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ABSTRACT 

The purpose of this study is to examine the work environment 

of research and development (R- & D) subsystems and ascertain the 

relationship between technological innovation and the work environ

ment. The focus of the study is the semiconductor industry, (£>IC 3674), 

which is a prime example of a rapid growth, research intensive 

industry. The industry, in the past decade, has been characterized 

by very rapid technological advances with a subsequent high growth 

rate for most firms in the industry. 

Two instruments were developed to measure technological 

innovation. The first instrument, the innovation index, estimated 

the actual innovations developed by each company since 1970. The 

index consisted of a comprehensive list of technological innovations 

that could have been adopted and developed by the companies in the 

industry. The second instrument, the perceived innovativeness 

questionnaire, assessed company innovativeness as perceived by the 

R&D personnel. 

The R&D work environment was assessed with the work climate 

questionnaire which consisted of ten work climate dimensions, 

selected for their theoretical relevance and importance in the 

light of prior research on innovation. These dimensions were: 

autonomy, cooperation, supportiveness, structure, level of reward, 
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performance-reward dependency, achievement motivation, status 

polarization, flexibility and decision centralization. 

Interviews were conducted as part of the research study 

to provide information on the development of innovations in the 

semiconductor industry and, secondly, to determine what changes, if 

any, had occurred in the nature of the work environment of the 

R&D subsystems of the semiconductor companies. 

Data for the study were collected from eight semiconductor 

companies (SIC 3674). Respondents included all the vice presidents 

for the R&D subsystems of the companies and a total of 136 research 

and development personnel from the eight companies. 

Content analysis of the interviews suggests that: 1) innova

tion development in the semiconductor industry is perceived as a 

multiphased process rather than a single event. This process consists 

of three stages: idea generation and evaluation (initiation stage); 

approval and adoption stage; and development and implementation stage; 

and 2) the work environment of the R&D subsystem is characterized 

by relative stability of work climate over a period of time. 

Statistical analyses of the data offer some support for 

the view that technological innovation is related to the R & D 

subsystem work climate. Significant positive relations were found 

between technological innovation and the work climate dimensions of 

performance-reward dependency, flexibility, achievement motivation, 
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autonomy, cooperation, supportiveness and perceived innovativeness; 

significant negative relationship was found between technological 

innovation and decision centralization. Work climate differences 

between the high innovative group and low innovative group showed 

significant differences between the two groups in the work climate 

dimensions of autonomy, performance-reward dependency, achievement 

motivation, flexibility, decision centralization and perceived 

innovativeness. 

The results of the study suggest that: 1) technological 

innovation is related to R & D subsystem work climate; 2) the nature 

of work climate that characterizes the R&D subsystems of highly 

innovative companies is different from that which characterized their 

less innovative counterparts. 



CHAPTER I 

INTRODUCTION 

As a result of the rapid advances being made in science, 

technological innovation has become a key concept in corporate strategy. 

Every organization worries about introduction of improvements in 

products, production and managerial processes in an attempt to stay 

ahead of competition. The recognition of the importance of innovation 

to the organization is expressed more succinctly by Schon (1967): 

For individual corporations technological innovation has 
become increasingly recognized as a principal if not the 
principal instrument in intercorporate competition. The 
corporation is seen as a miniature nation: its weapons 
are products and processes, its battlefield is the market 
place, its enemies are the corporations with which it 
competes. Behind its walls it produces weapons and 
counterweapons, strategies and counterstrategies. On its 
own level it recapitulates the national belief that tech
nological innovation is essential to the waging of this 
war, which is the very lifeblood of the firm. (p. XVI) 

For companies, technological innovation has become a major 

task and main road to upward movement. For these companies, expecially 

those in very dynamic external environments, they must innovate in 

order to remain competitive and enjoy a high survival potential. 

New products and processes have progressively shorter life cycles. 

Whereas in the early parts of the twentieth century, a company could 

count on a product to keep its share of the market for ten to twenty 

1 
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years or more, a product in the present time is lucky to last five 

years or more. For this reason, technological innovation has become 

a major concern for corporations with resultant increases in both 

financial and physical commitment to the development of technological 

innovation. The increased commitment to technological innovation 

has resulted in the establishment of research and development sub

systems within the organizations with responsibility to undertake 

research and develop new innovations for the market place, thereby 

enhancing the survival potential of the organization. This emphasis 

on innovation development stems from corporate belief that innova

tive products and processes do not just happen; that technological 

innovation is something we strive toward, stimulate and create a 

climate in which it will flourish. 

Purpose of the Study 

The purpose of this study is to examine the work environment 

of R & D subsystems of organizations to determine conditions within 

the work environment that might facilitate or hinder the development 

of technological innovations. It is important to recognize that 

work environments are largely created by the organizations them

selves from a diverse range of alternatives and strongly influenced 

by the external environmental forces which determine to a large 

extent the internal structuring of the organization. Factors such 

as the task to be performed, technology to be used and the structure 
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of the organization are shaped by the nature of the external environ

mental forces. These factors which are shaped by the external 

environment also set the work climate within which the human partici

pants perform their roles and activities. Thus, it is necessary that 

organizations which aim at increased innovative activity create work 

environment that might be conducive to the development of innovations. 

It is assumed that the creation of a work environment conducive to 

innovative activity will greatly enhance the probability of innova

tive acts occurring in the work environment. 

The problem in this study is, therefore, how to get more out 

of research and development by creating a work environment climate 

in which technological innovation will flourish. The emphasis on 

technological innovation as a principal weapon in the inter-corporate 

competition requires that organizations create climate conditions 

favorable to the development of technological innovation. If the 

examination of research and development subsystem work climate could 

result in the isolation of climate conditions that facilitate 

development of innovations, then the question of how to redesign an 

organizational subsystem productive of innovations could be addressed. 

This is not to say innovative activity can be summoned on demand, 

but that it can be effectively encouraged if favorable climate 

conditions conducive to such activity are isolated and systematically 

reintroduced in an optimal manner; i.e. a programmed effort can be 

made to increase the probability of the innovative act occurring. 
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The focus of the study Is the semiconductor industry, which 

is a prime example of a rapid growth, research intensive industry. 

The industry operates in a dynamic external environment characterized 

by a continually emerging body of scientific knowledge and a high 

degree of uncertainty about the impact on the market of new scientific 

and technological knowledge. These dominant characteristics of the 

external environment imply that the dominant competitive issue for 

the companies in this industry is the capacity to innovate in both 

processes and products. In this sense, the semiconductor industry 

is considered one of the most appropriate industries for the study 

of technological innovation and the influence of the work climate 

conditions of the research and development subsystems of the companies 

on the development of technological innovation. 

Assumptions Underlying the Study 

The basic assumptions underlying the study are: 

1. The research and development subsystems of the semiconductor 

companies are the primary initiators of technological 

innovations and hence the appropriate unit of analysis 

in this study. 

2. The nature of the work climate of research and development 

subsystems is an important influence on the development of 

technological innovation. 

3. The work climate of the research and development subsystems 

is s relatively enduring quality of the work environment 
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and that it influences the behavior, attitudes and work 

performance of the people who work in that environment. 

Outline of the Dissertation 

The dissertation is organized into seven main chapters. 

Chapter I provides a background introduction to the study. Chapter II 

surveys the literature on innovation and work climate and includes a 

theoretical discussion of the concepts of innovation and work climate 

and a review of the significant prior research plus research hypo

theses for the study. Chapter III discusses the research methodology 

and includes descriptions of the sample, instrumentation, and data 

collection procedures. Chapters IV through VI are devoted to analysis 

of various aspects of the study. Specifically, Chapter IV deals 

with content analysis of interviews conducted as a part of the study; 

Chapter V deals with the scaling of the innovation index which was 

developed to measure a company^ technological innovativeness; 

and Chapter VI is devoted to the statistical analysis of the rela

tionship between work climate and the technological innovation. 

Chapter VII discusses the findings of the study and the practical 

implications resulting from the study. 

Summary 

Technological innovation in industry has become one of the 

most important instruments in the intercorporate competition and a 
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means to cope with changes in the dynamic external environment. For 

most companies, therefore, technological innovation has become a 

major task and means to achieve any degree of profitability. This 

has led to the commitment of both physical and financial resources 

to the development of technological Innovation. One result of this 

emphasis has been the creation of research and development subsystems 

with the primary concern of most companies being how to get more out 

of the research and development subsystems. This concern arises 

from the realization that for innovations to flourish, companies 

have to stimulate and create a climate conducive to technological 

innovation. The desire to stimulate and create a climate conducive 

to innovative activity underlies the purpose of this study, which 

is to examine the work climate of the research and development 

subsystems to ascertain what climate conditions within the research 

and development work environment might be conducive to innovative 

activity. 



CHAPTER II 

SURVEY OF THE LITERATURE 

This chapter is divided into three main sections. The first 

section involves an overview of the work environment and innovation 

literature and includes conceptual definition of work climate and 

Innovation. The second section surveys the literature on significant 

prior research, and the final section covers the hypotheses advanced 

in this study. 

Conceptual Definition of Work Climate 

Work climate research occupies a popular position in current 

literature on organizational behavior. However, conceptual and 

operational definitions, measurement techniques, and ensuing results 

are highly diverse and sometimes contradictory. Such diversity and 

contradiction recently prompted Guion (1973) to conclude that 

organizational climate represents a "fuzzy" concept. 

Hellriegel and Slocum (1974) in a comprehensive review of the 

climate literature identified three major sources of criticism of 

the construct, namely: 1) whether climate refers to attributes of 

organization or people; 2) perceptual versus objective measures of 

climate; and 3) possible overlap and redundancy between climate and 

job satisfaction. 

7 
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Despite the issues that have been raised, the climate 

construct remains popular with researchers in organizational 

behavior; it is not the intention of this study to resolve the issues, 

but rather to adopt a definition of the concept that will be appro

priate for the purposes of this study. 

Forehand and Gilmer (1964) defined the climate construct as 

consisting of a "set of characteristics that describe an organiza

tion; distinguish the organization from other organizations; are 

relatively enduring over time, and influence the behavior of the 

people in it" (p. 362). Georgopolos (1965) spoke of "a normative 

structure of attitudes and behavioral standards which provide basis 

for interpreting the situation and act as a source of pressure for 

directing activity" (p. 156). Litwin and Stringer (1968) added the 

notion that these properties must be perceivable by the members of 

the organization and that an important aspect of climate is the 

pattern of expectation and incentive values that impinge on and 

are created by a group of people that live and work together. 

Specifically, they defined climate as a "set of measurable properties 

of the work environment, perceived directly or indirectly by the 

people who live and work in this environment and assumed to influence 

their motivation and behavior" (p. 1). 

Prltchard and Karasick (1973), in a synthesis of various 

definitions of climate offered by Gilmer (1966), Taguiri (1968), 



9 

Litwin and Stringer (1968) Georgopolos (1965) and Gellerraan (1959), 

defined organizational climate as: 

relatively enduring quality of an organization's internal 
environment distinguishing it from other organizations, and 
which: a) results from the behavior and policies of 
members of the organization, especially top management; 
b) is perceived by members of the organization; c) serves 
as basis for interpreting the situation; and d) acts 
as a source of pressure for directing activity. (p. 126) 

In summary, the review of the conceptual definitions of 

climate shows that the concept has been defined by organization 

theorlests to refer to measurable attributes of the organization 

which are perceived by the members of the organization and serve as 

a basis for interpreting the work situation. However, Johnston (1976) 

and Schneider (1975), among others, have suggested that an organiza

tion may have many climates rather than one unitary climate as 

implied by the many conceptual definitions that hitherto have been 

used. This argument represents a new development in the conceptuali

zation of organizational climate. Hence, we may speak of organiza

tional subsystems' climates rather than organizational climate per se. 

Organizational Subsystem Work Climate 

An organization is considered to have subsystem climates 

when at least one group of employees (subsystem) has different 

perceptions of the organization's climate from those employees 

outside their subsystem. The perceived climate is a property 

more of the separate subsystem than of the organization as a whole. 
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Thus, the unique climate perceptions held by each subsystem may be 

d e f i n e d  a s  i t s  s u b s y s t e m  c l i m a t e .  I f  m e m b e r s  o f  t h e  R & D  

department in an industrial company perceive climate differently 

from members of the personnel or production department, the aggregate ' 

perceptions of the members comprise the R&D subsystem climate. 

Studies demonstrating differences in perceived climates have 

found differences between climate perceptions of employees grouped 

by level in organizational hierarchy (Friedlander and Greenberg, 

1971; Payne and Mansfield, 1973; Peterson, 1975; and Schneider, 

1972); department/subunit (Meyer, 1967; Litwin and Stringer, 1968; 

Phessey, Payne and Pugh, 1971; and Pritchard and Karasick, 1973; 

Drexler, 1977). Hollmann (1976) also found different climates in 

34 different work groups. 

In addition to the above studies, the existence of climate 

at the subsystem level that is different from the organizational 

climate is supported by consideration of the processes which affect 

perceptual responses. Perceptions are significantly affected by 

that part of the environment most immediately experienced by the 

employee, such as the department or the work group. Hence, since 

climate is measured through the perceptions of the personnel in their 

immediate work environment which are differentially affected by 

various attributes of the organization, it appears that climates 

may exist independently at both the organizational and subsystem 

levels. 
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The implication of this new conceptualization of climate 

requires that in designing studies involving relationships between 

climate and other organizational variables, consideration should 

be given to the nature of climate at the subsystem level and its 

relationship to other organizational variables. 

Measures of Climate 

When climate is defined as measurable properties of the 

organization and/or its subsystems, it can be seen that many kinds 

of organizational factors are potentially relevant contributors to 

it. However, the crucial elements are the individual's perceptions 

of the relevant stimuli, his job behavior. Thus, the basic data 

used by a number of investigators to organize a taxonomy of climate 

factors are individual perceptions of organizational properties. 

An attempt is made in this section to profile some of the 

measures of climate that have been used in research studies. Among 

these measures are Halpin and Croft's Organizational Climate 

Description Questionnaire (OCDQ), Likert's Profile of Organizational 

Characteristics (POC), Litwin and Stringer's Organizational Climate 

Questionnaire (OCQ), Payne and Pheysey's Business Organization Climate 

Index (BOCI), Schneider and Bartlett's Agency Climate Questionnaire 

(ACQ) and Campbell and Pritchard's Organizational Climate Question

naire (OCQ). These instruments have been used to measure climate in 

a variety of organizational settings in an attempt to describe and 

evaluate the environment in which work behavior occurs. 
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Halpin and Croft's OCDQ (1963), was designed originally 

to measure climate in school systems. The questionnaire consisted 

of eight subtests, four of which pertain to characteristics of the 

faculty group — disengagement, hindrance, esprit and intimacy. 

The remaining four — aloofness, production emphasis, thrust, and 

consideration — describe characteristics of the principal. These 

eight subtests provided a profile of the school's organizational 

climate. 

Likert (1967) developed the POC to classify management 

systems into his System 4 schema which is based upon the "principle 

of supportive relationships" (p. 103). Specifically, supportiveness 

of the climate was viewed in terms of six internal organizational 

processes — leadership, communication, decision-making, goal-setting, 

interraction-influence and control. 

Litwin and Stringer (1968) developed the OCQ based on six 

dimensions of the organizational environment; namely, structure, 

rewards, risk and risk-taking, warmth and support, tolerance, and 

conflict. The OCQ, based in part on the motivation theories 

of McClelland (1961) and Atkinson (1964) has been typically used to 

measure climate in business organizations, as well as in hospitals 

and public utilities. 

Payne and Pheysey's (1971) BOCX is a reconceptualization of 

Stern's Organizational Climate Index and was designed for use in 
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business organizations. The B0C1 is made up of 24 scales subdivided 

into six broad groupings — authority, restraint, work interest, 

personal relations, routine and wider community. 

Schneider and Bartiett (1968) developed the ACQ to assess 

the climate of insurance agencies. An item pool of 299 itmes 

describing various characteristics of insurance agencies was 

administered to respondents and the responses were factor-analyzed 

to yield the six dimensions of ACQ — managerial support, structure, 

concern for employees, conflict, independence and general satisfac

tion. 

Campbell and Pritchard (1969) developed a questionnaire of 

organizational climate based on the assumption that the psychological 

environment of an organization is tremendously complex. They felt 

that it was doubtful that the six or seven dimensions used in many 

climate questionnaires would adequately tap the environmental com

plexity. A comprehensive study was undertaken which yielded a 

climate questionnaire of twenty-two dimensions. 

Attempts to arrive at some standardized climate inventory 

that will manifest high scale validity and reliability across many 

different organizations have not been successful. Muchinsky (1976) 

referred to this problem from an empirical perspective, and suggested 

that it is possible to develop a valid reliable climate instrument 

for use in homogeneous organizations, but it is unlikely that the 
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validity and reliability of specific climate scales will stand up 
* 

when applied across different types of (or heterogeneous) organiza

tions . 

Thus, in general, the factor structure of climate instruments 

cannot be assumed to generalize across organizations. Further, it 

seems that no one yet has arrived at a climate inventory that will 

manifest high scale validity and reliability across heterogeneous 

organizations. It would appear that a conservative approach is to 

revise any established climate instrument and adapt it to the 

organization under study or to use a climate instrument that has 

been standardized on similar-type organizations. The present study 

adopts the latter approach. 

Conceptual Definition of Innovation 

The concept of Innovation has been used in several different 

ways, and there seems to be little consensus about its exact 

meaning. Bamett (1963) uses the term simply to denote the inven

tion of something new. Mansfield (1963), in a study of innovations, 

comments that the concept has been used to refer to the "first use 

ever" of a new product, process or idea by any organization, with 

subsequent uses being called imitations. Sheppard (1967), writing 

on innovation-resisting and innovation-producing organizations, 

considered an organization to have innovated when it learns to do 

something it did not know how to do before. 
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Carroll (1967) sees innovation as a social process of 

organizational adoption in contrast to a scientific discovery. 

In this view, organizational innovation represents a major change 

in the structure and/or procedures of an operating system. Becker 

and Whisler (1967) also focussed on innovation as an organizational 

or social process. To them, innovation is a process that follows 

invention, being separate from invention in time and location. 

Mohr (1969) argues that "innovation is the successful 

introduction into applied situation of means or ends that are new 

to that situation" (p. 112). Evan and Black (1967) and Knight 

(1967) have also suggested that innovation represents the implemen

tation of something new into the organizational context. Knight, 

employing the term "adoption," looks upon innovation as a step 

beyond the conception of a new idea. Innovation represents the 

application of a change which is "new to an organization and to the 

relevant environment" (p. 478). The significance of identifying 

the "relevant environment" in Knight's conceptualization of innova

tion is to note that "changes" qualify as organizational innovations 

even though they have been used in other task environments and/or 

organizations. Zaltman, Duncan and Holbeck (1973) defined Innovation 

as the propensity to adopt any idea, practice or material artifact 

perceived to be new by the adopting unit. However, it appears that 

Zaltman's definition emphasizes the notion of innovativeness rather 

than the concept of Innovation. 



As seen from the review of the concept, innovation has been 

diversely conceptualized. This has given rise to problems, the 

most serious of which is the use of the two concepts of innovation 

and invention interchangeably. It is the view of this writer that 

the two concepts are qualitatively different, and hence any attempt 

to use the two concepts interchangeably is wrong. 

Invention and Innovation Differentiated 

Invention is the emergence of "new things" which require an 

"act of insight," going beyond the normal exercise of technical or 

professional skill. Inventive acts of insight are "unlearned 

activities" that frequently emerge in the course of performing acts 

of skill, though characteristically the act of insight is induced 

by the conscious perception of an unsatisfactory gap in knowledge 

or mode of action (Usher, 1955). The process involved in inventive 

activity, as described by Usher (1955), consists of four phases: 

1) perception of an incomplete pattern or method of satisfying a 

want; 2) the setting of the stage in which the elements or data 

necessary for a solution are brought together through some particular 

configuration of events or thoughts; 3) the act of insight in which 

the essential solution of the problem is found; and 4) critical 

revision and mastery of the new pattern in which the newly perceived 

relations become fully understood and effectively worked into the 

entire context to which they belong. 
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Zaltman et al. (1973) defined innovation as the propensity 

to adopt any idea, practice or material artifact perceived to be 

new by the adopting unit. Thus, unlike invention, innovation does 

not involve an origination or an "act of insight" by which the 

possibility of a technical novelty is recognized and worked through. 

In a treatise distinguishing between the two concepts, 

Schumpeter (1964) forcefully emphasized that the making of the inven

tion and the carrying out of the corresponding innovation are two 

entirely different things. They often have been performed by the 

same person; but this is merely a chance coincidence which does not 

affect the validity of the distinction. Personal aptitudes — 

primarily intellectual — in the case of the inventor; primarily 

volitional in the case of the businessman who turns the invention 

into innovation. The methods by which the one and the other work 

belong to different spheres. Not only did Schumpeter (1964) reject 

the idea that innovation is dependent on invention in any direct 

manner, but also asserted that the process which produces innovation 

is distinctly different from the process which produces inventions 

when he argued that "Innovation is possible without anything we should 

identify as invention, and invention does not necessarily induce 

innovation, but produces of itself...no economically relevant effect . 

at all (p. 82). Schumpeter's distinction of the two concepts appears 

rather extreme, and it should be emphasized that while there is a 
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distinction between the two concepts, the tidiness of the distinction 

is such that the distinction should not be overpressed. 

Becker and Whisler (1967) adopt a less radical posture in 

the distinction of the two concepts when they argue that "innovation 

is a process that follows invention but can be separated from it in 

time and location. Invention is fundamentally a creative act of the 

individual and innovation is fundamentally a cooperative group 

action" (Becker and Whisler, 1967, p. 463). 

In summary, invention and innovation are two distinguish

able concepts and cannot be used interchangeably. Invention as a 

logical sequence precedes innovation, which is a coupling process 

which brings new technology to the market place. This study focuses 

on innovation and views innovation as the adoption of technology 

that is perceived to be new to the environment by the adopting 

company. 

General Process of Innovation 

Some students of innovation have focussed upon innovation 

as the culmination of a series of events wherein something new is 

incorporated into the organization. Innovation, in this sense, is 

cast as the occurrence of a single event (Sheppard, 1967; Mohr, 1969). 

Others have conceptualized innovation as a coupling process 

involving two or more phases or stages. 

A number of models advocating this view have appeared in 

the literature. Zaltman et al. (1973) identified twelve models in 

a review of the literature. 
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The process models may be characterized as tension or need 

models. Felt pressure or need for change mainly from the external 

environment (i.e. competitors and customers) represents the pre

condition for the enactment and realization of the innovation process. 

Most models start with a cognitive component (i.e., awareness of a 

need or opportunity for change) that is followed by an ideation and 

decision phase. The end activity varies across the different models, 

frequently concluding with adoption, implementation, or routinization. 

Figure 2-1 presents some models of the process of innovation in the 

organization. 

Knight (1967) conceptualized innovation process as consisting 

of two major phases: 1) the creation of the idea and its development, 

and 2) the introduction and adoption of the idea. Wilson (1966), 

in his conceptualization, argued that the process of innovation occurs 

in these stages: conceptualization, proposing, and adoption/ 

implementation. Thompson (1965) provides concurrence with Wilson's 

model, including in his suggestion that innovation is a process 

including three stages: generation, acceptance, and implementation 

of new processes, products or services for the first time within an 

organization setting. Gruber and Marquis (1969) provide further 

support for the three-stage process. They defined the process as 

involving: idea generation, which results in a design or technical 

proposal via synthesis of several pieces of existing information; 

problem-solving phase; and, finally, the implementation phase which 
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results in market introduction of the innovative product/technology. 

Yin et al. (1976) provides further support for the multi

stage process of innovation adoption. In a study of the problem of 

adoption of innovations, they proposed a three stage model which 

delineates several stages of the adoption process: 1) initiation 

and adoption (the innovation is discovered and acquired); 2) imple

mentation (the innovation is utilized at least on a pilot test basis 

and the results are evaluated); and 3) routinization (the innovation 

becomes a common part of the organization's way of operating). 

Tansik (1980) expanded on Yin et al.'s "initiation and adoption" 

stage (stage one) by delineating the stage into three substages: 

1) awareness (organizational members become aware of an innovation 

either through advertising or personal communication); 2) testing 

(actual field or laboratory testing prior to a commitment to acquire); 

3) acquisition (the decision to procure the innovation or even to 

create it within the organization). Tansik's restructuring of the 

initial stage of Yin et al.'s model seems logical and adds significant

ly to the knowledge of what actually occurs at the initial stage of 

the innovation adoption behavior by organizations. Hage and Aiken 

(1970), on the other hand, perceived the process of innovation as 

consisting of four phases, namely: evaluation of the need state, 

initiation of a proposal, implementation phase and, finally, the 

routinization phase. Daft (1978) provides support for the four-stage 

process when he defined the process as involving: 1) conception of 

idea, 2) proposal of idea, 3) decision to adopt, and 4) implementation. 
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The recognition of innovation as a process resulting in 

incorporation of something new within a given organization implies 

that the process represents a strategic effort for that organization, 

regardless of whether organizations have already proceeded through 

that process. The successful introduction of the innovation will 

depend in large part on how well this strategic effort is accomplished. 

Significant Prior Research 

Perhaps one of the most significant early contributions to 

the literature on the subject of innovation and organizational 

characteristics was that offered by Victor Thompson (1965). 

Thompson examined the relationship between bureaucratic 

organization and innovative behavior by comparing the conditions 

within the bureaucratic organization with the conditions perceived 

by psychologists to be conducive to innovation. The conditions 

within bureaucracy were found to be determined by a drive for 

productivity and control, and inappropriate for innovation. Sug

gestions made for alterations in bureaucratic structure to increase 

innovativeness.include a looser and more untidy structure, decentrali

zation, freer communication, greater reliance on group processes, 

and the modification of incentive systems. These observations 

concur with March and Simon's (1958) statement that organizational 
» 

practices which can be described as "bureaucratic" or, "rule-centered" 

appear to be those that would discourage innovative behavior, while 

"democratic" or "group-centered" practices ought to encourage 

such behavior. 
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In exploration of environmental conditions most conducive 

to the generation and maintenance of constructive creative responses 

oriented toward the organization's goals, Cunimings (1965) proposed 

that the effective utilization of creative abilities within a goal 

seeking organization is conditioned by many variables, including: 

top management's attitudinal posture regarding the value of creative-

ness and innovation; the organizational slack present in the resource 

inputs; and the organizational climate resulting from organization's 

design, control system, and reward system. He went on to propose 

a set of conditions that one might find characteristic of the 

creative organization: 

1. A relatively small degree of formalization of relationships 

among the organizational positions. 

2. A flexible power-authority-influence structure or network 

oriented primarily toward the task at hand. 

3. Emphasis on discretion and healthy amounts of participation 

and autonomy. 

4. Decreased amount of management by direction and control. 

5. Less adherence to minutely prescribed procedures as the 

standard for evaluation. 

6. An open form of communication system. 

7. Institutionalization of the organizational reward system 

(basically intrinsic in character) which appeals to the 

needs of the creative individual. 
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8. A managerial philosophy and attitudinal climate which reflects 

the belief in the capability of employees to be creative 

and innovative in the pursuit of organizational goals 

(Cummings, 1965, p. 226). 

The creative organization, as perceived by Cummings (1965) 

may neither work like nor behave like the traditional organization 

model designed for the efficient production of products. 

Carroll (1967) did a study to determine the number of 

variables associated with innovation in federally organized schools. 

She concluded that medical schools that have instituted innovations 

in their programs differed from conservative schools in that they 

have larger faculties and a larger number of departments. 

Sapolsky (1967) examined innovation experiences in relation

ship to organization structures of large department store organiza

tions. He concluded that "diversity in department store reward 

structures led to conceptualization of several important innovations. 

However, diversity in department store structural arrangement, the 

decentralization of decision-making authority and the existence of a 

large number of equally situated subunits frustrated attempts to 

implement these innovation proposals" (p. 509). 

Andrews and Farris (1967) examined the relationship between 

supervisory practices and scientific performance. They concluded that 

innovation flourished under supervisors who were effective in task 
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functions and spent less time monitoring the work of the subordinates. 

However, freedom was found to be unrelated to innovation if the 

supervisor failed to precede decision making with subordinate 

consultation. 

Evan and Black (1967) examined, among other things, attributes 

of the structure of an organization that facilitate or inhibit the 

implementation of new ideas. They found that innovation was inversely 

related to the degree of formalization of rules in business organiza

tion, a positive relationship with the degree of centralization. 

Sheppard (1967), in a theoretical examination of how innova

tion is induced in organizations, concluded that the innovation-

producing organization must aim to provide an environment in which 

members can view one as resource rather than competitive threat or 

judges; a climate of openness and mutual support in which feedback 

on performance is a mutual responsibility among members so that all 

can learn to contribute more. Implicit in Sheppard's (1967) 

observation is the fact that the nature of the internal environment 

as reflected by the organizational climate is related to the organiza

tional innovation and will determine the degree of innovative 

activities undertaken by the organization. However, no empirical 

investigation is reported in the literature that attempts to examine 

the extent to which organizational innovation is contingent on the 

internal environment of the organization. 
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Litwin and Stringer (1968) studied three simulated business 

organizations. Each organization had a climate which aroused in

dividuals' needs for either power, affiliation or achievement climate. 

The results showed that the organization with the achievement climate 

was more productive and innovative than the organization with the 

power and affiliation climates. 

Rosner (1968) did a study with 24 short-term voluntary, 

non-teaching hospitals in the Chicago area in which innovation was 

measured by the promptness and frequency of trials of new drugs. He 

concluded that innovation varied inversely with activity control, i.e., 

the degree to which the organization uses formal rules and procedures 

as a mechanism of control. 

Palumbo (1969) performed a study in which he used a national 

sample of 14 local public health departments to explore the question 

of whether a single continuum underlies several different organiza

tional variables relating to the way control is achieved in organiza

tion. He found that as organizations become more centralized and 

formalized, management styles become less participatory, and innovation 

and productivity tend to decrease. 

Pelz (1966) in a study of eleven research and development 

organizations, concluded that creative problem solving requires a 

balance between forces and conditions of "security" and those of 

"challenge." Under "security," he included autonomy, independence, 

self-direction, self-confidence, esteem and protection from disruptive 

forces. Under "challenge," he included diversity of activities, 
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unfamiliar problems, involvement and interaction with others, 

disagreement among colleagues and emphasis on coordination. 

Langrish et al. (1972) examined eighty-four technological 

innovations in industry and concluded that one of the six factors 

of importance in the success of a firm is "good (intra-firm and 

extra-firm) cooperation." One of the six factors found to cause 

delay in innovation was poor communication/cooperation. 

Aiken and Hage (1971) explored several variables that 

characterize organic organizations to test whether they are associa

ted with varying rates of innovation. Specifically, they examined 

the relationship between the rate of Innovation in organizations 

from 1964 to 1966 and the characteristics of the organic orgqniza-

tion. They found a strong direct relationship between the rate of 

innovation and the diversity of occupational structure, and between 

the rate of innovation and the degree of decentralization of 

decision-making. On the other hand, they found a strong negative 

relationship between the rate of innovation and the presence of a 

rules manula, i.e. the degree of formalization. 

Baldridge and Burnham (1975) examined the impacts of three 

factors (individuals, structure and environment) on innovation. 

Their analysis indicated that individual characteristics, such as 

sec, age and personal attitudes, do not seem to be important deter

minants of innovative behavior among people in complex organizations. 
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However, administrative positions and roles do seem to have an impact 

on the involvement of an individual in the innovation process. They 

also found that structural characteristics such as size and complexity 

strongly affect the organization's innovative behavior. 

Vegso (1976), in an unpublished doctoral dissertation, 

attempted to investigate the total internal environment, but limited 

the study to only three facets of the organizational climate; 

namely, freedom, inducement/reward, and communication. Research 

findings offered only moderate support for inducement/reward, but 

no support for freedom and communication, which have been found 

in previous studies to be related to organizational innovation. 

Paolillo and Brown (1978) analyzed the relationships between 

innovation in the R&D units and both structural characteristics 

and organizational climate. The study was carried out with a 

sample of 84 research scientists and professional engineers in six 

research and development organizations representing six industries. 

The characteristics of size (number of R & D employees) and struc

ture (number of formal supervisory levels) were significantly and 

negatively related to R & D subsystem innovation. The average size 

of research project teams and the dimensions of organizational 

climate (autonomy, information flow, creativity, rewards and 

training) were significantly and positively related to innovativeness. 

The number of technological forecasting techniques utilized and 
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the R&D budget were unrelated to R & D subsystem innovation. 

Generally, the findings indicate that R&D innovation is rather 

more dependent on organizational climate characteristics than the 

structure-design characteristics of the R&D unit. However, caution 

must be exercised in arriving at such a conclusion, since the 

findings were based on .a limited sample which cannot be claimed to 

represent a particular population. 

A review of the literature on the influence of the internal 

factors of organization on innovation shows that despite the effort 

that has been devoted to this area, little synthesis and reconcilia

tion of research findings has been achieved. With the exception of 

a few internal factors that have been shown to be consistently 

related to innovation, studies involving the majority of the internal 

factors have shown confusing results. This lack of consistency in 

the empirical studies has hindered the synthesis and reconciliation 

of the various studies. 

Table 2-1 presents a summary of studies on the relationship 

between innovation and some dimensions of work environment. 

Characteristics of the organization that have been consistently 

shown to be related to innovation include communication (Evan and 

Black, 1967; Langrish et al., 1972; Aiken and Hage, 1971; Paolillo 

and Warren, 1978); reward (Sapolsky, 1967; Vegso, 1976; and Paolillo 

and Warren, 1978); and formalization (Evan and Black, 1967; Rosner, 

1968; Palumbo, 1969; Aiken and Hage, 1971). 
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Other internal characteristics of the organization that 

one would expect to be related to innovation, based on theoretical 

arguments, have not yielded consistent results. For instance, 

Aiken and Hage (1971) and Palumbo (1969) found a positive significant 

relationship between innovation and decentralization. However, 

Sapolsky (1967) found a negative relationship, while Evan and 

Black (1967) found no relationship. It would appear from theoretical 

expositions that decentralization, with its subsequent increase in 

worker participation, a greater number of sources of information and 

freer information flows in the network would result in greater 

involvement of the workers. In the R&D subsystem this would 

lead to increased innovative activity. Andrews and Farris (1967) 

and Carroll (1967), in separate investigations, found a significant 

and positive relationship between autonomy and innovation; however, 

Sapolsky (1967) found a negative relationship, while Vegso (1976) 

found no significant relationship between innovation and autonomy. 

However, the need for freedom from administrative control as a 

precondition for innovative activity has been emphasized by Burns 

and Stalker (1961) and Thompson (1965). Unnecessary controls tend 

to reduce the search for innovative activity and handicap the worker's 

ability to function effectively. In the technical subsystem (R&D 

unit), this hindrance will definitely serve as a disincentive to 

innovate. 
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The inconsistency in the results of some of the studies on 

the impact of internal factors of the organization on innovation, 

in most part, could be attributed to methodological problems which 

tended to confound the results. 

The tendency has been to use the entire organization as the 

unit of analysis (Aiken and Hage, 1971; Sapolsky, 1967; Rosner, 

1968; Evan and Black, 1967; Baldridge and Burnham, 1975; Vegso, 

1976; etc.). However, in most organizations, innovative activities 

do not arise equally from all subsystems of the organization. 

Particularly in the technology-based organizations, the function of 

innovation typically becomes formalized and concentrated in the 

research and development units. Thus, the unit of analysis should 

be the R&D subsystem rather than the entire organization. It is 

possible that the strength of the reported relationships between 

innovation and the characteristics of the organization may have 

been masked by utilizing the organization rather than the specific 

organizational subsystem. This possibility exists because the 

relationship between innovation and a particular characteristic in 

an innovative subsystem could be offset by the relationship between 

innovation and the same characteristic in a maintenance subsystem 

of the organization. 

Review of past studies on the relationship between innova

tion and characteristics of organizations shows that there is paucity 
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of Information regarding the influence of climate. Attempts at 

assessing the influence of climate on organizational innovativeness 

have been limited to very few dimensions of the work environment, 

and even there, no attempt has been made at a synthesis of the 

findings. Vegso (1976) attempted an examination of work environment 

dimensions on innovation under the unitary concept of organizational 

climate, but fell short of the desired intention by limiting his 

study to only three dimensions of climate. The work environment 

of an organization and its subsystems is tremendously complex and 

it is highly doubtful that three dimensions could adequately describe 

this complexity. A vigorous attempt should be made to study the 

influence of the many different but relevant dimensions of climate 

(that tap the complexity of the work environment) on innovation. 

Such an attempt should limit the study to the appropriate unit of 

analysis which should be the innovative subsystem of the organiza

tion rather than the entire organization. 

Research Hypotheses 

Based on the review of the literature on the relationship 

between the internal work environment and innovation, it is proposed 

in this study that technological innovation is influenced to a 

significant extent by the nature of the research and development 

subsystem work climate. This proposition served as the basis for 

the two main hypotheses of the study. 
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There is a direct relationship between research and 

development subsystem work climate and technological 

innovation. 

Hj The research and development subsystems of high innovative 

organizations will have a significantly higher mean score 

on the work climate construct than the research and 

development subsystems of low innovative organizations. 

The main hypotheses were then expanded into nine subhypotheses 

for each of the work climate dimensions that comprise the work 

climate construct in this study, i.e., autonomy, cooperation, 

supportiveness, structure, reward system, achievement motivation, 

status polarization, flexibility and decision centralization (to 

be explained more fully in Chapter III). 

Autonomy 

Freedom from administrative control has been emphasized as 

a necessary condition for the innovative organization (Burns and 

Stalker, 1961; Thompson, 1965). Administrative control, it is 

assumed, reduces the search for innovative activities and abridges 

the individuals capacity and incentive to innovate. 

H^a: The work climate dimension of autonomy will be positively 

related to technological innovation. 

: The R&D subsystems of high innovative organizations will 

have a significantly higher mean score on the autonomy scale 

than the R&D subsystems of low innovative organizations. 
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Cooperation 

Sheppard (1967) argued that innovation-producing units must 

aim to provide an environment in which members can view one another 

as a resource rather than as a competitive threat or judges; an 

environment in which differences can be confronted or worked through 

by the members so that all can learn to contribute more. Implicit 

in this proposition is the assumption that cooperation among members 

of an innovation-producing unit will facilitate innovative activity. 

H^: The work climate dimension of cooperation will be positively 

related to technological innovation. 

H., : The R&D subsystems of high innovative organizations will 
H O  

have significantly higher mean score on the cooperation scale 

than the R&D subsystems of low innovative organizations. 

Supportiveness 

Innovation flourished under organizations which are suppor

tive in task functions and supervisors who often consulted with 

subordinates (Andrews and Farris, 1967). Implicit in the above, is 

the assumption that if the organization is supportive of its members 

in their task functions, then members will not feel hindered or 

inhibitive in an attempt to initiate innovative proposals for the 

organization. In other words, for the members of the research and 

development subsystem, the more supportive the management is, the 

more innovative will the members be. 
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Hga: The work climate dimension of supportiveness will be 

positively related to technological innovation. 

The R&D subsystems of high innovative organizations will 

have significantly higher mean score on the supportiveness 

scale than the R&D subsystems of low innovative organiza

tions. 

Structure 

Knight (1967) argued that routine activities are not likely 

to induce creative problem solving for those who are directed by 

structured role prescriptions. This argument stems from the view 

that specification and codification of the methods and procedures 

for accomplishing task identify for the role incumbent a predetermined 

mode of behavior which is not likely to induce creative problem 

solving. 

H, : The work climate dimension of structure will be negatively 
oa 

related to technological innovation. 

Hc, : The R&D subsystems of high innovative organizations will 
OD 

have a significantly lower mean score on work climate 

dimension of structure than the R&D subsystems of low 

innovative organizations. 

Reward System 

It is proposed that the reward system in the organization 

may impact on the R&D members ability to initiate innovations. If 
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the level of reward is high and routinely given regardless of per

formance, such reward system will serve as disincentive to better 

performance. However, if the reward system is not routine but is 

dependent upon performance, there will be the tendency for members 

to bid competitively with one another for a share of the available 

reward by increased innovative performance. 

The reward system will be positively related to technological 

innovation. 

H.,, : The R&D subsystems of high innovative organizations will 
7b 

have a significantly higher mean score on the reward system 

scale than the R&D subsystems of low innovative organiza

tions. 

Achievement Motivation 

The desire of the organization or its subsystem to excel in 

its area of endeavor, it is proposed, plays an influencial role in 

the process of innovation. Litwin and Stringer's (1968) study of 

three simulated business organizations with climate of affiliation, 

power, and achievement motivation showed that the organization with 

the achievement oriented climate was significantly more productive 

and innovative than the other two organizations with power and 

affiliation climates. It is proposed that achievement motivation 

will have a definite impact on the organizational actors in the 

research and development subsystem to be productive and innovative. 
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H_ : The work climate dimension of achievement motivation 
8a 

will be positively related to technological innovation. 

Hg^: The R&D subsystems of high innovative organizations 

will have a significantly higher mean score on the achievement 

motivation scale than the R&D subsystems of low innovative 

organizations. 

Status Polarization 

Status congruence and the ease of intra-organizational 

mobility is indicative of the degree of organizational stratification 

or polarization. Thompson (1965) citing Maslow's "Motivation and 

Personality" and May's "Meaning of Anxiety," stated that stratifica

tion leads to personnel insecurity and that status striving behavior 

is incompatible with creative thinking. It is proposed that status 

stratification will be inhibitive of innovative activities. 

Hg^: Status polarization will be negatively related to 

technological innovation. 

Hg^: The R&D subsystems of high innovative organizational 

will have a significantly lower mean score on the status 

polarization scale than the R&D subsystems of low innovative 

organizations. 

Flexibility 

It is proposed that organizational systems that have developed 

a philosophy of willingness to experiment with change are more likely 
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to be productive of innovations than those that are less flexible 

in their philosophy to adopt changes. 

HlOa! '^ie work climate dimension of flexibility will be 

positively related to technological innovation. 

H, : The R&D subsystems of high innovative organizations will 
lUb 

have a significantly higher mean score on the flexibility 

scale than the R&D subsystems of low innovative organiza

tions. 

Decision Centralization 

A decentralized decision making process has been suggested 

by Thompson (1965) as well as by Burns and Stalker (1961) as being a 

necessary condition for innovation. Thompson (1965) argues that 

concentrated power arrangements prevent imaginative solution to 

problems; dispersed power arrangements can contribute to the devel

opment of innovations. Implicit in this notion is the belief that 

in addition to the greater number of sources of information and the 

freer information flows in the decentralized network, decentralization 

seems to generate a greater ego. involvement and commitment to increased 

work performance. 

H^a: Decision centralization will be negatively related to 

technological innovation. 

^llb: '^ie ^ ̂  D subsystems of high innovative organizations will 

have a significantly lower mean score on the decision centrali

zation scale than the R&D subsystems of low innovative 

organizations. 



CHAPTER III 

RESEARCH METHODOLOGY 

This chapter discusses the research approach used in the 

study. The discussion is divided into three main sections, namely 

instrumentation, the research sample and data collection procedures. 

Instrumentation 

Two instruments were developed to measure technological 

innovation. The first instrument, the innovation index, estimates 

actual innovations developed by each company since 1970. The second 

instrument, the perceived innovativeness questionnaire, estimates the 

company's innovativeness as perceived by the staff of the research 

and development subsystems. The R&D subsystem work environment 

was assessed with two instruments, namely, the work climate question

naire and the work climate stability questionnaire. 

Innovation Index 

An innovation index was developed to determine the actual 

innovations developed by the companies in the semiconductor industry. 

The index consisted of a comprehensive list of technological 

innovations that could have been adopted and developed by the 

companies in the industry since 1970 (Appendix C). 

40 
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The process taken to develop the instrument may be broken 

down into three phases: compilation of a list of innovations through 

library research; content validation of the list with a group of 

judges; this phase was followed by a subsequent content validation 

with a second group of judges from the semiconductor industry. 

Phase 1: A review of the relevant library materials 

resulted in a compilation of industry-wide innovations since 1970. 

The selection of these innovations was based on whether or not the 

library sources indicated these technologies to be "innovations." 

A total of 32 innovations were compiled after a careful review of 

the relevant materials (refer to Table 3-1). 

Phase II: A questionnaire was then developed to verify that 

the items on the list exhausted the content domain of interest. 

Specifically, the questionnaire was designed to determine the 

following: 

1. the degree of relatedness/association of each item of 

innovation to the semiconductor industry. 

2. the number of non-innovative items on the list. 

Specifically, the judges were sent the list of items and 

were asked to: 

a. Indicate on a scale of 1-5 (from highly unrelated to highly 

related) the degree of association and identification of each 

item of "innovation" with the semiconductor industry; and 
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Table 3-1. A List of Innovations Compiled from Library Sources.* 

1. Charged Coupled Devices 
2. X-Ray Lithography for Bubble Devices 
3. Liquid Crystal Study of Oxide Defects 
4. 1024 Bit Random Access Memory 
5. Automatic Control of Crystal Growth 
6. V-Mos Technology 
7. 16-Bit Single Chip Microprocessor 
8. Thin Files Direct Bonded Copper Process 
9. 4096 Bit Random Access Memory 
10. Integrated Optical Circuits 
11. Silicon Anodisation 
12. Versatile Arrays 
13. 16,384 Bit Random Access Memory 
14. Computer (One board programmable i/o) 
15. Microelectronics H-Mos 
16. CCD Analog-to-Digital Converter 
17. Amorphous Silicon Solar Cell 
18. Locmos Integrated Circuit 
19. Logic State/Timing Analyzer 
20. Integrated Injection Logic 
21. Nitrogen-Fired Copper Wiring 
22. Floppy Disc Recorder 
23. Integrated Circuit RMS to DC Converter 
24. V-f Converter 
25. Electro-beam Lithography 
26. Plasma Etching 
29. Ion-beam Milling 
28. 65-K ROM 
29. 5-V 8 Kilobit Static RAM 
30. Optolinear Technology 
31. Codecs (coding/decoding device of voice signal) 
32. Fiber Optics Systems Technology 

^Library materials used in the compilation of the list of items 
included: Electronics Journal, 1970-79; Bell Systems Technology 
Journal; Solid State Electronics; Solid State Technology and 
Drummer; G.W.A.; Electronic Inventions, 1745-1978. 



43 

b. Indicate items on the list that were not considered 

innovations in the industry. The judges were also asked to 

identify any Innovations that occurred in the industry 

since 1970, and did not appear on the list. 

The questionnaire was sent to fifteen judges who were 

selected on the basis of their knowledge of the semiconductor 

industry. The judges were carefully selected from Dun and Bradstreetfs 

Million Dollar Directory (1979). All the judges occupied managerial 

positions in research and development units in various companies 

in the semiconductor industry and had a minimum educational quali

fication of a college degree in electronics engineering. Ten of the 

judges completed and returned the questionnaire. The responses 

were analyzed and items that were on the average rated 1-3 on the 

scale (i.e. highly unrelated to niether related nor unrelated), 

along with items identified as non-innovations were deleted from the 

list (Table 3-2). 

One item was identified as highly unrelated to the industry; 

five other items were classified as unrelated to the industry; 

three others were identified as neither related nor unrelated to 

the industry; and one item was identified as a non-innovation. Thus, 

ten items out of the thirty-two items of "innovation" identified 

from the library research were eliminated from the list. The remaining 

twenty-two items were identified by the judges as innovations in the 



Table 3-2. A Summary of First Validation Analysis. 

Classification of Items & of Items 
HIGHLY UNRELATED TO INDUSTRY 1 
Nitrogen-fired Copper Wiring 

UNRELATED TO INDUSTRY i 5 
Thin files direct-bonded 
Copper 
Silicon Anodizatlon 
Logic State/Timing Analyzer 
Floppy Disc 
V-f Converter 

NEITHER RELATED NOR UNRELATED 3 
Integrated Circuit rms to 
dc converter 
Liquid Crystal Study of 
Oxide Defects 
Fiber Optics System 

RELATED TO INDUSTRY/NON-INNO: 1 
Automatic Control of Crystal 
Growth 

RELATED TO INDUSTRY/INNOVATION 10 
CCD Analog/Digital Converter 
Optolinear Technology 
Versatile Arrays 
Computer (One Board program
mable I/O) 
Amorphous Silicon Solar Cell 
Integrated Injection Logic 
Ion-beam Milling 
Codecs 
X-Ray Lithography 
Integrated Optical Circuits 

HIGHLY RELATED/INNOVATION 12 
CCD 
1024 Bit RAM 
V-MOS 
16-Bit Single Chip Micro 
4096 Bit RAM 
16,384 Bit RAM 
H-MOS 
L0CM0S 
Electro-Beara Lithography 
Plasma Etching 
65-K ROM 
5-V 8 Kilobit 

TOTAL NUMBER OF ITEMS: 32 
TOTAL NUMBER OF REJECTS! 10 
TOTAL NUMBER OF INNOVATION: 22 
ADDITIONAL INNOVATIONS: 13 
TOTAL NUMBER OF ITEMS FOR 
SECOND VALIDATION: 35 

Degree of Assoc./Ident. 
Mean Standard Dev. Range 

1.5 .85 2 

2.2 1.23 4 
2.5 1.35 3 
2.2 1.40 2 
2.5 1.18 2 
2.7 1.89 4 

3.2 1.75 4 

3 1.62 2 
3 .99 2 

4.3 1.05 3 

3.8 1.62 3 
3.7 1.56 4 
4 .82 2 

4.2 1.30 4 
4 1.49 4 
4.4 .97 3 
3.7 1.06 4 
3.9 1.52 2 
3.67 1.00 3 
3.55 1.24 4 

4.9 .32 1 
5 0 0 
4.8 .42 1 
5 0 0 
4.9 .32 1 
4.9 .32 1 
4.9 .32 1 
4.8 .42 1 
4.7 .67 2 
4.7 .48 1 
4.9 .32 1 
4.9 .32 1 
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semiconductor industry. Of these twenty-two innovations, ten were 

rated by the judges to be related to the industry and twelve to be 

highly related to the industry. Together, these innovations con

stituted 70% of the compiled list from the library research. A 

further group of 13 items of innovation were suggested by the judges 

as post-1970 innovations in the semiconductor industry. 

Phase III: This phase was initiated by preparing a second 

list of items consisting of the 22 innovations from the first iteration 

and the 13 "innovations" suggested by the judges (refer to Table 3-3). 

A questionnaire on the list of items was developed, and 

nine professional research and development personnel with a minimum 

of five years working experience in R & D environment in the semi

conductor industry were interviewed. The nine judges consisted 

of six research and development managers with semiconductor companies 

in the Tucson and Phoenix areas; two consultants with a semiconductor 

consulting firm; and one university professor with background and 

experience in semiconductor research and development. All the judges 

met the basic minimum qualification of a college degree and five of 

the nine judges had doctorate degrees. The selection of the judges 

was based on consultation with a faculty member of the Electronics 

Laboratory at the University of Arizona, who was familiar with the 

semiconductor industry in Arizona. 

The judges were informed before each interview that their 

responses would be used in conjunction with responses of other 
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Table 3-3. The List of Innovations after First Validation Analysis. 

1. Charge Coupled Devices 
2. X-Ray Lithography for Bubble Device 
3. 1024 Bit Random Access Memory 
4. V-Mos Technology 
5. 16-Bit Single Chip Microprocessor 
6. 4096-Bit Random Access Memory 
7. Integrated Optical Circuits 
8. Versatile Arrays 
9. 16,384 Bit Random Access Memory 
10. Computer (One board programmable i/o) 
11. Microelectronics H-Mos 
12. CCD Analog-to-Digital Converter 
13. Amorphous Silicon Solar Cell 
14. Locmos Integrated Circuit 
15. Integrated Injection Logic 
16. Electron-Beam Lithography 
17. Plasma Etching 
18. Ion-beam Milling 
19. 65-K ROM 
20. 5-V 8 Kilobit Static RAM 
21. Optolinear Technology 
22. Codecs 
23. Fiber Optics Systems Technology 
24. Schottky Clamped Integrated Transistor-

Schottky Clamped TTL logic 
25. Single Chip Microcomputer (with on chip i/o & 

Program ROM) 
26. Bipolar Fet (BIFET) Technology 
27. 5-V 16 Kilobit Static RAM 
28. Floating Gate Mos Structure 
29. Oxice Isolated Bipolar Logic & Memory Structure 
30. Ion Implanted MOS Threshold Voltage (VTX) Adjust Process 
31. Laser Diodes 
32. Double Level Metal Interconnection Technology 
33. Switched Capacitor Technology (Linear MOS) 
34. Vacuum Epitaxy 
35. Polycrystalline Silicon Gates 
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knowledgeable persons to determine an average viewpoint and at no 

time would their responses alone be used. 

The interview addressed three matters. First, the judges 

were asked to indicate the degree of association and identification 

of each item of "innovation" with the semiconductor industry on a 

scale of 1-5, (i.e. highly unrelated to highly related). Second, 

the judges were asked to give the approximate dates of each innova

tion in the industry; and, thirdly, they were asked to assess a 

general description of the process of innovation as applied to the 

semiconductor industry, and, if they disagree, to give a description 

of how they believe the innovative process occurs in the industry. 

The following criteria were established for the validation 

of the items and the elimination of those items considered irrelevant 

for the purposes of this study: 

1. Since the focus of this study is on innovations that 

occurred after 1970, innovations that occurred before 1970 

were irrelevant for the purposes of this study, and hence 

were to be eliminated. 

2. Items that, on the average, were rated 1-3 on the scale 

(i.e. from highly unrelated to neither related nor unrelated) 

in terms of the degree of association and identification 

with the semiconductor industry were to be dropped. 

3. Items that were not considered innovations by the judges 

were to be dropped. 
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Based on the above criteria, eleven items were dropped 

from the list. Specifically, six of the eleven items were 

classified as neither related nor unrelated to the semiconductor 

industry; four others were judged to be minor improvements in 

existing technologies rather than innovations, and one item was 

judged as a pre-1970 innovation (refer to Table 3-4). 

To summarize, then, 24 of the 35 items analyzed in the third 

phase were judged to be innovations occurring in the semiconductor 

industry since 1970, and accordingly were selected to constitute the 

final innovation index. 

It is significant to note that no item was judged to be 

either "highly unrelated" or "unrelated" to the semiconductor 

industry. This is a marked improvement from the first validation 

phase which identified six items as unrelated to the industry. 

Further analysis of the statistical data (Table 3-4) , shows that 

there is a high degree of agreement among the judges in their selec

tion of what items constitute innovations in the industry. This 

high degree of agreement among the judges is taken as an indication 

of the representativeness of the items as an index of innovation in 

the semiconductor industry for the period since 1970. 

Based on the above assessment (i.e. the high degree of 

agreement among the judges in the selection of what constitutes 

innovations in the semiconductor industry and the representativeness 



Table 3-4. A Summary of Second Validation Analysis. 

Deg. of Assoc./Ident 
Classification of Items if of Items Mean Stand. Dev. R. 
HIGHLY UNRELATED TO INDUSTRY 0 

R. 

UNRELATED TO INDUSTRY 0 
NEITHER RELATED NOR UNRELATED 6 
Optolinear Technology 3.2 1.17 4 
Codecs 3.5 1.23 3 
Fiber Optics Technology 3.46 1.00 3 
Floating Gate MOS Structure 3.00 2.44 4 
Laser Diodes 3.20 1.6 4 
Versatile Arrays 3.00 2.5 4 

RELATED TO INDUSTRY/NON-INNO 5 
X-Ray Lithography 4.4 .73 2 
Integrated Optical Circuit 3.9 .78 2 
CCD Analog/Digital Converter 4.7 .71 2 
Amorphous Silicon Solar Cell 4.6 .73 2 
Switched Capacitor Tech. 5.0 0 0 

RELATED TO INDUSTRY/INNOVATION 2 
Computer(One board program
mable I/O) 4.2 .67 2 

Ion-beam Milling 4.3 1.00 3 
HIGHLY RELATED/INNOVATION 22 
Electro-beam Lithography 4.6 .53 1 
Plasma Etching 4.7 .50 1 
CCD 4.9 .32 1 
1024 Bit RAM 4.9 .32 1 
V-MOS 4.9 .32 1 
16-Blt Single Chip Microp. 5.0 0 0 
4096-Bit RAM 4.9 .32 1 
16,384 Bit RAM 4,9 .32 1 
H-MOS 4.9 .32 1 
LOCMOS 5.0 0 0 
Integrated Injection Logic 5.0 0 0 
65-K ROM 4.9 .32 1 
5-V 8 Kilobit Static RAM 4.8 .44 1 
Schottky Clamped Integrated 
Transistor-Schottky Clamped 
TTL Logic 5.0 0 0 

Single Chip Microcomputer 
(with on chip I/O & Program 
ROM) S.O 0 0 

5-V 16 Kilobit Static RAM 4.9 .32 1 
Bipolar Fet (BIFET) Tech. 4.9 .32 1 
Oxide Isolated Bipolar Logic 
and Memory Structure 4.9 .32 1 

Ion-Implanted MOS 4.9 .32 1 
Double Level Metal Inter-con 
technology 4.9 .32 1 

Vacuum Epitaxy 4.6 .53 1 
Polycrystalline Silicon Gate 5.0 0 0 

TOTAL NUMBER OF ITEMS: 35 
TOTAL NUMBER OF REJECTS: 11 
TOTAL NUMBER OF INNOVATIONS: 24 
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of the items as post-1970 innovations in the semiconductor industry), 

the content validity of the index as a measure of innovation is 

established. 

The nine judges who evaluated the innovation index were 

also presented with a general description of the process of innova

tion and were asked for their reaction to the description with 

particular reference to the semiconductor industry. According to 

the description, the process of innovation is perceived as a three-

stage process: a) initiation, i.e. the awareness of an opportunity, 

a possibility or need arising from a recent invention either by 

the same organization or by a different organization; this stage 

includes the subsequent development of the idea in the form of 

written proposal with/or graphic design; b) adoption - a stage that 

represents a decision being made by the appropriate decision

makers, providing mandate and resources for development; and c) the 

implementation stage, which is the development and implementation 

of the innovative proposal. 

Five of the judges agreed with the description of the 

process as given. Evaluative comments made by the other four judges 

are provided below: 

While the description is adequate, it assumes a rational 
stepwise process which is not often the case. In some cases, 
management may decide that a new technology may be profitable 
to develop and consequently the process of initiation will 
start. This is usually followed by a final approval 
before implementation. 
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Innovation arises from a need or challenge. Initiation, 
adoption and implementation phases all merge into one 
process and cannot be separated. 

Innovation is a never-ending process in the industry and 
even though phases of the process may exist, the 
technical personnel may not see it that way. However, to 
the extent that the process involves a take off stage, 
adoption or non-adoption of the proposal, and subsequent 
development if the proposal is adopted, one can truly speak 
of three stages in the process of innovation in the 
industry. 

... if the process whereby innovation occurs in this 
industry is broken down, it does fit a three-stage 
process. 

In conclusion, the comments by the judges show that innova

tion as a process involving three stages is reasonably applicable 

to some companies in the semiconductor industry. Thus, in the 

construction of the innovation index, the three-stage process was 

taken into consideration. Innovations in the innovation index 

were evaluated in terms of whether the company has initiated, 

adopted, and implemented each innovation. 

Perceived Innovativness 
Questionnaire 

The second instrument used to measure innovation is the 

perceived innovativeness questionnaire. It was designed to assess 

the perception of the R&D personnel regarding the technological 

innovativeness of their respective companies. 

The questionnaire was based on a previously used questionnaire 

by Forehand (1963) and Paolillo (1977). It consisted of ten 
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Likert-type items (Appendix D). Each item is represented by a 

six-point scale and the respondent is required to rate his organiza

tion on each item by responding to the six-point scale (l=strongly 

agree, 2=agree, 3=moderately agree, 4=moderately disagree, 5= 

disagree, 6=strongly disagree). Evaluation of the instrument is 

provided in Chapter VI. 

Work Climate 
Questionnaire 

This questionnaire was adopted from an earlier organizational 

climate questionnaire developed by Campbell and Pritchard (1969). 

The original questionnaire consisted of twenty-two a priori 

dimensions. The dimensions were selected for this study based on 

their theoretical relevance and importance in the light of past 

research on innovation. 

The ten dimensions used to measure the work climate of the 

research and development subsystems were: 

Autonomy. The degree of freedom personnel have in day to 

day operating decisions such as when to work and how to solve job 

problems. This includes freedom from constant evaluation and 

close supervision. 

Cooperation. The degree to which personnel either compete 

with each other or work together and with other people in the 

organization in the process of getting things done. 
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Supportiveness. The extent to which the organization tries 

to satisfy personnel needs for recognition and belongingness over 

and above traditional methods such as financial compensation, 

benefits, etc.. 

Structure. The degree to which the organization specifies 

the methods used to accomplish tasks; the degree to which the organiza

tion likes to specify and codify, and write things down in a very 

explicit form. 

Reward System. This includes: a) the level of reward 

(i.e. degree to which personnel are well rewarded); this includes 

salary, fringe benefits and other status symbols; and b) the 

performance-reward dependency (i.e. the extent to which the reward 

system is fair and appropriate, and the degree to which these 

rewards are based on worth, ability and past performance rather 

than factors such as luck or who you know, etc.). 

Achievement Motivation. This reflects the degree to which 

the organization or its subsystem attempts to excell. 

Status Polarization. The degree to which there are definite 

physical and psychological distinctions between hierarchical levels 

within the organization or its subsystems. 

Flexibility. Willingness to try new procedures and to 

experiment with change. This willingness to experiment with change 

is not really necessarily due to some potential crisis situation, 

but rather to improve a situation or process which may be working 
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satisfactorily now but could be improved. Also refers to the speed 

with which such changes are made. 

Decision Centralization. The extent to which the organiza

tion delegates the responsibility for making decisions either as 

widely as possible or centralizes it as much as possible. It 

includes the idea of shared authority in decision-making. 

Each dimension was represented on the average by five 

Likert-type items (Appendix E). The respondents were required to 

rate their respective R&D subsystems on each ±tem by responding 

to a six-point scale (l=never true, 2=almost true, 3=sometimes true, 

4=frequently true, 5=nearly always true, 6=always true). The 

Cronbach alpha estimates of the internal consistency reliability 

of the scales ranged from .66 to .81 on the original questionnaire. 

The evaluation of the instrument in terms of the R&D subsystems 

of the semiconductor companies is provided under Chapter VI. 

Work Climate Stability 
Questionnaire 

This instrument was devised to assess whether changes had 

occurred in the nature of the work climate of the R&D subsystems. 

The objective of this assessment was to check the key assumption 

underlying the work climate measurement, i.e. the relative stability 

or permanency of the nature of work climate over a period of time. 

The questionnaire consisted of the ten items that comprise 

t h e  w o r k  c l i m a t e  i n s t r u m e n t  a n d  a t t e m p t s  t o  a s c e r t a i n  t h e  R & D  
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personnel's perception of what changes, if any, had occurred in 

the climate dimensions. Previous studies using the climate ques

tionnaire had tended to assume the stability of the nature of work 

climate without an attempt to assess whether changes in the climate 

had occurred. The approach in this study attempts to empirically 

assess whether the assumption of the relative stability of the 

work climate will hold. 

A short description of each dimension was provided, and the 

R&D personnel were asked to place a check mark in any one of the 

alternative boxes that most appropriately described his/her percep

tion of the degree to which the dimension had changed. The alterna

tives were: l=not changed; 2=has changed somewhat but not to the 

extent of affecting department operations; 3=has changed significantly 

to the extent of probably having an effect on the way the department 

operates and how objectives are accomplished (Appendix F). 

Research Sample 

The semiconductor industry (SIC 3674) was selected for the 

study. The selection of this industry was based primarily on the 

fact that the industry is characterized by a highly dynamic environ

ment, and companies in the industry view technological innovation or 

advancement as the principal instrument in intercorporate competition. 

In addition, the industry in the past decade has been characterized 
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by very rapid technological advances with subsequent high growth 

rate for firms in the industry. Thus, the industry is seen as 

providing excellent circumstances for the study of innovation. 

Companies that participated in the study were those classified 

under the Standard Industrial Code number 3674. Companies in the 

industry that were listed with several SIC codes were eliminated, 

and companies for which the SIC 3674 code was listed either exclusive

ly or as the primary area of operation were selected as potential 

participants in the study. In all, forty-two semiconductor companies 

were selected as potential participants. Appendix G presents some 

operational measures of the semiconductor companies approached to 

participate in the study. The appendix shows that the companies 

vary in such operational measures as total sales, net income, working 

capital and the total number of employees. Hence the companies 

may be perceived as heterogeneous with regard to the many variables 

which could affect innovation. These variables are external to the 

current study and were not taken into account. 

Single copies of the questionnaires with cover letters 

were sent to the respective heads of the research and development 

subsystems of all forty-two companies for review (refer to Appendix 

A). This was followed by phone calls to the companies to ascertain 

their willingness to participate in the research study. 

Eight companies agreed to participate in the study provided 

confidentiality was maintained. The remaining companies refused to 

participate for a number of reasons which have been documented in 
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Table 3-5. Reference to the table will show that reasons assigned 

for non-participation ranged from "company undergoing reorganiza

tion" to "shortage of R & D staff." However, for the majority 

of the companies, the reasons assigned for refusal to participate 

were lack of interest and the need to keep confidential the company's 

innovative activities. 

Table 3-6 presents comparisons of the mean operational 

measures of the participating and non-participating companies. The 

operational measures compared included total sales, net income, 

working capital, and the number of employees. It is seen that the mean 

values of the operational measures of the participating companies do not 

differ significantly from that of the non-participating companies. 

Table 3-5. Summary of Reasons for Non-Participation. 

Number of 
Reasons Companies 
1. Company undergoing reorganization, cannot 

participate. 3 
2. Company not interested in participation. 7 
3. Company participation will involve 

providing confidential information. 8 
4. Life span of company is less than ten year. 1 
5. Company is not ready to participate now. 3 
6. Company is too busy to participate. 6 
7. Company is IC assembly plant; company 

has no research unit. 2 
8. Company cannot participate; just moved 

to new facilities in new geographical 
location. 1 

9. Company cannot participate; short on 
R & D  s t a f f .  3 
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Table 3-6. Comparison of Some Operational Measures of Participating 
and Non-Participating Companies. 

Participating 
Companies* 

Non—Participating 
Companies* 

Operational 
Measures 

n=7 
Mean SD 

n=22 
Mean SD 

Total Sales 
(.1979) 

$169.8m -3.6m $174.9m +1.5m 

Net Income 
(1979) 

$10.17m -2,6m $13.64m 0.87m 

Working Capital 
(1979) 

$36.9m -1.3m $38.7m 0.9m 

Number of 
Employees 

6309 759 5297 -253 

* The mean operational measures excluded organizations characterized 
as conglomerates. 
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Comparisons were also made of the R&D subsystems of the 

eight c o m p a n i e s  t h a t  a g r e e d  t o  p a r t i c i p a t e  i n  t h e  s t u d y .  T h e  R & D  

subsystems were compared on three organizational measures, namely, 

the number of R & D employees, the average R&D budget per annum, 

and the percentage of net sales allocated to the R&D budget. The 

results are presented in Table 3-7. Reference to the table suggests 

that the R&D subsystems of the eight companies are characteristically 
* 

different on these measures. The number of employees ranged from 

200 to 17; the R&D budget ranged from $llm to $2.5m per annum, 

and the percentage of net sales allocated to the R&D budget 

ranged from 15% to 2.5%. 

Respondents for the study were drawn from the R&D sub

systems  o f  t h e  p a r t i c i p a t i n g  c o m p a n i e s .  A l l  r e s p o n d e n t s  w e r e  R & D  

personnel engaged in research and development activities within each 

company. 

Table 3-7. Some Characteristics of the R&D Subsystems of the 
Participating Companies 

Company 

# of Employees 
in R & D Subsystem 
(1979) 

Average 
R&D Budget 
Per Annum 

Percent of Net 
Sales Allocated 
to R & D Budget 

A 125 $8.0m 8.6% 

B 100 N/A N/A 

C 19 $2.5m 2.5% 

D 160 $8.5m 9.0% 

E 17 $2,8m 10.0% 

F 190 $5.9m 8.5% 

G 150 $llm 15.0% 

H 200 $10m 4.5% 

N/A - Not Available. 
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Data Collection Procedures 

The questionnaires for the study were grouped into respondent 

parts and were mailed to the heads of the R&D subsystems of the 

participating companies. Instructions for the distribution of the 

questionnaires were provided on separate sheets attached to each 

group of questionnaires. An accompanying cover letter emphasized 

the confidentiality of the responses (Appendix B). Following the 

mailing of the questionnaires, phone calls were made to the respec

tive R&D heads to discuss the instructions for the distribution 

of the questionnaires and also to schedule an appointment for 

interviews. 

Data pertaining to actual innovations "developed" by 

companies w e r e  o b t a i n e d  b y  a s k i n g  e a c h  v i c e - p r e s i d e n t  f o r  t h e  R & D  

subsystem to respond to the innovation index. Detailed instruc

tions were provided on the questionnaire to help the respondent 

respond accurately. Eight vice-presidents of the R&D subsystems 

responded to the innovation index. Interviews were also conducted 

with the respondents. The interviews were conducted in person or 

by the telephone. For five research sites which were within a 

reasonable traveling distance, the interviews were conducted in 

person with the vice-presidents. Interviews with the remaining 

three vice-presidents were conducted by telephone. The interviews 

c o v e r e d  p r i m a r i l y  t h e  n a t u r e  o f  t h e  p r o c e s s  o f  i n n o v a t i o n  i n  t h e  R & D  

subsystem and the nature of the R&D subsystem work environment. 
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Ninety-nine research and development personnel from the 

eight companies were administered the perceived innovativeness 

questionnaire and the work climate questionnaire. The total number 

of respondents from each company ranged from a minimum of eight to 

a maximum of sixteen employees. 

To obtain a measure of how the R&D personnel perceived 

their company's innovativeness, the R&D personnel were asked to 

respond to the perceived innovativeness questionnaire. 

The same respondents were administered the work climate 

questi o n n a i r e  t o  o b t a i n  a  m e a s u r e  o f  t h e  w o r k  c l i m a t e  i n  t h e  R & D  

subsystem. 

It was emphasized that all members of the unit should partici

pate except those who expressed a wish not to participate. Protection 

of respondents' confidentiality was obtained by providing them with 

self-addressed envelopes to return the completed questionnaires. 

This process not only assured the confidentiality of the respondents 

but also encouraged them to be truthful about their responses to the 

questionnaires. 

A total number of thirty-seven employees who had worked 

continuously since 1970 in their respective R&D subsystems were 

administered the work climate stability questionnaire, designed to 

assess changes that had occurred in the nature of the work climate of 

the R&D subsystems. The total number of respondents from each 

company ranged from a minimum of three R&D employees to a maximum 

of six R&D employees. 



CHAPTER IV 

CONTENT ANALYSIS OF INTERVIEWS 

The purpose of this chapter is to report the results of the 

content analysis of interviews on the process of innovation in the 

semiconductor industry and, secondly, to assess the stability of 

the work climate of the research and development subsystems of the 

semiconductor companies. The chapter is divided into two main parts 

Part one involves the process of innovation in the semiconductor 

industry, and part two deals with the content analysis of the 

stability of the R&D subsystem work climate. 

The Process of Innovation in 
the Semiconductor Industry 

Five vice-presidents of the research and development sub

systems of the eight companies participating in the study took part 

in this interview. The five companies, all based in California, 

were selected to be used in the interview because of proximity. 

Each vice-president was interviewed in his office for about 

one hour in each instance. All responses were tape recorded and 

were later transcribed by a professional transcriber. 

Interviewees were asked to give a detailed description of 

the process of innovation as it occurs in their respective companies 

62 
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Responses were sorted into three main categories: namely, initiation 

stage, adoption stage and implementation stage. This categoriza

tion was based on an earlier evaluation of the process of innovation 

in the semiconductor industry as discussed in Chapter III. 

All respondents described their respective process as multi

stage process rather than one stage process. Overall, the descrip

tions provided by the interviewees suggest that, typically the process 

starts with generation of an idea or proposal within the company. 

This is followed by a consideration of the proposal by the head of 

the unit or a task force appointed by him. During this phase, the 

decision is made about the profitability of the proposed innovation 

and whether to commit companyfs physical and financial resources to 

it. If a decision is made to develop the proposed innovation, the 

company moves into the final stage of development and implementation 

of the innovation. 

Anecdotal 

Responses of the five vice-presidents with respect to how 

they perceive the process of innovation in their respective companies 

are reproduced below: 

COMPANY A: 

Typically, you start with an idea, then you discuss it with 
anyone who will listen. All your discussions have to end 
up in one person who is willing to work on it. You've 
got to have that person or else it just doesn't get off 
the ground. We then set him by himself and let him do what 
he can, to see if the project makes any sense...and he has 
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to make that decision. Once the decision is made to go on 
with the project, we get together people who can help build 
the product...and as the product moves from engineering 
stage into production, we move the personnel into production. 
The prototype is developed and tested in the field and if 
there are problems, we solve these problems before the 
final decision to include the product in our line... 

COMPANY D: 

...we look at the market,...we talk to our customers, and 
we try to have some imagination about our customers® wants 
and what the market needs in the future and compare that 
with the resources available and attempt a good match,... 
I believe this to be a motherhood statement about every 
company in the business...Once that is decided, we do a 
paper design study and write a specification for it. We 
then polish the specification in group discussions until 
we attain what we want. We then give the design to the 
engineering group to implement it. 

COMPANY E: 

The vice-president for research and development for 
Company E said: ...four times in a year, we have a formal 
product planning review where we review all our operational 
activities...during these reviews, design managers are given 
the opportunity to tell us what projects they would like to 
work on. We then evaluate their projects and take action 
on whether to go ahead with the project or do some more 
evaluation...after the evaluation, we work very closely with 
our customers to find out what they want...we also consult 
the scientific and trade journals to help us know what our 
competition is doing. We then assign the design group to 
come up with the engineering specifications and the produc
tion people to implement the project. 

COMPANY G: 

The vice-president for research and development asserted that: 
anyone in the unit could come up with an idea which will 
be then discussed by the unit, who will then decide whether 
preliminary investigation should be made to come up with a 
feasible technology. If it is feasible, we talk to the market 
department to find out a specific product around which to 
build it. Marketing department, with the design group 
would establish a set of specifications which the product 
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should meet and compare that specification to what is on 
the market. If we have superiority in terms of dramatically 
lower cost for the same function or dramatically improved 
performance for the same cost, we will work out a budget 
which will cover the production...the actual design cycle, 
the making of the prototype and the manufacturing. 

COMPANY H: 

The vice-president for Company H, a large semiconductor 
company, described the process of innovation as follows: 
...a typical process is that a small group of us -
my boss, myself, and possibly a few of my subordinates agree 
that generating a new technology is desirable and we agree 
on a specific product vehicle. We then assign a small 
group of engineers and scientists and perhaps some technicians 
to detail this technology out in terms of what is needed, 
what ought to be the process by which the product is to be 
built, what ought to be the architect of the product, etc. 
As these activities proceed and we like the answers we hear, 
we feed additional people—engineers, technicians and at later 
stage, hourly workers. In a typical case, we will build up 
a group of 20-40 people, to be involved in the engineering 
and the fabrication of the technology. Having built these 
up and obtained our prototype, we would then move that group 
to manufacturing location where they become the nucleus of 
the pilot line operation, and they carry with them not only 
knowledge of what to do but the knowledge of what you ought 
not to do because it would impact on something negatively. 
We try to operate it as a project so that the supervision 
of it is relatively easy, and there is in effect one person 
control of the entire technical complex involved in getting 
that job done. 

Integrative Synthesis 

The above anecdotes were reviewed for common trends and an 

integrative synthesis was performed to attain an overview of the 

process of innovation in the semiconductor industry. 

The integrative synthesis of the anecdotes suggests that at 

least two alternative approaches may be adopted to implement an 

innovation. These approaches may be termed the "individual" and 

the "team" approaches. 
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The "individual" approach involves the assignment of the 

project or the task to an individual who has the interest and 

knowledge to undertake the task. Such an individual is given the 

responsibility to formalize the idea in the form of a paper design 

with engineering specifications. Once that is done, the project 

design is evaluated by the research and development unit, and if it 

is accepted, a budget is approved and additional people are brought 

in to form the nucleus of the pilot line operation, whose responsibility 

it is to implement the project. 

The "team" approach involves two or more people, typically 

the research and development head and his immediate subordinates 

who agree that generating a new technology is desirable, and, as 

a result, establish a project team with the responsibility of 

achieving the above objective. 

Based on the descriptions of how innovation occurs, it 

appears that both the "individual" approach and the "team" approach 

go through similar phases until the desired objective is achieved. 

Figure 4-1 presents a diagrammatic representation of the 

process of innovation in the semiconductor industry. The process 

may be broken down into three main phases, namely the idea generation 

and evaluation phase (first stage), the approval and adoption phase 

(second stage), and finally the development and implementation phase 

(third stage). 
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Idea Generation 
and 
Evaluation 
(STAGE 1) 

V 

Approval 
and Adoption 
(STAGE 2) 
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Development 
and 
Implementation 
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Idea Generation for Innovation 

Research and Development 
Activities to Proceed 
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easible After Evaluation? 

Approval and Adoption 
of Proposed Innovation 

Implement 
Prototyp 

Evaluation of Prototype 

Prototype 
Are Test results 
Satisfactory? 

Proceed to on-line 
Production 

Figure 4-1. Flow Diagram of the Process of Innovation in the 
Semiconductor Industry. 
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The First Phase 
of the Process 

This phase involves idea generation and evaluation (initiation 

stage). During this phase, the idea is translated into a written 

proposal with accompanying designs and engineering specifications. 

This is evaluated by two or more members of the research and develop

ment unit/department. The project may be dropped or new suggestions 

may be made as improvements to the original proposal. 

The difference between the "individual" approach and the 

"team" approach is that the "team" approach, unlike the "individual" 

approach, involves two or more people who decide on the idea, with 

subsequent written proposal and engineering design, and follow 

through with an evaluation of the proposal with other members of the 

R&D unit to test the feasibility of the project. 

The Second Phase 

This phase in the process involves the approval or accep

tance of the evaluation results and the subsequent provision of funds 

and adequate human resources to undertake hte project. The principal 

actors involved in this phase of the process are the vice-president 

of research and development and his immediate assistants. In this 

phase there ceases to be any difference between the "individual" 

approach and the "team" approach. 
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The Final Phase 

The third and final phase of the process involves a multiplicity 

of departments and personnel with differing backgrounds who are 

brought together to form a project team. The goal of the group is 

to translate the proposal into identifiable technology. The immediate 

goal of the group is to obtain the prototype; and once that is obtained 

and tested to assess its efficiency, the process moves to manufactur

ing to start the on-line manufacturing operation. This phase may be 

termed the "implementation" phase. 

In summary, the process of innovation in the semiconductor 

industry may be construed to consist of three phases, namely, idea 

generation and evaluation (initiation phase); the approval and the 

subsequent adoption of the evaluated proposal; and finally the 

implementation phase, which is the development and implementation 

of the technology. 

Stability of R & D Subsystem Work Climate 

Changes in R & D subsystem work climate were ascertained by 

developing a questionnaire to assess the stability in the nature of 

the work climate of the R&D subsystems of the participating 

companies. The objective of this design was to check the key 

assumption underlying the nature of work climate, i.e. the relative 

stability of climate conditions over a period of time. 

Thirty-seven workers from the eight companies were administered 

the Work Climate Stability Questionnaire. The total number of the 



respondents from each company ranged from a minimum of three research 

and development employees to a maximum of six employees. The selec

tion of these employees was based on their long working experience 

within their respective units. Each employee had a minimum of ten 

years of work experience with their respective research and develop

ment units. 

A short description of each climate factor was provided and 

the employees were asked to place a check-mark in any one of the 

three alternative boxes provided that most appropriately described 

his/her perception of the degree the work climate factors have 

changed in nature. The alternative boxes provided included: 

1) not changed; 2) has changed somewhat but not to the extent of 

affecting department operations; 3) has changed significantly to the 

extent of probably having to affect the way the department operates 

and how objectives are accomplished. 

The work climate factors assessed here included: 

1. autonomy - degree of freedom the members of the unit enjoyed; 

2. cooperation - the degree to which members either competed 

with each other or worked together and with other people 

in the unit; 

3. supportiveness - the willingness of support by company in 

both job and non-job related matters; 

4. structure - degree to which the company specified the methods 

and procedures used to accomplish tasks; 
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5. reward system - the extent to which the reward system has 

been based on worth, ability and past performance of the 

members of the unit; 

6. motivation to achieve - the extent to which the company 

strives to excel; 

7. status polarization - the extent to which there has been a 

definite physical and psychological distinction between 

levels in the subsystem; 

8. flexibility - the willingness to try new procedures and 

experiment with change within the subsystem; and 

9. centralization of the decision making process in the research 

and development subsystem. 

To establish whether changes in the work climate factors 

had occurred, it was decided that if the majority of the employees 

in each company select alternative 3 (i.e. climate factor has changed 

significantly to the extent of probably having to affect the way 

the department operates and how objectives are accomplished), then 

it would be assumed that a change indeed had occurred in the factor. 

On the other hand, if a majority of the employees indicate that either 

no change has occurred or that there has been a change but not to 

the extent of affecting department operations, then the assumption 

of relative stability of climate conditions holds for this study. 

Miller and Friesen (1977) and Yin and Heald (1975) note that 

a two-thirds agreement is an adequate internal consistency, much the 
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same as a Spearman-Brown split-half reliability coefficient of ,67 

might be considered adequate for questionnaire research. 

Table 4-1 presents the analysis of the responses for each 

company. Company by company analysis of the data shows that overall, 

irrespective of company, the work climate of the R&D subsystem 

environment has remained relatively stable over the period of time 

under assessment. 

Company A 

Three employees with the minimum of ten years work experience 

in the research and development subsystem were administered the 

questionnaire. Reference to Table 4-1 shows a high degree of 

consistency in agreement among the three respondents as to the 

relative stability of the R&D work climate. On the work climate 

dimension of autonomy and cooperation, all three respondents agreed 

that the nature of the degree of autonomy and the level of coopera

tion among staff members had changed but not to the extent of affect

ing department operations. Two of the three respondents indicated 

that the reward system and the nature of the decision-making process 

had not changed significantly. The third respondent, however, 

perceived the nature of these climate dimensions to have changed 

s i g n i f i c a n t l y  t o  t h e  e x t e n t  o f  p r o b a b l y  a f f e c t i n g  t h e  w a y  t h e  R & D  

subsystem operates and how objectives are accomplished. All three 

respondents perceived the willingness of the R&D subsystem to 

experiment with change (flexibility) to have changed significantly 

to the extent of probably having to affect the way the subsystem 



Table 4-1. Stability of R & D Subsystem Work Climate. 

Company Company Company Company Company Company Company Company 
Work Climate 
Dimensions 1 

A 
2 
n=3 

3 
B 

1 2 
n=6 

3 1 
C 
2 

n=6 
3 1 

D 
2 

n=3 
3 1 

i 

E 
2 
n=4 

3 1 
F 
2 

n=5 
3 1 

G 
2 

n=6 
3 1 

i 

H 
2 
n=4 

3 

Autonomy - 3 - 3 3 - 1 2 3 - 1 2 1 3 - — 4 1 1 3 2 2 - 2 

Cooperation - 3 - 2 4 - 2 2 2 1 1 1 3 - 1 3 1 1 - 4 2 1 3 -

Supportiveness 1 1 1 5 1 - 1 2 3 1 1 1 1 3 - 1 3 1 1 4 1 1 2 1 

Reward System - 2 1 5 1 - 2 4 - 2 - 1 1 2 1 1 3 1 1 3 2 1 2 1 

Structure 1 1 1 3 2 1 1 3 2 1 - 2 1 2 1 3 1 1 1 5 - 2 2 -

Motivation to 
Achieve 1 1 1 3 2 1 3 3 _ 1 2 1 3 _ 1 3 1 1 5 1 1 2 

Status Polariza
tion 1 1 1 5 1 1 3 2 1 1 1 4 _ 2 3 1 4 1 2 2 

Flexibility - - 3 4 2 - 1 3 2 - 2 1 1 4 - 2 3 - - 5 1 2 2 -

Decision Centra
lization — 2 1 3 3 2 1 3 _ 2 1 3 1 1 5 _ 1 3 2 2 1 1 

WORK CLIMATE(%) 15 52 33 60 35 5 26 43 31 22 33 44 45 47 8 31 56 13 13 63 24 39 42 IS 

*1 = not changed. 
2 = has changed but not to the extent of affecting department operations. 
3 = has changed significantly to the extent of probably having to affect the 

way the department operates and how objectives are accomplished. 
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operates. With respect to the other climate dimensions, namely, 

supportiveness structure, status polarization and achievement 

motivation, the respondents were equally divided as to whether changes 

had occurred in the nature of these climate conditions. One respondent 

perceived no change; the second respondent perceived changes had 

occurred but not to the extent of affecting department operations, 

and the third respondent perceived that significant changes in these 

climate conditions had occurred to the extent of probably having an 

effect on the way the subsystem operates. However, given that two 

of the three respondents either perceived no changes, or changes 

had occurred but not to the extent of affecting operations, it is 

reasonable to conclude that the nature of the climate dimensions 

had remained relatively stable. 

In summary, with the exception of the climate dimension of 

flexibility which was perceived to have changed significantly to 

the extent of affecting operations, the respondents, on the whole, 

perceived the R&D work climate to have remained either unchanged 

or changed but not to the extent of affecting company operations. 

Hence, given that the assessment of the stability of the work 

climate was centered on the overall climate conditions, it is deduced 

from the above analysis that the R&D subsystem work climate 

in Company A has remained relatively stable. 
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Company B 

Six employees with the minimum ten years of work experience 

in the research and development subsystem were administered the 

stability questionnaire. Reference to Table 4-1 shows that four of 

the six respondents either perceived the overall climate condition 

to be unchanged, or perceived the work climate to have changed 

somewhat but not to the extent of affecting department operations; 

and the remaining two respondents indicated the work climate of the 

R&D subsystem to have changed significantly to the extent of 

probably affecting the department operations. In terms of the 

individual climate dimensions, three of the six respondents perceived 

the climate dimensions of autonomy and decision centralization to 

have remained unchanged, and the other three respondents perceived 

these climate dimensions to have changed but not to the extent 

of affecting department operations. The work climate dimensions of 

supportiveness, reward system and status polarization were perceived 

to have remained relatively stable. Five of the six respondents 

perceived these climate dimensions to have remained unchanged, and 

the other respondent assessed that the nature of these climate 

dimensions had changed but not to the extent of affecting department 

operations. Level of cooperation was perceived to have remained 

relatively stable by the respondents. Four respondents perceived 

the level of cooperation to have changed somewhat but not to the 
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extent of affecting department operations and the remaining two 

respondents perceived the level of cooperation to have remained 

unchanged. In terms of the work climate dimension of flexibility, 

no significant change was reported. Four of the six respondents 

perceived flexibility to have remained unchanged and the remaining 

two respondents indicated that some changes had occurred but not 

to the extent of affecting department operations. In terms of the 

work climate dimensions of structure and achievement motivation, 

only one respondent perceived the two dimensions to have changed 

significantly; the remaining five respondents perceived the two dimen

sions to have either remained unchanged (three respondents), or 

have changed somewhat but not to the extent of affecting department , 

operations. 

Thus, based on the analysis of the frequency responses of 

the respondents, a majority of the respondents perceived the work 

climate of the R&D subsystem to have remained relatively stable. 

Company C 

Six employees with the minimum of ten years of work experience 

in the research and development subsystem were administered the 

questionnaire. 

In terms of the overall climate, a majority of the respond

ents perceived the nature of the work climate of the R&D subsystem 

to have changed but not to the extent of affecting department 
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operations. Two of the six respondents perceived significant 

change in the work climate to the extent of probably having an 

affect on the way the department operates and how objectives are 

accomplished. 

In terras of the individual climate dimensions, four of the 

respondents perceived the climate dimensions of cooperation, 

structure, status polarization and flexibility to have remained 

unchanged or changed somewhat but not to the extent of affecting 

the department operations. The two remaining respondents perceived 

the climate dimensions to have changed significantly. Respondents 

were divided in terms of whether changes had occurred in the climate 

components of autonomy, supportiveness and decision centralization. 

Three of the respondents perceived these climate components to have 

either remained unchanged or to have changed somewhat but not to the 

extent of affecting department operations, while the remaining 

three respondents perceived the climate components to have changed 

significantly to the extent of probably affecting the way the 

department operates and how objectives are accomplished. All 

respondents agreed that the climate dimension of achievement motiva

tion has remained relatively stable. 

Based on the frequency responses of the respondents, it is 

deduced that the majority of the respondents perceived the work 

climate of the R&D subsystem to have remained relatively stable 
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while the remaining two of the six respondents perceived the work 

climate of the R&D subsystem to have changed significantly to the 

extent of probably having an affect on the way the department operates 

and how objectives are accomplished. 

Company D 

Three employees with ten years of work experience in the 

R&D subsystem of the company were administered work climate 

stability questionnaires. 

The overall climate of the R&D subsystem was perceived 

to have remained relatively stable with two of the three respondents 

indicating that the climate conditions had remained unchanged or 

had changed but not to any significant extent. Of the individual 

climate dimensions, autonomy, structure and achievement motivation 

were perceived to have changed significantly. Two of the three 

respondents perceived these climate dimensions to have changed 

significantly. The remaining climate dimensions (i.e. cooperation, 

supportiveness, reward system, status polarization, flexibility and 

decision centralization) were all perceived by the majority of the 

respondents to have remained unchanged or had changed but not to 

the extent of affecting department operations. Despite the apparent 

changes in the nature of three of the climate dimensions (autonomy, 

structure, and achievement motivation), the majority of the respond

e n t s  t e n d e d  t o  p e r c e i v e  t h e  o v e r a l l  w o r k  c l i m a t e  o f  t h e  R & D  

subsystem to have remained relatively unchanged and hence relatively 

stable. 
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Company E 

The work climate stability questionnaire designed to assess 

changes in the work climate of the R&D subsystem of the company 

was administered to four employees with ten years of work experience 

in the unit. 

The overall work climate was perceived to have remained 

relatively stable by the respondents. Three out of the four respond

ents judged the nature of the overall work climate to have remained 

unchanged or changed somewhat but not to the extent of affecting 

department operations. The high degree of consistency in the percep

tion of the respondents about the stability of the subsystem work 

climate is reflected in the individual work climate dimensions. One 

of the four respondents judged the climate dimensions of cooperation, 

reward system and structure to have changed significantly, while 

the remaining three respondents perceived these dimensions to have 

remained unchanged or changed but not to the extent of affecting 

department operations. The remaining work climate dimensions of 

autonomy, supportiveness, achievement motivation, status polariza

tion, flexibility and decision centralization were all perceived 

to have remained relatively stable. 

Thus, based on the perception of the respondents, it is 

concluded that the work climate of the R&D subsystem has remained 

relatively stable over the period of time under assessment. 
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Company F 

Five R&D employees were administered the stability 

questionnaire. 

Analysis of the frequency responses suggests that the overall 

work climate of the R&D subsystem is perceived to have remained 

relatively stable. Four of the five respondents judged the nature 

of the overall work climate to. have remained either unchanged or 

changed somewhat but not to the extent of affecting department 

operations. The remaining respondent perceived the climate condi

tions to have changed significantly to the extent of probably having 

an effect on the way the department operates and how objectives are 

accomplished. In terms of the individual climate dimensions, four 

out of the five respondents perceived the climate dimensions of 

autonomy, cooperation, supportiveness, reward system, structure and 

achievement motivation to have remained either unchanged or changed 

but not to a significant extent. All the respondents perceived 

climate dimensions of status polarization, flexibility and decision 

centralization to have remained relatively stable. 

Thus, based on the analysis of the frequency responses, only 

one respondent perceived the work climate to have changed significant

ly to the extent of probably having an affect on the way the depart

ment operates and how objectives are accomplished; the remaining 

four respondents perceived the work climate to be either unchanged 
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or changed but not to any significant extent. Hence, it is concluded 

that the work climate of the R&D subsystem of Company F has remained 

relatively stable over the time period under assessment. 

Company G 

The stability in the R&D subsystem work climate was 

ascertained from six employees with a minimum of ten years of work 

experience in the R & D subsystem. 

Analysis of the frequency responses suggests that the overall 

work climate is perceived to have remained either unchanged or changed 

but not to the extent of affecting department operations. Only 

two of the six respondents perceived to have changed significantly 

to the extent of probably having to affect the way the department 

operates and how objectives are accomplished. In terms of the 

individual climate dimensions, two out of the six respondents per

ceived the climate dimensions of autonomy, cooperation, reward system 

and decision centralization to have changed significantly, while 

the remaining respondents perceived these climate dimensions to have 

remained stable. The climate dimensions of supportiveness, structure, 

achievement motivation, status polarization, and flexibility were 

all perceived by the majority of the respondents (5) to have 

remained relatively very stable. 

Thus, based on the above analysis, a majority of the respond

ents indicated that the work climate of the R&D subsystem has 

remained unchanged or has changed but not to a significant extent. 
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Hence, it is concluded that the overall climate of the R&D 

subsystem of Company G has remained relatively stable over the 

time period under assessment. 

Company H 

Four respondents with the minimum ten years of work experience 

in the research and development subsystem were administered the work 

climate stability questionnaire in an attempt to assess the relative 

stability of the R&D work climate. 

Analysis of the frequency responses suggests that a majority 

of the respondents perceived the work climate to have remained either 

unchanged or changed somewhat but not to the extent of affecting 

department operations. Only one respondent perceived the work 

climate to have changed significantly to the extent of affecting 

department operations. In terms of the individual climate dimen

sions , the respondents were divided as to whether changes had occurred 

in the climate dimensions of autonomy and achievement motivation. 

In each case, two of the respondents indicated the climate dimenj-

sions have remained stable, while the remaining two respondents 

perceived the dimensions to have changed significantly. The remaining 

climate dimensions (namely cooperation, supportiveness, reward 

system, structure, status polarization, flexibility and decision 

centralization) were perceived by the majority of the respondents 

to have remained relatively stable. 
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Thus, based on the above analysis, a majority of the respond

ents indicated that the overall work climate of the R&D subsystem 
i 

has remained unchanged or has changed but not to the extent of 

affecting department operations. Hence, based on the majority 

o p i n i o n ,  i t  i s  c o n c l u d e d  t h a t  t h e  o v e r a l l  c l i m a t e  o f  t h e  R & D  

subsystem of Companh H has remained relatively stable. 

In conclusion, a majority of the respondents in each company 

t e n d e d  t o  p e r c e i v e  t h e  w o r k  c l i m a t e  i n  t h e i r  r e s p e c t i v e  R & D  

subsystems as either unchanged or changed but not to the extent of 

affecting department operations. However, it should be pointed 

out that in some specific instances, some climate dimensions (for 

example, the climate dimension of autonomy in Company A and climate 

dimensions of autonomy, structure and achievement motivation in 

Company D) were perceived to have changed significantly by the 

majority of the respondents. Nevertheless, in both companies, a 

majority of the respondents perceived the overall R&D work climates 

of their respective companies to have remained relatively stable. 

Given that the assessment of the stability of the work climate was 

centered on the nature of the overall work climate conditions, it 

i s  d e d u c e d  f r o m  t h e  m a j o r i t y  o f  t h e  r e s p o n d e n t s  t h a t  t h e  R & D  

subsystem work climate for each company has remained relatively 

stable, and hence the assumption underlying the nature of work climate 

(i.e., relative permanency of work climate over a period of time) 



in this study. However, the subjective nature of the assessment 

approach should be acknowledged. A better approach to the assess

ment of the relative stability of the work climate over a period 

of time would be a longitudinal assessment of the climate conditions. 

This approach was- not feasible in this study due to both financial 

and time constraints. 

Summary 

The process of innovation as perceived in the semiconductor 

industry consists of three main stages: 1) idea generation and 

evaluation (initiation stage); 2) approval and subsequent commitment 

of company's physical and financial resources to the development 

of the proposed innovation (adoption stage); and 3) the development 

and implementation of the innovation. 

Two alternative strategies to the development of innovation 

emerged from the content analysis. These are the "individual" 

approach which involves the assignment of the project to an individual 

who has the interest and knowledge to undertake the task and the 

"team" approach, i.e. the establishment of a project team with the 

responsibility to initiate and evaluate the proposed innovation. 

However, from the adoption stage, the effort and responsibility for 

the development and implementation of the innovation assumes a 

project team approach. 

Content analysis of responses on the stability of the work 

climate of the R&D subsystems indicates that the majority of the 
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employees, irrespective of company, perceived the nature of their 

respective work climate to have remained relatively stable; this 

provides support for the key assumption underlying the study — i.e. 

the relative permanency of the nature of work climate over a period 

of time. 



CHAPTER V 

SCALING OF THE INNOVATION INDEX 

The purpose of this chapter is to discuss in some detail 

the method used in scaling the innovation index. The chapter 

discusses the application of the Guttman scalogram analysis to the 

items that make up the innovation index to determine the unidimension-

ality of the scale. 

A company's innovative ability was measured in terms of the 

24-item ideustry-wide innovations used in this study. A scale for 

the innovation index was developed for each of the three stages in 

the process of innovation, i.e., initiation, adoption, and implemen

tation (Appendix B). This approach enabled profile characteristics 

of a company's innovative ability to be built up and compared directly 

with those of other participating companies. 

The assumption underlying the development of the scale is 

that the data gathered is binary in nature. A company either 

initiated the item of innovation or did not initiate it; the company 

adopted the item for implementation or did not adopt; and finally, 

the company either implemented the adopted item of innovation or 

decided against implementation. What we attempt to seek is a 

measurement based upon an ordinal relation among the companies with 

86 
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respect to all the data on the innovation index. The principle 

employed in this attempt is that implied by Guttman scalogram analysis 

as applied to binary data (Guttman, 1950). The measurement principle 

involved when translated to this situation states that items have 

an order such that, ideally, companies who answer given items 

favorably all have higher ranks on the scale than companies who 

answer the same items unfavorably. 

Based on the rationale of this principle, a data matrix for 

the three-stage process of innovation was developed with the companies 

as rows and the items of innovation as columns. A. value of unity was 

given to all endorsements and a value of zero to all non-endorsements. 

The rows and the columns were rearranged to fit the Guttman scalogram; 

the rows of the data rearranged according to the total number of 

innovations endorsed by each company; the columns were ordered by 

the total number of endorsements found for each item of innovation. 

Determination of the fit of the data to Guttman's model was 

based on the pattern of triangulation of the data matrix and the 

general biserial correlation coefficients for each item in the 

innovation index (Levy and Pugh, 1969). A general pattern of 

triangulation of the data matrix would suggest an approximation 

to Guttman's model. The logic of the "general biserial correlation" 

(GBR) coefficient specifies that if an item discriminates well 

between the high and low socring companies, then the mean score of 
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those who endorse the item will be larger than the mean score of 

those who do not. The GBR is a ratio of the difference between 

the means of high and low scoring companies and the maximum value 

of the same mean difference given the observed score distribution 

and assuming that the items were a perfect discriminator. A high 

GBR score indicates that the item discriminates well between high 

and low scoring companies. 

The pattern of the binary matrix for each stage of the 

process of innovation was analyzed in an attempt to determine the 

applicability of the Guttman scalogram technique to the innovation 

index. It is important to point out that it is not usually possible 

to define the perfect pattern unambiguously in terms of the observed 

marginal endorsements. Torgerson (1958) argued that in the applica

tion of scalogram analysis, the perfect triangular pattern is almost 

never achieved. As a "solution" to this problem, some would define 

that it is either the rows or the columns of the matrix which are to 

be scaled and ignore the consequences for the marginals in other 

direction. Hence, in the application of the Guttman scaling method 

to the data, the ordering of the companies is used as a primary tactic, 

with the remaining dimension of the matrix playing a subsidiary role. 

Table 5-1 shows the binary matrix of the responses to the 

24-item innovation index, according to whether or not the companies 

initiated the innovations. If a cut-off point is established 



Table 5 1. Binary Matrix of the Responses of Companies to the 24—Item Innovation 
Index According to Whether Companies Initiated the Innovations. — 
Rows and Columns Have Been Ordered According to j} of Innovations 
Endorsed and Popularity of Innovations Endorsed. 

HVtiTkM-
COMPANY 21 12 24 8 2 5 14 1 17 13 7 11 22 23 9 4 19 6 18 20 16 15 3 10 TOT STIC RANDOM 

H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 21 
SUBSET 
14 

SUBSET 
7 

G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 0 18 14 4 

D 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 0 1 1 1 1 0 1 1 0 17 11 6 

A 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 0 0 0 0 *1 1 0 14 9 5 

B 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 9 7 2 

C 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 5 3 2 

F 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 5 3 2 

E 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 1 5 2 3 

TOTAL 7765555443225 3 4 3 3 2 3 2 4 3 4 2 

GBR 1 1 1 1 1 1 1 1 1 1 1 1 .36 .42 .65 .90 .84 .58 .37 .94 .48 .66 .30 .87 
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approximately about the middle of the binary matrix, i.e., item 23, 

it becomes apparent that two subsets of pattern emerge. The first 

subset, to the left, is obviously triangular in a typological sense 

as would be expected in a scalogram. This apparent triangulation 

of the subset implies a systematic progression of endorsements 

such that any company that endorsed a given item in the subset has 

higher ranks than the company that did not endorse that item. The 

GBR coefficients of this subset tended to be characterized by 

moderate to high coefficients which indicate that the items of this 

subset discriminate well between high and low scoring companies. 

The evidence suggests that this subset approximates Guttman's 

scalogram. 

The second subset of the binary matrix (Table 5-1), to the 

right of the cut-off point, is characterized by random endorsements 

of items by companies. It is apparent that this subset is not 

triangular in pattern and hence does not approximate the Guttman 

model. It is also obvious that the subset is characterized by 

moderate to lwo GBR coefficients which indicate that the items in 

this subset does not discriminate well between high and low scoring 

companies. The pattern of endorsements and the moderately low 

GBR coefficients suggest that the companies might have idiosyncratic 

reasons for the development of the innovations in this subset. 
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A similar analysis was performed on the pattern of endorse

ments by companies at the adoption stage of the innovation process 

in an attempt to determine the approximation of the scale to 

Guttman's model. Table 5-2 shows responses of companies to the 24-

item innovation index according to whether the companies adopted 

the innovations. Rows and columns were ordered according to the 

number of endorsements and the popularity of innovations endorsed 

in an attempt to approximate Guttman's model. 

Reference to Table 5-2 will indicate that if a cut-off 

point is established approximately about the middle of the binary 

matrix, i.e., item 23, two subsets of pattern emerge similar to that 

obtained at the initiation stage. The first subset, to the left of 

the binary matrix, is characterized by systematic endorsements of 

the innovation, and the subset is obviously triangular in topological 

sense. This apparent triangulation in pattern of response implies 

systematic progression of endorsements such that any company that 

endorsed a given item in the subset has higher ranks than the company 

that did not endorse that item. Reference to the GBR coefficients 

for the innovations shows that this subset is characterized by 

relatively high coefficients which suggest that the items in this 

subset discriminate well between high and low scoring companies. 

The second subset, to the right of the binary matrix is 

characterized by a response pattern that is random and obviously 



Table 5 2. Binary Matrix of the Responses of Companies to the 24—Item Innovation 
Index According to Whether the Companies Adopted for Implementation, 
the Innovations Initiated. — Rows and Columns llave Been Ordered 
According to # of Endorsements and Popularity of Innovations Endorsed. 

SYitfEM-— 

COMPANY 21 12 24 8 2 5 17 X 4 7 11 20 22 23 16 18 6 9 19 14 15 13 3 10 

H 

G 

D 

A 

B 

C 

F 

E 

1 1 1 1 1 1 1 1 1 1  1  

1 1 1 1 1 1 1 1 0 1  1  

1 1 1 1 1 1 0 0 0 0  0  

1 1 1 1 0 0 0 0 0 0  0  

1 1 1 0 0 0 0 0 0 0  0  

0 0 0 0 0 0 0 0 0 0  0  

1 0 0 0 0 0 0 9 0 0 0 1  0  

0 0 0 0 0 0 0 0 0 0 0 0  1  

1 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

1 

1 

0 

0 

0 

1 

0 

1 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

ATIC RANDOM 
TOT SUBSET SUBSET 

19 14 

16 13 

15 9 

11 7 

9 6 

5 3 

5 3 

3 1 

5 

3 

6 

4 

3 

2 

2 

2 

TOTAL 7765554332213 3 3 2 4 4 2 3 3 1 3 2 

GBR 1 1 1 1 1 1 1 1 1 1 1 1 .47 .40 .05 .10 .63 .63 .86 .47 .57 .66 .09 .86 
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non-trinagular in shape. It is also obvious that this subset is 

characterized by moderate to low GBR coefficients which imply that 

the items in this subset do not discriminate well between high and 

low scoring companies. The random pattern of endorsements with 

subsequent low GBR coefficients suggest that the adoption of these 

innovations could be attributed to idiosyncratic behavior by 

companies. 

Based on the above analysis, it is argued that the binary 

matrix contains a subset which approximates Guttman's model. This 

subset, to the left of the cut-off point, is obviously triangular 

in pattern with subsequent high GBR coefficients, and tends to 

approximate Guttman's scalogram model; whereas the subset to the 

right of the binary matrix and which is characterized by randomness 

of endorsements of innovations and low GBR coefficients does not 

approximate Guttman's scalogram model. 

The final level of analysis attempted to examine the scala

bility of the pattern of endorsements to the question of whether 

the companies implemented the innovations after the necessary mandate 

had been given to commit company resources to the development of the 

innovations. 

Table 5-3 indicates the binary matrix that resulted,from 

the responses to the innovation index. Like the two previous stages 

of the innovation process, two subsets of pattern are discernible 



Table 5-3. Binary Matrix of the Responses of Companies to the 24-Item Innovation 
Index According to Whether the Companies Implemented the Innovations. — 
Rows and Columns Have Been Ordered According to // of Endorsements and 
Popularity of Innovations Endorsed. 

SYSTEM
ATIC RANDOM 

COMPANY 21 12 24 8 2 5 17 1 4 7 11 20 22 23 16 18 6 9 19 14 15 13 3 10 TOT SUBSET SUBSET 

H 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 0 0 0 0 17 13 4 

G 1 1 1 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 1 1 1 0 0 12 9 3 

D 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 0 1 0 14 9 5 

A 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 9 6 3 

B 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 9 6 3 

C 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 3 2 1 

F 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 3 1 2 

E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 

TOTAL 7 6 5 4 4 4 3 3 3 2 2 1 1 1 3 2 3 3 1 3 3 1 2 1 

GBR 1 1 1 .83 .83 .83 1 111111 .41 .24 .08 .56 .83 .76 .57 .57 .41 .44 .65 

vO 
-o 
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if a cut-off point is established approximately about the middle 

of the binary matrix, at item 23. The first subset, to the left 

of the binary matrix, is characterized by systematic endorsements 

of innovations and an apparent triangulation in response pattern. 

This apparent triangulation in response pattern implies that any 

company that endorsed a given item in the subset has higher rank 

than the companies who did not endorse that item. Reference to 

the GBR coefficients for the innovations shows that this subset 

is characterized by relatively high coefficients which imply that 

the items in this subset discriminate well between companies that 

ranked high on the scale and companies who ranked low in terms 

of implementation of the innovations. 

The second subset of the binary matrix located to the right 

of the cut-off point, is characterized by a response pattern that 

is random and obviously non-trinagular in shape. It is also obvious 

that this subset is characterized by relatively low GBR scores, which 

implies the innovations in this subset do not discriminate well 

between high ranked companies and low ranked companies. The 

randomness in pattern of endorsements of these innovations suggests 

that the companies may have their own idiosyncratic reasons for 

developing these innovations. Hence the subset does not approximate 

Guttman's scalogram. 

In conclusion, the Guttman scaling method was applied to the 

responses to the innovation index to determine whether the response 
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patterns for each stage of the innovation process fit Guttman's 

model. Tables 5-1, 5-2 and 5-3 show the binary matrix for each 

stage of the innovation process. 

Reference to the tables shows two subsets of response 

patterns in the binary matrixes. The first subset to the left of 

the cut-off point in each binary matrix is characterized by triangu-

lation in response pattern which tended to approximate Guttman's 

unidimensional model. The apparent triangulation in the pattern 

of endorsements implies systematic ordering of endorsements such 

that companies that endorsed a given innovation all have higher 

ranks on the scale than companies that did not endorse the 

innovation. It is concluded, based on the triangulation of the 

response pattern, that the subset is scaleable or unidimensional 

in a Guttman sense. 

The second subset to the right of the cut-off point in each 

binary matrix is not unidimensional in Guttman sense. This subset 

is characterized by random endorsements of innovations by companies. 

The innovations in this subset were developed by some highly ranked 

as well as lowly ranked companies. The pattern of endorsement 

therefore suggests that the companies that developed these innovations 

may have their own idiosyncratic reasons for developing these 

innovations. 

The scalogram analysis based on the 24-item innovation index 

suggests that there is some ordering of innovations in the semi

conductor industry. A subset of the binary matrix in each stage of 
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the innovation process showed a moderate pattern of triangulation 

which approximates the Guttman's unidimensional model. This moderate 

triangulation permits the use of the number of innovations endorsed 

by each company as a cumulative score. Thus this procedure will 

allow the use of Pearson coefficient of correlation between the 

number of innovations in the subset and the mean work climate scores 

by companies. 

However, since this procedure is moderately acceptable, a 

second strategy adopted for the analysis of the data will be the 

establishment of three groups of companies based on the number of 

innovations endorsed. This approach which does not assume cumulative 

scaling, allows the use of t-test to compare the research and devel

opment work environments of the high and low groups of companies. 

Reference to Table 5-4 shows the classification of the companies 

into three groups. Group 1, i.e. the ,:'nigh innovation" group, 

comprises companies H, G and D; Group 2, the "moderate innovation" 

group comprises companies A and B; and Group 3, i.e. the "low 

innovation" group comprises companies C, F and E. 
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Table 5-4. Summary Data of Number of Innovations Endorsed by 
Companies at Each Stage of the Process of Innovation. 

INITIATION ADOPTION IMPLEMENTATION 

COMPANY # // # 

GROUP 1 H 21 19 17 

G 18 16 12 

D 17 15 14 

GROUP 2 A 14 11 9 

B 9 9 9 

GROUP 3 C 5 5 3 

F 5 5 2 

E 5 3 1 

Flow of Innovations in the 
Semiconductor Industry 

An analysis was performed on the differences in the number 

of innovations endorsed by companies at the various stages of the 

innovation process over the ten year period to determine the flow 

of innovations from initiation stage to the implementation stage. 

Reference to Table 5-4 shows that each company, irrespective of 

ranking on the scale, implemented a lower number of innovations than 

they initiated. By analyzing the differences in the number of 

innovations endorsed at each stage of the innovation process, it 
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could be determined whether changes in the number of endorsements 

could be attributed to percentage changes or some constant flow 

of innovations from the initiation stage to the implementation 

stage. 

Reference to Table 5-5 shows that from the initiation stage 

to the adoption stage, companies on the average dropped about two 

innovations; from the adoption stage to the implementation stage, 

companies on the average dropped about two innovations. Thus from 

the initiation stage to the implementation stage, companies on the 

average dropped four innovations during this time period. Comparison 

of the three groups of companies show that the "high innovation" 

group, which on the average initiated 18.7 innovations dropped the 

highest number of innovations (4-3) at the final stage of the 

innovation process; the moderate group, having initiated on the 

average 11.5 innovations dropped about 2.5 innovations and the 

"low innovation" group started on the average with 5 innovations but 

dropped on the average about 3 innovations at the final stage of 

the innovation process. 

Table 5-5. Differences in the Number of Innovations Endorsed from 
the Initiation Stage to the Implementation Stage. 

COMPANY INIT-ADOP ADOP-IMPLEM INIT-IMPLEM 

H 2 2 2 
G 2 4 6 
D 2 1 3 
A3 2 5 
B O  0  0  
C O  2  2  
F 0 3 3 
E 2 2 4 
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The analysis of the flow of the number of innovations from 

the initiation to the implementation stage suggests that there is 

constant flow of the number of innovations between the stages of the 

innovation process rather than percentage changes in the number of 

innovations that pass through each stage of the innovation process. 

Summary 

The Guttman scaling technique was applied to the data on the 

innovation index to produce a scale or to determine that subset of 

the data which fits the Guttman scaling model. Two subsets of response 

patterns emerged from the binary matrix; a random subset, characterized 

by innovations, development of which may be attributed to a company's 

own idiosyncratic reasons and a systematic subset which is triangular 

in pattern and hence approximates Guttman*s unidimensional model. 

This subset permits the use of the number of innovations for each 

company as a cumulative score for correlational analysis. Secondly, 

the cumulative rankings of the companies allow the classification 

of the companies into three groups — high, moderate and low — 

for comparative analysis. Finally, an analysis of the flow of 

endorsements from the initiation stage to implementation stage 

suggests that there is a constant flow of number of innovations 

between the stages rather than percentage changes. 



CHAPTER VI 

ANALYSIS OF RESULTS 

This chapter examines the relationship between work climate 

and technological innovation in the R&D subsystem of the semi

conductor companies. Statistical analyses performed included 

reliability and factor analysis of test instrument, correlational 

analysis, and t-test analysis between the high and low innovative 

groups on the work climate scales. 

Evaluation of Instruments 

Evaluation of the perceived innovativeness instrument and 

the work climate instrument consisted of performing reliability 

and factor analysis on the data. The Cronbach alpha, which estimates 

the degree to which the items in an instrument are internally 

consistent, was used to estimate the reliability of the instruments. 

The factor analytic technique was used to analyze the extent of the 

interdependence of the scales. 

Table 6-1 presents Cronbach alpha estimates of the internal 

consistency of the perceived innovativeness scale and the work 

climate scales. 

The reliability estimates for the perceived innovativeness 

scale for the companies ranged from .81 to .95. The high level of 
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Table 6-1, Reliability Estimates of the Work Climate and the Perceived Innovativeness Scales. 

CRONBACH ALPHA ESTIMATES 
COMPANY 

WHOLE ABCDEFGH 
SCALES SAMPLE n=12 n=12 n=14 

00 I] e
 n=ll 

00 II e
 n=16 n=14 

1. Autonomy .67 .60 .56 .66 .72 .71 .63 .81 .71 

2. Cooperation .73 ,75 .70 .74 .63 .81 .64 .64 .74 

3* Supportiveness .79 .53 .60 .92 .72 .68 .86 .72 .75 

4.. Structure .56 .66 .66 .54 .68 .62 .52 .64 .60 

5, Level of Reward . 64 ,65 .59 .74 .60 .55 .51 .74 .76 

6, Performance-Reward Dep. .81 .85 .79 .82 .93 .75 .56 .63 .82 

7. Achievement Motivation .78 .87 .86 .90 .66 .75 .81 .77 .64 

8. Status Polarization .68 .61 .67 .67 .72 .78 .66 .81 .59 

9. Flexibility .78 .81 .84 .65 .79 .68 .74 .65 .72 

10. Decision Centralization .79 .70 .91 .71 .77 .88 .69 .77 .74 

11. Perceived Innovativeness .88 .81 .82 .92 .95 .88 .85 .87 .86 
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reliability estimates for the perceived innovativeness scale 

irrespective of company suggest a high degree of internal consistency 

of the scale. 

The reliability estimates for the work climate scales ranged 

from .58 to .81 for the entire sample. Table 6-1 also presents 

the reliability estimates for the work climate scales for each 

company. All the scales showed a satisfactory level of reliability 

coefficients across companies with the exception of structure which 

registered reliability coefficients from .51 to .68. 

Reference to Table 6^2 will show the comparison of the 

reliability coefficients for this study and the reliability 

coefficients for the original questionnaire by Pritchard and 

Karasick (1973). Differences in the reliability coefficients for 

the most part ranged from + 5 points with the exception of the climate 

scales of structure and the level of reward. The coefficients for 

these two scales were comparatively lower in the present study than 

reported in the original questionnaire. Nevertheless, it must be 

noted that these reliabilities fall within the Nunnally (1967) 

"acceptable level" of reliability coefficients, i.e. .50 to .60. 

Thus, work climate is the perceived characteristic of the 

organization or its subsystems. It is a consensus of perceptions 

by different participants in the same organization or the subsystems. 

The higher the consensus, the more certain we can be about the 
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existence of the work climate as a meaningful construct. The 

moderately low reliabilities reported here cast some doubt on the 

raeaningfulness of work climate of R & D subsystem. The work climate 

varies with the individual respondent and exists to some extent for 

each individual. However, our interest is at the organizational 

subsystem level, and work climate will be taken at this level in 

spite of the moderate reliability of the construct. 

Table 6-2. Comparative Analysis of the Estimated Reliabilities for 
the Present Study and the Original Work Climate 
Instrument 

RELIABILITY COEFFICIENTS 
PRESENT ORIGINAL 

SCALE STUDY INSTRUMENT 

1. Autonomy .67 .68 

2. Cooperation .73 .68 

3. Supportiveness .79 .81 

4. Structure .56 .73 

5. Level of Reward .64 .81 

6. Performance-Reward Dep. .81 .77 

7. Achievement Motivation .78 .79 

8. Status Polarization .68 .66 

9. Flexibility .78 .73 

10. Decision Centralization .79 .72 
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Table 6-3 presents the item score intercorrelation matrix 

for the perceived innovativeness scale. Intercorrelations of the 

items ranged from -.09 to .72. Reference to the table shows that 

item 7 was very poorly correlated with the other items, which suggests 

that the item may be a poor measure of perceived innovatlveness. 

Hence, item 7 was dropped from the perceived innovativeness scale. 

Thus, the final questionnaire on perceived innovativeness consisted 

of nine items. 

Table 6-3. Intercorrelations Between Perceived Innovativeness Items 

ITEM 1 .2 3 4 5 6 7 8 9 

1 - • 

2 .44 -

3 .49 .72 -

4 .42 .65 .70 -

5 .35 .52 .43 .51 -

6 .24 .53 .58 .60 .39 -

7 -.05 .03 .07 .07 .08 .11 -

8 .41 .51 .68 .62 .38 .63 .14 _ 

9 .20 .29. .29 .38 .57 .34 -.09 .31 -

10 .52 .42 .55 .58 .44 .47 .19 .55 .38 
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Table 6-4 presents scale score intercorrelations for the 

work climate scales. The scale score for a given respondent was 

calculated by summing his responses to the items that comprise 

the scale. The scale score intercorrelations ranged from -.03 

to .77. Obviously not all the scales are completely independent. 

Autonomy and structure have low correlations with the other climate 

scales and hence are considered to be independent of the others. 

The remaining climate scales showed a moderately high degree of 

correlation with each other, which suggests some dependence among 

the scales. 

The matrix of intercorrelation was subjected to a principal 

components factor analysis using Kaiser's normalized varimax rota

tion method. The resultant varimax rotated factor matrix is 

presented in Table 6-5. Two main factors emerged from the factor 

analysis. The two factors together contribute 63.1% of the total 

variance. Factor 1 combines climate dimensions of cooperation, 

supportiveness, level of reward, performance-reward dependency, 

achievement motivation, status polarization flexibility, decision 

centralization and perceived innovativeness. By loading together on 

a single factor, it is concluded that these dimensions are influenced 

by the same underlying structure. This factor may be termed the 

"psychological" attribute of the R&D subsystem work climate. 

Factor 2 combines autonomy and structure. By loading together on 



Table 6-4. Intercorrelation Matrix for Work Climate and Perceived Innovativeness Scale. 

SCALE 1 2 3 4 5 6 7 8 9 10 11 

1. Autonomy -

2. Cooperation .04 -

3. Supportiveness .12 .65 -

4. Structure -.32 -.19 -.20 -

5. Level of Reward -.05 .56 . 64 -.03 — 

6. Performance-Reward Dep. -.11 .62 .70 -.15 .70 -

7. Achievement Motivation -.18 .59 .69 .05 .66 .77 -

8. Status Polarization -.17 -.49 -.62 .36 -.46 -.51 -.45 — 

9. Flexibility .02 .53 .34 -.26 .41 .48 .51 -.38 -

10. Decision Centralization .05 -.38 -.53 .10 -.53 -.52 -.52 -.39 -.32 -

11. Perceived Innovativeness .02 .55 .53 .11 .55 .55 .64 -.36 .51 -.51 -

o 
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factor 2, these two dimensions may be construed to be influenced by 

the same underlying factor. This underlying factor may be termed to 

represent the "organizational" attribute of the R&D subsystem work 

climate. The analysis of the factor loadings on factor 2.suggests 

that the higher the degree of autonomy exercised in the R&D sub

system, the lower the degree of structure that characterized the 

subsystem, i.e., structure and autonomy are inversely related to 

factor 2. 

Table 6-5. Variraax Rotated Factor Matrix for Work Climate and 
Perceived Innovativeness Scales 

FACTOR FACTOR 
SCALE 1 2 

1. Autonomy .01686 .73181 

2. Cooperation .75180 -.05819 

3. Supportiveness .82503 -.08884 

4. Structure .06686 -.54360 

5. Level of Reward .77008 .11409 

6. Performance-Reward Dependency .84293 .14358 

7. Achievement Motivation .84910 .36380 

8. Status Polarization -.64416 .30082 

9. Flexibility .58445 -.07914 

10. Decision Centralization -.61901 -.06645 

11. Perceived Innovativeness .70403 .06975 

Percent of Total Variance: 48.4% 14.7% 
Cumulative Percent of Total Variance: 63.1% 
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It is interesting to note that perceived innovativeness scale 

was loaded on factor 1 together with the other climate dimensions 

that represent the psychological attribute of the R&D subsystem 

work climate. Perceived innovativeness measure is therefore construed 

as an aspect of the R&D subsystem work climate. 

Correlation Between R&D Subsystem 
Work Climate and Technological Innovation 

The relationship between R&D subsystem work climate and 

the number of technological innovations was examined at two levels. 

The first analysis used the Pearson coefficient of correlation between 

mean work climate scores and the number of innovations at the initia

tion, adoption and implementation stages; and the second analysis used 

t-test to compare the work climates of high innovative companies and 

the low innovative companies. 

The moderate approximation of the innovation index to the 

Guttman scalogram (Chapter V) allows the use of number of innovations 

for each company as a cumulative score (i.e,, interval scale). Hence 

the Pearson coefficient of correlation is used to examine the 

relationship between number of innovations and the mean work climate 

scores by company. 

Tables 6-6, 6-7, and 6-8 present the correlations between 

the dimensions of work climate and the number of innovations at each 

stage of the innovation process. The correlations were performed 
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Table 6-6. Pearson Correlation Between Work Climate Dimensions of the 
R & D  S u b s y s t e m s  a n d  N u m b e r  o f  I n n o v a t i o n s  Initiated by 
Companies. — (N=8) . 

INITIATION STAGE 
SYSTEMATIC RANDOM TOTAL # OF 

WORK CLIMATE SCALES SUBSET SUBSET INNOVA' 

1. Autonomy .48* .18 .46* 

2. Cooperation .63** .22 .56* 

3. Supportiveness .68** .03 .57* 

4. Structure -.32 .42 .21 

5. Level of Reward .72** 

o
 

C
M
 

•
 .60** 

6. Performance-Reward Dep. .84*** -.32 .76*** 

7. Achievement Motivation .75*** -.15 .65** 

8. Status Polarization -.34 .19 -.42 

9. Flexibility .64** -.21 .69** 

10. Decision Centralization -.63** .29 -.51* 

11. Composite Work Climate .78*** .02 .74** 

* p < .10 

AA P < .05 

*** p < .01 
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Table 6-7. Pearson Correlation between Work Climate Dimensions of 
the R&D Subsystems -and Number of Innovations 
Adopted by Companies. — (N=8). 

ADOPTION STAGE 

WORK CLIMATE SCALES 
SYSTEMATIC 
SUBSET 

RANDOM 
SUBSET 

TOTAL • 
INNOVA' 

1. Autonomy .79AAA -.26 .53* 

2. Cooperation .60** -.05 .58* 

3. Supportiveness .71** -.23 .55* 

4. Structure .10 -.07 .09 

5. Level of Reward .48 .05 .52* 

6. Performance-Reward Dep. .59* .21 .73** 

7. Achievement Motivation .63** -.03 .61** 

8. Status Polarization -.78*** .38 -.48 

9. Flexibility .49 .44 .77*** 

10. Decision Centralization -.28 -.24 -.48 

11. Composite Work Climate .76*** -.02 .73** 

a p < .10 

aa p < .05 

AAA p < .01 
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Table 6-8. Pearson Correlation between Work Climate Dimensions of 
the R&D Subsystems and Number of Innovations 
Implemented by Companies. — (N=8). 

IMPLEMENTATION STAGE 
SYSTEMATIC RANDOM TOTAL # OF 

WORK CLIMATE SCALES SUBSET SUBSET INNOVATIONS 

1. Autonomy .10 .51* .49* 

2. Cooperation .49* .63** .59* 

3. Supportiveness .38 .57* .49 

4. Structure .17 

CO o
 • .03 

5. Level of Reward .48 .55* .49 

6. Performance-Reward Dep. .67** .76** .70** 

7. Achievement Motivation .53* .64** .58* 

8. Status Polarization -.15 -.47 -.39 

9. Flexibility .73** .83*** .81*** 

10. Decision Centralization -.62* -.52* -.50* 

11. Composite Work Climate .76** .54* .70** 

* p < .10 

** p < .05 

*** p < .01 
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on the systematic subset which approximated Guttman's scaling method, 

the random subset and the total number of innovations. 

The systematic subset and the total set were found to be 

significantly related to work climate for the initiation, adoption 

and implementation stages. The random subset was related to work 

climate only for the implementation stage. In general, there was 

not a clear and consistent difference between the two subsets. A 

possible explanation would require substantive knowledge of the type 

and nature of the-innovations. This is beyond the scope of this 

dissertation. Hence, the discussion of the correlational analysis 

will concentrate on the total number of innovations. 

Reference to Table 6-6 shows the Pearson correlation between 

work climate dimensions and the total number of innovations initiated. 

The results show a strong positive relationship between composite work 

climate and technological innovation. The correlation coefficient 

(.74) is significant at the .05 alpha level. With respect to the 

relationship between the individual dimensions of work climate and 

technological innovation, the climate dimensions of autonomy (.46), 

cooperation (.56) supportiveness (.57) and decision centralization 

show a moderate relationship to technological innovation at the .10 

alpha level. The correlation coefficient between number of innova

tions initiated and climate dimensions of level of reward (.60), 

performance-reward dependency (.76), achievement motivation (.65), 

and flexibility (.69) were found to be strong and significantly 

related. 
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The above evidence suggests that the work climate of the 

R&D subsystem is related to the number of innovations initiated 

by the companies. Work climate dimensions of autonomy, cooperation, 

supportiveness, level of reward, performance-reward dependency, 

achievement motivation and flexibility are found to be positively 

related to the number of innovations initiated, while decision 

centralization is found to be negatively related to innovation. 

Structure and status polarization are not found to be significantly 

related to the initiation stage. The evidence further suggests 

that some climate dimensions (i.e. level of reward, performance-

reward dependency, achievement motivation and flexibility) are more 

strongly associated to the initiation stage than the climate 

dimensions of autonomy, cooperation, supportiveness and decision 

centralization. 

Table 6-7 presents the correlation results between work 

climate and the number of innovations adopted by the companies. 

Reference to the table shows that there is a strong positive 

relationship between composite work climate and the number of 

innovations adopted by companies. The correlation coefficient (.73) 

is significant at the .05 alpha level. The climate dimensions of 

autonomy (.53), cooperation (.58), supportiveness (.55), and level 

of reward (.52), were found to be moderately related to the number 

of innovations adopted. The significance of the association is 
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established at the .10 alpha level. The relationship between 

the number of innovations adopted and the climate dimensions of 

performance-reward dependency (.73), achievement motivation (.61), 

and flexibility (.77) were found to be strong and significantly 

related. No significant relationships were found between number of 

innovations adopted and work climate dimensions of structure, status 

polarization and decision centralization. 

The correlational results suggest that work climate of the 

R&D subsystem is associated with the adoption stage of the innova

tion process. The evidence further suggests that performance-reward 

dependency, achievement motivation and flexibility are strongly 

associated with the adoption stage than the other climate dimensions. 

Table 6-8 shows a strong positive relationship between 

composite work climate and the number of technological innovations 

implemented by the companies. The correlation coefficient (.70) 

is significant at the .05 alpha level. Moderate relationships were 

found between number of technological innovations implemented and 

work climate dimensions of autonomy (.49), cooperation (.59), 

achievement motivation (.58) and decision centralization (-.50). 

Strong significant relationships were found between the number of 

technological innovations implemented and work climate dimensions of 

performance-reward dependency (.70) and flexibility (.81). No 

significant relationships were found between the number of innovations 

implemented and the work climate dimensions of supportiveness, struc

ture, level of reward,: and status polarization. 
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The results suggest that the work climate is associated 

with the number of innovations implemented by the companies. The 

evidence further suggests that fewer climate dimensions (i.e. 

performance-reward dependency and flexibility) are strongly associated 

with the implementation stage. Further, autonomy, cooperation, 

achievement motivation and decision centralization are only moderately 

associated with the implementation stage. 

In summary, the correlational analysis suggests that work 

climate is related to all three stages of technological innovation. 

The evidence also suggests a varying strength of association between 

the dimensions of work climate and the stages of technological 

innovation. Work climate dimensions of autonomy, cooperation, 

supportiveness and decision centralization are moderately related 

to all three stages of the innovation process. Level of reward is 

strongly related to the initiation stage, but is only moderately 

related to the adoption stage. Achievement motivation is strongly 

related to the initiation and adoption stages but only moderately 

related to the implementation stage. Performance-reward dependency 

and flexibility are strongly related to all three stages of the 

innovation process. Work climate dimensions of structure and status 

polarization are not significantly related to the initiation, 

adoption or implementation stages. 
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Grouping of 
Innovations 

The second level of analysis employs t-test to compare the 

work climates of high innovative group of companies and low 

innovative group of companies. The companies were split into three 

groups based on their ranking in the binary matrix (Chapter V). 

The high innovative group comprised the upper one-third group on 

the binary matrix and the low innovative group, was made up of the 

lower one-third group. It is assumed in this study that results 

which occur in both correlation and t-test analysis are stronger 

tests of the empirical relationship between work climate and tech

nological innovation than those occurring in the correlational 

analysis alone. 

Table 6-9 presents the results of the comparison of the 

work climates of the R&D subsystems of the high and low innovative 

companies. Reference to Table 6-9 shows that there is a moderately 

significant difference in the composite work climate between the 

high innovative companies and the low innovative companies. The 

significance of the difference between the two groups is confirmed 

at the .09 alpha level (t=1.67, p < .10). Of the eleven dimensions 

used in the comparison, six were found to be significant in the 

predicted direction. A moderate but significant difference was 

found between the two groups on the work climate dimensions of 

autonomy (t=1.60, p < .10); achievement motivation (t=1.53, p < .10); 



Table 6-9. R&D Work Climate Differences between the High Innovative 
Companies and the Low Innovative Companies. 

SCALES 

HIGH 
INNOVATIVE 
GROUP 
N=3 

X SD 

MODERATE 
INNOVATIVE 
GROUP 
N=2 
X SD 

LOW 
INNOVATIVE 
GROUP 
N=3 
X SD DIFF. T SIG. 

1. Autonomy 33. 58 2.04 30.99 2 .65 31. 24 1. 52 2.34 1.60 .09* 

2. Cooperation 22. 59 2.30 20.47 .66 21. 02 • 15 1.57 1.18 .15 

3. Supportiveness 22. 66 2.09 20.24 1 .00 21. 15 1. 00 1.51 1.13 .16 

4. Structure 12. 01 0.20 12.02 1 .03 11. 90 1. 06 .11 .18 .43 

5. Level of Reward 16. 08 1.40 15.57 1 .40 14. 62 1. 74 1.46 1.13 .16 

6. Performance-Reward Dep. 24. 30 1.33 23.10 •
 

00
 

22. 35 1. 27 1.95 1.84 .05** 

7. Achievement Motivation 22. 67 1.38 20.56 .47 20. 81 1. 59 1.86 1.53 .10* 

8. Status Polarization 10. 38 1.35 13.43 .90 11. 64 0. 44 -1.26 -1.33 .13 

9. Flexibility 18. 06 .86 17.20 .63 16. 77 0. 51 1.29 2.24 .04** 

10. Decision Centralization 15. 13 1.05 16.72 .31 16. 77 1. 86 -1.64 -1.54 .10* 

11. Perceived Innovativeness 37. 00 1.00 38.00 5 .66 32. 00 1. 00 5.00 6.12 .002+ 

12. Composite Work Climate 197. 46 8.68 190.26 1 .68 188. 28 3. 93 9.18 1.67 .09* 

* p < .10; ** p < .05; *** p < .01 
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and decision centralization (t=1.54, p < .10). A very strong 

significant difference was found on the work climate dimensions 

of performance-reward dependency (t=1.84, p < .05); flexibility 

(t=2.24, p < .05); and perceived innovativeness (t=6.12, p < .01). 

No significant difference was found between the two groups on the 

work climate dimensions of cooperation, supportiveness, structure, 

level of reward and status polarization, although the mean differences 

on these dimensions were in the predicted direction. 

The results suggest that the R & D  work environment of the 

high innovative companies in comparison to the low innovative 

companies is characterized by a higher degree of autonomy, a greater 

emphasis on performance-reward dependency, a higher degree of motiva

tion to achieve, a willingness to experiment with change, and a lower 

degree of decision centralization or a more participatory management 

style. Members in the R&D subsystems of the high innovative 

companies also tended to perceive their respective companies as highly 

innovative when compared with the R&D members of the low innovative 

companies. 

In conclusion, the empirical evidence suggests that the nature 

of the work climate that characterizes the R&D subsystem work 

environment of the high innovative companies is different from the 

work climate of the R&D subsystem of the low innovative companies. 
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Summary 

Results of the analysis suggest significant relationship 

between work climate and technolgoical innovation. The evidence 

further suggests that some work climate dimensions are more strongly 

correlated to technological innovation than others. Specifically, 

climate dimensions of performance-reward dependency and flexibility 

were found to be strongly related to technological innovation. 

This strong relationship is reinforced by the significant difference 

between the high innovative companies and the low innovative companies 

on these two climate dimensions. Autonomy, achievement motivation 

and decision centralization were found to.be moderately related to 

technological innovation. The moderately significant relationships 

of the climate dimensions of cooperation and supportiveness to 

technological innovation were not supported in the comparative 

analysis of the work climates of the high and low innovative companies. 



CHAPTER VII 

DISCUSSION AND CONCLUSION 

The purpose of this chapter is to discuss the results of 

the data analyses and draw conclusions based on the findings of 

the study. 

The primary objective of this study was to examine the 

relation between R&D subsystem work climate and technological 

innovation. To provide a background support to the research effort, 

a comprehensive analysis of the process of innovation in the 

semiconductor industry was undertaken in addition to an examination 

of the nature of the work climate of the R&D subsystems. 

Innovation in the Semiconductor Industry 

The process of innovation in the semiconductor industry 

may be viewed as a strategic effort on the part of companies to 

compete in the market. The attempt at innovation may follow two 

strategic approaches, namely the "individual" approach which involves 

the assignment of the proposed innovative activity to an R & D 

staff member with the requisite knowledge and interest to initiate 

and submit an evaluative report. The second strategic approach may 

be termed the "team" approach which operates very much like a project 

team, except in this instance the responsibility of the team is to 

initiate and evaluate the proposed innovation. In the evaluative 

121 
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subphase, the market for which the proposed innovation is intended 

is studied to gain information about the desirability of the proposed 

innovation. Current scientific journals describing the industry's 

state of the art are often consulted during the evaluation subphase. 

Profitability of the proposed innovation is the major criterion on 

which the decision to continue or discontinue work on the proposed 

innovation may be based. It is interesting to point out that this 

criterion of profitability distinguishes the research laboratories 

of semiconductor companies from that of institutions of higher 

learning. Industrial research is not embarked upon for the simple 

reason of satisfying scientific curiosity or for the enhancement 

of scientific knowledge. Thus, the potential for making a profit 

becomes the main reason to continue with the development of the 

innovation. If the evaluation of the proposed innovation is favourable, 

the company then approves and adopts the proposed innovation and 

commits both physical and financial resources for the development 

of the innovation. Typically, what follows adoption is the building 

of a team of R & D personnel, production and engineering personnel 

with the mandate to develop and implement the innovation. 

Thus, for innovation to have occurred successfully in the 

industry, the technology should have been developed and implemented 

by the company. The mere initiation or adoption of the proposed 

innovation does not imply innovativeness of the companies. The pro

posed innovation has to be developed and implemented by a company 

before innovation could be said to have occurred. 
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Hence, innovation development in the semiconductor industry 

is seen as a process rather than a single event that occurs at a 

point in time. The generation and evaluation of the proposed 

innovation is considered the first stage in the process. The second 

stage is the approval of the evaluation results and the subsequent 

provisioning of funds and human resources to undertake the project; 

and the third and final stage is the development and implementation 

of the innovation. 

This multi-phased process of innovation development in the 

semiconductor industry lends additional support to previous studies 

(e.g., Thompson, 1965; Knight, 1967; Wilson, 1966) which defined 

innovation as a multi-phased process. 

Scaling of the innovation index provided interesting results. 

The scaling suggested that innovations may be grouped into two 

subsets, namely the systematic subset which comprises innovations 

common to the companies in the industry, and the random subset which 

comprises innovations that the companies may have developed for 

their own idiosyncratic reasons. These innovations tended to be 

unique to the companies involved which suggests that the companies 

developed these innovations for specialized customers. 

Another interesting evidence provided by the scaling analysis 

indicated that a high incidence of proposals for innovation (initia

tions) was associated with a high degree of successful implementations 
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of innovations, i.e. companies that initiated more innovations during 

the ten year period successfully implemented a proportionate number 

of innovations. Related to the above is the nature of the flow of 

innovations from the initiation stage to the implementation stage. 

The evidence suggests that there is a constant flow rather than 

percentage changes in the number of innovations developed from the 

initiation stage, through the adoption stage to the final stage of 

development and implementation of the innovations. 

R & D  S u b s y s t e m  W o r k  C l i m a t e  

On the nature of the R&D subsystem work climate, there 

seems to be support for the notion that work climate is relatively 

stable in nature (Forehand and Gilmer, 1964; Pritchard and Karasick, 

1973, etc.). This support for the relative stability of the work 

climate is based on the perceptions of R & D personnel with ten or 

more years of working experience in their respective companies. 

However, it should be noted that the assessment of the relative 

stability of the R&D work climate was based on perceived changes 

in the work climate and hence may not be a very reliable indication 

of the nature of the R&D subsystem work climate. 

The findings further suggest that two main underlying factors 

account for about 64.1% of the total explained variance of the 

R&D subsystem work climate. Factor 1 combined the psychological 

attributes of the work climate and accounted for about 80% of the 
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explained variance. Factor 2, the organizational attribute, accounted 

for the remaining 20% of the explained variance. The evidenee from 

the analysis suggests that psychological attributes play a more 

substantial role in the determination of the R&D work climate 

than the organizational attribute. However, it should be pointed 

out that the substantial unexplained total variance reiterates the 

complexity of the nature of the work climate. 

The Relation of Work Climate 
to Technological Innovation 

The results of the relationship between work climate and 

technological innovation offer some support for the notion that the 

nature of the R&D subsystem work climate may facilitate innova

tive activity. In particular, performance-reward dependency, 

achievement motivation and flexibility are highly related to technologi

cal innovation (initiation, adoption and implementation). It is 

interesting to note the strength of association of these climate 

dimensions to the various stages of the innovation process. Performance-

reward dependency seems to be more strongly related to the initiation 

stage than to the adoption and implementation stages. This finding 

is quite interesting given the fact that at the initiation stage, 

a more individualistic effort is often times encouraged by the 

companies. Achievement motivation appears to be equally related in 

strength to all the three stages of the innovation process, an 

e v i d e n c e  w h i c h  t e n d s  t o  i n d i c a t e  t h e  o v e r a l l  d e s i r e  o f  t h e  R & D  
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subsystems to excel in their primary area of endeavor. Flexibility 

seems to be more strongly associated with the adoption and implemen

tation stages than with initiation. This seems to suggest that at 

the adoption stage, which requires some formalization and centraliza

tion of decision making, and at the implementation stage, which 

requires focus of effort, the need or willingness to experiment 

with change by the company is perceived to facilitate the adoption 

and implementation of innovations. Autonomy and decision centraliza

tion were found to be moderate correlates of technological innovation. 

Autonomy was equally related to initiation and adoption stages of 

innovation but somehow less related to implementation. The moderate 

relationship tends to suggest the need for degree of autonomy for 

the R&D staff as a necessary condition for innovative activity. 

Administrative controls, it is argued, reduces the search for 

innovative activities and abridges the individual's capacity and 

incentive to innovate (Burns and Stalker, 1961; Thompson, 1965). 

Decision centralization was found to be negatively related to 

innovation especially at the initiation and implementation stages. 

The evidence seems to suggest that at both the initiation and 

implementation stages where less bureaucratic structures are required, 

decision decentralization, rather than centralization of the decision 

making process would facilitate innovative activity. Implicit in 

this notion is the belief that decentralization will generate a 
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greater number of sources of information and freer information flows 

which would facilitate innovative activities at both the initiation 

and implementation stages. Less certain correlates of innovation 

are climate dimensions of cooperation, supportiveness and level of 

reward. The correlational analysis suggests that a high degree of 

these climate dimensions to facilitate innovative activity. How

ever comparative analysis of the high and low innovative companies 

did not support such a contention. 

Another interesting result is the relationship between 

perceived innovativeness and the number of technological innovations. 

Perceived innovativeness is highly related to the number of innova

tions developed. This evidence suggests that the more innovations 

that are implemented by companies, the higher the probability that 

the R&D staff would perceive their respective companies to be 

productive of innovations. 

Comparative analysis of the high innovative group and the 

low innovative group indicates that along the ten work climate 

dimensions, significant differences delineate the high innovative 

group of companies from the low innovative group. That is, the 

nature of the work climate characteristic of the R&D work 

environment of the high innovative group is not the same as that 

characterizing the low innovative group. The essence of the climate 

dimensions in which the high innovative group scored significantly 

higher on the positive correlates of innovation and significantly 

lower on the negative correlates of innovation, concerned the degree 
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of independence enjoyed by the R&D staff; equitability of remunera

tion and the extent to which the companies reward better performance; 

the degree of company's concern to excel in objectives; the willing

ness to take risk and experiment with change, and the nature of 

the decision-making. 

It is interesting to point out that a significant difference 

was found between the two groups on how the R&D staff perceived 

the innovativeness of their respective companies. The high innovative 

group perceived their respective companies to be productive of 

innovation, while the low innovative group perceived their companies 

to be less so. 

The most significant difference between the two groups on 

the climate dimensions occurred in performance-reward dependency, 

and flexibility. Significant but moderate differences were found 

in climate dimensions of autonomy, achievement motivation, and 

decision centralization. No statistically significant difference 

was found between the two groups on the climate dimensions of 

supportiveness, cooperation, structure, status polarization, and 

level of reward. The evidence implies that the two groups did not 

differ to any significant degree on these dimensions. However, it 

should be pointed out that the mean differences between the high 

innovative group and the low innovative group were in the predicted 

direction, with the exception of structure which, contrary to 

expectation, was not related to innovation. This evidence contradicts 
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Evan and Black's (1967) study that found innovation to be inversely 

related to the degree of structure in the organization. 

The evidence presented here appears supportive of the 

argument that work climate is related to innovation and thus the 

study lends additional support to the previous findings that reported 

significant relationship between innovation and some components of 

the work climate (Langrish, et al., 1971; Litwin and Stringer, 1968; 

Burns and Stalker, 1961, etc.)* 

Implication of Study 

The results of this study demonstrate that the work climate 

of the R&D subsystem is related to technological innovation. This 

evidence is further reinforced by the significant differences in 

the work climates of the high innovative subsystems and the low 

innovative subsystems. 

The findings of this study have practical implications 

for the management of the research and development subsystems. The 

results of this study imply that the management of low innovative 

subsystems should attempt to create an R & D work climate that would 

facilitate innovative activities. Such a climate should be 

characterized by a relatively high degree of achievement orientation 

and a willingness to experiment with innovative ideas; a substantial 

teamwork characterized by a relatively high degree of cooperation 

and mutual supportiveness; a sense of personal involvement and 

commitment to the objectives of the R&D subsystem through a 
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decentralized decision-making process and individual autonomy; and 

an effective reward system that is perceived by the R&D personnel 

to recognize and reward excellent performance. 

Generalizability of the Findings 

While the findings of this study provide some useful informa

tion on the relationship between work climate and innovation, the 

results should be interpreted with caution. Any attempt at 

generalization should consider the restrictiveness of the sample 

and the biased nature of the sample selection procedure. In all, 

eight companies participated in the study out of the 42 companies 

that were approached. Obviously the reliability of the findings 

may be undermined by the restricted range of the companies. 

Secondly, a generalization of the findings may be handicapped by 

the self-selection by companies to participate in the study. Random 

selection of companies to participate in the study was not possible. 

The above problems have serious implications for future 

research. 

Future Research 

Foremost is the need to have a large sample of companies to 

participate in the study of this nature and thereby avoid the procedure 

of self-selection by companies which tend to affect the reliability 

of the research findings. However, it should be recognized that 

companies in this industry and many others where technological 
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advancement is the only means to maintain the competitive edge over 

opponents, the subject of innovation is perceived as a very sensitive 

subject and the companies are in most instances unwilling to cooperate. 

The greatest number of companies who decided not to participate in 

this study cited company policy against dissemination of information 

about innovative activity as a reason. 

The conclusions based on this study could be enhanced by 

further replication of this study by the use of longitudinal 

approach that can examine over time the precise relationship between 

work climate and innovation. Such an approach would also permit a 

m o r e  p r e c i s e  a n d  o b j e c t i v e  m e a s u r e m e n t  o f  t h e  s t a b i l i t y  o f  t h e  R & D  

subsystem work climate. 

The results of the relationships between work climate and 

the systematic and random subsets of innovations were not easily 

interpretable as a result of the lack of information on the type 

and nature of the innovations. There is the need for judgment about 

which innovations belong together. This will involve getting some 

judges to group the innovations according to their common characteris

tics and assess their relationships to the work climate. 

Finally, even though the relationship between the work 

climate and innovation is informative, little is known about the 

causal basis for the relationship. Further research is needed to 

determine the causal basis for the relationship between work climate 
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and innovative activity. It would seem most fruitful to examine 

in addition to the work climate, other organizational variables 

such as the size of the R&D budget and the number of employees 

in the R&D subsystem, which have been found in prior research 

to be directly associated with innovative activity. The identifica

tion of the potential determinants of innovation would in essence 

enable precise design strategies to be adopted to facilitate 

innovative activity in the R&D subsystem. 
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t h e  u n i v e r s i t y  o f  a r i z o n a  
T U C S O N ,  A R I Z O N A  8 5 7 2 1  

COLLEGE OF BUSINESS AND 
PUI1LIC ADMINISTRATION 

Ulil'AKTMENTOF MANAGEMENT 
ECONOMICS BUILDING #13 

December 23, 19 79 

Dear Sir: 

The department of management is conducting a study of 
innovation in the semiconductor industry. The purpose 
is to determine the extent to which various innovations 
have been adouted by companies in the semiconductor_ 
industry over the past ten years. Our interest is in 
the extent to which particular companies have or have 
not adopted the various innovations. A second concern 
is to find out something about the management style 
and work climate of companies in the semiconductor 
industry. 

We are writing to ask for your cooperation in this study 
We believe it to be of importance and interest to the 
semiconductor industry. Indeed, we will happily supply 
you-with a copy of our industry wide bindings. All 
responses will be maintained in the strictest confi
dence and at no time will your company's name be 
cited. 

The study will involve the completion of two short ques
tionnaires by a selected sample of the R&D department 
personnel. To enable you to assess the nature ox the 
study and to facilitate your decision regarding willing
ness to participate in the study, a summary of the ques
tionnaire parts and respondent obligations plus copies 
of the questionnaires are attached to this letter. 

Mr. Augustus Abbey is the principal investigator in 
this study' and he will be telephoning, you in early Janua 
1980 to discuss the study and answer any questions you 
may have. 



If you are not the manager for research and development 
we would appreciate your forwarding all of these materials 
to the appropriate individual in charge of R6D. 

Thank you. 

John W. Dickson 
Associate Professor 
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t h e  u n i v e r s i t y  o f  a r i z o n a  
T U C S O N .  A R I Z O N A  8 5 7 2 1  

COLLEGE OF BUSINESS AND 
PUBLIC ADMINISTRATION 

DEPARTMENT OF MANAGEMENT 
ECONOMICS BUILDING #1! 

January 17, 1980 

Dear 

As a follow-UD to our recent telephone conversation, I have en
closed the necessary Questionnaires for the R&D unit/department. 

The questionnaires have been grouped according to respondents' 
parts, and instructions for the distribution of the questionnaires 
are provided on separate sheets attached to each grout) of question
naires. Please ensure that the distribution of the R&D work climate 
questionnaire covers a broad range of your R&D personnel. 

It should be emphasized again that all responses will be maintained 
in the strictest confidence and at no time will the company's name 
or any individual respondent's name be mentioned. 

Please return all completed questionnaires (in one batch) to me at 
the following address: 

Augustus Abbey 
Department of Management 
Economics Building #23 
College of Business & Public Administration 
The University of Arizona 
Tucson, Arizona 85721 

May I take this opportunity to express my sincere appreciation to 
you for your cooperation. 

Thank you. 

Augustus Abbey 
Principal Investigator 
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INTRODUCTION 

This is a questionnaire on innovations within the Semicon

ductor industry since 1970. The innovation index questionnaire 

is intended to assess how many of these innovations have been 

introduced by companies in the semiconductor industry, and in 

particular by your company. 

The questionnaire, which should take about twenty-five min

utes to complete, contains two parts. Part I consists of the 

Innovation Index, which is the core of the questionnaire. Part 

II consist of background information to aid us in later analysis. 

You are asked to indicate whether your company has introduced 

each innovation. Please read carefully the direction provided 

before you respond. 

It should be emphasized that your answers to this questionnaire 

will be at all times strictly confidential. 



PART X: INNOVATION INDEX 

DIRECTIONS: Below is a list of innovation in the semiconductor 
industry since 1970. You are requested to indicate 
whether your company has introduced these innovations. 

Each innovation is described in terms of The three 
stages of the innovative process as applied to the semi 
conductor industry, ie. initiation, adoption and imple
mentation . 

INITIATION of a proposal is the first stage. It in
cludes the awareness of an opportunity or a need arisir. 
from recent invention either by the same company or 
by a different company and a subsequent written pro
posal to initiate an innovative acxivizy. 

ADOPTION of a proposal is the second srage. It in
cludes an evaluation of the proposal and consideration 
of giving the necessary mandate and resources to the 
innovation. 

IMPLEMENTATION of a proposal is the third stage. It 
includes the translation and installation of the pro
posal into the ongoing activities of the organization. 

Based on the above explanation of the innovative pro
cess, please indicate whether your company has initiate 
adopted and implemented each innovation by placing a 
check-mark in the space provided for each stage. 

EXAMPLE: If the company has initiated and adopted a 
proposal to introduce charge coupled devices, but has 
as of now not implemented it, you woulc make a check
mark under initiation ana adoption. If the company has 
implemented the innovation, then you would check the 
spaces provided for all three stages of the innovarive 
process. 

INNOVATIVE PROCESS 

INNOVATION INDEX Initiated Adopted Implemented 

1. Charged coupled device 

2. 1G21 Bii Random Access 

( ) ) { ) 

Memory 

3. V-Mos Technique 

( ( ) ( ) 

( ( ) ( ) 



INNOVATION INDEX 

16-Bit Single Chip Micro
processor 

5. *4096 - Bit Random Access 
Memory 

6. 16,384 Bit Random Access 
Memory 

7. Computer (One board 
programmable I/o) 

8. Microelectronics H-Mos 

9. Locmos Integrated Circuit 

10. Integrated Injection Logic 

11. Electron-Beam Lithography 

12. Plasma Etching 

13. Ion-Beam Milling 

14. 65-K ROM 

15. 5-V 8 Kilobit Static RAM 

IB. Schottky Clamped Integrated 
Transistor Schottky Clamped 
TTL Logic 

17. Single Chip Microcomputer 
(with or. chip I/o 6 Program 
ROM) 

18. Bipolor Fet (BIFE?) Tech
nology 

19. 5-V 16 Kilobit Static RAM 

20. Oxide Isolated Bipolar 
Logic and Memory Structure: 

' 21. Ion implanted MCS Threshold 
Voltage (VTx) Adjust 
Process 

22. Doubled Level Metal Inter
connection Technology 

23. Vacuum Epitaxy 

24. Polycrystalline Silicon 
Gates ( 

INNOVATIVE PROCESS 

Initiated Adopted Implemented 

) < ) C ) 
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PART II: BACKGROUND INFORMATION 

1. Name: 

2. Title of present position 

3. Number of years with company 

Number of years in present position 

5. Formal Education (Check last one completed) 

Some High School 

High School Diploma 

Some College 

College Degree 

MS Degree 

PhD Degree 

6. How many professional/technical people are engaged in research 

and development in your company? 

7. What is the approximate value in dollars of your R5D budget this 

year? 

8. What is the approximate percentage of net sales allocated 

to RSD operations In your company? 
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Directions: Below are a number cf statements designee tc assess ycu 
perception of the company's technological inncvativeness. In the 
columns or. the right side cf the page, please indicate whether ycu 
agree cr disagree with each statement. 

To indicate how well ycu agree or disagree with each statement• 
please circle the appropriate number tc the right cf each statement, 
using the following scale: 

1 - STRONGLY AGREE 
2 - AGREE 
3 - MODERATELY AGREE 
u - MODERATELY DISAGR: 
5 - DISAGREE 
E - STRONGLY DISAGREE 

Please answer all items tc the best cf your ability. Dc not leave 
any item blank. 

ITEMS 
KCDER- MODER-

STRONGLY A7ELY ATELY STRONGLY 
AGREE AGREE AGREE DISAGREE DISAGREE DISAGREE 

1. RED personnel 
talents are 
channeled into 
proven, non-
riskv research 
projects. 12 3 1 5 £ 

2. Company approa
ches technological 
problems with 
flexibility: able 
tc change assump
tions and orien
tations in order 
to arrive at work
able new solu
tions. 12 3" E 6 

Company constant
ly evaluates tech
nologies adapting 
their, tc changing 
conditions when 
necessarv. 1 
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ITEMS 
:<CDER- V.Ct-ZR-

STRONGLY ATELY ATELY STRONGLY 
AGREE AGREE AGREE DISAGREE IMSAGREE DISAGREE 

tecnnic&^ 
decisions in
volve new and 
unsolved prob
lems, company is 
creative anc 
imaginative in 
developing new 
solutions. 1 

There are lim
ited opportunities 
tc dc creative 
work in the R£D 
facility of the 
company. 1 

When technologi
cal problems re
quire innovative-
ness, company 
maintains flex
ibility in devel
oping a wide variety 
of approaches. 1 

RSI personnel are 
allowed comoanv 
time and' facili
ties to work on 
their own pro
jects. 1 

when = technical 
decisi:r cannct 
repeat past sol
utions or be 
modeled after 
precedent, company 
prcbes for new 
anc innovative 
orientations be
fore coming tc 
final judgement. 1 

The company has 
an adequate RSD 
budget tc initiate 
anc sustain crea
tive research. 1 
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MODE?- KODE?.-
STP.CNS1Y ATZLY ATELY STEOKGLY 
AGREE "* AGREE AGREE EliAGREE DISAGREE DISAGREE 

w r̂.pany ir.ar;-
ageir.er.t is co-:-
cernec mere with 
orefit than 
i:inov2ti veness. 
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Below, are a number of statements about the climate of the RSD 
unit, which you are asked to respond to. 
To indicate how well each statement describes the ?.5D unit in 
which you work, circle the appropriate number on the right of each 
item, using the following scale; 

This statement is MEVER TRUE of this ur.it/decartment. 
This statement is ALMOST MEVER TRUE of this unit/department. 
This statement is SOMETIMES TRUE of this unit/department. 
This statement is FREQUENTLY TRUE of this unit/deoartment. 
This statement is NEARLY ALWAYS TRUE of this ur.it/departmer.^ 
This statement is ALWAYS TRUE of this unit/department. 

3 
5 

Please answer ail items to the best of your ability. Dc net leave 
any item blank. 

ITEMS 
ALMOST SOME- FRECU- MEARLY 

MEYER ::EVE?. TIMES EMTLY ALWAYS ALWAYS 
TRUE TRUE TRUE TRUE TRUE TRUE 

RSD personnel must sub
mit frequent oral and 
written reports con
cerning what -hev are 
doing. 

Decision making is ex
tremely decentralized 
in this unit. 

There is considerable 
more competition than 
cooperation among the 
members in this depart
ment . 

In this department 
changes are made with a 
great deal of flexibility 
and speed. 

Top management does 
not associate with 
lower or middle man
agement . 

Almost all important 
decision making in this 
department is clearly in 
the hands of top 
management. 

There is a great 
deal of desire for 
self advancement with
in this department. 
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ITEMS 
ALMOST 3CME- FRE3U- HEARLY 

NEVE? NEVER TIMES E.\'TLY ALWAYS ALWAYS 
TRUE TRUE TRUE TRUE TRUE TRUE 

The most deserving mem
bers of the department 
are the ones who get 
promoted. 

In this unit, super
iors watch over sub
ordinates carefully to 
make sure they do 
things right. 

There are many status 
symbols here that 
distinquish one man
agement level from 
another. 

:ou can tell very 
accurately a member's 
level in the depart
mental hierarchy by 
a description of his 
desk, floor covering, 
office, etc. 

Members at different 
levels in this de
partment treat each 
other as equals. 

As long as he keeps 
within broad limits, a 
staff member can plan 
and schedule his work 
as he wants to. 

As long as he keeDs 
within broad limits, 
an RSD member can plan 
and schedule his work 
as he wants to without 
consulting other members 
of the department. 

The RSD staff assign
ments in this depart
ment are ciearlv de
fined and logically 
structured. 
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"^Eys 
iLMCST 3CME- ^REOU- MiARL*. 

never :;eves " times e::tiy always always 
TRUE TRUE TP.'JE TRUE TRUE TRUE 

15. In general, good perfor
mance is what is re
warded in this depart
ment . 

i". Promotions a.re given 
or. the basis 3f 
personal friendships 
rather than en merit. 

13. ?,SD personnel here must 
submit frequent oral 
and written reports to 
their superiors. 

15. There are a let of pol
icies and standard 
procedures in this ur.it 
which a new member 
must know before 
beginning a job. 

20. This unit gives you 
the feeling that you 
can depend on it for 
security. 

21. Written policies and 
procedures are kept to 
a minimum in this de
partment . 

22. There is very little 
conflict between mem
bers in this unit. 

23. This unit has a rela 
drive to be number one 
in its field of en
deavour . 

2^. There are excellent 
benefits for members 
of this department. 

25. This department does 
what is best for it
self regardless of whom 
or what it hurts. 
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ITEMS 
ALMOST SOME- FREQU- NEARLY 

NEVER NEVE? TIMES ENTLY ALWAYS ALWAYS 
TRUE TRUE TSUE TRUE TRL'E TRUE 

This company is con
tent with a rather 
mediocre level of 
performance from its 
RSD personnel. ] 

This unit would be the 
last to experiment wi~h 
a novel procedure or 
method even if it appeared 
promising. -

Top management is 
quite insensitive to 
the interests, needs, and 
aspirations of the 
personnel under them. " 

In this department, 
RSD personnel are 
rewarded in propor
tion to the quality of 
their work. 1 

This unit has very 
detailed reporting pro
cedures for almost all 
activities and func
tions. ! 

Ir. this department, 
one man makes ail the 
important decisions. ] 

An RSD personnel is 
expected to have very 
little contact with his 
boss on a project, 
regardless of its im
portance, unless he 
specifically asks for 
help or advice. I 

Even on important 
jobs or projects, a 
member of the unit is 
expected to have little 
contact with his boss. : 
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ITEMS 
ALMOST SOME- FREOU- MIARLY 

NEVER NEVER TIMES EMTLY ALWAYS ALWAYS 
TRUE TRUE TRUE TRUE TRUE TRUE 

The opportunity for 
managerial advancement 
is outstanding here. 12 3 u 5 6 

There is not much effort 
the unit to grow 

and constantly improve 
i t s e l f .  1 2  3  -  5  6  

Top management per
sonnel are called by 
their first names. 12 3 •* 5 6 

Top management is more 
concerned with what's 
accomplished than with 
The methods used. 34 5 6 

Decision-making in this 
department is accomplished 
through shared authority 
(by which top and lower 
levels of management 
arrive at decisions 
jointly). 12 3 55 

'•Jhen all rewards are 
considered, this unit 
rewards its personnel 
better than most. 12 3 1- 5 5 

Meaningful cooperation 
and innovations in this 
unit are stifled be
cause of too many 
vestad interests. 12 3^ 35 

A member has to be 
well up the hierarchy 
before he has the 
opportunity to make 
any important decisions. 1 2 J '•* 5 

Members of this de
partment love to tackle 
knotty problems. 12 3 - 5 
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ITEMS 
ALMOST 5CME- FREQU- NEARLY 

ME7ER NEVER TIMES EM7LY ALWAYS ALWAYS 
TRUE TRUE TRUE TRUE TRUE TRUE 

RSD personnel are more 
interested in achieving 
the organizational goals 
than in personal ad
v a n c e m e n t  .  - 1 2  3  

The pay for members 
in this department is 
lower than for similar 
departments in other 
companies. 12 3 

Nc matter how good a 
job they do, RSD per
sonnel seldom get any 
praise from their super
iors . 12 3 

There is a strong sense 
of community, a 
feeling of shared in
terest and purpose 
among the members in 
this department. 12 3 

Supervision is much too 
close here. 12 3 

Standard operating pro
cedures within the de
partment are spelled out 
for almost everything 
that a member does. 12 3 

This department is 
sympathetic with the 
personal problems of its 
employees. 12 3 

Bosses try to supervise 
too closely here. 12 3 

This department is 
truly interested in the 
welfare of its members, 
both on and off the job. 1 2 3 

Traditions are so strong 
here that it is diffi
cult to modify established 
procedures or undertake 
new programs. 12 3 



3ACKGR0UMD INF0RMA7IG 

Name: 

Company name: 

Title of present position: 

Number of years with the RED department: 

Number of years with the company: 

Formal education (check last one completed) 

Some High School 
High School Diploma 
Some College 
Collr2§s Degree 
MS 
PhD degree 
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0RCAHI2ATI0HAL ClIHAIg STABILITY QUSSTIQNWAIBS 

OIRSCTIOHi This section contains short desoriptiotg of ten 

different dimensions, each of which represent* * specific factor 

or aspect of the outaystea { unit/departaent} climate. 

Va are interested la ascertaining your perception of whether 

these factors have changed In the HAD unit/department only amce 

1970. 

Three alternatives are provided for each dimension. Please place 

a check max* in the box that most appropriately describes your 

perception of the degree to which the dluenoion has changed. 

Think each on* over carefully and try to get the Meaning of each 

factor firaly in sled before your response. 

DIMENSIONS 

t, (Autonomy) 

Degree of freedoa aembers have In day to day operating 
decisions such as when to work, when not to work, and how to 
solve problems. Includes freedoa from constant evaluation and 
close supervision. Once the job has been defined and the 
objectives and methods sat, the Individual has complete freedom 
to do as he pleases within those broad constraints; the freedom 
to be your own boss. 

• 
Not 
Changed. 

• 
Has changed 
somewhat but 
not to the 
extent of affect
ing department 
operations,etc. 

• 
Has changed 
significantly to 
the extent of 
probably having 
to affect the way 
the department 
operates and how 
objectives are 
accomplished. 



(Conflict Ya Cooperation) 

Degree to which members either compete with each othor or 
work together sad with other people la the unit ia tho process 
of getting things done; extent to which aeabero integrate 
their own personal goals with those of other aeabers and the 
goals of the unit and the organization; includes con 
related to getting the job done and coapetltion for scarce 
resources, such as materials, funding, etc. 

• 
Hot 
Changed 

• 
Has changed 
Somewhat but 
not to the extent 
of affecting de
partment operations 
etc. 

m 
ttaa changed 
significantly 
to th« extent 
of probably affecting 
the way the de
partment operates 
and how objectives 
are accomplished. 

t S'looortlTgneao) 

Degree to which the organisation is interested in and ia 
willing to aupport its aeabers in both Job and non-job related 
matters. Extent to which the company trlea to satisfy aeabera1 

needs for recognition and belongingseea over and above tradi
tional aethods such aa financial compensation, benefit*, etc. 
Interest in the velfire of the aeabera. 

1 1 
Xot 
Chanced 

• • 
Mas changed 
Soaewhat but 
not to the extent 
of affecting de-
partaent operations 
etc. 

Haa changed 
significantly 
to the extent 
of probably affecting 
the way the de
partment operates 
and how objectives 
are accomplished. 

(level of Rewards) 

Degree to which members are veil rewarded; thia includes 
salarya fringe benefits, and other status syabols. 

• 
HO* 
Changed 

• • 
Haa changed 
Somewhat but 
not to the extent 
of affecting de-
partaent operations 
•to. 

Haa changed 
significantly 
to the extent 
of probably affecting 
the way the de
partment operates 
and how objectives 
are accomplished. 
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5* (Structure) 

Degree to vhlch the organization specifies the aethoda and 
procedures used to accomplish tasks. This factor does not 
involve the presence or absence of supervision or evaluation. 
It is really the"degree to which the organisation likes to 
specify and codify, set up organisational structures and write 
things dovn in a very explicit ton. 

• 
Vat 
Changed 

• 
Has changed 
Somewhat but 
not to the extent 
of affecting de-
partnent operations 
eto. 

• 
Ha* 'cnanged 
significantly 
to the extent 
of probably affecting 
the way the de
partment operates 
and how objectives 
are accomplished. 

6. (Performance Reward Dependency) 

Extent to which the reward system (salary, promotions, 
benefits, etc.) Is fair and appropriate; degree to which these 
rewards are bued on worth, ability, and past performance 
rather than factors such aa luck, who you know, how well asober 
can aanlpulate people, eto. 

• 
Hot 
Changed 

• 
Haa changed 
Soaewhat but 
not to the extent 
of affecting de
partment operations 
etc. 

• 
Has changed 
significantly 
to the extent 
of probably affecting 
the way the de
partment operates 
and how objectives 
are accomplished. 

7. (Motivation ?o Achieve) 

Reflects the degree to which tha organisation attempts to 
excel; the strength of its desire to bo nuaber on*. A high 
rating reflects a lack of coaplaceney even in the face of good 
profits, growth, etc. 

• 
Mot 
Changed 

n chan Has changed 
Soaewhat but 
not to the extent 
of affecting de-
partaent operations 
eto. 

• 
i chaju Haa changed 

significantly 
to the extent 
of probably affecting 
the way the de
portment operates 
and how objectives 
are accomplished. 



8, {Status Polarization) 

Degree to which there are definite physical and psychological 
distinction between hierarchical level* In the department. 
Physical distinctions would include special privileges such as 
parking places and office decoration. Psychological,distinctions 
vould include informal social boundaries, subgroup forsation, 
treatment of a subordinate as inferior, etc. In sua, it refers 
to the extent to which apparent dilferenees are maintained 
between levels. 

• 
Hot 
Changed 

• 
chant Has changed 

Somewhat but 
not to the extent 
of affecting de
partment operations 
ete. 

• 
Has cuengcd 
significantly 
to the extent 
of probably affecting 
the way the de
partment operates 
and how objectives 
are accomplished. 

9. (Flexibility) 

Villingnesa to try new procedures, to experiment with change, 
This la a willingness to experiment which Is not really required 
due to some potential crisis situation, but rather to improve a 
situation or process which may be working satisfactorily but 
could be improved. Also refers to the epeod with which such 
changes are made. 

• 
Hot 
Changed 

i^uhaL Has changed 
Somewhat but 
not to the extant 
of affecting de
partment operations 
etc. 

s^ chJr Has changed 
significantly 
to the extent 
of probably affecting 
the way the de
partment operates 
and how objectives 
are accomplished. 

10, (Decision Centralization) 

Extent to which the organisation delegates the responsibility 
for making decisions either as widely as possible or centralizes 
it as much as possible. Decentralisation Includes the idea of 
shared authority in decision making, so that the power is spread 
throughout the unit rather than tightly held by the upper levels 
of aanagement. • • 

Not Has caanged 
Changed Somewhat but 

not to the extent 
of affecting de
partment operations 
•te. 

CZ3 
Has cnanged 
Significantly 
to the extent 
of probably affecting 
the way the de
partment operates 
and how objectives 
tire accomplished. 



Appendix G. A List of Semiconductor Companies Contacted to Participate in the Study. 

TOTAL NET 
SALES INCOME WORKING NUMBER OF 

COMPANY YR.END.'79 YR.END.'79 CAPITAL EMPLOYEES 

Advanced Micro Devices Inc. 148,276,000 10.95m 25.5m 6632 
Alpha Industries Inc. 16,374,014 1.3m 4.1m 600 
American Microsystems Inc. 108,553,000 4.9m 28.3m 3844 
Cherry Electrical Products Inc. 69,679,000 6.2m 20.6m 2200 
(suby. Cherry Semiconductor) 

CTS Corporation 187,951,000 10.9m 58.3m 8443 
Dataram Corporation 18,534,293 2.2m 8.4m 223 
Diodes Inc. 5,319,855 2.7m 5.0m 407 
Dionics Inc. 2,438,600 62,300 175,000 60 
Electromagnetic Sciences Inc. 5,052,775 262,640 1.3m 140 
Fairchild Camera & Instruments 533,832,000 24.8m 123.0m 25,939 

Corporation 
General Electric Company 22 ,460,000,000 i;408m 2512.3m 405,000 
(Div. Semiconductor Products) 

i;408m 

General Instruments Corp. 718,104,000 51.1m 162.9m 24,000 
Harris Corporation 982,110,408 63.0m 186.4m 19,400 
Honeywell Inc. 4 ,209,500,000 260.5m 843.3m 94,620 
(Suby: Synertek) 

Information Magnetics Corp. 33,619,000 2.2m 9.7m 852 
Intel Corporation 662,996,000 77.8m 114.8m 14,300 
International Retifier Corp. 75,452,000 4.9m 36.6m 2460 
Intersil Inc. 140,174,000 10.3m 27.4m 2800 
Microsemiconductor Corp. 5,048,667 560,893 2.0m 195 
Mostek Corp. 227,000,000 15.2m 25.0m 7000 
Motorola Inc. 2 ,713,795,000 154.3m 708.6m 74,990 
National Semiconductor Corp. 719,740,000 34.3m 96.0m 26k000 
Nippon Electronic Co. Ltd. 3 ,681,318,000 35.9m 331.3m 60481 
(Suby: Electronic Arrarp) 

Precision Monolithics Inc. 28,000,000 1.5m 6.4m 450 



Appendix G, continued. 

TOTAL NET WORKING NUMBER OF 
SALES INCOME CAPITAL EMPLOYEES 

COMPANY YR.END.'79 YR.END.'79 YR.END.'79 YR.END.'79 

Raytheon Company 3 ,727,930,000 197.0m 297.5m 67,200 
RCA (Div. Solid State Div.) 7 ,454,600,000 283.8m 1093.6m 120,000 
Redcor Corporation 16,425,000 2.7ia 5.0m 200 
Rockwell Mitral Corp. 6 ,176,400,000 261.1m 785.8m 114,452 
(Div. Electronic Devices Div.) 

Semicon. Inc. 19,033,000 927,000 2.5m 559 
Sentech Corporation 15,357,000 948,000 7.2m 680 
Siliconix Inc. 54,342,062 4.1m 15.5m 2190 
SMC Microsystems Inc. 14,903,450 2.3m 6.7m 245 
Solid State Scientific Inc. 32,434,715 2.9m 9,2m 750 
Solitron Devices INc. 30,841,000 3.8m 16.0m 1075 
Teledyne Inc. 2 ,705,600,000 371.9m 339.9m 49,500 
(Div. Teledyne Semiconductor) 

Texas Instruments Corp. 3 ,224,126,000 172.9m 200.9m 85,779 
Trin Inc. 4 ,560,303,000 194.6m 576.6m 97,935 
(Div. Trin-LSI & Microelectronics) 

Unitrode Corporation 81,608,884 8.3m 27.6m 1931 
U.S. Phillips Corporation 2 ,409,003,000 81.7m 36.6m 37.443 
(suby: Signetics) 

Varo Semiconductor 77,395,000 6.7m 39.2m 1892 

Source: Electronic News Financial Fact Book and Directory. 

ON 
M 
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