 

firm which had increased R&D costs by 24.4 per cent achieved a reduction 

in CGS of 11.2 per cent and a reduction in total costs of 4.5 per cent 

through improvements in product producibility features. 

The total assets of the twelve firms are reported as current 

assets of cash, securities, accounts receivable, and inventories, as 

well as fixed assets of property, plant, and equipment. While changes 

in the value of current assets are generally a function of growth, one 

company received a large increase in cash from secondary investors. 

Another company used a combination of income from operations, long term 

debt, and stock transfers to increase current assets 212.5 per cent in 
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fiscal year 1974 and 80.9 per cent in fiscal year 1975. The value of 

fixed assets is generally a function of investments in new plant and 

equipment and the depreciation of existing ones. One company that is 

in the process of concentrating its business into one product line has 

invested $50 million in new facilities, for a 167.9 per cent increase 

in fixed assets. While increases in assets were relatively propor

tional to increases in sales revenues and R&D investments, the un-

usually high investments in assets by a number of the firms were 

sufficient to cause R&D investments as a proportion of total assets to 

be non-supportive of the research proposition. Therefore, it is con

cluded that without an indepth financial analysis beyond the scope of 

this research, such a ratio is not a valid indicator of the importance 

placed on R&D and should be eliminated from the proposition. 

A synthesis of these descriptive analyses of the dependent 

variables indicates that R&D costs have positive linear relationships 

with sales and with total operating cost, and these measures provide 

valid indicators for Proposition 1. However, sales revenues lead R&D 

costs during periods of high corporate growth because of the lag time 

in recruiting and hiring R&D engineers. Sales revenues strongly 

influence total operating costs through the costs of goods sold, while 

sales revenues are functions of corporate size (as measured by the 

number of employees), competitive environments, and marketing programs, 

in addition to the contributions of R&D. Thus, the relationships 

between R&D costs and sales revenues and between R&D costs and total 

operating costs are sensitive to lack of homogeneity in research 

samples. The amounts of total assets of firms are seen to be 
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influenced more directly by financial planning and investment decisions 

than by routine corporate operations. Therefore, the ratio of R&D 

costs to corporate assets does not appear to be a valid indicator of 

the importance placed on R&D. 

A canonical correlation analysis was run on the data in Table 

10.1 in search of a relationship between the independent and dependent 

variables as groups of predictor and criterion variables. The 

analysis, summarized in Table 10.3, yielded a canonical correlation 

index of 0.9443 for the best linear combination of the variables in the 

two groups. While its statistical significance level of 0.036 cannot 

be considered valid because of the lack of multinormal interval-scaled 

data, the results do indicate the possibility of obtaining a useful 

predictive model by weighting the individual variables. 

The independent variables having the largest canonical coeffi

cients were R&D management ratings of "R&D inputs into corporate goals" 

(1.455) and "R&D influence in selecting corporate goals" (-0.463). The 

dependent variables having the largest canonical coefficients were 

"R&D costs as a per cent of assets" (-3.0050) and "R&D costs as a per 

cent of total operating costs" (2.215). A possible interpretation of 

these results is that the greater the extent of R&D inputs into 

corporate goals, the higher will be the percentage of total operating 

costs devoted to R&D. In this interpretation, the negative coeffi

cients act as suppressants on certain common elements in the primary 

variables in order to increase the accuracy of prediction (McNemar, 

1949). 
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Table 10.3. Results of Canonical Correlation Analysis of Proposition 1 

Linear 
combination 

number Eigenvalue 
Canonical 

correlation Significance 

0.89402 

0.65378 

0.31456 

0.94553 

0.80857 

0.56086 

0.036 

0.195 

0. 322 

Coefficients for canonical variables in the 
most significant linear combination 

Predictor 

Criterion 

Variable 

V01 
V02 
V03 
V04 

V05 
V06 
V07 

Coefficient 

-0.36401 
-0.09154 
1.45538 

-0.56297 

2.21462 
-3.00499 
0.63918 

V01 = Top management rating of R&D input into corporate goals. 

V02 = Top management rating of R&D influence in corporate goals. 

V03 = R&D management rating of R&D input into corporate goals. 

V04 = R&D management rating of R&D influence in corporate goals. 

V05 = R&D costs as percentages of total operating costs. 

V06 = R&D costs as percentages of corporate assets. 

V07 = R&D costs as percentages of sales revenues. 
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High correlation coefficients between "input" and "influence" in 

the ratings by both top management and by R&D menagement were calculated 

to be 0.944 and 0.890, resjjectively. These correlations suggest that 

input and influence have many elements in common. Likewise, the 

correlation coefficient between R&D costs as a per cent of total 

operating costs and R&D costs as a per cent of corporate assets was 

0.765. It must be noted that correlating indexes with elements in 

common (R&D costs as ratios) produces spuriously high indexes 

(Guilford, 1965). One possible inference is that when two variables 

have a number of elements in common, one of the variables may be 

eliminated from the proposition without substantially reducing the 

information provided. R&D costs as a per cent of total operating costs 

is seen as a management decision, while R&D costs as a per cent of 

corporate assets is seen in retrospect as a passive result of prior 

operations. Thus it appears that R&D costs as a per cent of total 

assets should be eliminated from the proposition. 

To test this reasoning, a stepwise multiple regression analysis 

was performed. The dependent variable was "R&D costs as a per cent of 

total operating costs," and the independent variables included all of 

those variables used in the canonical analysis. In the step-wise 

analysis, the first variable to enter the regression equation was the 

one which had the largest canonical coefficient "R&D inputs into 

corporate goals" as rated by R&D managers. This result seemed to 

support the results of the canonical analysis. However, when all of 

the variables had been entered into the regression equation, the ratings 

by top management accounted for more of the variability and increased in 
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the level of significance of the analysis than did the ratings of the 

engineers. 

Carrying the analysis one step further, the multiple regression 

analysis was repeated, using the same dependent variable with only the 

top management ratings of input and influence as the two independent 

variables. This analysis yielded a predictive model with a coefficient 

of multiple regression of 0.7568 and a level of significance of 0.078 

which approximated that of the best linear combination of variables 

found by the canonical analysis. Thus, it appears that this model for 

the proposition may be simplified by reducing the number of variables 

without materially reducing its usefulness. 

It must be reiterated that neither the canonical correlation 

analysis nor the multiple regression analyses can be properly used for 

classical hypothesis tests because of the lack of multinormal interval-

scaled data. The results, however, do lend some support to the 

proposition that there is some positive relationship between the MBO 

process of participation by R&D management in establishing corporate 

annual goals and the proporiton of corporate resources devoted to R&D. 

The results of the proposition tests, description of assumptions, 

interpretative analysis of operational and financial data, and descrip

tive statistical analysis of the data suggest the following inferences 

relative to Proposition Is 

1. The data from the perceptual rating scales have sufficient con-

gruency among raters within organizations and sufficient 

differences among firms to provide an acceptable basis for 

obtaining data. 
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2. The Wilcoxon rank sum tests did not provide statistical 

support at the 0.10 level of significance for accepting the 

research proposition, but with such a small sample, one or two 

data points can force acceptance of the null hypothesis. 

Therefore, an interpretative analysis appeared to be of as much 

value as the statistical analysis. 

3. The canonical correlation and multiple regression analyses 

performed on the data suggest that a useful predictive model 

for this proposition may be possible by weighting the individual 

variables. 

4. The research proposition was given subjective support by the 

interpretative analysis of the factors which influenced sales 

revenues and operating costs, 

5. The ratios of R&D costs to sales revenues and to total 

operating costs are usually valid indicators of the importance 

placed on R&D and the benefits which can be achieved through 

R&D. However, these ratios do not constitute a sufficient 

model for testing this research proposition with such a small 

sample size, especially since the criteria appear to fluctuate 

widely in response to influences other than the degree of 

economic support from R&D, which result from lack of homogeneity 

within the sample. 

In conclusion, Proposition 1 was not statistically supported at 

the 0.10 level of significance, but the lack of support is believed to 
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be, at least in part, due to the explained variations in the dependent 

variables caused by lack of homogeneity in the research sample. 

proposition 2 

The operational statement of Proposition 2 is: 

The higher the ratings of top management, R&D managers and 

project engineers of the extent of participation by the R&D 

personnel in establishing R&D goals, the higher will be the 

ratings of judges of the specificity of those goals with regard 

to outputs and measurable results. 

Participation was defined Lu consist of three factors: provision 

of inputs, the exertion of influence on goal setting decisions, and the 

mutuality of participation by various levels of R&D personnel. Ratings 

were obtained from top management on the first two factors and from R&D 

managers and project engineers on all three factors. A summary of the 

ratings is given in Table 10.4. 

It was expected that copies of the current annual R&D goals 

could be obtained to be ranked according to specificity by impartial 

judges at The University of Arizona. Unfortunately, ten of the twelve 

firms declined to provide the copies. As an alternative, statements 

regarding the current goals were obtained from the R&D managers. The 

statements were not compared during the research, in an effort to 

minimize researcher bias. Upon completion of the field research, the 

statements were compiled, coded to identify firms by number only, and 

presented to the judges. Each judge ranked the statements for 

specificity on a scale of 1 to 12, with 12 being the most specific. 



Table 10.4. Summary Data for Proposition 2, R&D Participation in Setting R&D Goals 

Company 

Variable 123456789 10 11 12 

Independent 
Top management 

Input ratings3 4.00 4.50 n.a. 3.50 n.a. 3.75 3.50 4.00 n.a. 1.80 1.50 3.00 
Influence 4.00 4.80 n.a. 4.00 n.a. 3.90 4.50 4.50 n.a. 3.50 1.75 3.00 

R&D management 
Input 4.75 4.00 4.85 3.50 3.00 4.00 3.62 4.07 4.00 2.80 4.50 2.50 
Influence 5.00 4.70 4.00 4.00 3.50 4.50 2.75 3.60 3.50 3.00 4.00 2.75 
Mutuality 4.00 4.00 2.83 4.50 4.00 4.00 3.35 3.90 3.50 2.00 4.00 3.75 

R&D engineer 
Input 4.00 4.25 3.50 4.20 4.00 3.50 3.00 3.00 n.a. 2.50 3.00 3.65 
Influence 3.88 5.00 3.50 4.00 4.50 3.00 3.50 2.90 n.a. 3.50 3.00 3.10 
Mutuality 4.00 4.00 2.83 4.50 4.00 4.00 3.00 3.00 n.a. 4.00 3.50 2.50 

Dependent specificity 
(ranking13) 12 63857492 11 10 1 

a 
Ratings for all independent variables are on a scale 1 to 5 with 1 being the lowest and 

5 the highest. 

^Specificity rankings are from 1 to 12 with 12 being the highest. 

n.a. = not available. 
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According to the judges, the rankings were somewhat difficult to make 

because of the lack of detail and a high degree of similarity among some 

of the statements. Most of the statements of goals were specific 

regarding short term projects with varying degrees of generality among 

projects which were scheduled farther into the future. Eight of the 

twelve goal statements indicated that design and/or performance specifi

cations were defined for new products. In spite of the difficulties 

encountered, a Kendall coefficient of concordance test yielded a 

coefficient of 0.766, which indicated an acceptable degree of agreement 

among the judges at the 0.05 level of significance. 

The combined judges' rankings, , as discussed by Siegel (1956, 

p. 234), were used to establish the ranks labeled "specificity" in 

Table 10.4. These ranks were used for the Wilcoxon tests for the 

research proposition. Similar to Proposition 1, the Wilcoxon test was 

performed for each independent variable for each organizational level 

of the respondents. With three organizational levels for the input and 

influence variables and two levels for the mutuality variable, eight 

tests were required. The results of the tests are given in Table 10.5. 

Interpretation and Implications. In seven of the eight 

Wilcoxon rank sum tests, it was necessary to accept the null hypothesis 

at the 0.10 level of significance. Thus, there was little statistical 

support for the proposition that greater participation by R&D personnel 

in setting R&D goals result: in those goals being more specific with 

reg.trd to spe< Pied outcomes and measurable results. 
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Table 10.5. Results of the Wilcoxon Rank Sum Tests for Proposition 2 

Category 

Low High 
Independent Dependent m n Result 

Input rating R&D goal 
Top mgmt. specificity 5 4 P(W>22)=.365 

R&D mgmt. ranking 5 7 P(W<29)=.319 

R&D engr. 4 7 P(W<30)=.842 

Influence rating R&D goal 
Top mgmt. specificity 4 5 P(W<20)=.548 

R&D mgmt. ranking 5 7 P (W<23) = .074* 
R&D engr. 4 7 P(W<24)=.536 

Mutuality rating R&D goal 
R&D mgmt. specificity 4 8 P (W<21) =.230 

R&D engr. ranking 4 7 P (W<17) =.115 

a 
Decision made using upper critical value because fewer firms 

were classified as high rather than low. 

*Statistically significant at the .10 level. 
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Further analysis in an effort to discover the reasons for the 

lack of support revealed several potentially contributing factors. As 

previously stated, the judges had to perform the specificity rankings on 

the basis of limited statements of goals. Because of the lack of 

clarity in the goals, the specificity measures of the goals could not be 

very sensitive to variations in actual specificity. 

The two firms that provided copies of the goals were ranked 10 

and 12, with 12 being the highest ranking. This result appears to be 

due to the availability of more definitive information, since the 

president of the firm with the rank of 10 had stated that goals were not 

formally set. A third firm which was ranked 11, second from the highest, 

had current R&D goals of developing minor interface equipment to adapt 

currently developed systems to specific customer requirements. This 

made these goals inherently more specific. The two firms which were 

assigned rankings of 10 and 11 were classified as low participation 

companies in the Wilcoxon rank sum tests. With a sample size of only 

twelve, these two rankings alone were sufficient to force acceptance 

of the null hypothesis. 

The degree of researcher bias is probably higher in this 

proposition than in other areas. First, the respondents' statements 

regarding R&D goals were initially recorded in abbreviated form. Next, 

when the notes were expanded and summarized at the end of the day, 

these summaries were based upon the researcher's interpretation of the 

abbreviated notes. Then, in the subsequent write-up of the goal 

statements for the judges, the researcher's writing style could have 

contributed to the non-specificity and lack of clarity. 



217 

It was necessary to classify firms as having either high or low 

participation by R&D personnel in order to perform tlv- Wilcoxon rank sum 

test. However, it may be noted from Table 10.4 that 74 of 85 ratings 

were 3.0 or higher on the scale of 1 to 5. Such consistently high 

ratings increase the difficulty of segregating firms on the basis of 

the degree of participation. These high ratings are in consonance with 

the current integrative method of setting R&D goals discussed in 

Chapter 9, and may possibly be the results of that method. 

In summary, the integrative method of setting R&D goals, the 

high ratings of R&D participants in setting R&D goals, and the inclusion 

of product specifications in short term goals appear to provide support 

for the proposition. The statistical analysis, based on a lack of clear 

comprehensive goal statements and possible interviewer bias, does not 

support the proposition. A more in-depth study would be required before 

a definitive conclusion can be reach -d. 

Proposition 3 

The operational statement of Proposition 3 is: 

The higher the proportion of inputs into R&D project proposals 

provided by R&D personnel, the more will the number of project 

proposals considered exceed the number which are approved so that 

a higher degree of selectivity is maintained. 

The participation of R&D personnel in proposing R&D projects is 

not a direct factor in an MBO system as defined in Chapter 6. However, 

since the participative style of MBO is stressed in this research, it 

was thought that R&D participation in generating project proposals 
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would be compatible with MBO and would contribute to the effectiveness 

of the R&D program. 

The researcher intended to obtain data on the estimated costs 

of project proposals and on the resources available. Unfortunately, 

such detailed information was not available. As an alternative, the 

operational statement of the proposition and the dependent variable were 

modified to the ratio between the numbers of projects proposed and the 

numbers that were approved and funded. Admittedly, this is a weaker 

measure of the effectiveness (creativity) of an R&D organization since 

projects are of different scopes, complexities, and costs. Thus, 

numbers alone do not provide a complete standard of comparison. 

The data for thih proposition were obtained from R&D management 

as the single source most likely to have the knowledge. The independent 

variable was operationalized as the proportion of R&D project proposals 

generated within the R&D department. The proportions received were 

entered in Table 10.6 as percentages. The dependent variable was defined 

as the ratio of the quantity of proposals generated and processed to the 

quantity approved and funded. The ratios were transformed to ratios of 

X:l. The values of X were entered in the data table and were ranked for 

the statistical test. 

When performing the Wilcoxon rank sum test, the firms were 

divided into high-low participation groups with the decision point being 

between 50 and 60. As a result, the numbers for m, n were 7, 5 

respectively. Thus, there were fewer "high" firms, and the test was 

made using the upper region of the distribution. In the ranking of the 

dependent variable, one pair of ties (ratio = 2.5) occurred between the 



Table 10.6. Summary of Data for Proposition 3, Participation in Project Proposals 

Company 

Variable 12 3456789 10 11 12 

Independent Participation3 50 50 65 60 90 50 25 40 33 40 90 67 

Dependent Selectivity*3 5.0 1.0 4.5 3.3 2.0 1.5 1.5 3.0 2.5 2.8 2.5 4.0 

a 
Rated in percentage. 

^Specified in ratios, Xsl. 
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test groups. Following the procedures given in Summers and Peters 

(1973), the test was performed twice, reversing the ranks of the tied 

values. The resulting values for the test statistic, W, was computed 

to be 40 and 39 respectively. Since P(W>40) = 0.134 and P(W>39) = 

0.172, both exceeded 0.10, and therefore Proposition 3 was not 

statistically supported at the 0.10 level of significance. Since these 

probabilities were less than 0.20, it was felt that further interpreta

tion of the data should be made before reaching a conclusion regarding 

the acceptance or rejection of this proposition. 

Interpretation and Implications. Three possible explanations 

are offered for the lack of a statistically significant positive rela

tionship between the independent and dependent variables for this 

proposition. First, prior to the current fiscal year seven of the 

twelve firms, including four of the five MBO firms, had begun to 

develop R&D project proposals through an integrative method involving 

primarily R&D and marketing personnel. This joint participation 

naturally resulted in lesser proportions of project programs being 

generated wholly within R&D. Thus six of the seven firms which used 

the integrative method were classified as low participation firms for 

the statistical test. Second, it appears reasonable that some of the 

MBO firms and some of the non-MBO firms using joint participation in 

their project proposal procedures would be among the higher ranks with 

regard to the dependent variable. Third, because of the joint 

participation, a number of the ideas having less potential values are 

eliminated before or during the preparation of the proposals. All of 
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the firms included in the research sample reported a sufficient number 

of good project proposals to allow selectivity so that only the pro

posals offering the higher estimated return on investments were selected 

and funded within the resources available. 

On the basis of the trend toward higher joint participation in 

generating R&D project proposals and the generation of sufficient 

numbers of proposals as suggested by Blake and Mouton (1969), it 

appears that joint participation in generating R&D project proposals is 

more effective than the generating of proposals by R&D. Thus, it was 

concluded that the conceptual model for Proposition 3 is inadequate. 

Proposition 4 

The operational statement of Proposition 4 is: 

The higher the average ratings by R&D management and project 

engineers of their participation in the R&D project evaluation and 

selection process, the greater will be the proportion of project 

portfolios selected on the basis of the highest payoff values 

estimated via the use of quantitative analysis models. 

Like the generation of project proposals, the evaluation and 

selection of a R&D project portfolio is not part of MBO as defined in 

this study. This proposition was developed because of the large number 

of publications which had treated it as a problem area in R&D programs. 

The independent variable was the degree of R&D management 

participation in determining the project evaluation and selection 

techniques. Ratings were obtained from R&D managers. 
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The dependent variable was the extent that R&D project port

folios were selected on the basis of the highest payoff values via the 

use of quantitative analysis models. These data were also obtained from 

R&D management. Three questions were used. The first requested a brief 

description of the project evaluation and selection techniques used. 

Thu second requested the proportion of project proposals evaluated and 

selected via the use of a mathematical model. The third requested 

information regarding the criteria used js the basis of selection. The 

numerical values were assigned to the dependent variable by the 

researcher. Points were assigned to the evaluation techniques and the 

selection criteria as follows: 

1. Evaluation technique 

informal and subjective 1 points 

informal analysis 2 points 

formal subjective analysis 3 points 

formal economic analysis (manual) 4 points 

formal economic analysis (computerized) 5 points 

2. Criteria 

general, subjective 2 points 

marketing opportunities 3 points x 
% used 

expected value (ROI, etc.) 4 points x 
% used 

An example of the computations is given. The project selection 

committee in firm no. 8 used a formal, manual economic analysis (4 

points) and used the expected value criterion for all selection 
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decisions (4 points x 100%). Thus, the value of 8 points was calculated 

for that firm. The remaining calculations were similarly made. 

The values for the independent and dependent variables are given 

in Table 10.7. When dividing the firms into low and high participation 

classifications, the values for the independent variable ranged from 

1.0 to 5.0, with five data points of 1.0 and the median at 2.0. The 

Wilcoxon rank sum test run on the low category yielded a value of 

W = 25, for m, n = 5.7. Since the probability, P(W 25) = 0.134, was 

greater than 0.10, the null hypothesis was accepted. However, the 

closeness of the test result to 0.10 lends some subjective support for 

the proposition. 

Interpretation and Implications. The lack of significant 

statistical support for this proposition may be partially explained by 

the low levels of participation of R&D management in determining the 

project evaluation and selection techniques. The results confirmed the 

reports in the literature that little use is made of mathematical models 

in the evaluation and selection of R&D projects. However, it seems 

important to note the increasing use of formal, although manual, 

economic analysis, as previously described in Chapter 9. 

Proposition 5 

The operational statement of Proposition 5 is: 

The higher the ratings by R&D managers and project engineers of 

the extent that project engineers participate in developing project 

plans and control procedures, the higher will be the ratings by the 



Table 10.7. Summary of Data for Proposition 4, Project Evaluation and Selection Techniques 

Company 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 

Independent Participation3 

Dependent Technique*5 

2.00 

8.00 

4.00 

8.40 

2.00 

3.50 

1.00 

3.00 

3.00 

4.00 

1.00 

7.50 

2. 00 

6.00 

5.00 

8.00 

1.00 

5.50 

1.00 

5.00 

2.50 1.00 

6.50 4.50 

a 
Ratings of participation are on a scale of 1 to 5, with 1 lowest. 

b 
Ratings of technique are on a scale of 1 to 9, with 1 lowest. 

ro 
to 
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same raters of the comprehensiveness of the plans and of project 

engineers' acceptance of responsibility and accountability for 

accomplishment of the plans. 

The independent variable for this proposition is the extent of 

participation in project planning by the project engineers. Ratings 

were obtained from R&D managers and project engineei and each rater 

was requested to consider project engineers' participation in: 

1. Project team membership assignments. 

2. Assignment of tasks and responsibilities. 

3. Techncial approaches to design. 

4. The use of network planning tools. 

5. Milestone events and schedules. 

6. Cost budgeting. 

7. Project reviews. 

Two dependent variables are contained in the statement of the 

proposition; the comprehensiveness of project plans, and the degree of 

acceptance by the project engineers. The R&D managers and project 

engineers were asked to rate the comprehensiveness of projcut plans with 

regard to the: 

1. Technical approaches to be followed. 

2. Delineation of tasks and responsibilities. 

3. Identification and use of network planning tools. 

4. Project milestone events and schedules. 

5. Project review schedules. 

6. Project review criteria. 
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Project engineers' acceptance was rated as commitment to the planned 

activities as personal goals and responsibilities, as perceived by R&D 

managers and project engineers. 

The ratings of the independent variable and of each dependent 

variable are given in Table 10.8. Wilcoxon rank sum tests were per

formed separately for the ratings made by the R&D managers and by the 

R&D project engineers and for each combination of independent and 

dependent variable as done for the prior propositions. The results of 

the tests, which provided little statistical support for the proposition, 

are given in Table 10.9. 

Interpretation and Implications. In order to divide the firms 

into low-high classes it was necessary to make the division above the 

value of 3.0 for both R&D management and project engineer ratings. Even 

with this decision point there were only four firms classified as low 

in participation by R&D management ratings, and only three firms were 

so classified by project engineer ratings. In each test there was one 

"low" firm which had a sufficiently high rank value for the dependent 

variable to force the acceptance of the null hypothesis. 

The field interviews disclosed that in general R&D project 

engineers participate in the technical planning of their projects, the 

plans are considered to be comprehensive, and the planned activities are 

highly accepted as committed goals. The data given in Table 10.8 were 

considered to be interval scale so that a descriptive analysis could be 

made of the ratings. The means of the ratings on participation by 

R&D managers and project engineers were calculated to be 3.512 and 3.548 



Table 10.8. Summary of Data for Proposition 5, Participation in Project Planning 

a 
Variable 

Company 

a 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 

Independent 
Participation 

R&D mgmt. 4. 34 3. 50 2.50 2. 80 3. 50 3.75 3.00 3.25 4.50 3.50 3.00 4.50 
R&D engr. 4. 10 3. 60 2.58 n. a. 2. 50 3.60 4.00 4.00 4.00 4.00 2.50 4.15 

Dependent 
Comprehensiveness 

R&D mgmt. 5. 00 5. 00 2.00 4. 00 4. 50 3.10 3.88 4.00 2.00 3.50 4.00 2.50 

R&D engr. 3. 25 4. 50 3.92 n. a. 4. 75 3.88 2.50 3.90 2.50 2.75 3.00 3.50 
Acceptance 

R&D mgmt. 4. 75 2. 50 3.00 3. 75 4. 80 3.50 4.00 4.15 3.70 4.00 5.00 4.50 
R&D engr. 4. 25 3. 50 3.17 n. a. 4. 50 4.00 3.62 5.00 4.50 4.00 4.00 3.88 

a 
All variables are rated on a scale of 1 to 5, with 1 being the lowest. 

n.a. = data not available. 
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Table 10.9. Results of the Wilcoxon Rank Sum Tests for Proposition 5 

Category 

Independent Dependent Low High 
variable variable m n Result 

Participation Comprehensiveness 
R&D mgmt. 4 8 P(W<17)=0.077* 

R&D engr. 3 9 P(W<26)=0.859 

Participation Acceptance 
R&D mgint. 4 8 P (W<25) =-0. 467 

R&D engr. 3 9 P(W<16)=0.300 

*Significant at the 0.10 level. 



229 

respectively. Similarly, the means of the ratings for comprehensive

ness of the plans were 3.623 and 3.495 and of the acceptance and commit

ment to the plans, 3.971 and 4.038. 

While high ratings for all variables in this proposition were 

the norm, the raters freely critiqued their firms' planning procedures 

and plans and pointed out any pertinent deficiencees. Their openness 

possibly explains the low relationship between the classification of 

firms and the ranks of the dependent variables. 

A canonical correlation analysis was performed on the data for 

this proposition. The analysis, summarized in Table 10.10, yielded a 

correlation coefficient of 0.713 for the best linear combination of 

the set of independent variables and the set of dependent variables. 

This correlation is not statistically significant, nor does it indicate 

the possibility of obtaining a useful predictive model by weighting the 

individual variables. 

Based on this research sample, high participation in technical 

planning is being accomplished with favorable results. Thus, while the 

research proposition was not supported by the Wilcoxon rank sum tests, 

the judgment has been made that project planning is being accomplished 

using MBO processes. 

Proposition 6 

The operational statement of Proposition 6 is: 

The higher the ratings of R&D management and R&D project 

engineers of the degree of participation in routine decision making 

relative to project performance and control, the greater will be the 
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Table 10.10. Results of the Canonical Correlation Analysis of 
Proposition 5 

Linear 
combination 

number Eigenvalue 
Canonical 

correlation Significance 

1 0.50855 0.71313 0.535 

2 0.20156 0.44895 0.640 

Coefficients for Canonical Variables in the 
Most Significant Linear Combination 

Variable Coefficient 

V08 0.49963 
V09 -0.65897 

VI0 0.49963 

Vll -0.93566 

V12 -0.99933 
VI3 0.44560 

V08 = R&D managers' ratings of project engineers' participation in 
project planning activities. 

V09 = Project engineers' ratings of their own participation in project 
planning activities. 

V10 = R&D managers' ratings of comprehensiveness. 

Vll = R&D managers' ratings of acceptance by engineers. 

V12 = Project engineers' ratings of comprehensiveness. 

V13 = Project engineers' ratings of acceptance by themselves. 
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measurable successful achievements and the higher the ratings of 

these raters of non-quantifiable factors of performance. 

As detailed in Chapter 6, there are three independent and four 

dependent variables in this research proposition. The independent 

variables are: (1) the degree of freedom, autonomy, and self-control 

allowed the project engineers; (2) the degree of joint participation in 

performance appraisals; and (3) the degree of joint participation in 

routine decisions affecting the projects. The dependent variables are: 

(1) the effectiveness of the identification and solution of technical 

problems, (2) the meeting of project milestone schedules, (3) the 

achievement of technical performance parameters, and (4) the control of 

project costs. 

The values obtained for the independent variables are perceptual 

ratings by R&D managers and project engineers. With regard to the 

ratings on performance reviews, it was found to be advantageous to 

obtain separate ratings for project reviews and for personal performance 

reviews. The values for the dependent variable, "effectiveness in 

identifying and solving technical problems" is also a perceptual rating. 

The values for the remaining dependent variables were obtained as per

centages of accomplishing the appropriate project objectives. 

It was found that no firm met all of the milestone schedules 

and that the amount of slippage varied among firms and among projects. 

In order to arrive at a basis for comparable values, two sets of 

calculations were performed. First the ratings of project engineers 

within firms were averaged in terms of the percentages of schedules met 
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and the amounts of slippage as a percentage of the time base. Then the 

percentages provided by the R&D managers and the project engineers were 

converted to a common effectiveness measure via the use of Eq. (10.1). 

E = ((% of schedules met) - (% of schedules slipped 

x % of the slippage))/100 (10.1) 

The values for the control of costs were obtained as percentages 

of budget, with values over 100 representing cost overruns. Therefore 

these were also converted to an effectiveness measure via the use of 

Eq. (10.2). 

C = 100/% of budget achieved (10.2) 

While conducting the field research, it was found that many of 

the project engineers (7 out of 12 firms) did not participate in either 

the control of costs or in maintaining cost records. Therefore, that 

data item was eliminated from the analysis for project engineers. 

The values for all of the data obtained for this proposition are 

given in Table 10.11. The Wilcoxon rank sum test was performed for each 

combination of independent-dependent variables. The results of the 

tests presented in Table 10.12 show that this proposition was statis

tically supported at the 0.10 level in 6 of 28 tests. 

Interpretation and Implications. The results of the Wilcoxon 

rank sum tests were consistent with the results obtained for other 

research propositions. The test provided little statistical support 

for the research proposition. Attempts to explain possible causes of 



Table 10.11. Summary of Data for Proposition 6, Participation in Performance Activities 

Company 

Variable 1 2 3 4 56 789 10 11 12 

Independent3 

Autonomy 
R&D mgmt. 4.00 2.50 4.00 3.50 4.00 3.50 4.50 4.10 4.00 3.50 5.00 4.75 
R&D engr. 4.62 4.00 3.86 3.00 2.50 4.50 4.25 4.00 3.00 4.00 3.00 4.12 

Proj. rev. 
R&D mgmt. 4.75 2.80 4.00 3.20 4.20 2.75 4.70 4.80 4.00 4.00 4.50 1.00 

R&D engr. 4.50 4.00 3.33 n.a. 4.75 4.35 4.00 3.90 4.00 4.00 4.00 4.50 
Perform, rev. 

R&D mgmt. 3.00 3.00 3.00 3.70 4.50 4.00 2.50 4.70 5.00 3.00 2.00 4.50 
R&D engr. 3.00 3.50 2.83 n.a. 2.00 4.50 3.50 4.05 5.00 2.50 2.50 4.00 

Dec. making 
R&D mgmt. 4.00 4.00 4.00 3.70 4.00 4.25 4.00 3.75 4.00 3.50 3.80 4.40 
R&D engr. 4.25 3.90 3.83 3.00 4.50 4.50 3.25 4.25 4.50 3.00 4.00 4.00 

b 
Dependent 

Effectiveness 

R&D mgmt. 4.35 4.20 2.70 2.50 4.20 3.30 3.30 4.00 4.00 3.00 4.00 4.75 
R&D engr. 4.00 3.00 4.25 n.a. 4.00 4.00 4.00 4.00 4.00 3.00 4.00 4.40 

Schedules0 

R&D mgmt. 93.00 93.90.50 81.60 99.00 96.20 88.50 98.20 99.00 93.00 97.10 n.a. 
R&D engr. 95.90 97.10 91.70 n.a. 97.60 95.90 92.60 96.80 9C.20 95.20 95.20 87.90 

Specification 
R&D mgmt. 87.50 85.00 96.30 70.00 97.50 97.50 95.00 90.00 98.00 85.00 92.50 99.50 
R&D engr. 85.00 90.00 91.00 100.00 100.00 92.50 94.80 87.50 100.00 98.00 100.00 97.00 



Table 10.11—Continued 

Company 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 

e 
Costs 

R&D mgmt. 100 100 89 133 85 100 75 103 83 80 100 n.a. 

'"All independent variables are on a scale of 1 to 5, with 1 lowest. 

^Effectiveness ratings are on a scale of 1 to 5, with 1 lowest. 

c 
Schedules are rated on a scale of 0 to 100%. 

d 
Specifications are rated on a scale of 0 to 100%. 

e 
Cost figures for budget divided by actual costs. 

n.a. = data not available. 

ro 
to 
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Table 10.12. Results of the Wilcoxon Rank Sum Test for Proposition 6 

Independent 
variable 

Dependent 
variable 

Category 

Low High 
Result 

R&D mgmt. 
Autonomy 
Proj. rev. 
Perform, rev. 
Dec. Making 

Effectiveness 4 
3 
6 
4 

8 
9 
6 
8 

P(W<17)=.077* 
P (W< 25) =. 814 
P (W<37) = .409 
P (W<18) =.107 

Autonomy 
Proj. rev. 
Perform, rev. 
Dec. making 

Milestones 8 
9 
7 
8 

P(W<22)=.285 
P (W<16) = .300 
P(W<31)=.438 
P(W<26)=.533 

Autonomy 
Proj. rev. 
Perform, rev. 
Dec. making 

Performance 
specs. 

4 
3 
5 

4 

8 
9 
7 
8 

P (W<15)=.036* 
P (W<23) =.700 
P(W<23)=.074* 
P(W<14)=.024* 

Autonomy 
Proj. rev. 
Perform, rev. 
Dec. making 

Costs 4 
2 
5 
4 

7 
9 
6 
7 

P(W<26)=.606 
P(W<13)=.545 
P (W<28) =.396 
P(W<26)=.606 

R&D engr. 
Autonomy 
Proj. rev. 
Perform, rev. 
Dec. making 

Effectiveness 4 
2 

4 
3 

8 
10 

8 

P (W<25) = .467 
P(W< 8)=.182 
P(W<23)=.341 
P(W< 8) = .018* 

Autonomy 
Proj. rev. 
Perform, rev. 
Dec. making 

Milestones 8 
9 
7 
9 

P(W<23)=.812 
P(W<11)=.455 
P(W<22)=.394 
P(W< 4)=.036* 

Autonomy 
Proj. rev. 
Perform, rev. 
Dec. making 

Performance 
specs 

9 
9 
7 
9 

P(W<30)=.968 
P(W< 6)=.109 
P(W<31)=.885 
P(W<13)=.545 

*Significant at the 0.10 level. 
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the lack of statistical support were made more difficult by the possible 

interaction among the variables. 

Upon reviewing the independent and dependent variables for this 

research proposition, it seemed likely that there was a strong inter

dependent relationship among the variables. Each dependent variable 

could be expressed as a multivariate function of all of the independent 

variables with interaction effects. Also, each independent variable 

could contribute to each dependent variable. For example, effective

ness in solving technical problems (dependent variable) could be a 

function of freedom and autonomy, participation in project reviews and 

participation in decision making (independent variables). Similarly, 

freedom and autonomy could contribute to effectiveness in solving 

technical problems and in meeting scheduled milestones, performance 

objectives, and budgeted costs. 

The potential interactions make canonical correlation analysis 

especially desirable for this research proposition. However, attempts 

to perform the analysis on the complete table of data failed because the 

matrix was not positive definite. The analysis was attempted by 

segregating the ratings by the R&D managers and the project engineers. 

T'.e matrix for the ratings by R&D managers also proved to be insolvable, 

but the analysis was successfully accomplished on the ratings by project 

engineers. 

The analysis yielded a canonical correlation index of 0.9 3363 

for the best linear combination of variables. This result, given in 

Table 10.13, would have been statistically significant at the 0.025 level 
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Table 10.13. Results of Canonical Correlation Analysis of Proposal-ion 6 

Linear 
combination 

number Eigenvalue 
Canonical 

correlation Significance 

1 0.87167 0.93363 0.025 

2 0.71411 0.84505 0.176 

Coefficients for Canonical Variables in the 
Best Linear Combination 

Variable Coefficient 

Predictor V07 -0.97807 
V08 0.20765 
V09 0.20765 
V10 0.08817 

Criterion V17 0.51117 
V18 0.69798 
V19 0.83954 

V07 = Freedom and autonomy given project engineers. 

V08 = Project engineer participation in project reviews. 

V09 = Project engineer participation in performance appraisals. 

V10 = Project engineer participation in decision making. 

V17 = Effectiveness in solving technical problems. 

V18 = Effectiveness in meeting project schedules. 

V19 = Effectiveness in achieving performance specifications. 
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if the required assumptions of interval-scaled data from a multinormal 

distribution had been met. 

The most heavily weighted independent variable in the first 

linear combination was "freedom and autonomy given project engineers" 

(-0.97807), with the remaining independent variables having smaller 

positive weights. All of the dependent variables had positive weights 

between 0.51 and 0.84. One possible interpretation of these results is 

that "freedom and autonomy" has a large corrective influence over the 

combined effects of the other independent variables. This interpretation 

appears to be consistent with the results of the Wilcoxon rank sum tests 

given in Table 10.12 for pairs of variables. When considering the first 

two linear combinations, all variables appear to have sufficient weight 

that no:., can be eliminated to simplify the model. 

An examination was made of the values of the data to determine 

if the ratings by the R&D managers and project engineers could explain 

the test results. The means of the ratings by R&D managers were 3.946 

for autonomy, 3.725 for project reviews, 3.658 for performance reviews, 

and 3.950 for decision making. The means of the ratings by project 

engineers for the same variables were 3.738, 4.121, 3.398, and 3.915 

respectively. With regard to the ratings on the dependent variable, 

effectiveness in solving technical problems, the means of the ratings 

by R&D managers and project engineers were 3.692 and 3.877 respectively. 

The ratings of the independent variables were so uniformly 

high that the decision point used in classifying firms as low or high 

for the Wilcoxon rank sum tests had to be made above 3.0, and in two 

cases above 3.5. At the same time, the average rating for effectiveness 
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in solving technical problems were above 3.69 on a scale of 5.0, and the 

averages of the effectiveness measures for the other performance 

dependent variables were greater than 91 on a scale of 100. With such 

high ratings and a small sample, it could be considered reasonable that 

one or two firms classified as low in participation, only in relation to 

other firms, could rank sufficiently high on the dependent variables to 

cause an apparent lack of statistical support for the research proposi

tion. 

Even though the performance measures were based on estimates, 

those estimates were made by knowledgeable and responsible persons. The 

relatively good dispersion of the ratings, as measured by coefficients 

of variation of from 5.65 to 16.65 per cent, seemed to indicate their 

objectivity. 

In summary, Proposition 6 was given some statistical support 

by the Wilcoxon tests. These results were supported, and the validity 

of the model was indicated by the canonical correlation analysis. 

Based on the high ratings of project engineers' participation in the 

decisions and control activities affecting their projects and on the 

corresponding high measures of project performance, there is descriptive 

support for this research proposition. 

Proposition 7 

The operational statement of Proposition 7 is: 

The higher the overall measures of R&D manager and project 

engineer participation in management functions and decision making 
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relative to R&D activities (from propositions 1-6), the greater 

will be R&D contributions to the economic returns of the corpora

tion. 

The independent variable, participation in management functions 

and decisions, was not assigned numerical values. Instead, the number 

of times that each firm was classified high and low in participation in 

each of the independent variables for the first six propositions was 

summed. The firms having the largest percentages of high classifica

tions in the individual propositions were classified as being high in 

overall participation. Likewise, the firms having the lowest per

centages of individual high classifications were classified as low in 

overall participation. Since all but two firms were rated high more 

often than low, it seemed unrealistic to classify a sufficient number 

of firms in the low category in order to be able to perform the 

Wilcoxon rank sum test. Instead, all twelve firms were ranked on the 

basis of the proportion of times they were rated high, and the Spearman 

rank difference test was used instead of the Wilcoxon test. 

The dependent variable, measures of economic returns, was seen 

as consisting of four subordinate variables: 

1. The annual rate of increase in sales revenues. 

2. The corporate earnings per share of stock. 

3. The ratio of current sales revenues to R&D costs. 

4. The proportion of sales revenues which were from products for 

which development was completed within the last three years. 
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Each of the above four values was averaged over the last three 

years. They were calculated from data obtained in annual reports and 

discussions with the financial officers of the subject firms. The 

calculated values for the dependent variables and the classifications of 

the firms for the independent variable are given in Table 10.14. It may 

be noted that some values for the dependent variables are missing. 

This occurred when the subject firms were divisions of a larger corpora

tion and the data for the division were not available. It was recog

nized that the subordinate dependent variables could not be assumed to 

be independent of each other; especially increases in sales revenues 

are related to earnings per share. Still it was thought that an 

examination of them could provide a more complete understanding of a 

firm's economic success. 

Spearman rank difference tests were performed for the ranking 

of each dependent variable against the independent variable. The 

results of the tests at the 0.05 level of significance are given in 

Table 10.15. 

Interpretation and Implication. Since none of the prior 

propositions were supported by the Wilcoxon rank sum tests, it was not 

surprising that this proposition on economic returns was not supported 

by the Spearman rank difference test. Since there was no known way to 

weight the individual propositions, there was no way to accurately 

predict their impact on economic returns. However, it was disturbing to 

the researcher that the Spearman rank coefficients were either negative 

or zero, tiiereby suggesting that higher participation by R&D managers 



Table 10.14. Summary of Data for Proposition 7, Economic Returns 

Company 

Variable 1 2 3456789 10 11 12 

Independent 
Summation of 
high-low 
classif. 

No. high 22 19 16 12 12 16 14 18 11 7 11 13 
No. low 2 5 6 9 8 8 10 6 7 17 13 11 
% high 91.67 79.17 72.73 57.14 60.00 66.67 58.33 75.00 61.11 41.67 45.83 54.17 
Rankinga 12 11 94685 10 71 23 

Dependent 
Increase in 
sales, % 16.50 n.a. 203.40 22.80 n.a. n.a. 18.00 19.80 41.90 58.80 859.00 3.70 
Earnings per 
share, $ 0.49 n.a. n.a. 0.94 n.a. n.a. 1.58 0.39 0.47 0.04 n.a. 0.81 
Sales to R&D, 

ratio 8.70 n.a. 31.20 17.50 8.33 13.40 15.20 23.10 17.90 30.90 32.80 31.70 
% sales of new 
products 38.00 32.00 22.00 37.00 50.00 n.a. 80.00 58.00 20.00 55.00 n.a. 50.00 
% increase in 
R&D costs 14.00 n.a. 50.00 10.72 n.a. n.a. 24.40 -16.80 21.70 25.00 20.30 -2.40 

a 
Ranked 1 to 12, with 12 being the highest or best ranking. 

n.a. = data not available. 

ro 

to 
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Table 10.15. Results of the Spearman Rank Difference Tests for 
Proposition 7 

Independent 

Participation 

Dependent 

Rate of increase 
in sales rev nues 

Rank 
difference 
correlation 

-0.33 

Decision 

Accept H 

Earnings per share 

Ratio of current 
sales revenues to 
prior R&D 

- 0 -

-0.51 

Accept H 

Accept H 

Proportion of sales 
revenues from new 
products 

-0.33 Accept H 
o 
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and project engineers in R&D management functions and decision making 

would result in decreased (rather than increased) economic returns to 

the corporation. A descriptive study was made of the measures of 

economic returns in search of possible causes. 

As previously discussed in analyzing Proposition 1, the rate of 

increase in sales revenues is a function of a number of factors 

besides the effectiveness of the R&D program in developing new products. 

These factors included competition in the market niche and the effec

tiveness of the marketing program as well as the development of appro

priate products to take advantage of marketing opportunities. The most 

significant examples of this were two firms that were in a high growth 

phase and had captured a major portion of a particular market. One, a 

high participative firm, has enjoyed an average growth rate of over 200 

per cent for the last three years. The other, a low participative firm, 

which entered the data entry market in 1971, has achieved a remarkable 

average annual growth rate of 859 per cent. From $138,000 in 1971 to 

$4,345,000 in 1975. The firm with the third highest growth rate of 

58.8 per cent over the last three years had begun to level off after an 

average annual growth rate of over 1,000 per cent over its initial 

five year life. Since data were not available for three firms, the 

sample for this test consisted of only nine firms. With this small 

sample size, the unusual growth rates for the three firms discussed 

above, cause the test results to be of doubtful validity. 

The poor relationship between earnings per share of stock and 

R&D costs appears to have been caused by too small a sample, the 

economic slump during the previous two years, and by the unusual profit 
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status of two firms. Because of the unavailability of earnings per 

share data, the sample for this test consisted of only seven firms. 

One relatively new firm with the largest increase in sales revenues for 

the last three years had just achieved a profitable status, but its 

average earnings per share was still negative. In the other firm, also 

new in this product area, consistent increases in sales revenues had 

been achieved with an upward trend in reducing operating losses, but the 

firm still had an operating loss during 1975. Four other established 

firms had suffered reductions in sales revenues and earnings per share 

during 1975. Based on these circumstances, earnings per share is not 

considered a valid measure to be tested for this proposition. 

The ratios of sales revenues to R&D costs were analyzed by com

paring their changes for the last three years. Except for one 

stabilized firm with a low rate of growth and a low annual investment 

in R&D, there was a high correlation between the growth rate in sales 

revenues and the ratio of sales revenues to R&D costs. A Spearman rank 

difference test yielded a coefficient of correlation of 0.80, which was 

significant at the 0.05 level. The assertion that this can be 

attributed in part to effectiveness of the R&D programs is based on a 

high correlation between the rates of increases in sales revenues and 

the rates of increases in R&D costs. The Spearman rank difference test 

yielded a coefficient of correlation of 0.70 which was also significant 

at the 0.05 level. 

With regard to the variable "the proportion of sales revenues 

attributed to new products developed within the last three years," the 

three year time base turned out to be too sensitive to phases in the 
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sales life cycles of products developed by the subject firms. Company 3 

had sustained a very high sales growth from a family of equipment that 

was completed four years previously, so their proportion of sales of 

newer equipments was correspondingly low. Company 7 also had a good 

average growth in sales revenues. However, that firm had just intro

duced a major new development during the first part of the current 

fiscal year to replace one which had reached the sales decay phase. 

The new product had not achieved its sales growth and had made little 

contribution to sales revenues during the last fiscal year. The pro

portion for that firm is expected to be approximately 70 per cent for 

the current year. 

In summary, Proposition 7 was not supported by the Spearman 

rank difference tests. The lack of support is believed to be duo, in 

part, to unusual economic results for the last three years and the small 

sample sizes. The failure of the statistical analysis to provide 

support for the proposition was nut considered to be as important as 

the indicators that all of the firms are in a dynamic technology and 

appeared to have R&D departments which have been effective in developing 

new equipment to keep pace with advances in the technology and changes 

in market conditions. 

Summary of the Field Research Results 

None of the research propositions was strongly supported by the 

statistical analyses. This lack of support raised questions regarding 

the reliability and sensitivity of the measuring devices and of the 

validity of the research model. The perceptual rating scales were 
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analyzed and believed to be acceptable on the basis of the similarity of 

ratings within firms for the same variables, as well as on the basis of 

differences of rating between variables both within firms and among 

different firms. In most instances, perceptual ratings were accompanied 

by supporting comments. The conceptual model was analyzed, and the 

results of statistical tests of the research propositions were inter

preted. In spite of the general lack of statistical support, the 

descriptive analysis provided some interesting findings which appeared 

to support the research objectives and to provide insight into 

effective management of R&D activities. 

Proposition 1 was formulated to determine if the participation 

of R&D managers in formulating and approving corporate annual goals 

would result in greater importance being placed on R&D activities as 

evidenced by a larger proportion of corporate resources being devoted 

to R&D. The proposition appeared in part to have failed to be supported 

statistically because the three dependent variables were also affected 

by factors other than investments in R&D. The upward trend in sales 

revenues and the upward trend in R&D investments, with individual dis

crepancies explained, coupled with the trend toward increased participa

tion of R&D management in strategic and product planning committees 

provided qualitative support for the proposition. 

Proposition 2 was formulated to test if higher participation of 

R&D managers and project engineers in setting R&D goals lead to those 

goals being more specifically defined. The statistical tests were 

considered inconclusive because copies of R&D goals were made available 

by only two firms. The fact that these two firms were ranked among the 
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top three firms in goal specificity indicated a natural propensity to 

rank higher that which is given in detail over that which must be 

interpreted from brief statements. The primary finding was a trend 

toward higher mutual participation in setting R&D goals within the R&D 

department and between R&D and marketing. Based on this overall high 

degree of participation, and the preponderance of firms including 

product specifications in goals, a tentative conclusion was reached 

that MBO is applicable to setting R&D goals and contributes to goal 

specificity. 

Proposition 3 was formulated to investigate if the participation 

by R&D project engineers in generating R&D project proposals lead to more 

creativity in the generation of product ideas. This proposition was not 

supported statistically. The qualitative finding was that MBO firms had 

more joint participation by R&D and marketing in generating project 

proposals. Also, it was observed that non-MBO firms tended to be 

moving toward the joint participation process. Because of these 

findings, it was concluded that joint participation would have been a 

more appropriate independent variable in the conceptual model than was 

the generation of proposals within the R&D department. 

Proposition 4 was formulated to investigate if R&D management 

participation in the evaluation and selection of R&D project portfolios 

leads to increased usage of quantitative analysis models with expected 

values of returns being the primary selection criterion. It was learned 

that the evaluation and selection techniques are still designated 

predominately by top management, and there was a corresponding lack of 

the use of quantitative analysis models. Consequently, it was felt that 
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a meaningful statistical test could not be performed without greater 

variability in the data. The most important finding seems to be the 

trend for project evaluation and selection to be performed by integrated 

project planning committees with manually calculated projected economic 

returns becoming the primary selection criterion. 

Proposition 5 was developed to test if higher participation by 

R&D project engineers in project planning leads to more comprehensive 

planning and to higher acceptance of and commitment to the plans by 

engineers responsible for accomplishment. Participation in planning is 

a key ingredient in MBO, and acceptance and commitment are purported 

benefits of MBO. The consistently high ratings for the independent 

and dependent variables made the statistical analysis difficult to 

perform and the results of questionable value. It was inferred that 

there is a strong propensity for R&D departments performing equipment 

development projects to use MBO processes in project planning even in 

non-MBO organizations. Furthermore, the high ratings on participation 

were accompanied by equally high ratings on comprehensiveness and 

acceptability. 

Proposition 6 also tested if the use of MBO processes by project 

engineers leads to increased effectiveness in achieving project 

objectives. Similar to Proposition 5, R&D managers* and project 

engineers' ratings of project engineer participation in R&D decisions 

through MBO processes and achieving favorable results were consistently 

high in all twelve firms. This was not interpreted to mean that non-

MBO processes would lead to unfavorable results. There were no 

contrasting results with which to make a comparison. 
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Proposition 7 could be restated simply that if the use of 

participative MBO processes, shown in Fig. 6.2, would lead to increased 

effectiveness in individual R&D activities, the overall result should 

be increased economic returns. Analysis of the proposition proved to 

be difficult because of the high participation with commensurate good 

results prevalent in the prior propositions, even though none of them 

wa.s strongly supported statistically. It was difficult to rate a 

sufficient number of firms as being low in participation to make a 

meaningful Wilcoxon rank sum test. The firms were ranked by the 

proportion of times they were classified as high in participation in 

the prior propositions. A Spearman rank difference test did not 

statistically support the research proposition. All of the firms had 

achieved high economic returns as measured by growth of sales revenues 

over the last several years. Some unusual economic achievements 

apparently resulted from the lack of homogeneity in the sample; i.e., 

differences in the growth staqe of the corporation, products, and 

marketing environments. 

Overall, there appeared to be afficient qualitative basis to 

conclude that MBO processes can be used to manage R&D in companies that 

develop and market electronic computer equipment. While it could not be 

claimed that the participative management and MBO processes used within 

this sample of firms were responsible for the effectiveness of the 

organizations, there was no evidence that such techniques adversely 

affected effectiveness within any company. 



CHAPTER 11 

SUMMARY, CONCLUSIONS, AND IMPLICATIONS 

The problems in managing R&D disclosed by the literature search 

are briefly summarized, and the field research, which was based on a 

number of those problems, is reviewed. The findings and conclusions 

from the field research are discussed, and the chapter concludes with a 

description of implications for both R&D management and future research. 

Background for the Research 

Research and development (R&D), in a broad context, is defined 

as the organized and managed research and discovery of new scientific 

knowledge and its systematic use in the invention and production of new 

or improved products, materials, and processes. R&D forms the scientific 

foundation for technological change which has been identified as one of 

the most powerful forces influencing the American economy. For example, 

between the years of 1919 and 1955, 90 per cent of the increase in 

output per man was attributed to R&D. 

Need for the Research 

A 25 year period of rapid growth in R&D accomplishments and 

expenditures was brought to a leveling off by the economic recession of 

the early 1970's. A resurgence of investments in R&D was observed in 

1974, but it was accompanied by an awareness of a need for increased 

effectiveness in R&D programs and greater economic returns from 

25] 
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investments in R&D. The low rate of success in marketing R&D outputs, 

reported to be less than 50 per cent, increases the difficulty of fund

ing R&D. As a result, more emphasis is now being placed on a short 

term return-on-investment basis, and high risk-high potential programs 

are being reduced. 

A review of the literature revealed a number of problems con

tributing to the reduced level of effectiveness in R&D. Major problems 

include the isolation of R&D from upper management and other corporate 

functional departments, the difficulty in setting specific R&D goals, 

the lack of effective implementation decisions at technology transfer 

interfaces, the indeterminate nature of R&D, and the difficulty in 

managing scientists and engineers because of their professionalism and 

individualism. These problems indicate the need for a management system 

which can be used to increase the effectiveness of R&D programs. 

Objectives of the Research 

There were two primary objectives of this research. The first 

was to investigate management techniques currently being used in the 

accomplishment of R&D activities and to identify those techniques which 

appear to be more effective. The other wa:; to determine through field 

research if Management by Objectives (MBO) can be applied to R&D 

activities to improve their effectiveness. 

The methodology consisted of a conceptual study based on a 

survey of R&D and MBO literature, and a field research project to test 

the general research thesis derived in the conceptual study. 
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Conceptual Research Study 

The various types of R&D activities were analyzed to select the 

domain for the research. Then basic management functions were reviewed, 

both for R&D activities and as accomplished under MBO, in order to 

derive the general research thesis and to develop specific research 

propositions. 

R&D Activities 

Rather than one scientific process, R&D consists of three major 

activities which are generally categorized as basic research, applied 

research, and development. Of these three, development is the one which 

is most widely performed by companies of various sizes that design, 

develop, produce, and market new products or systems, and is most 

directly related to economic growth. Thus, this study was focused upon 

industrial R&D, and the field research was conducted on companies 

involved in product development. 

Management of R&D 

Management of R&D was discussed under the typical management 

functions of planning, organizing, directing, and controlling. 

Planning. Planning, as treated herein, encompasses the 

setting of corporate and R&D goals, planning processes, project pro

posals, project evaluation and selection, and preparation of project 

technical plans. Concern had been expressed that adequate R&D planning 

is not being accomplished because of the uncertainties inherent in R&D 

and the complex sequence of planning activities. A convergent top 
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down-bottom up planning process seems to be needed with close coopera

tion among top management, financial management, the corporate planning 

staff, marketing management, and R&D management. The Majority viewpoint 

expressed in the R&D literature is for R&D managers to participate with 

top management in developing corporate goals and strategies and in 

setting R&D goals. Several studies noted that project proposals have 

been generated predominately by the R&D staff, but top management 

influenced project proposals primarily by communicating organizational 

needs and opportunities to R&D management. Little use has been made of 

the many available quantitative analysis models for evaluating and 

selecting R&D projects. There seems to be a general consensus that 

projects should be evaluated on the basis of economic projections, and 

the use of some form of mathematical model is needed, but the variety of 

models and the complex nature of strategic decisions make the selection 

of an appropriate model very difficult. The preparation of technical 

project plans require the scheduling of uncertain events subject to 

subjectively estimated completion times and costs. 

Organizing. -Organizing has generally not been treated as a 

specific topic or as a specific problem in R&D literature. Writers of 

texts on R&D management have recommended that R&D activities be 

accomplished by project teams and that R&D managers be placed suffi

ciently high in an organization to participate in planning decisions. 

Directing. A participative leadership style of managing R&D 

scientists and engineers was recommended in all pertinent R&D literature 

reviewed. Scientists and engineers were described .is creative 



individualists who require freedom and autonomy in their work, and 

attempts to impose autocratic leadership resulted in lower morale and 

productivity. 

Control. There have been indications of inadequate control 

of R&D activities using traditional management techniques. The 

participation of R&D scientists and engineers in establishing control 

procedures, bilateral communications within R&D organizations, and 

effective interaction with other organization departments are con

sidered essential for effective control of R&D programs. 

Management by Objectives 

The philosophy of MBO, management functions as accomplished 

under MBO, and the benefits of MBO were reviewed. 

The Philosophy of MBO. Under the basic tenants of MBO, a 

subordinate manager participates in defining his objectives, identifying 

the performance standards to be met, planning of activities to meet 

these standards, and evaluating the results. Participants practice 

self-control in the accomplishment of planned activities. 

Planning. Under MBO, subordinates' participation in setting 

objectives helps to ensure congruency between personal and organiza

tional goals and generally results in higher levels of ego involvement 

and increased motivation. Participation in the preparation of action 

plans helps to ensure better understanding and acceptance of duties and 

responsibilities. 
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Organizing. Organizing under MBO is generally addressed under 

planning activities, such as the identification of goals in terms of 

controllable areas of responsibility and the clarification of the 

organizational structure—titles, duties, and responsibilities. The 

establishment of a power and authority structure that matches subordinate 

expectations is stressed. 

Directing. A participative leadership style is generally 

recommended for MBO, but an authoritarian approach is also considered 

applicable when subordinates need the leader for his knowledge, skills, 

and resources. 

Control. An MBO system typically includes a closed loop 

control system in which self-control is practiced and participation in 

corrective action decisions and performance reviews provide a feedback 

mechanism for closing the loop. 

Benefits and Limitations of MBO. Proponents of MBO have 

widely acclaimed benefits to both organizations and individuals. For 

organizations, MBO contributes to increased production and better 

identification and coordination of objectives, focuses managerial 

efforts on common points, and results in improved planning and clarifi

cation of duties. Individuals benefit from MBO through higher ego 

involvement, increased motivation, achievement of personal needs, and 

improved superior-subordinate relations. 

These benefits have been generally supported by the somewhat 

sparse empirical studies reported in the literature. However, one study 
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noted that MBO is not being fully used throughout the managerial system, 

and another reported that managers' perceptions of the benefits of 

participation in setting goals are directly related to their previous 

attitudes on participation. 

Comparison of R&D and MBO Organizational Structures 
and Management Processes 

R&D organizations are typically organic systems operating in 

dynamic environments with high uncertainty and unpredictability. On the 

other hand, MBO appears to be especially suited for production type 

organizations which operate in stable environments; such systems tend 

to become mechanistic but are made more organic by the participative 

nature of MBO. 

Management functions appear to be more complex in R&D settings 

than in ideal MBO systems because of the uncertainties inherent in R&D 

and by the complex sequence of decisions necessary at each interface 

in the R&D work flow process. Management is facilitated in typical 

MBO programs by joint participation in setting results-oriented produc

tion goals for typically routine on-going projects with definable 

tasks, responsibilities, and milestones. 

It appears to be significant that the resolution of the un

certainties inherent in R&D may be accomplished through participation by 

subordinates in the planning and decision making processes, which is an 

essential ingredient in MBO. 
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Development of the Research Propositions 

A general thesis was formulated, and seven specific research 

propositions used to test the general thesis were developed. 

General Thesis 

The general thesis that was tested is: 

The greater the use of MBO processes in R&D management and 

decision making, the greater will be the effectiveness of a firm's 

R&D program. 

MBO processes were defined to include the following activities: 

1. Participation in formulating overall corporate goals. 

2. Participation in the setting of goals at each organizational 

level by the individual or group responsible for accomplishment 

of the goals. 

3. The preparation of plans setting forth methods of achievement 

of the goals; delineation of tasks and responsibilities, 

milestones, and performance review schedules and procedures. 

4. The exercise of self-control and participation in making 

decisions relative to the performance of tasks which lead to 

the goals. 

5. Participation in performance reviews at specified milestones and 

at the end of designated periods. 

Activities contained in the R&D innovation process were defined 

to include: 

1. Establishing corporate annual goals. 



2. Setting R&D goals. 

3. Generating R&D project proposals. 

4. The R&D project evaluation and selection process. 

5. Project planning and control procedures. 

6. Project performance and control activities. 

7. Economic returns from R&D projects. 

Research Propositions 

A specific theoretical research proposition was developed in 

Chapter 6 for each of the seven R&D activities. Each theoretical 

proposition was then operationalized in Chapter 7 so that independent 

and dependent variables, indicators, and measuring devices could be 

identified. 

Summaries of the rationale for each research proposition, 

derived from the R&D and MBO literature, and its operational statement 

are given in the ensuinq paragraphs. 

Proposition 1. The importance of R&D as a basic element in 

corporate strategy is stressed in R&D literature. Through participation 

in executive decisions, R&D managers bring their needs, knowledge, 

and viewpoints to the decision making process. Their participation 

contributes to influencing other organization departments to promote 

R&D, the integration of R&D with marketing and production, and the 

identification of technical programs which are in consonance with the 

needs, resources, and strategies of the firm. These results provide 

the bases for the concept that an increase in R&D participation in the 

corporate goal setting process will result in an increased importance 
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of R&D in corporate goals, which will be reflected in increased 

resources being allocated to R&D. 

Proposition 1 was operationally stated as: 

The higher the rating of top management and R&D management of 

the participation of R&D managers in formulating and approving 

corporate annual goals, the larger will be the proportion of 

corporate resources invested in R&D. 

proposition 2. Clear measurable R&D goals are needed to provide 

the basis for R&D activities which support corporate objectives and to 

give direction to R&D project engineers for the accomplishment of their 

duties and responsibilities. The MBO concept that participation in 

goal setting by those responsible for accomplishment of those goals is 

related to the clarity of goals has been substantiated through empirical 

study. R&D managers and engineers have the knowledge, expertise, and 

self interest to define R&D goals in terms of measurable results, 

technical characteristics, feasibility, constraints, and schedules. 

Thus, the concept was developed that an increase in R&D participation in 

setting R&D goals will result in R&D goals being better defined and 

more explicitly stated. 

Based on such a discussion, the following proposition relative 

to setting R&D goals was operationally stated: 

The higher the ratings of top management, R&D managers, and 

R&D project engineers of the extent of the participation by R&D 

managers and project engineers in establishing R&D annual goals, the 
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higher will be the ratings of judges of the specificity of those 

goals with regard to objectives, outputs, and measurable results. 

Proposition 3. Since the R&D department is the primary source 

for most of the information needed to generate comprehensive R&D project 

proposals and is a contributing source for the remaining information, 

R&D is in the best position to develop good proposals. Therefore, it 

appears logical that firms which encourage R&D participation in 

generating R&D proposals will have a better flow of ideas as recom

mended by Blake and Mouton (1969). 

On this basis, the following proposition was operationally 

stated: 

The higher the proportion of the project proposals submitted 

by R&D personnel, the more will the number of project proposals 

considered exceed the number which are approved so that a higher 

degree of selectivity is maintained. 

Proposition 4. In view of the availability of many mathematical 

models capable of estimating the highest payoff values for competing 

projects, the_ indicated desire of R&D managers for improved methods of 

project evaluation and selection, and the greater ability of R&D 

managers to understand the operation of models and to perceive their 

usefulness, the proposition pertaining to R&D project evaluation and 

selection process was operationally stated: 

The higher the ratings by R&D managers of their participation 

in the R&D project evaluation and selection process, the greater 

will be the proportion of project portfolios selected on the basis 
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of the highest expected payoff values estimated through the use of 

quantitative analysis models. 

Proposition 5. A need for improved R&D planning is stressed in 

R&D literature. The viewpoint is expressed that if R&D scientists and 

engineers participate in the preparation of plans and in the definition 

of the limits of control, they will accept the procedures as desired 

action guides for self-control. Many individuals believe that major 

advantages of MBO attained through the participation of subordinates 

in the planning process include a better definition of responsibilities, 

establishing road maps for the attainment of objectives, and acceptance 

and commitment to tasks and responsibilities delineated in the plans. 

Thus, the operational statement of Proposition 5 was formulated 

as: 

The higher the ratings by R&D managers and project engineers 

of the extent that project engineers participate In developing 

project plans and control procedures, the higher will be the 

ratings by the same raters of the comprehensiveness of such plans 

and of project engineers' acceptance of responsibility and 

accountability for accomplishment of the plans. 

Proposition 6. R&D engineers perform more effectively when 

they participate in decisions regarding the direction of their work and 

are given freedom and autonomy in the performance of duties. Manage

ment's need for control can be achieved, without inhibiting creativity, 

by the participation of engineers in establishing control procedures and 

using self-control. The measurement of performance is accomplished best 
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through joint project reviews and mutual personal performance appraisals. 

Participation by the responsible engineer in each of these processes is 

believed to contribute to increased performance, improved decisions, and 

job satisfaction. 

Therefore, with regard to R&D project performance and control 

activities, the research proposition was operationally stated: 

The higher the ratings of R&D managers and project engineers 

of the extent of participation of project engineers in routine 

decision making relative to project performance and control, the 

greater will be the measurable successful achievements and the 

higher the ratings of those raters of effectiveness in solving 

technical problems. 

Proposition 7. The extended R&D process culminates with R&D 

contributions to the economic returns of the corporation. Good R&D 

outputs which do not result in increased sales or lower production 

costs are of little benefit to the company. Examples of methods for 

evaluating R&D effectiveness include an analysis of the proportion of 

current sales generated through the R&D effort over a specified period 

of immediately preceding years, and the effect of R&D on sales volume, 

revenues, and profits. 

All of the activities identified in Proposition 1 through 6 

comprise the R&D contribution to these overall economic results. 

Consequently, the operational statement of Proposition 7 is: 

The higher the overall measures of R&D manager and project 

engineer participation in management functions and decision making 
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relative to R&D activities (from Propositions 1-6), the greater 

will be R&D contributions to the economic returns of the corpora

tion. 

The Field Research 

Narrative information was needed on the management techniques 

being used by companies in the research sample, while the indicators and 

measuring instruments developed for testing the research propositions 

called for a combination of factual data and perceptual ratings by 

respondents. A field interview was selected as the method to collect 

these combined data. 

The Research Sample 

A constraint of limited resources, both in time and money, 

necessitated the use of a small research sample and a concentrated 

geographical area. A maximum possible degree of sample homogeneity was 

sought to reduce the danger of spurious results which could be caused 

by factors other than management techniques. Thus, firms were selected 

from one technology area and were matched, insofar as possible, by 

approximate size, type of product, market, and economic environment. 

After considerable effort, the cooperation of twelve Arizona 

and California firms that were performing R&D, developing, producing, 

and marketing electronic computer equipments was obtained. In order to 

obtain this large a sample, it was necessary to relax the initial 

criteria to include firms that produced more than one product, so long 

as the products were related by technology urea and were marketed in 

the same market nr'.v, In additic- size of the firms was allowed 
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to range from 125 to 1700 employees as long as the companies performed 

the same basic R&D activities. 

Data Collection 

After the field interview questions and rating forms were 

validated via two pilot studies, data for the field study were collected 

through a confidential interview with each respondent. Information 

collected from the organizations was not summarized on a summary form 

until the entire field study was completed in order to minimize 

potential unconscious researcher bias. 

To gain the confidence of respondents, the researcher explained 

the coding system that was designed to preclude the identification of 

any subject person or firm. It was further promised that no actual 

quantitative corporate data would be published; only appropriate ratios 

would be used. Insofar as can be determined, this procedure was 

accepted by respondents in all subject organizations. 

The primary subjects interviewed were representatives of top 

management, R&D management, R&D project engineers, and finance 

officers. In addition, brief interviews were held with representatives 

of the manufacturing, marketing, and planning departments to acquire 

information on the interfaces between these departments and R&D. 

Discussion of Results and Conclusions 

Two types of data were collected and analyzed in this research. 

First, narrative information was obtained on the management techniques 

and methods used to accomplish R&D activities and summarized as general 

findings. Second, perceptual ratings were obtained on the extent of 
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participation of R&D managers and project engineers in decisions 

affecting R&D activities, and combined perceptual ratings and 

quantitative data were obtained on performance measures. The results 

and conclusions from these data are presented as test results and 

analysis of research propositions. 

General Findings 

Attempts to obtain a research sample that was homogeneous in 

major aspects except for R&D management methods were not entirely 

successful. Although the twelve firms included in the research sample 

are developing and marketing computer equipment, only two of the firms 

have directly competitive product lines and are operating within the 

same marketing environment. Further, only six of the twelve firms are 

autonomous corporations. Of the remaining six firms, two are de

centralized divisions; two are wholly owned subsidiaries of parent 

corporations; and two are corporations in which computer equipment is 

developed and marketed in one of three partially decentralized divisions. 

Respondents in five of the twelve firms reported the established 

use of MBO systems, and MBO has been implemented within the year just 

prior to this study in two additional firms. In one of the latter two 

firms, the MBO system was implemented by a new vice president of 

engineering and was not being used throughout the corporation. In all 

twelve firms, however, participative management—the participation of 

subordinates in routine decisions regarding their daily work—was being 

practiced by R&D managers, and many processes characteristic of MBO 

(e.g., engineer participation in setting R&D objectives and in project 



267 

planning, autonomy and self-control practiced in project performance, 

and participation in corrective action decisions) were being used at the 

project level. 

The narrative information revealed a recent trend in the use of 

executive committees in establishing corporate and R&D goals. Executive 

committees had been established in nine of the twelve firms, and six of 

these nine firms had established strategic and product planning 

committees. These committees, which included R&D managers, integrate 

marketing opportunities and R&D product developments to increase 

corporate sales revenues. 

This integrative planning method extends downward to include the 

generation of R&D project proposals. Many project proposals were 

generated through the sequential definition of corporate and R&D goals, 

and most of the other project proposals were jointly prepared by R&D and 

marketing personnel. 

There was very little use of computerized quantitative analysis 

models to evaluate and select R&D project proposals. However, a 

positive trund had developed in the use of economic analysis with some 

form of return on investment, marketing opportunities, and profit 

margins as the primary selection criteria. It appeared that this trend 

had resulted from the integrative planning process previously noted. 

With regard to R&D project planning and performance, participa^ 

tion by project engineers was the norm in all twelve firms. Such 

participation, a key ingredient in MBO, had contributed to a high degree 

of commitment by project engineers to the achievement of project 
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objectives with corresponding high performance as indicated by the 

solving of technical problems and the achievement of design objectives. 

The R&D contributions to corporate economic returns were not 

analyzed under general findings, except to note that eight of the nine 

firms for which data were available had achieved growth rates equal to 

or greater than the 16.5 per cent annual growth rate reported for five 

leading innovator companies. Thus, it appears that the use of 

participative management in R&D activities commensurate with MBO 

processes, and the integration of R&D and marketing activities have 

made major contributions to the overall success of the firms included 

in this research. 

Based on these discussions, the following conclusions were 

drawn: 

1. Conclusion 1. MBO is a viable system for managing R&D programs 

in firms that develop, produce, and market electronic computer 

equipment/products. 

2. Conclusion 2. The use of integrated planning committees (with 

participation by R&D and marketing) can be a useful way to 

implement MBO, and contributes to establishing corporate and 

R&D goals and R&D projects which fulfill marketing needs and 

opportunities. 

3. Conclusion 3. The lack of use of mathematical models to 

evaluate and select R&D project proposals, reported in R&D 

literature, was confirmed within this research sample. 

4. Conclusion 4. Participation by project engineers in the planning 

and performance of R&D projects, as recommended by proponents 
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of MBO, is widely practiced within R&D departments and is 

believed to contribute to the achievement of high levels of 

project performance. 

These conclusions are based on narrative information collected 

from a small sample (12) firms. However, in view of the heterogeneity 

in the firms' sizes, specific products, and markets, as well as the 

homogeneity in management functions and the activities comprising a 

R&D innovation process, these conclusions appear to be valid for other 

firms in the electronics industry. Generalization beyond the elec

tronics industry is not attempted. 

Test Results and Analyses of Research 
Propositions 

Non-parametric statistical tests were used to test each 

proposition. None of the research propositions was strongly supported 

by the statistical analysis. Therefore, descriptive analyses were 

conducted to help interpret the results of the statistical analyses. 

Proposition 1. Proposition 1 was formulated to determine if 

the participation of R&D managers in establishing corporate annual goals 

would result in greater importance being placed on R&D as evidenced by 

a larger proportion of corporate resources being allocated to R&D. When 

this proposition was not statistically supported at the 0.10 level of 

significance by Wilcoxon rank sum tests, this lack of support raised 

questions regarding the reliability and sensitivity of the measuring 

devices and the validity of the research model. 
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The perceptual rating scales were analysed and are believed to 

be acceptable on the basis of the similarity of ratings within firms 

for the same variables, as well as on the basis of differences of 

ratings between variables both within firms and among different firms. 

In most cases, perceptual ratings were accompanied by supporting 

comments. Canonical correlation and multiple stepwise regression 

analyses suggested that a useful predictive model for the proposition 

is possible by weighting individual variables, but the model might be 

simplified and improved. 

A descriptive analysis indicated that this proposition may 

have failed to be supported statistically because the three dependent 

variables were also affected by factors other than investments in R&D. 

The upward trends in R&D investments and sales revenues, with individual 

discrepancies explained, coupled with the observed trend toward 

increased participation of R&D management in strategic and product 

planning committees suggested qualitative support for the proposition. 

Proposition 2. This proposition was formulated to test if 

higher participation of R&D managers and project engineers in setting 

R&D goals leads to those goals being more specifically defined. 

Proposition 2 was not supported by the Wilcoxon rank sum tests at the 

0.10 level; although five of eight tests were in the positive, 

supportive, direction. The lack of support appeared to result from 

the consistently high ratings of participation in setting goals which 

increased the difficulty in accurately classifying firms as high or 

low participative firms, and from the lack of clarity in goal statements 
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(.only two firms provided actual copies of R&D goals) which rendered the 

specificity measures of the goals insensitive to variations in actual 

specificity. 

The primary findings of a trend toward higher mutual participa

tion in setting R&D goals within the R&D department and between R&D and 

marketing and the preponderance of firms including product specifica

tions in goals provided some indication that participation in setting 

goals contributes to goal specificity. However, a more in-depth study 

would be required before a firm conclusion could be reached. 

Proposition 3. This proposition was formulated to investigate 

if participation by R&D project engineers leads to more creativity in 

the generation of product ideas. Since P(W>40) = 0.134 and P(W>39) = 

0.172, both exceeded 0.10; therefore Proposition 3 was not statistically 

supported at the 0.10 level of significance. Analysis of the procedures 

used in this sample of firms indicated a trend toward higher joint 

participation by R&D and marketing which appeared to provide a more 

effective method of generating project proposals but through its 

screening process contributed to the lack of significance in the 

statistical tests. 

Proposition 4. This proposition was developed to investigate if 

R&D management participation in the evaluation and selection of R&D 

project portfolios leads to increased use of quantitative analysis 

models with expected values of returns being the primary selection 

criterion. For the Wilcoxon test result, W = 25, P(W<25) = 0.134. 

Therefore, the desired 0.10 level of significance was slightly exceeded. 
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The lack of significance of the statistical test was possibly 

due to the low levels of participation of R&D management in decisions 

on project evaluation and selection techniques. The beneficial finding 

of the descriptive analysis was the increasing use of formal economic 

analysis with some form of returns on investments as a primary selection 

criterion. 

Proposition 5. This proposition was developed to test 

if higher participation by project engineers in project planning leads to 

more comprehensive planning and to higher acceptance and commitment to 

the plans by engineers responsible for accomplishment of such plans. 

Proposition 5 was statistically supported in only one of four 

tests at the 0.10 level of significance; although the remaining three 

tests were supported to a lesser degree. A canonical analysis provided 

some support for the validity of the model, retaining all variables 

appropriately weighted. The interpretative analysis of the data 

indicated that consistently high ratings of participation of project 

engineers prevented adequate variability for concise classifications of 

the firms into Ligh-low categories on the basis of the independent 

variables. Also, the consistently high ratings of the dependent 

variables obscured actual variability in the dependent variables and 

made the ranking of the firms more difficult. In essence, high 

participation by project engineers was being practiced within the twelve 

firms researched, with corresponding high measures of results. Based 

on the descriptive analysis and some statistical support, the inference 

was made that project planning is being accomplished within these firms 
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through MBO processes with high ratings of comprehensiveness and 

acceptance by project engineers. 

Proposition 6. This pioposition was formulated to test if 

higher participation by project engineers in decisions relative to 

project activities leads to higher levels of project performance. 

Proposition 6 was statistically supported at the 0.10 level of 

significance in six of 28 Wilcoxon tests, with 12 of the 22 remaining 

tests providing lesser support. A canonical correlation index of 

0.93363 for project engineer ratings supports the validity of the 

proposition model, although the inter-relationship among variables is 

rather complex. Similar to Proposition 5, the independent variables 

were rated so consistently high that some firms rated 3.5 on a scale of 

5.0 had to be classified as low in order to perform the Wilcoxon tests. 

The one perceptually rated dependent variable had an average effective

ness rating of 3.69 on a scale of 5.0, and the averages for achieving 

project performance, schedule dates, and cost objectives were greater 

than 91 on a scale of 100. Thus, there was subjective support for the 

proposition, augmented to some extent by the results of the statistical 

tests. 

Proposition 7. Proposition 7 comprised an attempt to test the 

relationship between R&D participation in the preceding propositions 

and the economic returns of the firms. None of the Spearman rank 

difference tests provided statistical support for the proposition. The 

lack of support was possibly caused by the small sample sizes, the 

explained unusual patterns of sales revenues and earnings because of 
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extraneous factors, and the too-sensitive time base used to determine 

the propositon of sales revenues from newly developed products. Thus, 

the statistical tests for this proposition were not considered con

clusive, and the lack of statistical support was not considered to be 

as important as the high growth rates in sales revenues noted in the 

discussion of Proposition 1 and in the general findings. 

Synthesis of Results and Conclusions. The research propositions 

did not receive strong support from the statistical tests. On the other 

hand, descriptive analyses indicated that joint participation by R&D 

managers and project engineers using MBO processes resulted in, or 

contributed to, the effective accomplishment of each of the R&D 

activities in the R&D innovation process. In view of (1) the small 

sample of firms available, (2) the lack of variability in most inde

pendent variables resulting from predominately high ratings of R&D 

manager and project engineer participation, (3) the lack of variability 

in perceptually rated dependent variables (also because of predominately 

high performance measures), and (4) the explained extraneous factors 

which influenced the measured dependent variables, the statistical tests 

are not considered to be as important as the descriptive analyses. 

Further research, using simplified propositions and rating 

scales which are more sensitive to small changes in measures of the 

independent variables as well as a more homogeneous sample of firms, 

would be required before firm conclusions could be reached on the test 

result and analyses of the research propositions. However, based on 
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these discussions and synthesis, it is believed that the following 

tentative conclusion can be drawn: 

5. Conclusion 5. The participation of R&D managers and project 

engineers in establishing corporate and R&D goals and in R&D 

project planning activities and performance decisions con

tributes to the utJfectiveness of R&D programs. 

This conclusion, similar to conclusions 1 through 4, is con

sidered relevant only to firms in the electronics industry, and no 

further generalization is attempted. 

Implications for R&D Management 

Even though the specific conclusions reached could not be 

generalized to all organizations that perform R&D, a number of the 

findings could be of value to the management of R&D. Some of the more 

important implications are presented. 

More than 200 articles in the R&D literature were reviewed 

during this study, and only two articles mentioned R&D use of MBO. 

However, MBO was being used in seven of the twelve firms included in 

the field interview portion of the study, counting the two recently 

implemented programs. It is believed that further awareness by 

managers of the benefits of MBO and its applicability to R&D activities 

would result in increased usage of MBO with a hopefully increased 

effectiveness in R&D management. 

The use of MBO by firms that perform R&D should increase the 

R&D managers' participation in corporate planning. This would provide 

an opportunity to influenc.- corporate goals and strategies in the 
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direction that would be congruent with the technological capabilities 

and interests of the R&D department. Concurrently, interaction and 

cooperation with marketing would be fostered so that the likelihood of 

successful marketing of R&D products would be increased. Thus the use 

of MBO could resolve the major problems noted in R&D literature as 

contributing to a low rate of achieving commercial success with R&D 

outputs. These problems include (1) isolation of R&D from other 

functional departments, (2) lack of management participation in R&D 

activities, and (3) technology transfer "implementation" problems. 

However, implementation of MBO programs in all R&D organizations 

is not necessarily suggested. Comprehensive texts on MBO, such as those 

by Carroll and Tosi (1973) and Odiorne (1965), should be reviewed in 

order to determine the desirability of implementing MBO in a particular 

organization. Major limitations of MBO and caveats on its use in MBO 

literature include the necessity for adequate training in MBO, an 

understanding of the philosophy of MBO, and a supportive climate at 

all organizational levels. In addition, the setting of objectives must 

not become an end in itself, rather a means toward better management. 

Furthermore, the use of objectives with a reward-punishment philosophy 

may lead to heavy dependence of subordinates upon their superior with 

conformity to his expectations rather than to spontaneous contributions. 

Regardless of whether MBO is used by a particular firm, the use 

of integrated planning committees appears to provide an effective method 

of establishing corporate and R&D goals which integrate marketing 

opportunities and R&D capabilities. All interview respondents who 

reported the use of integrated planning committees believed that such 
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usage resulted in better selection of market segments, greater market 

penetration, greater achievement of corporate objectives, increased 

sales revenues, and greater economic returns. These beneficial results 

may be achieved through planning committees functioning at various 

stages in the sequence of R&D activities, from the formulation of 

corporate goals to the evaluation and approval of specific development 

projects. 

One example of a sequence of operations utilizing a planning 

committee would be as follows. First, the committee develops a cor

porate goal and strategy to achieve specified sales revenues in a 

particular market segment and identifies potential products which could 

lead to the accomplishment of that goal. Those potential products are 

evaluated by R&D to determine technical feasibility, additional 

development work needed, and estimates of schedules and costs. These 

R&D evaluations then provide the committee with a basis for economic 

projections and for setting annual goals in terms of technology advance

ment and/or specific product specifications. Next, R&D and marketing 

jointly prepare project proposals which include definitive technical 

specifications, product configurations, next order estimates of 

schedule and cost requirements, and projected sales volumes for 

alternative products. These product proposals are then submitted to 

the committee for the project evaluation and selection process, which 

can include better marketing and economic projections. 
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Implications for Future Research 

Possible ways of improving this research are presented, and 

additional research designs are suggested. 

Improvements on Present Methodology 

The criteria used to obtain a sample which was homogeneous in 

most factors except management techniques were not sufficiently 

restrictive. The single SIC code did not ensure that the firms were 

operating within the same corporate structures and within the same 

markets and competitive environments. The size criterion did not define 

the ages and growth phases of the firms. Variability in these areas 

detracted from the validity of the statistical tests and made descriptive 

analysis more difficult. Criteria for similar research tests should be 

expanded to ensure homogeneity in these factors so that the differences 

in effectiveness among firms can be better related to differences in 

management techniques. 

The perceptual rating scales used to collect data for the 

research propositions were developed specifically for this research. 

The rating scales, with a range of 1 to 5, were apparently too narrow to 

detect small changes in variability of the independent and perceptually 

rated dependent variables. Since the scales had not been pretested, the 

assumptions of independent, interval-scaled, normally distributed data 

could not be justified. Consequently, non-parametric statistical tests 

had to be used instead of stronger standard parametric tests. These 

two factors contributed to the lack of conclusiveness in the statistical 

tests of the research propositions. Pretested rating scales should be 
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used wherever possible, and scales with wider ranges are recommended to 

detect the small variations. 

When developing the research propositions, the decision was 

made to use a number of supporting variables to gain greater insight 

in the variable under consideration. Such supporting variables as 

"inputs" and "influence" to describe the variable "participation" 

resulted in increased complexity of the model and increased the 

difficulty of the analysis without providing an appreciable amount of 

additional information. Similarly, Propositions 1 and 7 contained 

dependent variables which made no important contribution to the 

analysis. For example, in Proposition 1, the dependent variable "R&D 

costs as a per cent of corporate assets" was found to be a passive 

factor rather than an indicator of the importance placed on R&D. 

Wherever possible the model for each proposition should be simplified 

by eliminating such variables of minimal value. 

Additional Research Designs 

In retrospect, this research covered the very broad area of 

management techniques and procedures used for R&D activities in 

organizations. Thus, in-depth studies could not be performed for any 

one R&D activity. It is now believed that the management of R&D is of 

sufficient importance to justify a number of more specific studies. 

Worthwhile studies might include (1) the role of R&D in setting corporate 

goals, (2) the importance of specificity in R&D goals, and (3) the study 

of specific R&D projects and their contribution to corporate economic 

returns and corporate growth. 
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Other field research designs which could be used to verify and 

augment the findings of this research include (1) questionnaires mailed 

to a large sample of firms, with respondents grouped to block the 

effects of heterogeneity, (2) interviews conducted on pairs of MBO 

versus non-MBO firms, carefully matched on all possible factors except 

the use of MBO, and (3) longitudinal studies of MBO firms to determine 

and to evaluate change in management methods and effectiveness which 

could be attributed to the use of MBO. 

In conclusion, this study can be considered a pilot study of 

R&D management in one technology. Since little empirical research 

appears to have been accomplished in this area, further specific 

studies, including other technologies, offer an opportunity for 

increasing the effectiveness of R&D and its contributions to organiza

tions. 



APPENDIX A 

INTERVIEW SCHEDULES 

Interview Schedule for Top Management 

General 

1. Briefly explain to the interviewee the purpose of the research; 
express appreciation for the cooperation given; promise confi
dentiality of the information given. 

2. Ask for a brief description of the company: 

a. Organization structure 

b. Growth philosophy 

c. Products/markets 

d. Management system 

3. Discuss MBO, defined as the participation in the setting of 
goals at each corporate level by the individual or group who is 
responsible for accomplishment; the preparation of plans 
sotting forth duties and responsibilities, performance review 
schedules and procedures; the exercise of self control and 
participation in decisions relative to the performance of tasks 
which lead to the goals; participation in performance reviews 
and corrective action decisions. 

4. Ask for information on the use of MBO in the company 

a. Has it ever been or is it now being used? 

b. If so, when was it implemented? 

c. What is its present status? 

d. What is yoar overall evaluation of your experience with it? 

e. Was it ovr-r, or is it now, used in R&D. 
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II. Corporate Goals 

1. Briefly describe how annual corporate goals are established? 

2. What are the positions/titles of organization members who 
participate in the decisions in establishing corporate goals? 

3. 'low do you rate the input contribution of the R&D department 
to each corporate goal? (use scale given) 

4. How do you rate the influence of the R&D director (Manager) 
with regard to each corporate goal? 

III. R&D Goals 

1. Briefly describe how annual R&D goals are set? 

2. What are the current annual R&D goals? 

3. What are the positions/titles of organization members who 
participate in decisions on setting R&D goals? 

4. How do you rate the R&D personnel's inputs with regard to 
proposing R&D goals? (use scale given) 

5. How do you rate the amount of influence of R&D personnel in 
the decisi >ns on setting R&D goals'. 

IV. R&D Project Proposals, Evaluation & Selection 

1. Briefly describe your participation in the areas of: 

a. Assigning or requesting R&D projects? 

b. Determining the technique used and the criteria used on 
evaluating and selecting R&D projects? 

V. Project Plans 

To what degree do you participate in the technical planning of 

R&D projects? 

VI. Project Performance and Control 

To what degree do you directly participate in R&D project manage

ment and control? 

a. Monitoring/reports? 

b. Performance review meetings. 
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c. Decisions relative to the amending of project schedules or 
performance criteria? 

Interview Schedule for R&D Management 

Code 

I. General 

1. Ask for a brief description of the R&D organization: 

a. Organization structure. 

b. Number of technical personnel. 

c. Discuss MBO and get the R&D manager's views on its 
applicability and usefulness in the R&D environment. 

II. Corporate Objectives 

1. How do you rate the input contribution of the R&D department 
to each corporate goal? (use scale given) 

2. How do you rate your influence with regard to each corporate 
goal? (use scale given) 

III. R&D Goals 

1. Briefly describe the process through which R&D goals are set? 

2. How do you rate the degree of cooperation between R&D and 
marketing in setting annual departmental goals? (use scale 

given) 

3. Which functional levels of R&D personnel provide inputs 
(suggestions) into R&D goals? 

4. How do you rate the R&D personnel's inputs with regard to 
proposing R&D goals? (use scale given and rate each 
functional level) 

5. How do you rate the amount of influence of R&D in the deci
sions on setting R&D goals? (use scale given) 

6. How do you rate the mutuality of influence of the functional 
levels within the R&D department in setting R&D goals? 
(use scale given) 

7. What are the R&D goals for the current year? 
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IV. R&D Project Proposals 

1. Briefly describe the procedure for generating and processing 
project proposals. 

2. How many project proposals were submitted for consideration 
this year? /c.j proved? 

3. How do you rate the degree of R&D and marketing joint 
participation in preparing R&D project proposals? (use scale 

given) 

4. What proportion of the proposed proposals were originated with 
R&D and how many in other departments? 

R&D Marketing Management Plans 

Other (specify) 

V. R&D Project Evaluation and Selection Process 

1. Briefly describe the technique/system/model used in the 
project evaluation and selection process? 

2. Who participated in the decision to use this technique? 

3. How do you rate the relative influence of R&D on the decision 
to use this technique? (use scale given) 

4. Proportion of the proposed projects were evaluated via the 
use of a math model? 

5. Proportion of the approved projects were selected based on 
the output of the math model? 

6. In the evaluation and selection process, for how many of the 
projects in (4) and (5), above, was the highest expected 
payoff value the basis for selection? 

VI. Technical Plans and Control Procedures 

1. Who is responsible for the preparation of project technical 

plans? 

2. How do you rate the amount of participation by the design 
engineers in the project planning process? (use scale given) 

3. How do you rate the comprehensiveness of the completed plan? 
(use scale given) 
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4. How do you rate the acceptance of the planned activities as 
personal objectives and responsibilities? (use scale given) 

5. What network planning techniques are used in determining and 
scheduling project milestones? 

6. On what proportion of projects were they used? 

VII. Performance of Projects 

1. How do you rate the degree of freedom, autonomy, and self 
control given to project members in accomplishing their tasks 
and responsibilities? (use scale given) 

2. How do you rate the degree of participation of R&D project 
members in conducting: 

a. Project reviews? 

b. Individual performance reviews? (use scales given) 

3. Briefly describe the level of interface between R&D and 
marketing in project performance and project reviews, e.g., 
participation in decisions to modify schedules and/or 
performance parameters? 

4. As technical problems are discovered whic*- require changes in 
project specifications or schedules, how do you rate the 
degree of participation of R&D personnel in such decisions? 

(use scale given) 

5. On the average, how do you rate the effectiveness of project 
team:, in identifying and solving technical problems? (use 
scale given) 

6. What proportion of projects are kept within an acceptable 
range with respect to milestone schedules, performance 
parameters, and costs? 

7. What proportion of the specified project objectives or 
specifications are achieved as scheduled? 

8. What is the average time delay in transferring completed 
projects from R&D to manufacturing and thence to marketing? 
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Interview Schedule for R&D Project Engineers 

Code 

I. General 

1. Please give me a brief description of your current work 
assignment, title, and experience with the company. 

2. What is your perception of the management style used in the 
R&D department? 

XX. R&D Goals 

1. How do you rate R&D personnel inputs with regard to proposing 
R&D goals? (use scale given) 

2. How do you rate the amount of influence of R&D personnel in 
the decisions of setting R&D goals? (use scale given) 

3. How do you rate the mutuality of influence within the R&D 
department in setting R&D goals? (use scale given) 

IIT. Project Planning and Control Procedures 

1. How do you rate the amount of participation of design 
engineers in technical planning R&D projects? (use scale 
given) 

2. How do you rate the comprehensiveness of the technical plans 
for your projects? (use scale given) 

3. How do you rate: the acceptance of the planned activities as 
personal objectives and responsibilities? (use scale given) 

4. What type of network planning technique was used to schedule 
the activities and milestone events? 

IV. R&D Project Proposals, Evaluation, and Selection 

1. How do you rate the influence of R&D on the decision to use 
the selected technique to evaluate R&D projects? (use 
influence scale similar to 1 D goals) 

2. For projects not selected via the use of a m 'i model, how 
do you rate the influence of the R&D departing on the 
selection? (use same scale) 
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V. Project Performance 

1. How do you rate the degree of freedom, autonomy, and self 
control given to you in accomplishing your tasks and 
responsibilities? (use scale given) 

2. How do you rate the degree of participation of R&D personnel 
in conducting reviews? 

a. Project milestone reviews. 

b. Individual performance reviews. (use scales given) 

3. As technical problems are discovered which require changes in 
project specifications or schedules, how do you rate the 
degree of participation by the project engineer in such 
decisions? (use scale given) 

4. At what proportion of the scheduled milestoin s is the 
projects within an acceptable range with respect to scheduled 
times, performance parameters, and expenditure of funds? (use 
scale given) 

5. Oil the average, how do you rate the effectiveness of your 
project team in identifying and solving technical problems? 
(use scale given) 

6. What proportion of the specified project objectives are 
achieved as originally scheduled? (use scale given) 

Interview Schedule for Marketing 

Code 

I. Department Annual Goals 

1. How would you rate the degree of interaction (cooperation) 
between R&D and marketing in setting departmental annual 
goals? (use scale given) 

II. R&D Project Proposals 

How would you rate the degree of R&D and marketing joint partici
pation in R&D project proposals? 
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III. Annual Sales Data 

1. What were the annual sales revenues for the past three years? 
1973 1974 1975 

2. What proportion of the annual sales for the past three years 
were of products developed within the past five years? 

IV. Interlace During Project Development 

Briefly describe the level of interface and participation in R&D 
project reviews, indicating the degree of cooperation in deci
sions to modify schedules and/or performance parameters. 

Interview Schedule for Com] tiroller 

Code 

I. General 

Briefly explain to the interviewee the purpose of the research, 
express appreciation for the cooperation; promise confidentiality 
of the information given. 

II. Annual Budget Data 

1. What are the amounts of the last three annual budgets? 

a. Total investments 

b. R&D investments 

2. What were the actual investments during the past three years? 

a. Total operating costs 

b. R&D costs 

3. What are the corporate assets on the balance sheets for the 

past three years? 
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Interview Schedule for Plans 

Code 

I. General 

Briefly describe the functions of the plans department with regard 
to: 

a. Corporate goals. 

L. R&D goals. 

c. R&D project proposals, evaluation, and selection. 

d. R&D project plans. 

II. Corporate Goals 

1. How do you rate the input contribution of the R&D department 
to corporate goals? (use scale given) 

2. How do you rate the influence of the R&D director with regard 
to corporate goals? (use scale given) 

III. R&D Goals 

1. How do you rate the R&D department inputs with regard to 
proposing R&D goals? (use scale given) 

2. How do you rate the amount of influence of R&D in the deci
sions of setting R&D goals? (use scale given) 

IV. R&D Project Proposals, Evaluation, and Selection 

1. How do you rate the influence of R&D on the decision to use 
the selected technique to evaluate R&D projects? (use scale 
given) 

2. For projects not selected via the use of a math model, how do 
you rate the influence of the R&D department on the selection? 
(use scale given) 

V. Technical Plans and Control Procedures 

1. Who is responsible for the preparation of project technical 
plans? 

2. How do you rate the comprehensiveness of the completed plans? 
(use scale given) 
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3. What network planning techniques are used in determining and 
scheduling project milestones? 

VI. Technology Transfer 

What are the average time lags in technology transfers from R&D 

to manufacturing and thence to marketing? 

Interview Schedule for Manufacturing 

I. Corporate Goals 

Please describe briefly the interface among manufacturing, R&D, 
marketing, plans, and upper management with regard to formulating 
corporate annual goals? 

II. R&D Goals 

Briefly describe the interface among manufacturing, R&D, marketing, 
and plans in setting annual R&D goals? 

III. Bfiefly describe your participation in preparing R&D project 
proposals to assure producibility within your production 
facilities? 

IV. How are R&D projects evaluated and selected, and who participates 
in the decision process? 

V. What techniques are used to interface between R&D and manufacturing 
during the development of a new product? 

a. Monitoring of progress 

b. Participation in project reviews 

c. Changes in specifications and/or schedules. 

VI. How is the transfer of project responsibility from R&D to manu
facturing handled? 

1. What is the average time delay due to problems discovered in 
manufacturing causing further design work? 
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RATING SCALES FOR RESEARCH PROPOSITIONS 

Rating Scales for Research Proposition 1 

R&D INPUTS INTO CORPORATE GOALS 

None; goals 
are developed 
by corporate 
executives 

Little; makes 
recommenda
tions on 
goals devel
oped by upper 
management 

Moderate; pro- Very high; 
poses specific proposes most 
subgoals for 
overall goals 
developed by 
upper manage
ment 

R&D goals 
which are 
incorporated 
into corporate 
goals 

Prepares 
complete 
package of 
R&D goals 
and assists 
in defining 
marketing 
goals 

R&D INFLUENCE IN CORPORATE GOALS 

3 

None; posi
tion not 
considered 

Little; 
recommenda
tions re
viewed but 
little 
impact noted 

Moderate; in- Very high; Was the 
fluences most R&D goals moving force 
schedules and accepted some on R&D goals 
sub-goals but influence on with major 
no impact on marketing influence on 
major goals goals other goals 

Rating Scales for Research Proposition 2 

R&D INPUTS INTO R&D GOALS 

4 

None; R&D Little; de-
goals assigned fines R&D 
by upper mgmt goals set by 

upper mgmt 

Prepares R&D 
gocils within 
the framework 
given by 
upper mgmt 

Prepares R&D 
goals and 
negotiates 
with upper 
mgmt 

Originates 
R&D goals 
and coordi
nates with 
mgmt, market
ing, etc. 
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R&D INFLUENCE IN R&D GOALS 

1 2 3 4 5 

None; accepts Little; Moderate; Very high; Was the 
assigned effects some influences most goals moving force; 

goals revisions to schedules; accepted as R&D goals 
assigned most R&D submitted accepted as 

goals goals accepted submitted 
with revi
sions 

MUTUALITY OF INFLUENCE IN R&D GOALS 

1 2 3 4 5 

Upper mgmt Upper mgmt Upper mgmt All levels of All levels 
w/R&D mgmt and R&D mgmt mgmt w/member of R&D share 
consultation joint deci consultation in decisions 

sions 

Rating Scales for Research Proposition 5 

COMPREHENSIVENESS OF PROJECT PLANS 

1 2 3 4 5 

Severe gaps Most areas All areas All areas All areas 
in coverage covered; covered; covered; covered; 

generally moderately majority specific 
vague and specific specific and with desired 
inadequate adequate discretion 

allowed 
Areas to consider: 

Technical approach 
Tasks and responsibilities delineated 
Planning tools identified 
Milestones—events and times 
Project reviews 
Review criteria 
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PARTICIPATION IN R&D PLANNING 

All areas 
specified by 
mgr or 
standard pro

cedures 

Minor inputs; Moderate in-
mgmt decisions puts; mgmt 

decisions 

Joint inputs 

and discus

sions mgmt 

decisions 

Joint inputs; 
mutual deci
sions 

Areas to consider in evaluating participation: 
Team membership assignments 
Technical approaches to designs 
Assignment of tasks and responsibilities 
Planning tools to use 
Milestone events and times 
Cost budgeting 
Performance reviews, coverage 
Review criteria 

ACCEPTANCE OF AND COMMITMENT TO PLANNED ACTIVITIES 
AS PERSONAL GOALS AND RESPONSIBILITIES 

1 

Acceptance 
by direction 

2 

Acceptance 
with some 
reservations 
as to 
achievability 

3 

Moderately 
accepted as 
reasonable 

4 

Well accepted 
because of 
inputs being 
used in the 
decisions 

5 

Fully 
accepted 
because of 
mutual deci
sions 

Rating Scales for Research Proposition 6 

FREEDOM, AUTONOMY, AND SELF CONTROL 

1 

Close supv 
daily; all 
decisions 

made by boss 

2 

Freedom in 
routine 
activities; 
all problems 
reported for 
guidance 

3 

Freedom w/in 
plan; problems 
not readily 
solved taken 
to boss for 
decisions 

4 

Freedom w/in 
plan; problems 
taken to boss 
for joint 
decisions 

5 

Freedom w/in 
area of 
responsi
bility; dis
cretion on 
problems to 
seek help 
with 
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PARTICIPATION IN PERFORMANCE REVIEWS (Individual) 

1 

Regular re
views not 
held 

2 

Supervisor 

reviews and 

critiques 

performance 

3 

Joint reviews 

supra-subord 

relationship 

maintained 

4 

Joint reviews 
lateral 
commun; boss 
ducides on 
ratings 

5 

Joint re

views ; 
mutual deci
sions 

PARTICIPATION IN R&D PROJECT REVIEWS 

Mgmt conducts Member pre-
reviews 

Joint reviews; Joint reviews; Joint re
sents status, 
manager cri
tiques and 
makes deci
sions 

supra-subord 
relationship 
maintained; 
mgr makes > 
decisions 

free discus
sion; mgr 
makes most 
decisions 

views; 
mutual deci
sions 

PARTICIPATION IN CORRECTIVE ACTION DECISIONS 

Reported to 
top mgmt 
for deci
sions 

Reported to 
R&D mgr for 
decisions 

R&D mgr con
sults team 
ldr then 
makes deci
sions 

R&D mgr con
sults team, 
then with 
team leader 
makes deci
sions 

Joint parti
cipation by 
all levels 
of R&D in 
decisions 

EFFECTIVENESS IN IDENTIFYING AND SOLVING PROBLEMS 

1 

Serious 
problems not 
solved 

2 

Problems dis
closed at 
milestones 
delayed 
project 

3 

Problems 
identified in 
regular work; 
soln delayed 
by lack of 
team effort 

4 

Problems 
identified in 
regular work; 
soln by team 
delayed by 
technical 
difficulties 

only 

5 

All signifi

cant problems 

identified 

and solved 
within 
schedule 
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LETTER TO POTENTIAL RESEARCH SUBJECT FIRMS 

For the past year I have been pursuing a study of the management 
of research and development, as research for my doctoral dissertation. 
The objective of this project is to identify management techniques which 
may be used to increase the effectiveness of research and development 
programs. 

As part of my continuing investigations, I am preparing to 
gather data to validate the conceptual model which I have developed from 
a survey of publications by industry and academic writers. I would 
greatly appreciate your cooperation by allowing me to visit your firm 
and interview some of your personnel. 

I would like to talk with you or your designated representative 
of top management. Then I would like to interview one representative of 
R&D management, comptroller, planning, personnel, manufacturing and 
marketing departments and a technical member of your major R&D projects. 
I shall, of course, keep each interview as brief as possible while still 
being meaningful. A normal interview will not exceed one hour and will 
be scheduled to minimize the inconvenience to you. 

Upon successful completion of the research project, I shall 
prepare a summary report of the findings which I hope and believe should 
be of value to you. A copy will be provided to you if you so desire. 

I plan to be in your area between July 15 and August 10, 1976. 
I will telephone your secretary about July 6 to ascertain if you are 
willing to assist me in this research project. If your decision is 
favorable, please indicate any dates that will be most convenient for 
you, and advise the name of your representative with whom I should 
complete the arrangements. If any further information about my 
research project is desired, my telephone number is (602) 884-3600. 

Very truly yours, 

Louie B. Chester 
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SAMPLE PERSONNEL APPRAISAL FORMS 
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6 MONTH REVIEW 
For Salaried Employees & Hourly Employees 

(Not on Standard Assembly Wage Chart) 

( ] Performance Review 

Na.ne 

(Check One) 
( ] Performance & Merit Rovie 

Clock 
-Number. _Oate. 

Joo 
Tine . Dept. .Supervisor. 

Mdrk^/'in appropriate '.quart* below 

j COMMUNICATION Excellent 
Above 

Avtirage Averiiy* 
6elow 

Averse 

1 
i 

: ASKS PEHT.NENT QUESTIONS t 
ADViSbS WHkN NEEDS WORK 
ADVISES SU»'£HV ISOH OF DECiOONS MADE 
CCOMtjNiCAl E3 WITH SUPERV <SCR 
. A fclj W IHCO - WORKERS 

9 * ' •'« <ES ME AMNGFUt. WRITTEN Rfer OHTS N A i 

ATTiTliCc 
! 
I 

OIS'LAYS JOB HKSPC;\SI3IL< 1 < 1 
'SHOWS INITIATIVE 
ACCEPTS ADDITIONAL RESPCNSIBlL:TlES 
FOLLOWS THROUGH ON ASSIGNMENTS I 
FAVORABLE ATTITUDc TOWARD JOB 1 
FA-/ORAOLE ATTITUDE TOWARD COMPANY 1 
N'trS WOHK A*fc« NEAT AMD CAP E 
COOPERATES WITH CO-WORKERS 1 
COOPERATES WITH SUPERVISOR : 

SKILL ! 

* Ot LEGATES AND FOLLOWS UP N/A i 
ORGANIZES WELL 1 
PERFORMS ASSlGNMl NTS ACCURATELY 

I 
PERFORMS ASSIGNMt f|TS GUlCKLY 1 

* *:,mPTS WfcLU TO CHANGES i.'J ASSIGNMENTS N/A 1 

UTILIZES TALfcNTS AND u.3 TO GROW IN JOS 1 

COMMENTS: 
(Uw» this jiUe of shOKt only.) 

If "Eitceilant" or "Must improve," 
writ* why in comments below. 

Ei" -.yoe's Signature , 

Supervisor's Signature 

, Date_ 

Date, 

* If Not Applicable, Circle N/A. 
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MBO Personnel Appraisal Form 

(This form to be jointly prepared by both supervisor and employee 
during Semi-Annual interview) 

SEMI-ANNUAL PERFORMANCE SUMMARY 

NAME COST CENTER 

Covering Period From; To; 

Position: 

1. RESULTS; How well have you accomplished goal(s) set six months ago. 

a) Department Goal(s) 

b) Personal Goal(s) 

2. GOAL(S); What are your goal (s) for the next six months, 

a) Department Goal(s) 

b) Personal Goal(s) 

3- SUPERVISOR'S COMMENTS; 

a) Strongest Areas; 

b) Areas needing strengthening 

c) Critical areas; 

Employee; Supervisor; 

Date; Date; 
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